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1. COURSE DESCRIPTION 

· Engr Mech 320.  Dynamics 3(2).  Analysis of three-dimensional kinetic motion of particles and rigid bodies.  Kinematics including absolute and relative motion. Kinetics including force-mass-acceleration, work-energy, and impulse-momentum.  Vector solution methods emphasized.   

· Text:  Anthony Bedford and Wallace Fowler, Engineering Mechanics:  Dynamics, Addison Wesley Longman, 1999, 2nd ed.

1.1 Goals and Objectives 

1.1.1 Course Goal 
Cadets completing EM320 should be able to recognize the basic dynamics of mechanisms that will be encountered in Air Force systems.  They should be capable of evaluating the motion and resulting forces in these systems.


1.1.2 Course Objectives 

Cadets should be able to:

1.0
Generate governing relationships applicable to dynamics problems

1.1 
Identify the necessary first principles

1.2
Derive the desired dynamics relationships

1.3
Justify assumptions and techniques

2.0
Select and apply an appropriate approach based on the known parameters


2.1
Apply kinematics to particles and rigid bodies to determine position, velocities and accelerations


2.2
Apply Newtonian kinetics to particles and rigid bodies to determine loads and motion on a body


2.3
Apply work-energy principles to particles and rigid bodies to determine loads and motion on a body

2.4 Apply impulse-momentum principles to particles and rigid bodies to determine loads and motion on a body

2.5 Solve problems that require multiple kinetics techniques


2.6
Evaluate the results for physical possibility 

3.0 Recognize the dynamic components of mechanisms that will be encountered in Air Force systems and everyday life

	1.1.3 1.1.3  Map to PCO
	1.1.4 EM and ME Program Curricular Outcomes

	Course Objectives
	Application of Fundamental Concepts to Solve Engineering Problems
	Analysis, Modeling, Design and Fabrication Techniques of Systems under Real-World Conditions
	Use of Contemporary Engineering Analysis, Design, and Test Tools.
	Experimental Techniques to Include Test Design, Execution, Data Analysis and Interpretation
	Written and Oral Communication Skills
	Knowledge of Ethical and Professional Responsibilities
	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
	Ability to be Effective Interdisciplinary Team Members
	Skills to be Independent Life-Long Learners While Knowing When to Seek Help.
	Knowledge of Contemporary Social, Political, Military, and Engineering Issues, as Well as the Role of Air Force Engineering Officers In Our Global Society
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1.2 Course Content 

	Lesson
	Topic
	Reading
	Homework
	Due or 2nd hour

	

Block One:  Particle Kinematics

	1
	Introduction, Straight Line Motion
	Preface (v-ix), Chap 1 (1-15),

Chap 2 (17-31)
	F: 2.6, 2.10, 2.26, 2.33 

S: 2.5, 2.10, 2.26, 2.36
	

	2
	Acceleration as a Function of Velocity or Position
	Chap 2 (35-40)
	F/S: 2.50, 2.60, 2.62, 2.57
	

	3
	Curvilinear Motion
	Chap 2 (43-49)
	F: 2.72, Example 2.6, 2.75, 2.79

S: 2.72, 2.75, 2.79
	

	4
	Angular Motion
	Handout 1
	F: 2.98, Handout #1, #2

S: 2.96, 2.98, Handout #1 and #2
	Rockets

	5
	Time Derivative of a Vector
	Handout 1
	F: 2.102, Handout #3, #4, #5

S: Handout #3, #4, #5, #6
	

	6
	Normal and Tangential Coordinates
	Chap 2 (58-70)
	F: 2.115, 2.121, 2.118, 2.134

S: 2.115, 2.118, 2.121
	

	7
	Polar and Cylindrical Coordinates
	Chap 2 (73-81)
	F/S: 2.140, 2.152, 2.158


	Rocket Lab Due

	8
	Relative Motion
	Chap 2 (84-89)
	F/S: 2.170, 2.174, 2.183, 2.188
	

	9
	Chapter Quiz #1
	None
	Computational Mechanics (CM) #1 – 2.200 Due  Lsn 12
	Quiz #1

	Block 2:  Particle Kinetics, Work Energy, and Impulse Momentum

	10
	Particle Kinetics 1
	Chap 3 (105-118)
	F/S: 3.28, 3.32, 3.46, Elevator “lab” 


	

	11
	Particle Kinetics 2
	Chap 3 (126-131)
	F/S: 3.70, 3.80, 3.82


	

	12
	Particle Kinetics 3
	Chap 3 (136-139)
	F/S: 3.96, 3.98, 3.107, 3.110
	Pulley Demo

	13
	F: Particle Work Energy 1

S: Particle Kinetics 4
	Chap 4 (157-165)
	F: 4.4, 4.13, 4.20, 4.23 

S: Mini-quiz 
	CM #1

	14
	F: Particle Work Energy 2

S: Particle Work Energy 1
	Chap 4 (168-176)
	F: 4.38, 4.52, 4.64, 4.67 

S: 4.4, 4.13, 4.20, 4.38
	

	15
	F: Particle Work Energy 3

S: Particle Work Energy 2
	Chap 4 (182-195)
	F: 4.80, 4.84, 4.92, 4.98

S: 4.64, 4.67, 4.80, 4.92
	CM #2

	16
	Particle Impulse Momentum
	Chap 5 (213-219)
	F: 5.7, 5.12, 5.21, 5.39 

S: 5.7, 5.14, 5.36, 5.39
	

	17
	Particle Impact
	Chap 5 (224-233)
	F: 5.45, 5.48, 5.52, 5.70

S: 5.48, 5.66, 5.74
	

	18
	Angular Momentum
	Chap 5 (238-241)
	F: 5.86, 5.88, 5.95, 5.96 

S: 5.86, 5.88, 5.96
	CM #3

	19
	Particle Kinetics Review
	GR Review 
	Review Problems


	

	20
	GR #1
	None
	
	GR #1

	
	
	
	
	


	Lesson
	Topic
	Reading
	Homework
	Due or 2nd Hour

	Block 3:  Rigid Body Kinematics

	21
	Rigid Body Kinematics 1
	Chap 6 (261-267) & (269-277)
	F: 6.6, 6.28, 6.50, 6.58

S: 6.7, 6.28, 6.50, 6.58
	

	22
	Rigid Body Kinematics 2
	Chap 6 (290-295) & (301-309)
	F/S: 6.84, 6.98, 6.128, 6.134
	

	23
	Rigid Body Kinematics 3
	Chap 6 (312-325)
	F: 6.147, 6.150, 6.174, 6.178
S: 6.126, 6.150, 6.174, 6.178

	3D Kinematics Proj

	24
	3-D Kinematics 1
	Chap 9 (457-467)
	F: 9.4, 9.8, 9.12, 9.18

S: 9.9, 9.12, Crane
	

	25
	3-D Kinematics 2
	Chap 9 (457-467)
	F/S: Crane, Project
	

	26
	Kinematics Review


	None
	None – review
	3D Proj  Due

	27
	Chapter Quiz #2
	None
	
	Quiz #2

	
	
	
	
	

