
The following appendix is divided into the three sections:

1. Required Core Curriculum

2. Required Program Curriculum

3. Program (Technical) Electives

1. Required Core Curriculum


CSM101-Freshman Success Seminar


EBGN201-Principles of Economics


EPIC151-Design I


EPIC251-Design II


LAIS100-Nature and Human Values

MACS111- Calculus for Scientists and Engineers I


MACS112- Calculus for Scientists and Engineers II


MACS213- Calculus for Scientists and Engineers III


MACS315-Differential Equations


PHGN100-Physics I - Mechanics


PHGN200-Physics II - Electromagnetism and Optics


SYGN101-Earth and Environmental Systems


SYGN200-Human Systems

1.  Department, Number and Title:  Student Life, CSM101-- Freshman Success Seminar

2.  Designation: Required

3.  Catalog Description:  A "college adjustment" course, taught in small groups, designed to assist students with the transition from high school to CSM. Emphasis is placed on appreciation of the value of a Mines education, and the techniques and University resources that will allow freshmen to develop to their fullest potential at CSM.

4.  Prerequisites:  none

5.  Textbook and/or other required material:  

No textbook required.

Student Handbook

Undergraduate Bulletin

6.  Course objectives: CSM has offered CSM101 – Freshman Success Seminar – for over 15 years.  CSM 101 is a 0.5 credit hour “college adjustment” course designed to help CSM freshmen successfully transition from high school to college in general, and to CSM in particular.  The overall format of the course is based on three objectives: 

· Become an integrated part of the CSM community

· Explore, select, and connect with a career field

· Develop as a person and as a student

This course is designed to be active and interactive, with assignments that are created to help students acquire sets of skills that are necessary for developing a sense of identity at Mines and for successful careers in engineering, science and economics.  The interaction is between Mentor and student, between freshmen themselves, and also between freshmen and upper-class students, in order to increase the likelihood of both academic and social integration and success. 

Mastery of objective 1) will be demonstrated through completion of assignments and discussion in class and outside of class that require the exploration of, and connection with, student organizations and campus resources.  Mastery of objective 2) will be demonstrated by successfully completing assignments that require exploring and evaluating the academic majors at CSM, as well as completion of the registration process with the CSM Career Center.  Mastery of objective 3) will be demonstrated through discussion of campus rules and regulations and the Student Honor Code, as well as mid-term and end of term academic progress.

7. Topics:

Class 1: Focus - The first CSM 101 class is held during New Student Orientation, even before all other classes have started.  This class meeting is designed to facilitate the development of relationships.  Students are likely to adjust and acclimate to college if they have at least one person, specially designated for him/her, to contact with questions and problems even before classes begin.  

Class 2: Focus - This class provides an opportunity to explain the requirements and structure of the class, and to again reaffirm that we are here to help students be successful.  This class also provides an opportunity for students to voice their questions and expectations.

Class 3: Focus - Increased freedom is one of the most significant transitions students experience when they go to college.  Students have the opportunity to make good choices – or bad choices.  It is important that students understand the rules and regulations of CSM and know about the Student Honor Code and associated policies and procedures.

Class 4: Focus - Mines is a typical undergraduate college in many ways, but it is also offers some very unique challenges when it comes to student success.  The academic rigors and stressors combined with the higher incidence of social introversion can affect student success.  Research consistently indicates a correlation between campus involvement and success.  Success can be defined broadly and this class offers an opportunity to discuss and participate in a variety of activities related to a broadly-defined concept of success.

Class 5: Focus - Students have been at Mines for a month now… this is a good time to have them stop and reflect on their experience so far, especially since they will likely have experienced their first round of college-level exams.  This class is purposely left a little open-ended so the Mentor can pick a topic of particular interest for the class. Suggested topics include: 

· Stay with the self-assessment topic (materials are provided)

· Select one of these topics (contact the Advising Coordinator for information)

· Time management

· Study skills

· Myers Briggs Type Indicator

· Select your own topic and use your own materials for the class. 

Class 6: Focus - Eventually, students will graduate and enter the work force.  This class provides an opportunity for students to investigate how their academic/social experiences in college will impact their future careers.  The decisions they make now will, indeed, affect the rest of their lives!  This includes choosing a major and establishing a good working relationship with faculty and their academic advisor.

Class 7: Focus - The focus of this class is registration for spring courses.  Even though the Registrar’s Office builds freshman schedules for the spring semester, it is critical that the students learn the registration process as they will be responsible for managing it in the future.  An important aspect of the registration process is building a relationship between a student and his/her academic advisor. 

Class 8: Focus - This is the final class of CSM 101 – a good time to celebrate with students as they reflect on what they’ve accomplished this semester, to help them gear up for finals, the holiday season, and returning in January to start a brand new semester!

8.  Class Schedule:

Eight 1-hour class sessions during the Fall semester. Students also meet individually outside of class with their instructor/mentor.  Student/faculty ratio is approximately 11/1 per section, with each class team taught by two faculty.  During the Fall 2005 semester, 75 sections of this course were scheduled.  Course instructors also serve as mentors/academic advisors for the entire freshman year.

9.  Contribution of course to meeting the professional component:

This course is designed to serve as an engineering-themed academic seminar, with uniform, yet flexible, course content that supports the development of a clear conception of engineering education and professions.

10. Relationship of course to program outcomes:

This course establishes the foundation for the CSM Graduate Profile through helping students to develop: knowledge and skills necessary to identify an area of specialization and appreciation of the breadth of engineering and science; an increased understanding of engineering as a profession; critical thinking, communication, and teamwork skills through participation, discussion and exploration;  an appreciation of diverse attitudes, cultures and approaches; and ethical considerations involved in engineering.

11.  Person(s) Preparing Description and Date of Preparation: Ron Brummett (January 2006) 

1.  Department, Number and Title: Economics and Business, EBGN 201 Principles of Economics

2.  Designation: Required

3. Catalog Description: EBGN 201 Principles of Economics (3 semester hours) examines the basic social and economic institutions of market capitalism; contemporary economic issues; business organization; price theory and market structure; economic analysis of public policies; and inflation, unemployment, and economic growth.  These topics and concepts together provide a framework for understanding human-environment relations.  Special attention is paid to contemporary debates about sustainable development and natural resource management. 

4.  Prerequisites: None.

5.  Textbook and/or Other Required Material: Miller, Roger Leroy, Understanding Modern Economics, 1st edition, Addison Wesley, 2004.

6.  Course Objectives: After completing this course, students will be able to (a) describe the economy as a whole using indicators such as gross-domestic product growth, inflation, and unemployment, as well as the important public-policy tools that a national government uses to influence the state of the economy (macroeconomics), (b) understand how specific markets within a national economy operate and how public policies influence these markets (microeconomics), and (c) apply economic principles to issues and problems related to natural resources and the environment. 

7.  Topics Covered: 

· Introduction to the Shared Concepts of Microeconomics and Macroeconomics

· Microeconomics (demand, supply, markets and market structures)

· Macroeconomics (unemployment, inflation, economic growth, US banking system, monetary and fiscal policies, international trade)

· Environmental Economics, Natural Resource Economics, and Sustainable Development (externalities, environmental policy, renewable and nonrenewable natural resources)

Class /Laboratory Schedule: Two lectures a week (during Fall Semester 2005, Mondays and Wednesdays, either 2:00-2:50pm or 3:00-3:50pm) and one recitation section of 50 minutes per week on either Thursday or Friday (multiple offerings).  

9.  Contribution of course to Meeting Professional Component: Course contributes three credit hours to General Education. 

10.  Relationship of Course to Program Outcomes: This course has primary emphasis in ABET Criterion 3 outcomes h, i and j. Additionally, course has secondary emphasis in Criterion 3 outcome b(ii).

11.  Person Preparing Description and Date of Preparation: Roderick G. Eggert (December 2005). 

1.  Department, Number and Title: Design (EPICS), EPIC151.  Design (EPICS) I

2.  Designation: Required

3. Catalog Description: Design (EPICS) I introduces a design process that includes open-ended problem solving and teamwork integrated with the use of computer software as tools to solve engineering problems. Computer applications emphasize graphical visualization and production of clear and coherent graphical images, charts, and drawings. Teams assess engineering ethics, group dynamics and time management with respect to decision-making. The course emphasizes written technical communications and introduces oral presentations.

4.  Prerequisites: None

5.  Textbook and/or other required material:

Design (EPICS) Student Guide

Mechanical Drafting Packet

Writing as an Engineer: Beer and McMurrey

6.  Course Objectives: Teaching/learning objectives for the course center on how we define “design.” Open-ended problem solving is the core of the Design (EPICS) team-based design methodology.  Engineering design - a creative, interactive, and complex decision-making process unfolds as the design team synthesizes information, skills and values to resolve an open-ended problem.  With respect to the Design (EPICS) curriculum, engineering design can be described as an iterative process.  The objectives of the course guide students toward solving open-ended problems:

· Developing an ability through practice to apply creative and critical thinking skills through a guided design methodology with an emphasis on visual solutions to engineering problems;

· Analyze engineering alternatives in order to select the "most desirable options" by applying fundamental computer packages which graphically display a system or product;

· Participate as a member of a team committed to solving an open-ended project through practice building team and interpersonal skills and defining and meeting deadlines; and

· Prepare communications documents, which develop evidence necessary to build an engineering case by writing a clear concise conclusion based on evidence.