	Block 4:  Rigid Body Kinetics, Work Energy, and Impulse Momentum

	28
	Rigid Body Kinetics 1
	Chap 7 (337-357)
	F/S: 7.2, 7.8, 7.16, 7.18
	

	29
	Rigid Body Kinetics 2
	Handout 2
	F/S: 7.34, 7.42, 7.54, 7.56
	

	30
	Rigid Body Kinetics 3
	Chap 7 (381-391)
	F: 7.104, 7.130, 7.132, 7.139

S: 7.104, 7.130, 7.132, 7.134
	

	31
	Rigid Body Kinetics 4
	
	F: Review

S: Mini-quiz
	

	32
	Rigid Body Work Energy 1
	Chap 8 (403-410)
	F: 8.2, 8.18, 8.30, 8.35

S: 8.7, 8.18, 8.30, 8.35
	Catapult

Lab2 HO

	33
	Rigid Body Work Energy 2
	Chap 8 (410-417)
	F/S: 8.34, 8.46 (work on lab)
	

	34
	Rigid Body Impulse Momentum 1
	Chap 8 (425-431)
	F: 8.50, 8.52, 8.54, 8.56

S: 8.50, 8.54, 8.56
	Lab #2, also Due

	35
	Rigid Body Impulse Momentum 2
	Chap 8 (425-431)
	F: 8.58, 8.60

S: 8.57, 8.60, 8.62
	

	36
	Rigid Body Impact 1
	Chap 8 (434-444)
	F: 8.64, 8.66, 8.75

S: 8.64, 8.66, 8.70, 8.72
	

	37
	Rigid Body Impact 2
	Chap 8 (434-444)
	F: 8.84, 8.89, 8.91 (set up equs), 8.94

S: 8.81, 8.84, 8.89, 8.94
	Charpy

Demo

	38
	Rigid Body Kinetics Review
	GR Review Problems
	
	Lab #3 Due

	39
	GR #2
	None
	
	GR #2

	Block 5:  Vibrations

	40
	Vibrations – Single Degree of Freedom
	Chap 10

(525-535)
	F/S: 10.6, then set up equations for 10.14, 10.16
	

	41
	Vibrations – Damping and Forced Response
	Chap 10

(540-558)
	F/S: 10.42, then set up equations for 10.44, 10.63 
	

	42
	Course Review
	
	Final Review Problems
	

	
	
	
	
	


1.2.1 Summary of Graded Events 

This course is contract graded.  If a student achieves the specified percentages, they will get the specified grade.  An 88% in the course is an A; a 78% in the course is a B; a 68% in the course is a C; below a 60% average in the course will be an F. 

	Assessment Events
	Course Objective
	Percent of Grade

Fall ‘00
	Percent of Grade

Spring ‘01

	Prerequisite Quiz
	None
	2%
	2%

	GR#1


	1.0, 2.2, 2.3, 2.4, 2.5, 3.0
	15%
	15%

	GR#2
	1.0, 2.2, 2.3, 2.4, 2.5, 3.0
	15%
	15%

	Test #1
	1.0, 2.1, 2.5, 3.0
	7.5%
	7.5%

	Test #2
	1.0, 2.1, 2.5, 3.0
	7.5%
	7.5%

	Lab Reports 
	1.0, 2.0-2.6, 3.0
	4.5%
	3%

	Homework
	2.0
	10%
	10%

	Final exam (comprehensive)
	1.0, 2.0
	30%
	30%

	Computation Mechanics 
	2.0, 3.0
	4.5%
	4.5%

	3D Kinematics Project
	2.1
	1.5%
	1.5%

	Individual Presentations
	3.0
	2%
	1.5%

	Reading Quiz
	2.0-2.5
	--
	2.5%


1.3 Course Placement 

1.3.1 Course Flow Map


1.3.2 Prerequisites

· Calculus – Derivation and Integration (Math Sequence) used in solving differential equations in dynamics derivations and problems

· Vectors (Math Sequence) used in problem solving

· Statics (EM 120) – Extensive use of free body diagrams, forces and moments

1.3.3 Courses Fed 

· EM 421 – Vibration fundamentals

· ME 325 – Engineering Systems Dynamics

· AeroEngr 352 – Aircraft Dynamic Stability and Control

· AstroEngr 434 – Dynamics of Orbits

· AstroEngr 435 – Dynamics of Orbits

· Engr 342 – Linear Control System Analysis and Design

1.3.4 Replacements and Waivers   

· None

1.4 Course Policies

· Contract Grades

· 88% A

· 78% B

· 68% C

· Below 60% F

1.5 General Course Delivery 

· Same text (Bedford and Fowler, 2nd edition).

· No unannounced quizzes.

· Group labs and 3D kinematics projects.

· No instructor prerogative points.

· Contract graded.

· Minimal traditional lectures, stress boardwork.  Derivations and conceptually difficult material covered more extensively in class.

· Example problems by the instructor to be minimized to keep students from duplicating “cookbook” solutions.

· Homework counts for 10% of the course grade.  The best 25 homework submissions will count towards the 10% max.

· Vector based derivations presented in class as an alternative to more mathematically sophisticated derivations in text.

· Provided review problems for all GRs as opposed to just the final exam.

1.6 Changes from Previous Offerings 

1) Recommendation:

· Add an explicit Course Objective on vibrations.

· Action:  After discussion at the conclusion of last year’s CRP, this recommendation was not adopted.  Most felt that vibrations was simply a special case of topics in Obj 2.0

2) Recommendation:

· Add an explicit Course Objective on dynamics problems requiring several dynamics problem-solving techniques.

· Action:  Obj 2.5 was added, “Solve problems that require multiple kinetics techniques”.  This objective was stressed during the year on the GRs, final exam, and labs.
3) Recommendation:

· Regarding derivations, either use the derivation in the text or provide the cadets with a complete copy of an alternate derivation, which they can follow along in class. 

· Action:  Derivations were provided in the lesson notes that were placed on Blackboard.  During Spring semester, most derivations were tested by multiple choice problems.

4) Recommendation:

· Emphasize Air Force applications (Course Objective 3.0) by providing more AF-relevant example, homework, computational mechanics, and exam problems 

· Action:  Air Force and every day real life examples were introduced through the paired presentations, the rocket lab, and careful choice of homework problems.

5) Recommendation:

· Keep all “Ownership Strategies” listed in Section 2.1.3 except Working Model discussed below).  These include: Boardwork, Short Lectures, Daily Homework, Computational Mechanics Problems, No Group Projects, Criterion referenced (non-curve) grading, use of the textbook, no IP points.

·  Action:  All Ownership Strategies except for “No Group Projects” were kept.  The laboratories and the 3D Kinematics Project were all done in two or three person groups.

6) Recommendation:

· Modify use of Working Model by providing cadet access via USAFANET so cadets can “play” with example problems provided by the textbook author.

· Action:  Individual CDs were provided to each cadet.  Individual feedback and input from the Spring semester Student Management Team all indicated that the WM examples did not add much value.

7)
 Recommendation:

· Establish a Web Page for example problems, tutorials, and additional course notes.  Include a “hit counter” for assessment of Web page usefulness.  Provide a solutions notebook (containing complete solutions to homework, posted after the problems are submitted) in each classroom.

· Action:  Blackboard software was used to deliver course content to the students.  Unfortunately, the server was often down, which caused a lot of frustration for the students.  A few example problems and tutorials were provided, but the numbers were not sufficient.  

8) Recommendation:

· Continue to provide review problems prior to the graded reviews and the final.

· Action:  This process was continued.  During the Spring, this was modified slightly.  Instead of placing a word for word problem on the test, a problem similar to the review problem was tested (i.e., an angle was changed, a different question was asked, or they had to solve for an additional variable).  This forced the cadets to learn how to work the problem rather than just try to memorize solutions.

9) Recommendation:

· Provide an instructor-designed standardized equation sheet, rather than a cadet-generated sheet at the beginning of each block of instruction.

· Action:  Continued to do this.
10) Recommendation:

· Construct all exam questions with the course objectives explicitly considered, rather than wait until course completion.

· Action:  Exam problems were typically constructed utilizing the Lesson Objectives.  The individual presentations, 3D Kinematics project, and labs were used to test Obj 3.