To help our students become more skilled with the design process, we should have them learn through practice.  The centerpiece of this course is an open-ended problem that the students must work in teams to solve.  

7.  Topics Covered:  Most of the skills are taught using a small team mentoring method with a few lectures to present formal instruction.  Instructional exercises are distributed as follows throughout the semester:

Engineering design process

Mechanical graphics and sketching

Computer aided visualization graphics

Project management process

Interpersonal management process

Professionalism and engineering ethics

Technical writing (emphasis)

Oral presentations (exposure)

8.  Class/Laboratory Schedule: This three-hour course meets for five hours per week.  Students work in teams of four to six with a single mentor in one two-hour session (Project Day) to resolve project and team issues.  Mentors give explicit instruction or information in carefully selected topics, such as decision-making processes, team dynamics and communications skills.  Progress and problems are addressed in these weekly team meetings.  These meetings take place in the Hall of Justice, Room 140.  An instructor lectures on visualization techniques in the second two-hour session (Graphics Day), encouraging teams to use computer-aided techniques to prepare graphics portfolios.  These sessions take place in the EPICS Computer Laboratory in the CTLM.  The one-hour session (Workshop Day) is devoted to workshops on technical writing, professionalism, ethics, safety, and construction techniques (soldering, foam-core construction).  These workshops take place in the Hall of Justice, Room 140.

9.  Contribution of course in Meeting Professional Component:  This course contributes three credit hours to the engineering design topics. 

10.  Relationship of Course to Program Outcomes:  This course relates most closely to Program outcomes: A) develop and demonstrate creative engineering technologies, B) apply knowledge of mathematics, science and engineering, C) provide collaborative opportunities at various level of interest, D) design and build authentic devices, F) recognize the need for life-long learning, and G) assess the impact of engineering solutions in a global and societal context.

11.  Person(s) Preparing Description and Date of Preparation: Robert D. Knecht (January, 2006).

1.  Department, Number and Title: Design (EPICS), EPIC251.  Design (EPICS) II

2.  Designation: Required

3. Catalog Description: Design (EPICS) II builds on the design process introduced in Design (EPICS) I, which focuses on open-ended problem solving in which students integrate teamwork and communications with the use of computer software tools to solve engineering problems. Computer applications emphasize information acquisition and processing based on knowing what new information is necessary to solve a problem and where to find the information efficiently.  Teams analyze team dynamics through weekly team meetings and progress reports.  The course emphasizes oral presentations and builds on written communications techniques introduced in Design (EPICS) I.

4.  Prerequisites: Design (EPICS) I

5.  Textbook and/or other required material:

Design (EPICS) Student Guide

Writing as an Engineer: Beer and McMurrey

6.  Course Objectives: Teaching/learning objectives for the course center on how we define “design.” Open-ended problem solving is the core of the Design (EPICS) team-based design methodology.  Engineering design - a creative, interactive, and complex decision-making process - unfolds as the design team synthesizes information, skills and values to resolve an open-ended problem.  With respect to the Design (EPICS) curriculum, engineering design can be described as an iterative process.  The objectives of the course guide students toward solving open-ended problems:

· Developing an ability through practice to apply creative and critical thinking skills through an external client project with an emphasis on data analysis and numerical solutions;

· Analyze engineering alternatives in order to select the "most desirable options" by applying commercial software to model a system or product;

· Participate as a member of a team committed to solving an open-ended project through practice managing people, resources and money; and

· Prepare communications documents, which develop evidence necessary to build an engineering case by communicating verbally the technical and economic feasibility of an engineering strategy.

To help our students become more skilled with the design process, we should have them learn through practice.  The centerpiece of this course is an open-ended problem that the students must work in teams to solve.  

7.  Topics Covered:

Most of the skills are taught using a small team mentoring method with a few lectures to present formal instruction.  Instructional exercises are distributed as follows throughout the semester:

Engineering design process

Data acquisition and processing

Commercial software packages (PowerPoint, Excel, Access, Project, MathCad, ArcView)

Project management process

Interpersonal management process

Engineering codes and standards

Oral presentations (emphasis)

Technical writing (progressive building)

8.  Class/Laboratory Schedule: This three-hour course meets for five hours per week.  Students work in teams of four to six with a single mentor in one two-hour session (Project Day) to resolve project and team issues.  Mentors give explicit instruction or information in carefully selected topics, such as decision-making processes, team dynamics and communications skills.  Progress and problems are addressed in these weekly team meetings.  These meetings take place in the Hall of Justice, Room 120/124.  An instructor lectures on various commercial software packages in the second two-hour session (Computer Day), encouraging teams to use computer-aided techniques to develop models for process engineering data.  These sessions take place in the EPICS Computer Laboratory in the CTLM.  The one-hour session (Workshop Day) is devoted to workshops on oral presentations, standards, and specific project requirements.  These workshops take place in the Hall of Justice, Room 140.

9.  Contribution of course in Meeting Professional Component:  This course contributes three credit hours to the engineering design topics. 

10.  Relationship of Course to Program Outcomes:  This course relates most closely to Program outcomes: A) develop and demonstrate creative engineering technologies, B) apply knowledge of mathematics, science and engineering, C) provide collaborative opportunities at various level of interest, D) design and build authentic devices, E) analyze data from a variety of resource related projects, F) recognize the need for life-long learning, G) assess the impact of engineering solutions in a global and societal context, and H) manage on-going programs for energy, materials, universal, space and product.

11.  Person(s) Preparing Description and Date of Preparation: Robert D. Knecht (January, 2006).

1.  Department, Number and Title: Liberal Arts and International Studies, LAIS 100, Nature and Human Values

2.  Designation: Required

3. Catalog Description:  Nature and Human Values will focus on diverse views and critical questions concerning traditional and contemporary issues linking the quality of human life and Nature, and their interdependence.  The course will examine various disciplinary and interdisciplinary approaches regarding two major questions:  1) How has nature affected the quality of human life and the formulation of human values and ethics? 2) How have human actions, values, and ethics affected Nature?  These issues will use cases and examples taken from across time and cultures.  Themes will include but are not limited to population, natural resources, stewardship of the Earth, and the future of human society.  This is a writing-intensive course that will provide instruction and practice in both expository and technical writing, using the disciplines and perspectives of the humanities and social sciences.  4 hours lecture/recitation.  4 credit hours.

4.  Prerequisites: None.

5.  Textbook and/or other required material:

Beer, David F, and David McMurrey, Guide to Writing as an Engineer, 2nd edition.

Blackboard Learning System Coursepack:  All seminar sections of Nature and Human Values have shared readings that are available electronically via the Blackboard system.

Lunsford, Andrea.  The Everyday Writer, 3rd edition.

6.  Course Objectives:  The learning objectives for this course may be stated in terms of their focus on knowledge content acquisition and on writing skills development.  In recent years, the course has evolved so that its main focus is on ethics:  the ethics of human interactions with the environment and the professional ethics of scientists and engineers.  The two, of course, are often interconnected if not the same.

Knowledge content objectives

NHV aims to help develop understandings of

· personal and professional responsibilities of scientists and engineers;

· environmental, social, and international issues in science and engineering;

· intellectual skills that contribute to inquiry, life-long learning, and ethical professional behavior;

· the major arguments, historical developments, and issues surrounding environmental debates, such as those related to resource use, conservation, sustainability and stewardship of the Earth;

· how the humanities and social sciences shed light on the beliefs, values, attitudes, and world views that shape culture 

Writing objectives

Following the formats outlined in A Guide to Writing As an Engineer (one of the course textbooks), students will write:

· an abstract; 

· a comparison paper or close reading; and 

· a case study analysis. 

Through frequent writing assignments, students will also improve their abilities to

abstract an article;

appropriately and critically navigate electronic mediums such as email and the internet;

read critically;

identify and synthesize a range of positions on an issue;

articulate a position on an issue in relation to other positions;

conduct academic research on a focused topic related to the themes of the course;

argue for a position and convincingly address counter arguments;

effectively incorporate persuasive strategies;

use and cite an appropriate variety of sources; and

carefully evaluate research sources from the web, books, articles, etc. 

Students should also finish this course with an expanded appreciation of

diverse rhetorical strategies;

different genres;

writing-reading connections; and

writing processes. 

8.  Class/Laboratory Schedule:  This four-hour course meets for four hours per week.  Student will meet in small, 20-person groups with their seminar instructors for three hours a week.  The fourth hour, all students enrolled in the course meet in a large group (approx. 300 students) for the lecture portion of the course.  The seminar portion of the course is devoted to a deep explication of the subject material that is presented during the lecture portion of the course, and is also focused on developing writing skills.

9.  Contribution of course to Meeting Professional Component: General Education

10.  Relationship of Course to Program Outcomes:  NHV explicitly addresses a number of elements in the CSM graduate profile. Among these are the following descriptors:

· Graduates must have the skills to communicate information, concepts and ideas effectively orally, in writing, and graphically.

· The seminar component of NHV is explicitly designed to contribute to the development of such communication skills and to provide students to discuss content in a small-group setting.

· Graduates should have the flexibility to adjust to the ever-changing professional environment and appreciate diverse approaches to understanding and solving society’s problems.

· The humanities and social sciences interdisciplinary character of NHV makes a major contribution to cultivating student flexibility, understanding, and societal problem solving.

· Graduates should be capable of working effectively in an international environment, and be able to succeed in an increasingly interdependent world.

· NHV lectures make a special effort to include the international, global, and multicultural dimensions of the issues they address.

· Graduates should exhibit ethical behavior and integrity.

· Issues of professional ethics and environmental responsibility play a major role in the lectures and writing assignments of NHV. 

11.  Person Preparing Description and Date of Preparation:  Jennifer J. Schneider (January, 2006).

1.  Department, Number and Title:  Mathematical and Computer Sciences, MACS111, Calculus for Scientists and Engineers I

2.  Designation:  Required

3. Catalog Description:  This is the first course in the calculus sequence.  Topics covered in this course include elements of plane geometry, functions, limits, continuity, derivatives with applications, and definite and indefinite integrals. 

4.  Prerequisites:  Precalculus

5.  Textbook and/or other required material:

Calculus: Concepts & Contexts, 3rd ed., by James Stewart.

6.  Course Objectives:  In this course, students are introduced to the fundamental Calculus concepts of continuity and limits of functions of a single variable.  This knowledge is applied to define the derivative and the integral and to derive applications of the derivative.  Students are also introduced to the Fundamental Theorem of Calculus. 

The student will: 

1. Define a function. 

2. Determine the domain and range of a function. 

3. Describe the following functions graphically, numerically, and analytically:

· Linear. 

· Exponential. 

· Logarithmic. 

· Polynomial. 

· Rational. 

· Trigonometric. 

· Piecewise. 

· Inverse. 

4. Translate data into functional notation. 

5. Determine if a function is even or odd. 

6. Shift functions. 

7. Determine the zeroes of a function. 

8. Determine whether a function is continuous. 

9. Determine the one-sided limits of a function and the limit of a function. 

10. Relate the secant line to the tangent line.

11. Define the derivative of a function. 

12. Differentiate: 

· Powers.

· Polynomials. 

· Products. 

· Quotients. 

· Composite functions. 

· Trigonometric functions. 

· Implicit functions.

· Exponential functions.

· Logarithmic functions.

· Derivatives. 

13. Apply derivatives to solve: 

· Maxima/minima problems. 

· Related rate problems. 

14. Evaluate limits of indeterminate forms using 
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15. Find antiderivatives of functions. 

16. Approximate functions linearly and with Taylor Polynomials. 

17. Estimate integrals with finite sums. 

18. Define the definite integral. 

19. Relate derivatives and integrals (Fundamental Theorem of Calculus) 

20. Integrate using: 

· Substitution. 

· Integration by parts. 

· Numerical methods.

21. Apply integration methods to find areas. 

22. Relate exponential and log functions. 

23. Differentiate exponential and logarithmic functions. 

24. Integrate exponential and logarithmic functions. 

8.  Class/Laboratory Schedule:  This four credit-hour course meets four hours per week.  All four hours consist of lectures, with periodic group work on worksheets involving challenging applications of the topics being presented.

9.  Contribution of course to Meeting Professional Component:  This course contributes four credit hours to the college-level mathematics appropriate to the discipline.

10.  Relationship of Course to Program Outcomes:  This course relates to the general program objective (a) an ability to apply knowledge of mathematics, science and engineering; as well as to the requirement that individual programs “must demonstrate that graduates have proficiency in mathematics through differential equations…”

11.  Person(s) Preparing Description and Date of Preparation:  G. Gustave Greivel (February, 2006).

1.  Department, Number and Title:  Mathematical and Computer Sciences, MACS112, Calculus for Scientists and Engineers II

2.  Designation:  Required

3. Catalog Description:  This is the second course in the calculus sequence.  Topics covered in this course include vectors, applications and techniques of integration, infinite series, and an introduction to multivariate functions and surfaces. 

4.  Prerequisites:  MACS111 or equivalent.

5.  Textbook and/or other required material:

Calculus: Concepts & Contexts, 3rd ed., by James Stewart.

6.  Course Objectives:  This course is a continuation of MACS111.  In this course, students learn techniques of integration as well as several applications of the definite integral.  Students are given a brief introduction to separable differential equations and their solutions.  Sequences and series are also presented, including the application of power series to engineering problems and an introduction to the complex plane and Euler’s formula.  Finally, students are given an introduction three-dimensional space and multivariate functions and surfaces. 

The student will: 

1. Parametrize curves in the plane as well as in three-dimensional space. 

2. Find the tangent to a parametrized curve. 

3. Find the length of a parametrized curve. 

4. Define a vector in the plane and in 3D. 

5. Resolve a vector into components. 

6. Add and subtract vectors. 

7. Find the magnitude of a vector. 

8. Find the dot product of two vectors. 

9. Project a vector onto another vector. 

10. Find the cross product of two vectors. 

11. Solve a system of linear equations. 

12. Write the equations for a line in space. 

13. Write the equation for a plane in space. 

14. Define a vector-valued function. 

15. Differentiate vector valued functions. 

16. Integrate vector-valued functions. 

17. Model projectile motion. 

18. Define a function from Rn to R1. 

19. Plot functions in three dimensions and also sketch their contour plots. 

20. Evaluate integrals using:

· U-substitutions.

· Integration by parts.

· Trigonometric integrals.

· Trigonometric substitutions.

· Partial fraction decomposition.

21. Solve separable first order differential equations, including initial value problems .

22. Identify and evaluate improper integrals.

23. Determine the convergence of an infinite sequence.

24. Determine the convergence of an infinite series.

25. Find the sum of a geometric series and Maclaurin series.

26. Approximate the sum of an infinite series and determine the error in the approximation.

27. Represent a functions as power series using the Taylor series.

28. Use Taylor approximations.

29. Perform complex arithmetic.

30. Derive Euler’s formula using series results.

8.  Class/Laboratory Schedule:  This four credit-hour course meets four hours per week.  All four hours consist of lectures, with periodic group work on worksheets involving challenging applications of the topics being presented.

9.  Contribution of course to Meeting Professional Component:  This course contributes four credit hours to the college-level mathematics appropriate to the discipline.

10.  Relationship of Course to Program Outcomes:  This course relates to the general program objective (a) an ability to apply knowledge of mathematics, science and engineering; as well as to the requirement that individual programs “must demonstrate that graduates have proficiency in mathematics through differential equations…”

11.  Person(s) Preparing Description and Date of Preparation:  G. Gustave Greivel (February, 2006).

1.  Department, Number and Title:  Mathematical and Computer Sciences, MACS213, Calculus for Scientists and Engineers III

2.  Designation:  Required

3. Catalog Description:  This is the final course in the calculus sequence.  Topics covered in this course are drawn from multivariable calculus, including partial derivatives, multiple integration, and vector calculus. 

4.  Prerequisites:  MACS112 or equivalent.

5.  Textbook and/or other required material:

Calculus: Concepts & Contexts, 3rd ed., by James Stewart.

6.  Course Objectives:  This course is a continuation of MACS112.  In this course, students learn to find partial derivatives and consider several applications of partial derivatives including related rates, linear approximations and the total differential, directional derivatives and the gradient, and constrained and unconstrained optimization.  Students learn to set up and evaluate double and triple integrals in Cartesian coordinates as well as polar, cylindrical and spherical coordinates with an emphasis on applications of these integrals.  Students are also introduced to general transformations for double and triple integrals.  Finally, students are introduced to Vector Calculus with an emphasis on work and flux integrals for vector fields.  The Fundamental Theorem for Line Integrals, Green’s Theorem, Stokes’ Theorem and the Divergence Theorem are all presented. 

The student will: 

1. Parametrize curves in the plane as well as in three-dimensional space. 

2. Define a function from Rn to R1. 

3. Plot functions in three dimensions and also sketch their contour plots. 

4. Find partial derivatives of a multivariable function. 

5. Predict the change in a function using differentials. 

6. Use the chain rule to differentiate a multivariable function. 

7. Define the gradient vector. 

8. Define the directional derivative. 

9. Apply gradients and directional derivatives to real problems. 

10. Write the equation of a plane tangent to a function. 

11. Find the maxima and minima of functions. 

12. Apply the method of Lagrange multipliers to solve simple constrained optimization problems.

13. Integrate functions of two and three variables. 

14. Use multiple integrals to find areas, volumes, moments and center of mass. 

15. Use cylindrical and spherical coordinates to evaluate multiple integrals. 

16. Make general transformations of coordinate systems to evaluate multiple integrals. 

17. Define and graph vector fields from R2 to R2 and from R3 to R3. 

18. Parameterize curves and compute line integrals along those curves.  Applications include:

a. Line integrals of scalar functions to find the arclength, center of mass, or charge.

b. Line integrals of vector fields to find the work done by a vector field. 

19. Identify conservative fields and apply the Fundamental Theorem for Line Integrals.

20. Use Green’s Theorem to evaluate line integrals on appropriate closed paths in the plane.

21. Parameterize surfaces and compute surface integrals over those surfaces.  Applications include:


a.  Surface integrals of scalar functions to find surface area, center of mass, or charge.

b.  Surface integrals of vector fields to find the flux of a field through a surface.