11) Recommendation:

· Recommend to advisors that, whenever possible, cadets not be scheduled for EM320 until they have completed EM 330.

· Action:  This has been recommended through Farish and has become a general policy in our department.  DFAS and DFAN do not necessarily abide by this policy. 

12) Recommendation:

· Drop CS 110 as a course prerequisite.

· Action:  A CCP was submitted and accepted.

13) Recommendation:

· Standardize Assessment Scales to a 7-point scale, +3 to –3, with zero being neither agree nor agree (+3 = strongly agree, +2 =agree, +1 = slightly agree, etc.)

· Action: The Deputy for Curriculum has instituted a standardized scale of 0 to 4 for all assessment.

14) Recommendation:

· Eliminate the inclusion of time survey data in the course package.

· Action: This was difficult to accept, but this recommendation was reluctantly adopted.

1.6.1 Additional changes

1) Use of Blackboard:  Blackboard educational software was used for course delivery.  While a powerful tool, there were several problems in using this software.  There were often server difficulties, and the current version does not allow you to break the course into individual sections (which made it difficult to maintain the online gradebook).  As discussed previously, the Reading Quizzes have lots of potential but were not successful during Spring ‘01 .

2) Rocket Lab:  The rocket lab was used to motivate projectile motion and add some enjoyment to the course.  During the Spring, one of the Computational Mechanics assignments required the cadets to use impulse momentum and drag calculations to fully predict the rocket’s path.  Special thanks to LtCol Greer for doing all of the legwork and setting up this laboratory.

3) Catapult Lab:  During the Rigid Body Work Energy section, teams of cadets launched raw eggs at a given target (a picture of Maj Dosedel in the Fall, small toy soldiers in the Spring).  They were required to determine the distance that the egg would fly, and the shear stress on the rotational pin.  Special thanks to Dr Dennis for doing all the calculations and setting up the lab.

4) 3D Kinematics Project:  In the Fall, a difficult “Space Habitrail Project” was assigned.  This ended up being at too high a level for the cadets and did not achieve great success.  The Spring project, a short-armed centrifuge used by the Air Force in Spatial Disorientation training, was a much better assignment and teaching tool.

5) Demos:  A pulley demo was constructed to help the students visualize “inertial” loads.  Unfortunately the demo was not “cadet proof” and wasn’t used in the Spring.  A simple elevator demo was also used that allowed the cadets to ride in the elevators during second hour.  Fun demo, and gives them a physical feel for what is going on.  Finally, a Charpy test demo was used in the Fall to help tie in EM320 and some of the materials courses.  This holds a lot of promise, but falls close to the catapult lab and might be too much additional work.

6) Paired Presentations:  Pairs of cadets were required to analyze a real-life topic of their own choosing.  They typically had to provide realistic assumptions on what was happening, draw free-body diagrams of the dynamic event, and come to some conclusions.  The presentations were valuable in achieving Obj 3.0 and helped keep the class interesting.

7) Mini-quiz:  After three kinetics lessons, students were given an in-class mini-quiz.  This consisted of drawing FBDs for 3-4 problems and developing the equations of motion for each.  The students were given up to 10 homework points for the problems, and didn’t have to do any homework for the next lesson.  This was a great self-assessment tool.

8) Lesson Objectives:  Lesson objectives for each class were posted on Blackboard, enabling the cadets to know what was expected of them.

9) Student Management Team:  During the Spring semester, six cadets participated in a SMT.  Every three lessons, these students would meet with the course director to provide immediate feedback on assignments, course design, Blackboard, and teaching tools.  Many of the recommendations in this CRP are a direct result of their input.

1.7 Course Resources

1.7.1 Supplies 

· Viking Model Rockets and Estes A8-3 Engines

· Catapults (borrowed from Math Department)

· Raw Eggs and toy soldiers

1.7.2 Equipment/Computers 
· Laptop computers for student presentations and demos
1.7.3 Future Equipment Needs

· Additional training aids, models, and demos

· Purchase own catapults (Statapults, Air Academy Press in town)

· If have multiple sections, purchase additional tinker toys

· Toy tanks with coordinate systems attached would be helpful

· Would like to acquire a full-scale playground type rotating platform to demonstrate curvilinear dynamics (previous CD recommendation)

2  ASSESSMENT

2.1 Were the Course Objectives Achieved?  

2.1.1 Student and Instructor Assessment 

· Student and Faculty subjective assessment of how well students are able to meet the course objectives

	Subjective Assessment of Course Objectives
	Students

Fall/Spring
	Instructors

Fall/Spring 

	1.0 Generate governing relationships applicable to dynamics problems
	2.24/2.22
	1.60/2.0

	1.1 Identify the necessary first principles
	
	

	1.2 Derive the desired dynamics relationships
	
	

	1.3 Justify assumptions and techniques
	
	

	2.0 Select and apply an appropriate approach based on the known parameters
	2.42/2.66
	2.60/2.5

	2.1 Apply kinematics to particles and rigid bodies to determine position, velocities and accelerations
	2.60/2.82
	2.80/3.0

	2.2 Apply Newtonian kinetics to particles and rigid bodies to determine loads and motion on a body
	2.62/2.57
	2.60/2.0

	2.3 Apply work-energy principles to particles and rigid bodies to determine loads and motion on a body
	2.83/3.08
	3.00/3.0

	2.4 Apply impulse-momentum principles to particles and rigid bodies to determine loads and motion on a body
	2.46/3.08
	1.80/2.0

	2.5 Solve problems that require multiple kinetics techniques
	2.06/2.14
	2.00/2.0

	2.6 Evaluate the results for physical possibility 
	2.41/2.42
	1.60/2.0

	3.0 Recognize the dynamic components of mechanisms that will be encountered in Air Force systems and everyday life
	2.38/2.24
	1.80/2.5


0 = Cannot do, 1 = Can rarely do, 2 = Can sometimes do, 3 = Can usually do, 4 = Good at this

Analysis of Meeting Course Objectives

· Results are a bit higher for Spring than Fall semester.  The instructors had all taught under the course director during the Fall and were comfortable with the course flow.

· The students felt more comfortable choosing an appropriate approach in the Spring than in the Fall.  In the Spring, Tables describing the Approach to solving problems were stressed a little more.   Choosing the correct approach is usually a major complaint of students.

· Kinematics also scored higher.  This may be related to the improved 3D kinematics project in the Spring (Centrifuge in Spring vs Space Habitrail in the Fall).

· Confidence in performing Work Energy problems increased too.  This is surprising since three lessons were spent on Particle Work-Energy in the Fall, only two lessons in the Spring.

· As discussed in Section 2.1, this is probably a result of the “halo” effect, where the average grade in the Spring was 0.15 points higher than in the Fall.