22. Apply Stokes’ Theorem to evaluate line integrals on appropriate closed paths in space.

23. Apply the Divergence Theorem to evaluate flux integrals through appropriate closed surfaces.

8.  Class/Laboratory Schedule:  This four credit-hour course meets four hours per week.  All four hours consist of lectures, with periodic group work on worksheets involving challenging applications of the topics being presented.

9.  Contribution of course to Meeting Professional Component:  This course contributes four credit hours to the college-level mathematics appropriate to the discipline.

10.  Relationship of Course to Program Outcomes:  This course relates to the general program objective (a) an ability to apply knowledge of mathematics, science and engineering; as well as to the requirement that individual programs “must demonstrate that graduates have proficiency in mathematics through differential equations…”

11.  Person(s) Preparing Description and Date of Preparation:  G. Gustave Greivel (February, 2006).

1.  Department, Number and Title:  Mathematical and Computer Sciences, MACS315, Differential Equations

2.  Designation:  Required

3. Catalog Description:  This is an introductory course in differential equations.  Topics include classical techniques for first and higher order equations and systems of equations, Laplace transforms, and phase plane and stability analysis of non-linear equations and systems.  Applications to physics, mechanics, electrical engineering and environmental sciences are considered. 

4.  Prerequisites:  MACS213 or equivalent.

5.  Textbook and/or other required material:

Elementary Differential Equations, 8th ed., by W.E. Boyce and R.C. DiPrima.

6.  Course Objectives:  This course is an introductory course in Differential Equations.  In this course, students are introduced to classical solution techniques for first and second order differential equations as well as systems of first order linear equations.  Students are also introduced to Laplace transforms.  Students apply these methods to solve engineering problems and interpret solutions in the context of engineering problems.

7.  Topics: 

1. Classification of differential equations.

2. Linear equations with variable coefficients.

3. Separable differential equations.

4. Modeling with first order equations.

5. Exact equations and integrating factors.

6. The existence and uniqueness theorem.

7. Homogeneous equations with constant coefficients.

8. Fundamental solutions of linear homogeneous equations.

9. Complex roots and the characteristic equation.

10. Repeated roots: reduction of order.

11. Nonhomogeneous equations: method of undetermined coefficients.

12. Mechanical and electrical vibrations; forced vibrations.

13. The Laplace transform:

a. Definition.

b. Solution of initial value problems.

c. Step functions.

d. Differential equations with discontinuous forcing functions.

e. Impulse functions.

f. The convolution integral.

14. Systems of first order linear equations:

a. Introduction.

b. Review of matrices, linear independence, eigenvalues and eigenvectors.

c. Homogeneous linear systems with constant coefficients.

d. Complex eigenvalues.

e. Repeated eigenvalues.

f. Nonhomogeneous linear systems.

15. Nonlinear differential equations and stability – the phase plane: linear systems.

8.  Class/Laboratory Schedule:  This three credit-hour course meets three hours per week.  All three hours consist of lectures, with periodic group work on worksheets involving challenging applications of the topics being presented.

9.  Contribution of course to Meeting Professional Component:  This course contributes three credit hours to the college-level mathematics appropriate to the discipline.

10.  Relationship of Course to Program Outcomes:  This course relates to the general program objective (a) an ability to apply knowledge of mathematics, science and engineering; as well as to the requirement that individual programs “must demonstrate that graduates have proficiency in mathematics through differential equations…”

11.  Person(s) Preparing Description and Date of Preparation:  G. Gustave Greivel (February, 2006).

1.  Department, number, and title of course: Physics, PHGN100, Physics I - Mechanics.

2.  Designation: Required

3.  Catalog description: A first course in physics covering the basic principles of mechanics using vectors and calculus.  The course consists of a fundamental treatment of the concepts and applications of kinematics and dynamics of particles and systems of particles, including Newton's laws, energy and momentum, rotation, oscillations, and waves. 4.5 semester hours. 

4.  Prerequisite(s): MACS 111 and concurrent enrollment in MACS112/122 or consent of instructor.

5.  Textbook(s) and/or other required material:

“Physics for Scientists and Engineers,” Tipler , 4th edition (1999), Freeman Worth.

"University Physics," Young and Freedman, 11th edition (2002), Addison-Wesley publishers.

6.  Course Objectives:

a)  to understand the fundamental laws of motion as summarized in Newton's three laws and their related concepts and principles,

b)  to be able to use these laws in conjunction with calculus,

c)  to construct an appropriate understanding of the mechanical properties of physical systems in an applied context.

7.  Topics covered:

a)  Kinematics in one and two dimensions

b)  Newton's three laws of motion

c)  Elementary study of friction

d)  Work, mechanical energy, and power

e)  Impulse, momentum, and collisions

f)  Fixed-axis rotational kinematics

g)  Torque, angular momentum, and Newton's Second Law

h)  Newton's Law of Universal Gravitation 

i)  Simple harmonic oscillation

j)  Basic wave properties and their mathematical description

k)  Interference and superposition of waves 

l)  Standing waves on strings and in air columns

8.  Class/Laboratory schedule:

Two 50-minute lectures per week, two 2-hour studios per week.

9.  Contribution of course to meeting the professional component:

Four and one-half hours of basic science with experimental experiences.

10.  Relationship of course to program outcomes:

Has primary emphasis in meeting ABET criterion 3 outcomes a and b. Has secondary emphasis meeting criterion 3 outcomes c, e, h and k. Additionally, within the Engineering Physics program, meets program outcomes 1(a,b).

11.  Person(s) who prepared this description and date of preparation:

Christopher Kelso and Philip Flammer, January 2006

1.  Department, number, and title of course:  Physics, PHGN200, Physics II - Electromagnetism and Optics.

2.  Designation: Required

3.  Catalog description: Continuation of PHGN100. Introduction to the fundamental laws and concepts of electricity and magnetism, electromagnetic devices, electromagnetic behavior of materials, applications to simple circuits, electromagnetic radiation, and an introduction to optical phenomena. 4.5 semester hours.

4.  Prerequisites:

PHGN100/110, concurrent enrollment in MACS 213/223.

5.  Textbook(s) and/or other required material:

“Physics for Scientists and Engineers,” Tipler , 4th edition (1999), Freeman Worth.

“University Physics”, Young and Freedman, 11th edition (2002), Addison-Wesley publishers.

6.  Course Objectives:

a)  to understand the fundamental laws of electromagnetism as summarized in Maxwell's equations and related concepts and principles,

b)  to be able to recognize and apply these laws in conjunction with the fundamental laws, concepts, and principles of mechanics using calculus, and

c)  to construct an appropriate understanding of the electromagnetic properties of physical systems in an applied context.

7.  Topics covered:

a)  Electric charge, forces and fields (Coulomb's law and Gauss' law)

b)  Electric potential

c)  Capacitors and dielectrics

d)  Current and Ohm's law

e)  DC Circuits and Kirchhoff's laws

f)  Magnetic forces and fields (Biot-Savart law and Ampere's law)

g)  Electromagnetic induction (Faraday's law)

h)  Electromagnetic waves (Maxwell's displacement current and the wave equation)

i)  Survey of optics (reflection, refraction, polarization, and interference)

8.  Class/laboratory schedule: Three 50-minute lectures/week, one 3-hour laboratory biweekly, one 2-hour recitation biweekly.

9.  Contribution of course to meeting the professional component: Four and one-half credit hours of basic science with experimental experiences.

10.  Relationship of course to program outcomes: Has primary emphasis in meeting ABET criterion 3 outcomes a and b. Has secondary emphasis meeting criterion 3 outcomes c, e, h and k. Additionally, within the Engineering Physics program, meets program outcomes 1(a,b).

11.  Person(s) who prepared this description and date: Todd Ruskell, January 2006.

1.  Department, Number and Title: Geology and Geologic Engineering , SYGN101, Earth and Environmental Systems


2.  Designation: Required


3. Catalog Description: Fundamental concepts concerning the nature, composition and evolution of the lithosphere, hydrosphere, atmosphere and biosphere of the earth integrating the basic sciences of chemistry, physics, biology and mathematics. Understanding of anthropological interactions with the natural systems, and related discussions on cycling of energy and mass, global warming, natural hazards, land use, mitigation of environmental problems such as toxic waste disposal, exploitation and conservation of energy, mineral and agricultural resources, proper use of water resources, biodiversity and construction. 3 hours lecture, 3 hours lab; 4 semester hours.

4.  Prerequisites: None

5.  Textbook and other required material:

The Blue Planet: An introduction to Earth system science 2nd ed.  Skinner, Porter, and Botkin.  Wiley inc.