· Assessment Based Upon Graded Events  

	Graded Activity

(Course Ave)

Fall ‘00
	Performance
	

	
	  Percentage of Overall Grade / Points
	Overall Average
	Amount of Time Allotted (Lessons to accomplish / class time devoted)


	1.0 Generate governing relationships applicable to dynamics problems

	2.0 Select and apply an appropriate approach based on the known parameters
	2.1 Apply kinematics to particles and rigid bodies to determine position, velocities and accelerations
	2.2 Apply Newtonian kinetics to particles and rigid bodies to determine loads and motion on a body
	2.3 Apply work-energy principles to particles and rigid bodies to determine loads and motion on a body
	2.4 Apply impulse-momentum principles to particles and rigid bodies to determine loads and motion on a body
	2.5  Solve problems that require multiple kinetics techniques 
	2.6 Evaluate the results for physical possibility 


	3.0 Recognize the dynamic components of mechanisms that will be encountered in Air Force systems and everyday life



	Chapter 2 Test #1
	7.5%
75
	67%
	1-8


	(
	(
	(
	
	
	
	
	
	

	GR #1
	15%

150
	79%
	1-19
	(
	(
	(
	(
	(
	(
	(
	
	

	Kinematics Test #2
	7.5%

75
	66%
	21-26
	(
	(
	(
	
	
	
	
	
	

	GR #2
	20%

200
	73%
	28-38
	(
	(
	(
	(
	(
	(
	(
	
	

	Final Exam
	30%

300
	70%
	42
	(
	(
	(
	(
	(
	(
	(
	
	

	Comp Mechanics
	4.5%

45
	
	3
	
	(
	(
	
	
	
	(
	
	

	Laboratories 
	4.5%

45
	
	2
	
	
	(
	(
	(
	
	(
	(
	(

	3D Kinematics Project
	1.5%

15
	
	2
	
	
	(
	
	
	
	
	(
	(

	Real Life Presentations
	2%

20
	
	1
	
	(
	
	
	
	
	
	(
	(

	Total

(#Events)
	
	
	
	5
	7
	8
	4
	4
	3
	5
	3
	3


	Graded Activity

(Course Ave)

Spring ‘01
	Performance
	

	
	  Percentage of Overall Grade / Points
	Overall Average
	Amount of Time Allotted (Lessons to accomplish / class time devoted)


	1.0 Generate governing relationships applicable to dynamics problems

	2.0 Select and apply an appropriate approach based on the known parameters
	2.1 Apply kinematics to particles and rigid bodies to determine position, velocities and accelerations
	2.2 Apply Newtonian kinetics to particles and rigid bodies to determine loads and motion on a body
	2.3 Apply work-energy principles to particles and rigid bodies to determine loads and motion on a body
	2.4 Apply impulse-momentum principles to particles and rigid bodies to determine loads and motion on a body
	2.5  Solve problems that require multiple kinetics techniques 
	2.6 Evaluate the results for physical possibility 


	3.0 Recognize the dynamic components of mechanisms that will be encountered in Air Force systems and everyday life



	Chapter 2 Test #1
	7.5%
75
	71%
	1-8


	(
	(
	(
	
	
	
	
	
	

	GR #1
	15%

150
	76%
	1-19
	(
	(
	(
	(
	(
	(
	(
	
	

	Kinematics Test #2
	7.5%

75
	73%
	21-26
	(
	(
	(
	
	
	
	
	
	

	GR #2
	20%

200
	74%
	28-38
	(
	(
	(
	(
	(
	(
	(
	
	

	Final Exam
	30%

300
	70%
	42
	(
	(
	(
	(
	(
	(
	(
	
	

	Comp Mechanics
	4.5%

45
	
	3
	
	(
	(
	
	
	
	(
	
	

	Laboratories 
	4.5%

45
	
	2
	
	
	(
	(
	(
	
	(
	(
	(

	3D Kinematics Project
	1.5%

15
	
	2
	
	
	(
	
	
	
	
	(
	(

	Real Life Presentations
	2%

20
	
	1
	
	(
	
	
	
	
	
	(
	(

	Total

(#Events)
	
	
	
	5
	7
	8
	4
	4
	3
	5
	3
	3


2.1.2 Other Student Assessment (Standard Course Critique)
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· Significant Changes

· There was a significant increase in the ratings between the Fall and Spring semesters.  There were minimal changes between the two semesters, and all three Spring instructors taught the course in the Fall.  The primary reason is probably the fact that the average grade increased.  Referring to the table below, it is easy to see the very strong correlation between survey and grade averages.

	
	S ‘99
	F ‘99
	S ‘00
	F ‘00
	S ‘01

	Survey Avg
	4.11
	4.96
	4.52
	4.35
	4.77

	Avg Grade
	2.53
	2.74
	2.54
	2.44
	2.60

	Ratio
	1.63
	1.81
	1.78
	1.78
	1.83


2.1.3 Other Assessment (Supplemental Critiques)
Laboratories, Projects, Assignments

	Assignment
	Added Interest 0 to 4 pt Scale
	Aided Learning

0 to 4 pt Scale

	Homework
	1.69/2.43
	3.05/3.34

	Rocket Launch
	2.74/2.62
	2.46/2.46

	3D Kinematics
	1.20/2.03
	1.57/2.39

	Comp Mech
	1.92/2.03
	2.27/2.27

	Catapult Lab
	2.53/2.63
	2.48/2.47

	Real-life Presentations
	2.55/2.63
	2.33/2.00


Analysis

· In general, the new labs were well received.  The rocket project gets the class started on a fun note, and helps them learn projectile motion.  Continuation of the rocket launch as a computational mechanics problem later in the course helped with continuity.  The Catapult lab also met with success and is the single most effective new assignment used.  As mentioned previously, the Habitrail project in the Fall was much too difficult, resulting in much lower scores than the 3D Kinematics project in the Spring.

	Workload


	Student Fall/Spring
	Instructors

Fall/Spring

	Work Load
	(0 to +4 Scale)
	(0 to +4 Scale)

	More Work than other Majors classes
	3.24/3.16
	3.4/4.0

	More Busy work than other classes
	2.30/2.14
	1.8/10


Analysis

· Students and Instructors both perceive this class as a lot of work, which is to be expected since dynamics is difficult material. 

· The homework and 2nd hour availability were very well received. 

· Instructor comments in the Fall included “Too many labs and projects!”,  “Too much!  Little extra time beyond learning material.  Eliminate real life presentations”, and “Maybe take out topic or two -  vibrations or 3D kinematics.  Spread out projects.”

· This was adjusted in the Spring somewhat.  One instructor commented, “I didn't think the course was as packed, either.  It felt just about right.” We took out one Computational Mechanics assignment in the Spring and changed the kinematics “Test 2” into a take-home assignment.
· Other Student Assessment - Comments

· The course was put together well. It is extremely challenging, but if you put the work in, you’ll get the grade you want.

· Use more everyday examples.

· Overall of the course design is good but the amount of the homework is way too much.

· Blackboard would be good if it worked. I was also annoyed that I couldn’t print out the syllabus on day 1 for the entire course (it was incomplete)

· It was not reliable and unnecessary. A folder on the K:/ drive would have been much better.

· Why so much? The workload would be appropriate if I were a genius-or-if this were my only class.

· Do not take up HW after every lesson. If you do not need it to understand, then you shouldn’t do it.

· We have already done vibrations in Math so I do not think it needs to be covered in this class.

· The habitrail was way too much work for 20 pts. The catapult ended up being that way too, from a little glitch in the spreadsheet.

· I appreciated the open-ended individual presentations since I could apply dynamics to real life.

· Crunching numbers helps me understand the material for what the test required. Hands on stuff helped me understand how things are applied.

· This class is the hardest science/engineering course I’ve ever taken. I’ve gotten  A’s in every other science class taken  here. Why was this so difficult?

· This course has a MUCH larger workload than any course I’ve taken. The homework isn’t all busy work and a lot corresponds to the amount learned in this class.

Analysis

· Many of the comments were diametrically opposed.  Many liked the CM’s, other say they was useless.  There were numerous complaints about the workload and homework, others said that the workload was right for the difficulty of the material.  Many complaints about the grades and lack of a curve – things we already know about EM 320.  If the cadets would stay during 2nd hour, the workload really wouldn’t be so much.

2.1.4 Other Course Director Assessment - Comments

Workload

· High, but necessary.

· Students need to work problems, but should be cautioned about the amount of time to spend solving the algebra.  Instructors are concerned about the approach, cadets are concerned about the numbers.