Additional lecture material on the class blackboard site

All lab material will be on-line at: http://www.mines.edu/academic/geology/courses/sygn101/

6.  Course Objectives: Students in the course learn the physical and chemical behavior of the major earth systems (lithosphere, hydrosphere, atmosphere, and biosphere) with an emphasis on processes and interrelationships over factual information.  Students will bring mathematical tools to describe the interdependencies that exist between these subsystems to better predict the full effects of altering subsystems, especially through engineering activities.  Students will learn how to recognize the significance of human interactions with the natural systems by recognizing potential natural hazards and the mitigation techniques for resolving them, and by recognizing human inputs to the natural system and being able to foresee their possible consequences.  Lastly, students should gain a deeper appreciation of Earth Systems so as to better appreciate their environment, and gain a lifelong motivation to learn more about the world in which they live.

7.  Topics covered:

Mineral composition and identification

Rock forming processes and rock identification

Weathering processes and soil formation

Geologic dating techniques

Plate tectonics theory

Earthquake and mass movement hazards

Geologic structure and field methods

Ocean dynamics and processes

Stream dynamics and processes

Groundwater dynamics and processes

Glacial dynamics and processes

Water pollution and remediation

Basic meteorology

Basic climatology

Historical climate change and global warming

Ecological structure

Biogeochemical modeling

Evolutionary theory

Biomimicry in the engineering sector

Energy and mineral resources

Remote sensing techniques

Planetary geology in relation to Earth history

Earth systems historical overview

Ethics in the interaction of humanity with the Earth

8.  Class/Laboratory Schedule: This course meets for one hour lectures MWF in CO 209.  The morning section meets at 9am and the afternoon section at 1pm.  Each student will also attend one three-hour lab each week.  The lab is intended to get students directly involved with Earth materials, learn computational tools for describing Earth systems, and an ability to recognize and mitigate potential natural hazards.

9.  Contribution of course to Meeting Professional Component: This course contributes four credit hours to basic science. 

10.  Relationship of Course to Program Outcomes: This course supports the following general program goals.

· an ability to apply knowledge of mathematics, science and engineering.

· provides part of the broad education necessary to understand the impact of engineering solutions in a global and societal context.

· supports recognition of the need for, and ability to, engage in life-long learning.

· course helps students think within a systems framework and is consistent with concepts taught in LIHU 100 (Nature and Human Values) and in SYGN 200 (Human Systems).

11.  Person(s) Preparing Description and Date of Preparation: Christian V. Shorey (February, 2006).

1.  Department, Number and Title: Liberal Arts and International Studies, SYGN 200, Human Systems

2.  Designation: Required

3. Catalog Description: This course is part of the CSM core curriculum that articulates with LAIS 100, Nature and Human Values, and with the other systems courses.  Human Systems is an interdisciplinary historical examination of key systems created by humans--namely, political, economic, social, and cultural institutions--as they have evolved worldwide from the inception of the modern era (ca. 1500) to the present.  This course embodies an elaboration of these human systems as introduced in their environmental context in Nature and Human Values and will reference themes and issues explored therein.  It also demonstrates the cross-disciplinary applicability of the "systems" concept.  Assignments will give students continued practice in writing.

4.  Prerequisite:  LAIS 100, Nature and Human Values

5.  Textbook and/or other required material:


Textbooks



Amy Chua, World on Fire



David Landes, The Wealth and Poverty of Nations



Maria Ressa, Seeds of Terror



Fareed Zakaria, The Future of Freedom 


Additional Reading Materials



Eul-Soo Pang, et al., comps.:  Backlash to Globalization, Culture Clashes, and 


Fragile Democracy

6.  Course Objectives:   

· The student should gain knowledge of the types of human systems and their processes  and interactions among them, such as capitalism and industrialization, trade and development, democracy and social (in)equity.

· The student should develop an understanding of key human institutions, their role in the history of the modern and post-modern era, and the current significance of these human systems for our daily lives.

· The student should develop analytical thinking skills in both written and oral forms to express and communicate the "lessons learned" from the first five hundred years of capitalism and its accompanying institutions.

Mastery of Objectives 1-3 will be determined as follows:

· By two "in-class" exams that will require the student to demonstrate an understanding of the historical facts and processes of human institutions as well as an ability to analyze, condense, reduce, and summarize the complexity of that history.

· By one "take-home" essay that will require the student to demonstrate an in-depth appreciation and understanding of such major global issues as the role of the state in industrialization; religion and development; international political economy models of state formation and economic development such as mercantilism, capitalism, socialism-Marxism, and neoliberalism.


7.  Topics Covered:



Rise of European capitalism:  From the Rhine to the Italian city-states



Discovery of the New World and the rise of the Atlantic capitalist world system



Religion, capitalism, and secular state systems



The retreat of China (Asia) and the advance of Europe



Empire, trade, and industrialization



Comparative political economy of industrialization:  "early" (Europe), "late" (U.S. and



 Japan), and "late" (East Asia, Latin America)



Democratic revolutions in the Atlantic world



Wallerstein's "Modern World System"



The battle of ideologies:  capitalism vs. Marxism



The rise of the Third World, democracy, and the market economy



Globalization, culture clashes, and fragile democracies

8.  Class/Laboratory Schedule:   This class meets for three hours per week in large lecture format.

9.  Contribution of course to Meeting Professional Component: General Education

10.  Relationship of Course to Program Outcome:  This course provides the fundamentals of the evolution of human society from the inception of the modern era to the present along with the key institutions (social, political, economic, religious, and cultural) it has created in the process.  The dynamics of these institutions are understood in the context of "systems," thereby providing students with a conceptual bridge to other "systems" studied in the CSM core, namely, natural and engineered systems.  In short, the course provides students with an understanding of the broad social, international, and global contexts in which engineering takes place.  

11.  Person Preparing Description and Date of Preparation:  Eul-Soo Pang (February, 2006).

2. Required Program Curriculum

DCGN210 - Introduction to Thermodynamics

PHGN215-Analog Electronics

PHGN311-Introduction to Mathematical Physics

PHGN315-Advanced Physics Lab I


PHGN317-Semiconductor Circuits-Digital


PHGN320-Modern Physics II: Basics of Quantum Mechanics


PHGN326-Advanced Physics Lab II


PHGN341-Thermal Physics


PHGN350-Intermediate Mechanics


PHGN361-Intermediate Electromagnetism


PHGN384-Apparatus Design


PHGN462-Electromagnetic Waves and Optical Physics


PHGN471-Senior Design I


PHGN472-Senior Design II

1.  Department, Number and Title:  Chemical Engineering, DCGN 210, Introduction to Engineering Thermodynamics

2.  Designation:  Required

3.  Catalog Description:  Introduction to the fundamental prin​ciples of classical engineering thermodynamics. Application of mass and energy balances to closed and open systems in​cluding systems undergoing transient processes. Entropy generation and the second law of thermodynamics for closed and open systems. Introduction to phase equilibrium and chemical reaction equilibria. Ideal solution behavior.   3 hours lecture; 3 semester hours

4.  Prerequisites:  CHGN 121, CHGN 124, MACS 111, MACS 112, PHGN 100.

5.  Textbook and/or other required material:

Thermodynamics, an Engineering Approach, 5th Edition, Y.A. Cengel and M.A. Boles, WCB McGraw-Hill

6.  Course Objectives:  Upon completion of this course, students will be able to:

· Compute the thermodynamic properties of pure fluids from tables.

· Manipulate equations of state to find presssure, temperature, and volume. 

· Sketch simple phase diagrams and label ideal phase boundaries.

· Solve first law of thermodynamics problems for open and closed systems in steady- and unsteady-state processes.

· Solve combined first and second law problems to assess process feasibility, second law efficiency or lost work.

· Calculate thermal properties such as the heat of reaction using heats of formation, phase change data, and heat capacity data.

· Demonstrate a comprehension of the vocabulary used in engineering thermodynamics.


7.  Topics Covered:

Types of energy

Energy transfer (the concept of heat and work)

Types of systems

Pressure readings

Manometer equation

Systems of units

Phase diagrams (P-T, T-v, P-v)

The ideal gas; equations of state

Corresponding states & compressibility factors

Property tables (steam and refrigerant)

Work

First law for a closed system

Specific heats; specific heats for ideal gases

First law for an open system

Flow work

The concept of heat engines

Reversibility

The Carnot cycle

Definition and concept of entropy

Second law of thermodynamics

Calculation of entropy changes

Reversible steady-flow work

Isentropic efficiencies

Heats of formation

Stoichiometry

Heats of Reaction at standard conditions

Heats of reaction at temperatures other than 25 C

Extent of reaction

Phases, Solutions and Phase Equilibria

Raoult's Law

Henry's Law

Phase diagrams

Phase rule

8.  Class/Lab Schedule:  This course meets for three 50 minute lectures per week

9.  Contribution of Course to Meeting the Professional Development Component:  

The course is a basic introduction to a topic essential in all branches of engineering and science and serves as the first (introductory) course in the chemical engineering thermodynamics sequence at CSM.  It provides 3 hours of engineering topics.

10.  Relationship of Course to Program Outcomes:  

Relates to Engineering Physics program outcomes 1(a,b).

11.  Person(s) Preparing Description and Date of Preparation:  James Ely(May, 2006)

1.  Department, Course Number, and Title: Physics, PHGN215, Analog Electronics

2.  Designation: Required

3.  Course Description:  Introduction to analog devices used in modern electronics and basic topics in electrical engineering. Introduction to methods of electronic measurements, particularly the application of oscilliscopes and computer based data acquisition. Topics covered include circuit analysis, electrical power, diodes, transistors (FET and BJT), operational amplifiers, filters, transducers, and integrated circuits. Laboratory experiments in the use of basic electronics for physical measurements. Emphasis is op practical knowledge gained in the laboratory, including prototyping, and laboratory notebook style. 