Course Design

· The 3D kinematics was moved up from the previous year to immediately follow 2D kinematics.  This helped with the course flow and should be continued.


Topics

· Vibrations coverage is minimal, ratings are low from instructors and students.  While some say that the material is needed for other courses, we gloss over it so quickly that it may as well be left out of the course.  Time could be better spent on review and/or advanced projects that pull the entire course together.

Labs

· Labs have been helpful for developing understanding and motivating the students, but need to be sure that we don’t increase the workload too much.  Reduce homework when the projects accomplish the same objectives.

· Need more demos.

2.1.5 Other Instructor Assessment  - Comments

· Combined with Course Director comments

2.2 Are the Course Goals/Objectives Appropriate? 

· Some rewording has been attempted for clarity.

2.3  Grade History Data 
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Analysis

· Students had almost the exact same final exam average in the fall and the spring.

· The prog grades were a lot closer to the final grades than during the previous year.  We have continued to exclude homework points from the prog grade, which may artificially lower the midterm averages.  The small increase between spring and fall semesters is most likely due to instructor experience with new course content (and the quirkiness of the CD). 

2.3 Were Previous Recommendations Appropriate? 

· The previous recommendations were good.  The only ones that weren’t adopted were the continued use of Working Model and the adoption of a new Course Objective on Vibrations (see Section 1.6).

RECOMMENDED CHANGES 

3.1 Changes to Course Goals 

· Change from:

Cadets completing EM320 should be able to recognize the basic dynamics of mechanisms that will be encountered in Air Force systems.  They should be capable of evaluating the motion and resulting forces in these systems.

· To:
Cadets completing Engr Mech 320 should be able to recognize and evaluate the force-motion relationships in basic dynamic elements of systems encountered in the Air Force and in everyday life.

3.2 Changes to Course Objectives

· Change from:


1.0 Generate governing relationships applicable to dynamics problems

1.1 Identify the necessary first principles

1.2 Derive the desired dynamics relationships

1.3 Justify assumptions and techniques.

2.0 Select and apply an appropriate approach based on the known parameters

2.1 Apply kinematics to particles and rigid bodies to determine position, velocities and accelerations 

2.2 Apply Newtonian kinetics to particles and rigid bodies to determine loads and motion on a body determine force-motion relationships

2.3 Apply work-energy principles to particles and rigid bodies to determine loads and motion on a body 

2.4 Apply impulse-momentum and impact principles to particles and rigid bodies to determine loads and motion on a body 
2.5 Solve problems that require multiple kinetics techniques

2.6 Evaluate the results for physical possibility

3.0. Determine if results are physical reasonable

· To:
1. From first principles, generate the relationships needed to solve dynamics problems.
2. Apply kinematics to evaluate a state of motion.

3. Apply Newtonian kinetics to determine force-motion relationships.

4. Apply work-energy principles to determine force-motion relationships.

5. Apply impulse-momentum (including impact) principles to determine force-motion relationships.

6. Select and apply an appropriate combination of approaches to solve dynamics problems.

7. Evaluate whether results are physically reasonable.

3.3 Changes to Course Content 

1) Recommendation:

· Regarding derivations: test the primary assumptions and steps rather than their ability to reproduce most of them.  They should be able to reproduce the particle derivations and the kinematics equations. 

· Supporting Data:

· Cadet written comments.  Cadet performance on derivation exam questions.   

· Desired Outcome:

· Students need to be able to understand the assumptions that go into dynamics equations, and when to use them.  They should also be able to derive a few fundamental equations.

· Comments:

· Derivations are among the most difficult concepts for cadets to grasp.  For most, this is the first engineering course requiring rigorous understanding of derivations.  We have continued to use the time derivative of a vector equation since this is used in DFAS courses.  

2) Recommendation:

· Continue new labs, 3D project, and paired presentations.  Make the labs worth more points.

· Supporting Data:

· Cadet written feedback, amount of effort required on the projects.  Few teams made an attempt on calculating the amount of shear stress on the pin of the catapult, this might change if it was worth more points.  This exercise is really the only major tie-in to EM 330 and examining how dynamics ties in to structural failure and design.

· Desired Outcome:

· Improved course delivery, improved assessment.

3.4 Changes to Course Delivery 

3) Recommendation:

· Continue use of Blackboard and Reading Quizzes, but improve upon it’s content and delivery.

· Supporting Data:

· Cadet course critique responses were mixed, often referred to better use of Blackboard in EM330.   Grades should be maintained and posted on Blackboard if possible.  

· Desired Outcome:

· Improved student performance, more examples available outside of class time, better student preparation for class

· Comments

· When cadets were asked about the reading quizzes in EM330, most said they were good but usually too easy.  In response to this, the difficulty of the quizzes was increased to try to better prepare the students for the GR multiple choice questions.  Primary complaints were that the reading quizzes were too difficult.

4) Recommendation:

· Consider making homeworks worth 5 points each.  This would reduce the workload and allow the instructors to stress the projects more. 

· Supporting Data:

· Cadet comments, large workload, success of the mini-quizzes on kinetics.

· Desired Outcome:

· Reduce workload for students and instructors.

· Allows graded events to be spaced out more so that there isn’t homework and projects do on the same day.

· Comments

· In general, the homework policy works well.  The students who do the homework almost always perform better in the course.  There is some debate if this truly follows our “Empowering Cadets to Take Ownership of their own learning”.

5)
 Recommendation:

· Post one example problem and one homework problem on Blackboard each lesson.  Might be best to post the problem that you do for boardwork.

· Supporting Data:

· Cadet comments requesting additional example problems to be worked in class by the instructor.  Unfortunately, it is our belief that cadets use example problems worked by the instructor in class as templates for pattern recognition, rather than concentrating on the fundamentals and a generalized problem solving approach

· Desired Outcome:

· The web page plus the example problems in the text provide ample example problems for cadets without using class time and providing a pattern recognition solution by the instructor.

· Comments

· In the spring term a homework solutions manual was provided in the classrooms.  Student feedback was positive.

6) Recommendation:

· Continue to provide review problems prior to the graded reviews and the final. Test on a problem similar to a review problem, not a word for word problem.

· Supporting Data:

· Review problems give the students an opportunity to determine their level of understanding as compared to their individual desired grade outcome.  Testing a similar problem forces them to actually understand the approach rather than memorizing the solution.

· Desired Outcome:

· Realistic student assessment of their level of understanding prior to major graded events.

7) Recommendation:

· Provide a short tutorial on Excel and doing numerical integration.  This will make the Computational Mechanics assignments a lot easier. 

· Supporting Data:

· Cadet performance, responses on the critiques, Student Management Team recommendation

· Desired Outcome:

· Student ability to do the Computational Mechanics assignments.

8) Recommendation:

· Drop the lessons on Vibrations.

· Supporting Data:

· Cadet responses to surveys was that they didn’t learn much on Vibrations.  Course is already material-rich, and would be better to spend extra time on other material.

· Desired Outcome:

· Cadets should be able to bring together the course content better.

9) Recommendation:

· Run one section teaching rigid body dynamics only.  You could tell them that particles simply reduce to the center of mass terms (I,  are all zero).  This would allow more time on the more complex material.

· Supporting Data:

· Cadet responses to surveys was that the course went too fast and not enough time was spent on each topic.  It would be interesting to compare this to the traditional way we’ve taught the course.