4.  Prerequisite: PHGN200

5.  Textbook and/or other required material:  “Electrical Engineering: Principles and Applications, 3ard Edition,” Allan R. Hambly, (2005), Prentice Hall.

6.  Course Objectives:

· To enable the student to perform electronic measurements using oscilliscopes and multimeters and recognize the limitations of the instrumentation.

· To have students design a breadboarded circuit and efficiently troubleshoot an assembly.

· To recognize basic circuit elements and sub-circuits used in electronic instrumentation.

7.  Topics covered:

Basic circuit breadboarding and common tools (function generator, power supplies, meters)

Applications of oscilloscope in various measurement modes (e.g., difference measurements)

Passive component identification and use

R-L-C circuits, measurement of gain and phase.

Passive filter applications

Basic diode circuits 

Physics of diodes (temperature dependence, band gap)

Power supply circuits – rectifiers, voltage regulators

Bipolar junction transistors – basic properties, active and saturation region

Common BJT amplifier circuits – common emitter, emitter follower, Darlington pair, push-pull amplifier

Field effect transistors: junction FET (JFET) and metal-oxide-semiconductor FET (MOSFET)

Operational amplifiers – properties of a real op-amp

Basic op amp circuits – inverting amplifier, integrator, follower, etc.

Select special purpose integrated circuits – e.g., 555 timer

Active filters

Applications such as photo detectors

Class / Laboratory Schedule:

Three 50 minute lectures (MWF) and one three hour lab (Tue or Thur)

9.  Contribution of course to meeting the professional component:  Three credit hours engineering science and one credit hour engineering design for a total of 4 credit hours.

10.  Relationship of course to program outcomes:

Provides primary support of Engineering Physics program outcomes 1(c), 2(a) and 3(a) and secondary support for outcomes 1(d-e).

11.  Person(s) who prepared this description and date of preparation - Jeff Squier, Orlen Wolf, March 2006

1.   Department, number, and title of Course

Physics, PHGN 311, Introduction to Mathematical Physics

2.  Designation: Required

3.  Catalog description

Review of vector differential calculus, matrices, and determinants.  Complex  variables,  Fourier series and transforms. 3 semester hours.

4.   Prerequisite(s):  MACS315

5.   Textbook(s) and/or other required material

Mathematical methods in the physical sciences, Third Edition (2006, John Wiley & Sons).

6.  Course Objectives

a) Provide mathematical tools for later courses in physics and geophysics at the undergraduate level

b) To design and implement solutions to practical problems in science and engineering.

c) To apply mathematics to solve problems in other fields.

7.  Topics covered

· Buckingham Pi theorem, identification of dimensionless groups and their exploitation

· Review of common series and convergence tests.  Finite and infinite sums (e.g., geometric series).  Limits using L'Hopital's rule.

· Use of Mathematica as multimedia platform with which to mingle text explanations, mathematical analysis, graphics

· Simple functions of complex variables: multi-valued functions, Cauchy-Riemann conditions, solutions to Laplace equation in two dimensions.  Solutions of ODEs with constant coefficients

· Linear algebra: solving sets of homogeneous, inhomogeneous linear equations.  Matrix algebra, important matrix forms (hermitian, orthogonal, etc.)  Determinants, eigenvectors and eigenvalues.  Transition from basis vectors to basis functions in vector space with suitable inner product.  Projections; Gram-Schmidt orthogonalization

· Fourier analysis (series and transforms); Parseval's theorem, power spectra.  Summing series.  Uncertainty relations.  Sampling theorem and applications of transforms to image processing.  Time series analysis

· Orthogonal functions for solving physical problems with boundary conditions

· Notation: Kronecker and Dirac delta functions, indexed objects

· Special functions as arising from separation of variables in common coordinate systems: Bessel equation, Legendre polynomials

· Review of principal theorems of vector calculus

7.   Class/laboratory schedule

Three 50-minute lectures weekly.

9.  Contribution of course to meeting the professional component

Three credit hours of mathematics

10.  Relationship of course to program outcomes

Directly relevant to outcome 1b: Be able to use fundamental physics principles in the

 design of a process, system, or component and outcome 1c: Be able to design and implement an experiment or theoretical study to understand a physical phenomenon in an applied context.

11.  Person(s) who prepared this description and date of preparation

David Wood

February 2006

1.  Department, number, and title of course

Physics, PHGN315, Advanced Physics Lab I.

2.  Designation: Required

3.  Catalog description: 

Introduction to laboratory measurement techniques as applied to modern physics experiments. Experiments from optics and atomic physics. A writing intensive course with a laboratory based on applications of modern physics. 2 semester hours.

4.  Prerequisite(s): PHGN300/310

5.  Textbook(s) and/or other required material

“QED the strange theory of light and matter,” Feynman (1985), Princeton Science and “Data reduction and error analysis for physical sciences,” Bevington, second edition (1992), Mc-Graw Hill.

6.  Course Objectives

Emphasis is on being able to prepare a well organized, logical, and scientifically sound report. Understand sources of errors in measurements and how this error is used in a scientific argument to verify a model of the process. Understand a broad array of diverse physical phenomena in terms of geometrical and physical optics. 

7.  Topics covered

-Geometrical optics, physics optics, data analysis

-Experiments and reports

Imaging using geometrical optics 

Microwave diffraction

Doppler effect using interferometry

Polarization of microwaves and non-linear detector response

Electron charge to mass ratio measurement

Report on the relation of these experiments to the discussion in the book “QED”

8.  Class/laboratory schedule

One 3 hour labs per week

9.  Contribution of course to meeting the professional component

Two credit hours of engineering design.

10.  Relationship of course to program outcomes

Engineering Physics program outcomes 1(b), 1(c), 1(d), 2(a).

11.  Person(s) who prepared this description and date of preparation

Frank Kowalski, May 2006

1.  Department, Number, and Title:   Physics, PHGN317, Semiconductor Circuits

2.  Designation: Required

2.  Course Description:  Introduction to digital devices use in modern electronics. Topics covered include logic gates, flip-flops, timers, counters, multiplexing, analog-to-digital and digital-to-analog devices. Emphasis is on practical circuit design and assembly.  

4.  Prerequisite:  PHGN215, or consent of instructor

5.  Textbook:  “Practical Digital Electronics”, Nigel P. Cook ,(2004), Prentice Hall.

6.  Course Objectives:

· To understand the basics of digital electronics commonly used as part of instrumentation used in physical measurements.

· To be able to construct and recognize simple combinational and sequential circuits.

· To be familiar with common techniques, interfaces and tools used in data acquisition.

6. Topics covered:

Numbering systems

Logic gate symbols

Boolean Algebra

Logic gate construction

Combinational circuits

Sequential logic

Flip flops – basic types (RS,JK,MS,D)

Counters and shift registers

Examples of standard interfaces: GPIB, PC Serial and parallel ports, USB

Digital-to-analog conversion

Analog-to-digital conversion

Data acquisition

Virtual instrumentation – LabVIEW VI’s

7. Class/Laboratory Schedule:

Two 50 minute lectures (MW) and one three hour lab (Tue or Thur)

9.  Contribution of course to meeting the professional component:

Two credit hours of engineering science and one credit hour of engineering design for a total of three credit hours.

10.  Relationship of course to program outcomes:

Provides the skills necessary for design of experiments involving measurements of physical phenomena: 1(c); Requires engineering physics reports for laboratory results: 2(a);

Requires working in teams and interacting with other laboratory groups: 2(b) and 3(a).

11.  Person(s) who prepared this description and date:  Jeff Squier and Orlen Wolf, March 2006.

1.
Department, number, and title of course

Physics, PHGN320, Modern Physics II: Basics of Quantum Mechanics

2.  Designation: Required

3.  Catalog description

Introduction to the Schroedinger theory of quantum mechanics. Topics include Schroedinger's equation, quantum theory of measurement, the uncertainty principle, eigenfunctions and energy spectra, angular momentum, perturbation theory, and the treatment of identical particles. Example applications taken from atomic, molecular, solid state or nuclear systems. 4 semester hours.

4.  Prerequisite(s)

PHGN300/310 and PHGN311.

5.  Textbook(s) and/or other required material

"Quantum Physics of Atoms, Molecules, Solids, Nuclei, and Particles", Eisberg and Resnick, 2nd edition (1985), Wiley & Sons publishers.

6.  Course Objectives

a) To understand the Schroedinger equation,

b) To understand the quantum theory of measurement, and

c) To be able to apply the theory and methods of Schroedinger theory to atomic, molecular, solid, and nuclear systems.

7.  Topics covered

a) Schrodinger equation in one dimension

b) Measurement theory and uncertainty relations

c) Harmonic Oscillator in one dimension

d) Quantum mechanics in three dimensions

e) Angular momentum theory

f) Application to hydrogen atom

g) Spin

h) Perturbation theory

i) Application to hydrogen fine structure

j) Identical particles

k) Application to multi-electron atoms

l) Application to Fermi gas model 

m) Harmonic oscillator in three dimensions

n) Applications to selected topics in atomic, solid state, or nuclear physics

8.  Class/laboratory/schedule

Three 65-minute lectures weekly.

9.  Contribution of course to meeting the professional component

Four credit hours of basic science.

10.  Relationship of course to program outcomes

Develop junior-level working knowledge of quantum mechanics as the fundamental tool for understanding a broad array of modern physics topics in meeting engineering physics outcomes 1(a,b).

11.  Person(s) who prepared this description and date of preparation

John Scales

March 2006

1.  Department, number, and title of course:  Physics, PHGN326, Advanced Physics Lab II.

2.  Designation: Required

3.  Catalog description:  Continuation of PHGN315. A writing intensive course that expands laboratory experiments to include nuclear and solid state physics. 2 semester hours.

4.  Prerequisite(s):  PHGN315.

5.  Textbook(s) and/or other required material:  Handouts

6.  Course Objectives:

Statistical analysis of experimental data; design, measurement, analysis, and interpretation of fundamental experiments of modern physics. Discussion of sources of errors in measurements and design of experiment to minimize these errors. Emphasis on clear exposition of design and error analysis in lab reports. 

7.  Topics covered:

Lectures: Introduction to Nuclear Physics; Radiation Detection and Measurement; Radiation Safety; Error Analysis

Available Experiments: Building and Testing a NaI detector (2x); Gamma Ray Attenuation (2x); Compton Effect; Energy Loss of Alpha Radiation; Alpha – Gamma Coincidences; Gamma – Gamma Coincidences; Cosmic Ray Telescope; Cosmic Ray Muon Lifetime; Band Gap in Semiconductors 

8.  Class/laboratory schedule:  One 6-hour laboratory bi-weekly; introductory lecture block

9.  Contribution of course to meeting professional component:

Two credit hours of engineering design.

10.  Relationship of course to program outcomes:

Provides practice in experimental design and reporting in group context to meet engineering physics program outcomes 1(c), 2(a), and 3(a).

11.  Person(s) who prepared this description and date of preparation:  Uwe Greife, March 2006

1.  Department, number, and title of course:

Physics, PHGN341, Thermal Physics.

2.  Designation: Required

3.  Catalog description:

An introduction to statistical physics from the quantum mechanical point of view. The microcanonical and canonical ensembles. Heat, work and the laws of thermodynamics. Thermodynamic potentials; Maxwell relations; phase transformations. Elementary kinetic theory. An introduction to quantum statistics. 3 semester hours.

4.  Prerequisites:  DCGN210 and PHGN311.

5.  Textbook(s) and/or other required material:  "Thermal Physics," Schroeder (1999), Addison-Wesley-Longman publishers.

6.  Course Objectives:

a)  to develop a microscopic, statistical framework for understanding the macroscopic properties of large many-body systems,

b)  to understand thermodynamics, its applications, and its justification through statistical physics,

c)  to develop solid problem solving skills in these areas.

7.  Topics covered:

a)  Energy in thermal physics (first law).

b)  The second law: microcanonical ensemble; entropy; equilibrium.

c)  Thermodynamics: heat engines; chemical thermodynamics; phase transformations.

d)  Thermodynamic potentials; Maxwell relations; equilibrium revisited.

d)  Boltzmann statistics: partition function; equipartition theorem; kinetic theory.

e)  Quantum statistics: Gibbs factor; boson and fermion systems.

f)  Examples in quantum statistics: blackbody radiation; Bose-Einstein condensation.

g) Example applications: Second Law - Carnot engine, Otto engine, steam engines, heat pump for heating buildings, real refrigerators, throttling; Free Energy/Chemical Thermodynamics - chemical reactions, electrolysis, fuel cells, batteries; Phase Transformations - phase diagrams, phase stability, Clausius-Clapeyron relation, phase stability with applications in geology; Quantum statistical mechanics - carbon monoxide poisoning, semiconductors and metals, doping of semiconductors, blackbody radiation (temperature measurements, emissivity), big bang nucleosynthesis.

8.  Class/laboratory schedule:  Three 50-minute lectures weekly.

9.  Contribution of course to meeting the professional component:  Three credit hours of engineering science.

10.  Relationship of course to program outcomes:

Provides a junior level introduction to thermodynamics and statistical mechanics necessary to meet Engineering Physics program outcomes 1(a,b). Emphasizes student teamwork and communication skills secondarily supporting Engineering Physics program outcomes 2(a) and 3(a).

11.  Person(s) who prepared this description and date of preparation:  

James A. McNeil

March 2006.

1.  Department, number, and title of course:

Physics, PHGN350, Intermediate Mechanics.

2.  Designation: Required

3.  Catalog Description

Begins with an intermediate treatment of Newtonian mechanics and continues through an introduction to Hamilton's principle and Hamiltonian and Lagrangian dynamics.  Includes systems of particles, linear and driven oscillators, motion under a central force, two-particle collisions and scattering, motion in non-inertial reference frames and dynamics of rigid bodies. 4 semester hours.

4.  Prerequisites

PHGN200/210.  Corequisite: PHGN311.

5.  Textbook(s) and/or other required material

"Classical Dynamics," Marion, 5th edition (2004), Harcourt Brace College Publishers.

6.  Course Objectives

a)  to develop a conceptual understanding of mechanical properties of matter and advanced techniques for addressing real problems in mechanics

b)  to apply various formulations of mechanics to problems of relevance to science and engineering

c)  to provide background for the study of quantum mechanics and classical statistical mechanics/thermodynamics

6. Topics Covered

a)  Newton's laws, statics, dynamics 

b)  Harmonic oscillators, small oscillations

c)  Gravitation 

d)  Hamiltonian and Lagrangian Mechanics

e)  Central forces

f)  Planetary dynamics 

g)  Systems of particles, Scattering theory 

h)  Rigid bodies

Example applications: numerical solutions to free-fall in spatially varying gravitational field with height and velocity dependent  viscous drag forces (i.e. realistic projectile motion); use of Fourier analysis techniques to analyze response to linearly damped harmonic oscillator to arbitrary periodic external driving force; use of finite element techniques to calculate gravitational attraction between massive rigid bodies of arbitrary extended shape; numerical solution to three body problem to calculate orbit of comet passing earth's neighborhood; use of calculus of variations to calculate catenary shape of hanging cable (implications for bridges, hanging cables, etc.); application of fundamental Newtonian mechanics to problem of rocket with varying mass; computer modeling of free fall and atmospheric heating upon re-entry; analytic and computer modeling of satellite, planetary, and comet orbits; Hohmann transfer and applications to solar system exploration; numerical simulation of chaotic behavior in non-linear oscillating systems; numeric simulation of damped oscillator driven by square wave - importance of harmonic resonance in the design of real systems; motion in a rotating system - application to ocean currents, weather patterns, and determining projectile trajectory on the earth.

8.  Class/laboratory schedule

Three 65-minute lectures weekly.

9.  Contribution of course to meeting professional development

Four credit hours of engineering science.

10.  Relationship of course to program outcomes

Provides advanced understanding of mechanical principles and develops skills for application of this understanding which are necessary for meeting Engineering Physics program outcomes 1(a,b,d) The application of these principles to an engineering physics context is satisfied in the projects requiring numerical solutions to such problems as the decay of a low earth orbit satellite (with associated heating), the optimiztion of the range of an idealized medieval trebuchet or the time evolution of the classically unsolvable three body gravitational problem

11.  Person(s) who prepared this description and date of preparation

F. Edward Cecil

February 9, 2006

1.  Department, number, and title of course

Physics, PHGN361, Intermediate Electricity and Magnetism.

2.  Designation: Required

3.  Catalog description

Theory and application of the following: static electric and magnetic fields in free space, dielectric materials, and magnetic materials; steady currents; scalar and vector potentials; Gauss' law and Laplace's equation applied to boundary value problems; Ampere's and Faraday's laws. 3 semester hours.

4.  Prerequisite(s)

PHGN200 and PHGN311. 

5.  Textbook(s) and/or other required material

"Introduction to Electrodynamics," Griffiths, 3rd edition (1999), Prentice-Hall publishers.

6.  Course Objectives

a) To deepen mathematical tools used to analyze electric and magnetic physical systems (heavy use of Gauss and Stokes theorems, special functions, Fourier transforms, mappings into complex plane);

b) To relate a broad array of physical phenomena to fundamental concepts (electric and magnetic dipoles and how they give rise to fields in matter, relation of dielectric constant to atomic properties, the local field);

c) To examine a number of important applications: capacitors, wire geometries, forces on dielectrics and on conductors, space charge, depolarization factors and their dependence on sample shape, geometries for producing physically useful electric and magnetic fields, electrostatic lenses, Hall effect.

7.  Topics covered

a)  Electrostatic field

b)  Electric potential

c)  Work and energy in electrostatics

d)  Conductors

e)  Techniques for calculating potentials (separation of variables in solving Laplace's equation, method of images, multipole expansions)

f)  Electrostatic fields in matter

g)  Magnetostatics

h)  Magnetic fields in matter

i)   Electromotive forces

j)   Faraday's law

k)  Maxwell's equations

8.  Class/laboratory schedule

Three 50-minute lectures weekly.