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

3.8.1 Attendees: Lt Col Shoales (Curriculum Deputy), Dr Self (CD), Dr Dennis (EM Program Coordinator), Dr Redfield (ME Program Coordinator), Capt Borchert (incoming CD)

3.8.2 Discussions:

3.8.2.1 Long discussion on wording or rewritten COs.  Rewritten as presented in Para. 3.2.

3.8.2.2 The Engineering Mechanics Program Coordinator does not concur with the recommendation to remove Vibrations as a topic of EM 320 (Para 3.4.8).  Since this does not involve changes of Course Goals or Objectives, the Curriculum Assessment Committee leaves this decision up to the discretion of the Course Director and their Division Chief.

3.8.2.3 The incoming CD feels that sufficient example problems already exist in the course text and therefore does not see the need to post example problems to the students (Para 3.4.5).
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		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

		4.1		5.2		3.9		4.7

		4.5		5.1		4.5		5

		4.5		5.3		4.3		5.3

		4.5		5.2		4.3		5.1

		4.8		5.2		4.3		5

		4.6		5.2		4.1		5

		5.7		5.5		5.4		5.6

		5.2		5.2		4.7		5.2

		4.4		5.2		4.2		4.8

		4.6		5		4.3		4.9

		4.9		5.4		4.9		5.1

		4.7		5.5		4.8		5.3

		4.6		4.9		3.9		4.6

		4.5		4.9		3.8		4.6

		4.6		5.1		3.9		4.7

		4.6		5		4.1		4.6

		3.7		4.2		3.3		4.2

		4.3		4.6		3.5		4.2

		4.8		5.1		3.7		4.8

		4.2		4.9		3.5		4.7

		4.8		5.2		4.2		4.7

		4.8		5		3.9		4.8

		4.3		5.3		4.2		4.9



EM 350 Fall 99

EM 350 Spring 00

EM 350 Fall 00

EM 350 Spring 01

Question

EM 350



EM390

		5		5.1		5.3		5.2

		5.1		5		5.3		5.2

		5		5.2		5.3		5.1

		5		5.1		5.3		5.1

		5.2		5.3		5.5		5.3

		5		5.1		5.4		5.1

		5.2		5.4		5.7		5.1

		5.3		5.3		5.5		5.5

		5.1		5.1		5.3		5.4

		5		5		5.3		5.3

		5.2		5.2		5.4		5.4

		5.3		5.3		5.6		5.6

		4.9		4.8		5		4.7

		4.9		4.7		4.7		4.6

		5		4.7		4.7		4.8

		4.9		4.6		4.9		4.7

		4.9		4.5		4.7		4.5

		4.9		4.5		4.4		4.3

		5.1		4.9		5.1		4.6

		5.2		4.8		5.2		4.9

		5.4		5.1		5.5		5.4

		5.3		5		5.4		5.2

		5.1		5.1		5.3		5.1



EM 390 Spring 96

EM 390 Spring 97

EM 390 Spring 98

EM 390 Spring 99

Question

EM 390



EM421

		5.5		4		5.2		4.8

		5.3		4.4		5.3		5

		5.6		3.5		5.3		5.1

		5.4		3.7		5.3		5.1

		5.4		3.6		5		5.1

		5.2		3.6		5.2		4.8

		5.6		5.2		5.3		5.4

		5.5		4.2		5.8		5.2

		5.7		3.7		5.7		5.1

		5.6		4		6		5.3

		5.5		4.3		5.5		5.4

		5.8		4.5		5.5		5.5

		5.1		2.8		4.3		4.8

		5.4		3.1		4.5		4.7

		5.1		3.3		5		4.6

		5		4.1		5.7		4.9

		4.9		3.1		5		4.9

		4.9		3.5		4.7		4.5

		4.5		2.9		4.7		5.5

		4.6		3.3		4.7		4.9

		4.9		4.1		5		4.6

		4.9		3.1		5.3		4.8

		5.5		3.5		5.5		5.3



EM 421 Spring 96

EM 421 Spring 97

EM 421 Spring 99

EM 421 Spring 01

Question

EM 421



EM431

		4.5		5.3		4.9		4.9

		4.8		5.4		5.4		5

		4.1		5.4		5.2		5.1

		4.2		5.4		4.8		4.6

		4.3		5.2		5.2		4.9

		4.6		5.1		5.3		4.9

		5		5.6		5.7		5

		4.9		5.8		5.3		5.4

		5.2		5.3		5.1		4.9

		5		5.3		5.3		5.1

		5		5.2		5.3		5.3

		4.8		5.2		5.2		5.4

		4.3		5.1		4.8		5.1

		4.1		5.1		4.7		4.7

		4.3		5.1		5		5

		5		5.1		5		4.9

		4		4.6		5.2		4.6

		4.1		4.8		5		4.9

		4.3		4.9		3.1		4.1

		4.3		4.8		5		5.1

		4.8		5.1		5.3		5.1

		4.7		5.2		5.5		5.4

		4.3		5.3		5.3		5.1



EM 431 Fall 98

EM 431 Fall 99

EM 431 Fall 00

EM431 Spring 01

Question

EM 431



EM432

		5.5		4.9		5.6		4.2		5.3

		5.5		5.5		5.4		5.3		5.2

		5.4		5.4		5.2		4.6		5.3

		5.5		5.3		5		4.2		5

		5.3		5.1		5.2		5		5.5

		5.3		5.1		5.4		4.6		5.2

		5.7		5.6		5.4		5.6		5.5

		5.6		5.5		5.4		4.4		5

		5.2		5.5		5.4		5		5.3

		5.2		5.3		5.2		5.2		5

		5.4		5.3		5.2		4.6		5.3

		5.7		5.4		5.4		5.2		5.8

		4.8		4.9		5.4		4.4		4.7

		5		4.8		5.2		4.4		5

		5.3		4.9		5.2		4.4		5

		5.7		5.5		5.2		4.8		5.7

		5.1		5		5.2		4.8		5.3

		5.4		4.9		5.6		4.8		5.5

		4.9		4.9		5.6		3.2		4.7

		5.5		4.8		5.4		4.2		5.5

		5.6		5		5.4		4.4		5.7

		5.5		4.8		5.2		4.8		5.5

		5.6		4.9		5.2		4.8		5.3



EM 432 Spring 95

EM 432 Spring 96

EM 432 Spring 97

EM 432 Spring 98

EM 432 Spring 01

Question

EM 432



EM440

		4.1		4		3.8		4.5

		2.6		3.4		3.6		3.5

		3.8		4.6		4.1		4.8

		4.3		4.6		4.4		5

		4.4		4.9		4.3		5

		4.1		4.6		4.3		4.8

		4.9		5.2		5.8		5.5

		4.6		5.1		4.8		5.3

		4.3		4.6		4.5		5.5

		4.4		4.8		4.8		5.3

		4.6		4.8		4.8		5.8

		4.6		4.6		4.8		5.5

		3.9		4.1		4		4.5

		3.6		4		3.9		2.5

		4		4.1		4		3.3

		4		4.3		4.1		5

		2.9		3.6		3.2		3

		3.4		4		3.5		4.8

		2.3		3.2		2.8		4.5

		4		4.2		3.9		4.3

		4.4		4.4		4		4.8

		4.4		4.6		3.7		4.8

		3.9		4.6		4		4.8



EM 440 Fall 97

EM 440 Spring 99

EM 440 Fall 99

EM 440 Fall 00

Question

EM 440



EM445

		5.6		5.2		3.3		4.7

		4.1		4.3		4		4

		5.4		5.4		3.5		4.8

		5.5		5.7		4		4.8

		5.6		5.5		3.5		5

		5.4		5.5		3.8		5.2

		5.7		6		4.5		5.8

		5.5		5.3		3.8		5

		5.4		5.7		4		5.3

		5.6		5.3		4.3		5.3

		5.5		5.2		3.5		5.5

		5.7		5.4		4		5.3

		5		4.6		3		4.5

		4.9		4.5		3		4.3

		5		4.8		4		4.3

		5.5		5.7		4.5		5.5

		4.6		4.7		3.5		3.7

		4.7		4.8		3.8		4

		5		5.1		4.5		4.8

		5.4		4.9		3.8		4.7

		5.4		5.4		4.3		5

		5.6		5.2		4		5.2

		5.6		5.2		3.5		5



EM 445 Spring 97

EM 445 Spring 98

ME 445 Spring 00

Spring 01

Question

EM 445



EM450

		5.2		4.9		4.9		5.5

		4.7		4.5		5.4		5.4

		5.2		5.4		5.4		5.5

		5.4		5.1		5.3		5.4

		5.5		5.3		5.3		5.5

		5.3		5		5.1		5.2

		5.8		5.5		5.5		5.8

		5.6		5.5		5.6		5.7

		5.3		5.1		5.1		5.4

		5.3		5		5.4		5.4

		5.3		5.4		5.4		5.5

		5.4		5.2		5.4		5.5

		4.8		4.2		5.1		5.4

		5.1		4		5.3		5.5

		5		4.4		5.1		5.5

		5.2		4.6		5.3		5.5

		5.2		4.2		5		5.5

		4.8		4.8		5		5.2

		4.8		3.9		5		4.2

		4.9		4.6		4.5		5.4

		5.1		5		5.4		5.5

		5.1		4.7		5		5.5

		5.3		5		5.3		5.6



EM 450 Spring 98

EM 450 Spring 99

EM 450 Fall 99

EM 450 Fall 00

Question

EM 450



EM460

		4.9		3.7		4.3		4.7

		4.7		4.4		4.5		4.8

		4.9		4.1		4.3		4.9

		4.9		4.2		4.4		4.8

		4.9		4.4		4.5		5.1

		4.8		4.2		4.6		4.7

		5.7		4.8		5.1		5

		5.4		4.8		4.9		5.1

		4.9		4.1		4.7		4.9

		5.2		4.4		5		5

		5.3		4.8		5		5.1

		5.5		4.5		5		5.1

		4.5		3.5		3.9		4.6

		4.1		3.3		3.8		4.5

		4.4		3.5		4		4.5

		5		4.1		4.5		4.8

		4.3		3.4		3.8		4.3

		4.3		3.7		4.1		4.5

		2.7		3.4		2.8		3.8

		4.5		3.4		3.9		4.5

		4.9		3.9		4.3		4.7

		5.1		3.8		4.1		4.6

		5		4		4.3		4.8



EM 460 Fall 97

EM 460 Fall 98

EM 460 Fall 99

EM 460 Fall 00

Question

EM 460



EM470

		4.3		4.9		4.7		4.9		4.7

		4.5		5.2		4.8		5		4.8

		4		5.2		4.8		4.8		4.8

		4.2		5.2		4.8		4.9		4.8

		4.5		5.5		4.9		4.8		5

		4.2		5.2		4.8		5		4.8

		4.5		5.5		5.6		5.2		5.4

		5		5.6		5		5.7		5.1

		4.7		5.2		4.8		4.9		4.9

		5		5.3		4.7		4.8		4.9

		5.2		5.4		5.1		4.5		5.1

		4.9		5.4		4.9		5		5.2

		4		4.7		4.3		4.6		4.5

		3.9		4.7		4.2		4.5		4.5

		4		4.9		4.3		4.5		4.6

		4.3		5.4		4.4		5.4		4.7

		3.2		4.4		4		4.4		4.4

		3.4		4.6		4.1		4.7		4.4

		4		4.2		4.5		3.9		4.1

		4.1		4.8		4.2		5		4.6

		4.7		5.2		4.6		5.5		4.7

		4.6		5.2		4.5		5		4.8

		4		5.3		4.4		5.5		4.9



EM 470 Fall 97

EM 470 Fall 98

EM 470 Fall 99

ME 370 Sp 00

ME 370 Sp 01

Question

EM 470



EM 490

		5.7		3.9		5.6

		5.4		4.1		5.5

		5.7		3.9		5.7

		5.6		3.9		5.6

		5.9		4.2		5.7

		5.7		4.1		5.7

		5.9		4.6		5.9

		5.7		4.7		5.7

		5.7		4.6		5.5

		5.7		4.4		5.7

		5.7		4.6		5.6

		5.9		4.8		5.7

		5.1		3.6		5.4

		5.1		3.5		5.5

		5.6		3.8		5.6

		5.1		3.9		5.5

		5.6		3.8		5.6

		5.7		3.6		5.6

		5		4		5.1

		5.7		3.8		5.7

		5.9		4.5		5.9

		5.7		4.2		5.6

		5.7		3.8		5.7



ME 490 Fall 98

ME 490 Fall 99

ME 490 Fall 00

Question

EM 490



EM 491

		4.9		5

		5.1		5.1

		4.8		5.2

		4.8		5.1

		4.9		5.1

		4.9		5.1

		5.2		5.4

		5.4		5.5

		5.1		5.3

		5.3		5.2

		5.4		5.3

		5.2		5.3

		4.6		4.9

		4.5		4.9

		4.6		5

		5.3		5.5

		3.5		4.8

		4.3		5.1

		2.4		3.7

		4.8		4.8

		5.3		5.3

		5.3		5.3

		4.7		5.1



EM 491 Fall 99

EM 491 Fall 00

Question

EM 491



EM492

		4.3		4.3		4.3		4.5

		4.7		4.4		4.6		4.8

		4.5		4.3		4.4		4.8

		4.3		4.5		4.3		4.8

		4.5		4.4		4.7		4.9

		4.6		4.3		4.7		4.7

		4.9		4.9		4.9		5.1

		4.8		5		4.8		5.1

		4.6		4.5		4.7		5

		4.5		4.5		4.6		5.1

		4.5		4.5		5		4.9

		4.7		4.7		4.8		4.9

		4.4		3.6		3.6		4

		4.4		3.6		3.6		3.8

		4.5		3.8		3.7		3.9

		4.7		4.5		4.6		4.6

		4.3		3.9		3.6		3.8

		4.2		3.9		4		4.1

		4.1		2.5		2.8		2.4

		4.2		3.8		3.9		4

		4.5		4.4		4.2		4.5

		4.5		4.1		3.9		4

		4.3		4.4		4.2		4.3



EM 492 Spring 97

EM 492 Spring 98

EM 492 Spring 99

ME 492 Spring 00

Question

EM 492



ME 325

		5.2		4.1		3.1		4.3

		5		4.6		4.1		4.9

		5.3		4.2		3.3		4.7

		5.7		4.5		3.4		4.7

		5.3		4.6		3.9		4.8

		5		4.6		3.4		4.7

		5.5		5.6		5.7		5.5

		5.5		4.7		4.6		5.1

		5.2		4.4		4.1		4.9

		5.5		4.5		4.1		4.9

		5.8		4.6		3.7		5.3

		5.5		4.6		4.6		5.1

		5.2		3.9		2.4		4.1

		4.7		4.1		2.2		4

		5		4.5		2.6		3.9

		5.5		4.9		3.7		4.4

		5		3.6		1.9		3.2

		5		4		2.9		3.7

		5.2		2.7		1.4		4

		5.3		4		2.4		3.9

		5.2		4.4		3.1		4

		5.5		4.6		3.2		4.4

		5.3		4.3		3.3		4.6



ME 325 Fall 98

ME 325 Spring 99

ME 325 Spring 00

ME 325  Spring 01

Question

ME 325



DFEM

		4.4		4.4		4.3		4.5

		4.7		4.7		4.4		4.7

		4.5		4.6		4.4		4.7

		4.5		4.6		4.5		4.6

		4.7		4.7		4.7		4.8

		4.6		4.6		4.5		4.6

		5.2		5.1		5.2		5.2

		4.9		4.9		4.9		4.9

		4.6		4.6		4.6		4.7

		4.7		4.6		4.7		4.7

		4.9		4.8		5		4.9

		4.9		4.8		4.8		4.9

		4.3		4.3		4.3		4.4

		4.2		4.2		4.1		4.3

		4.3		4.4		4.2		4.4

		4.6		4.5		4.6		4.5

		4		4.3		3.9		4.2

		4.1		4.2		4.1		4.1

		4.1		4.1		3.7		4.3

		4.2		4.3		4.2		4.2

		4.5		4.5		4.5		4.4

		4.4		4.5		4.5		4.5

		4.5		4.5		4.4		4.5



DFEM Fall 95

DFEM Spring 96

DFEM Fall 97

DFEM Spring 97

Question

DFEM



Data Tables
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		8		4.5		4.5		5		4.8		4.8		R		5		5.2		5.4		5		4.7		5		4.9		5		5.5		4.8		5		4.9		4.9		5.1		5.1		4.8		5.3		R		5.1		5.3		5.2		5.3		5.2		5.3		4.6		5.3		5.1		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		5.3		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		5.2		5.3		5.5		5.3		R		5.3		5.5		5.5		5.7		5.4		5.6		5.5		R		4.2		5.8		5.2		5.6		5.3		R		4		4.9		5.8		5.3		5.4		5.5		5.6		5.5		R		5.4		4.4		5		4.4		4.3		R		4.6		5.1		4.8		5.3		4.8		5.2		R		5.5		5.3		3.8		5		3.4		5.1		3.8		R		3.3		5.6		5.5		5.6		5.7		4.1		4.9		R		5.4		4.8		4.9		5.1		5.4		5		R		5		5.6		5		5.7		5.1		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		5		3.8		4.6		4.9		4.4		4.4		I		3.8		4		5		3.9		4.5		5.2		5		4.6		5.1		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		4.8		5		5.3		5.1		I		5.1		5.3		5.4		5.3		5.4		5.7		5.7		I		3.7		5.7		5.1		5.4		4.9		I		3.8		5.2		5.3		5.1		4.9		5.6		5.2		5.5		I		5.4		5		5.3		4.1		4.1		I		4.3		4.6		4.5		5.5		5.1		4.9		I		5.4		5.7		4		5.3		3.1		4.9		3.8		I		2.6		5.3		5.1		5.1		5.4		4.2		4.5		I		4.9		4.1		4.7		4.9		5		4.7		I		4.7		5.2		4.8		4.9		4.9		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		4.9		3.5		4.6		5		4.6		4.3		T		3.6		4		5		3.8		4.5		5.3		5		4.5		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		4.9		5		5.3		5		T		5		5.3		5.3		5.6		5.1		5.3		5.6		T		4		6		5.3		5.3		4.8		T		3.2		5		5.3		5.3		5.1		5.5		5.2		5.3		T		5.2		5.2		5		4.5		4.4		T		4.4		4.8		4.8		5.3		4.8		5		T		5.6		5.3		4.3		5.3		2.8		4.8		3.5		T		2.4		5.3		5		5.4		5.4		4.1		4.7		T		5.2		4.4		5		5		4.9		4.7		T		5		5.3		4.7		4.8		4.9		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		4.6		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		5.1		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		5.1		5.3		5.2		I		5.2		5.4		5.4		5.5		5.4		5.4		5.5		I		4.3		5.5		5.4		5.3		5		I		3.8		5		5.2		5.3		5.3		5.4		5.4		5.3		I		5.2		4.6		5.3		5		4.7		I		4.6		4.8		4.8		5.8		5		5		I		5.5		5.2		3.5		5.5		3.6		4.9		3.9		I		3.9		5.3		5.4		5.4		5.5		4.4		5.2		I		5.3		4.8		5		5.1		5.4		5.1		I		5.2		5.4		5.1		4.5		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		5.4		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		5.4		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		5.3		5.4		5.6		5.3		Q		5.3		5.6		5.6		5.6		5.9		5.6		5.8		Q		4.5		5.5		5.5		5.4		5.2		Q		3.6		4.8		5.2		5.2		5.4		5.7		5.7		5.4		Q		5.4		5.2		5.8		4.7		4.4		Q		4.6		4.6		4.8		5.5		5.3		5.4		Q		5.7		5.4		4		5.3		3.8		5.3		4		Q		2.8		5.4		5.2		5.4		5.5		4.6		5.2		Q		5.5		4.5		5		5.1		5.5		4.7		Q		4.9		5.4		4.9		5		5.2		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		3.8		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		4.4		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		4.6		5		5.2		4.9		U		4.8		5		4.7		5.5		5		5		5.1		U		2.8		4.3		4.8		5		4.8		U		3.7		4.3		5.1		4.8		5.1		5.3		4.8		4.9		U		5.4		4.4		4.7		4		4.3		U		3.9		4.1		4		4.5		4.8		4.5		U		5		4.6		3		4.5		1.9		4.5		3.3		U		2.3		4.8		4.2		5.1		5.4		3.5		4		U		4.5		3.5		3.9		4.6		4.7		4.1		U		4		4.7		4.3		4.6		4.5		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		3.8		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		4.3		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		4.6		5		5.3		4.9		E		4.7		4.7		4.6		5.4		4.8		4.9		5.4		E		3.1		4.5		4.7		5.1		4.6		E		3.6		4.1		5.1		4.7		4.7		5.3		5		4.8		E		5.2		4.4		5		4.1		4.1		E		3.6		4		3.9		2.5		4.8		4.4		E		4.9		4.5		3		4.3		2		4.6		3.4		E		2.2		5.1		4		5.3		5.5		3.6		3.8		E		4.1		3.3		3.8		4.5		4.5		4		E		3.9		4.7		4.2		4.5		4.5		5.1		3.5		5.5		4.5		4.9		4.1		4.9		4.4		E		4.4		3.6		3.6		3.8		4.7		4.4		4.4		5.2		4.7		4.1		2.2		4		5.1		5.3		4.2		4.2		4.4		4.2		4.2		E		4.1		4.3

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

		A		4				19		76

		A-		3.7				3		11.1

		B+		3.3				0		0

		B		3				29		87

		B-		2.7				14		37.8

		C+		2.3				0		0

		C		2				21		42

		C-		1.7				5		8.5

		D		1				5		5

		F		0				1		0

								Total Number				GPA Value				GPA

								97				267.4				2.7567010309
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		EM320 Grade History

		Year		Incoming GPA		Prog		Final

		F92		2.95				2.98				Course Director:_______________________

		F93		2.81		2.64		2.59

		S94		3.03		2.84		2.74				Division Chief: _________________________

		F94		3.00				3.02

		S95		2.96		2.98		2.83				Deputy for Curriculum: ____________________

		F95		3.03		2.77		2.81

		S96		3.05		2.86		2.89

		F96		3.05		2.46		2.63

		S97		2.97		2.4		2.8

		F97		2.99		2.19		2.45

		Sum 97						3.02

		F97		2.99		2.19		2.45

		S98		2.98		2.44		2.48

		Sum 98						2.88

		F98		2.97		2.24		2.43

		S99		2.98		2.53		2.53

		F99		3.04		1.96		2.74

		S00		2.95		1.67		2.54

		F00		3.094		2.46		2.44

		S01		3.19		2.33		2.6
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