9.  Contribution of course to meeting the professional component

Three credit hours of engineering science.

10.  Relationship of course to program outcomes

Provides applications of Maxwell's equations to electrostatics and magnetostatics with much greater mathematical rigor than PHGN200. This meets Engineering Physics program outcomes 1(a,b).

11.  Person(s) who prepared this description and date of preparation

Timothy Ohno

March 2006

1.  Department, number, and title of course

Physics, PHGN384, Apparatus Design.

2.  Designation: Required

3.  Catalog description

Introduction to the design of engineering physics apparatus. Concentrated individual participation in the design of machined and fabricated system components, vacuum systems, electronics and computer interfacing systems. Supplementary lectures on safety and laboratory techniques. Visits to regional research facilities and industrial plants. Available in 4 or 6 credit hour blocks in the summer field session following the sophomore or junior year. Machine shop component also sometimes available in 2 hour block during academic year. Total of 6 credit hours required for Engineering Physics option.

4.  Prerequisite(s)

PHGN300/310, PHGN215. 

5.  Textbook(s) and/or other required material

"Building Scientific Apparatus," Moore, 2nd edition (1989), Addison-Wesley publishers.

6.  Course Objectives

a)  to give students a working knowledge of the practical aspects of materials, instrumentation and phenomena associated with laboratory practice.

b)  to train students in the use of important experimental and data analysis devices and tools.

c)  to show students how working physicists operate and to help them achieve professional standards in work practice and communication.

7.  Topics Covered

a)  Device and instrument construction principles

b)  Construction materials and properties

c)  Residual gas analysis

d)  Machine tool operation (lathe, milling machine, drill press)

e)  Metal finishing methods

f)  Vacuum system and pumping fundamentals

g)  Vacuum system design

h)  Thin film deposition and characterization

i)  Temperature measurement and control

j)  Laser alignment and optical system design 

k)  Electronic circuit construction

l)  Data acquisition, interfacing, feedback and controls

m)  Graphic-based instrument control electronics (Labview)

n)  Measurement statistics and data analysis

o)  Mathematica

p)  LaTeX

q)  Unix

8.  Class/laboratory schedule

Four 6-hour days per week for 6 weeks.  One hour demonstration instruction, five hours practical laboratory each day.

9.  Contribution of course to meeting the professional component

Six credit hours of engineering design.

9. Relationship of course to program outcomes

Helps meet the following Engineering Physics program outcomes:

1(c,e), 2(a,c), 3(a-c).

11.  Person(s) who prepared this description and date of preparation

Timothy Ohno

March 2006

1.  Department, number, and title of course

Physics, PHGN462, Advanced Electricity and Magnetism

2.  Designation: Required

3.  Catalog description

Continuation of PHGN361. The solution of boundary value problems in curvilinear coordinates; solutions to the wave equation including plane waves, refraction, interference and polarization; waves in bounded regions, radiation from charges and simple antennas; relativistic electrodynamics. 3 semester hours.

4.  Prerequisite(s)

PHGN361. 

5.  Textbook(s) and/or other required material

 "Introduction to Electrodynamics," Griffiths, 3rd edition (1999), Prentice Hall publishers.

6.  Course Objectives

a) To deepen mathematical tools used to analyze electromagnetic waves (More Fourier transforms, gauge tranformations and the inclusion of electromagnetic fields in quantum mechanics, Kramers-Kronig relations, retarded and advanced potentials, stress and field tensors)

b) To relate a broad array of physical phenomena to fundamental concepts (energy and momentum transport by electromagetic waves, phase and group velocities, radiation, radiation reaction, relativistic electrodynamics);

c) To examine a number of important applications: parameterization of conduction, calculating resistance, self-inductance, transformers, wave reflection at boundaries between media, dispersion, waveguides and transmission lines, resonant cavities, simple antennas, radiation resistance and radiated power.

7.  Topics covered

a)  Maxwell's equations

b)  Potential formulations of electrodynamics

c)  Energy and momentum in electrodynamics

d)  Wave equation

e)  Electromagnetic waves in non-conducting and conducting media

f)  Guided waves

g)  Electromagnetic radiation

h)  Radiation reaction

i)  Optics

j)  Four vector formulation of special relativity and its relation to electromagnetism.

8.  Class/laboratory schedule

Three 50-minute lectures weekly.

9.  Contribution of course to meeting the professional component

Three credit hours of engineering science.

10.  Relationship of course to program outcomes

Provides applications of Maxwell's equations to electromagnetic waves with much greater mathematical. This meets Engineering Physics program outcomes 1(a,b).

11.  Person(s) who prepared this description and date of preparation

Chip Durfee

March 2006

1.  Department, number, and title of course:

Physics, PHGN471, Senior Design I and PHGN472, Senior Design II

2.  Designation: Required

3.  Catalog description:  PHGN471 - The first of a two-semester program covering experimental design and an introduction to scientific research.  The course draws on the student's previous course work.  At the beginning of the first semester, the student selects a research project in consultation with the course adviser and the research adviser.  The objectives of the project are given to the student in broad outline form.  The student submits both a written and an oral proposal, and designs the entire project, including literature search, specialized apparatus, electronics, computer data acquisition and/or analysis, sample materials, and measurement and/or analysis sequences.  Classroom material includes research and experimental design, as well as technical writing and other communication, and scientific ethics. The term culminates in an interim report and a poster session.  3 semester hours.

PHGN472 - Continuation of PHGN471.  Classroom material includes scientific ethics, philosophy of science, and intellectual property. The term culminates in a final report and a poster session.  3 semester hours.

4.  Prerequisite(s):  PHGN384 and PHGN326.

5.  Textbook(s) and/or other required material:  “On Being a Scientist,” National Academy of Sciences.

6.  Course Objectives:

(a) to be able  to design, build, and use systems which perform reasonably complex physical measurements, computations, or processing tasks. 

(b) to provide practice in system design in which several variables and factors must be considered and either measured, controlled, or processed. 

(c) to expose physics students to a research environment in which they have an opportunity to make a creative contribution on a professional level. 

(d) to communicate ideas and results to fellow students and researchers by means of oral presentations and written materials.

7.  Topics covered:

· experimental design 

· professional record keeping

· written and oral communications

· professional ethics

· philosophy of science

· intellectual property

8.  Class/laboratory schedule:

One block of 3 hours set aside per week for classroom activities such as class discussions and oral presentations. Students schedule 6 hours of laboratory work with research adviser; not including periodic scheduled meetings with research adviser.

9.  Contribution of course to meeting the professional component:  Three credit hours of engineering design per semester (total of 6 for PHGN471-472)

10.  Relationship of course to program outcomes:  Provides the senior capstone design experience.  Makes primary contributes to Engineering Physics program outcomes 1(b-e), 2(a-c), 3(b-c) and secondarily to 1(a) and 3(a). 

11.  Person who prepared this description and date of preparation: 

Matt Young, February, 2006

3. Program Technical Electives


DCGN241-Statics


DCGN381-Introduction to Electrical Circuits and Power


PHGN324-Introduction to Astronomy and Astrophysics


PHGN333/BELS333-Introduction to Biophysics


PHGN421-Atomic Physics



PHGN422-Nuclear Physics


PHGN423-Direct Energy Conversion


PHGN424-Astrophysics


PHGN435-Interdisciplinary Microelectronics Processing Laboratory


PHGN440-Solid State Physics


PHGN441-Solid State Physics Applications and Phenomena


PHGN450-Computational Physics

1.  Department, Number and Title: 

Mining, DCGN 241 Statics

2.  Designation: Distributed Core

3. Catalog Description: Forces, moments, couples, equilibrium, centroids and second moments of areas, volumes and masses, hydrostatics, friction, virtual work. Applications of vector algebra to structures. 

4.  Prerequisites: Credit or concurrent enrollment in PHGN100, MACS112, and EPIC151

5.  Textbook: 

Vector Mechanics for Engineers: Statics. Seventh Edition by Beer, Johnston & Eisenberg

6.  Course Objectives: This course is the first fundamental engineering science course that students are required to take. It is designed to introduce the students to the methods and techniques of problem solving and engineering analysis. In addition, it is designed to introduce the students to the elements of statics analysis as related to rigid bodies. The students must master certain key topics in order to proceed to the next course in an engineering curriculum. One of the key skills is the ability to draw free body diagrams (FBDs). Without this skill, the student is severely impaired when solving design and analysis problems in engineering. The students are also expected to develop professional engineering communication skills and good work habits. Upon completion of statics, the students will have the engineering background to enroll in upper level analysis and design courses. 

Course objectives can be summarized as follows:

Students should gain a working knowledge and understanding of the fundamentals of statics.

Students should develop professional engineering communication skills and good work habits.

Mastery of objective (1) will be demonstrated through the successful completion of the following:

· Biweekly quizzes.

· Three 1.5 hour exams.

· 35 homework sets.

· Bonus problems.

· Final exam.

Mastery of objective (2) will be demonstrated through interactive question-answer in-class environment as well as frequent but dedicated office hours by instructors and teaching assistants. 

7.  Topics covered:

Vector operations, Cartesian vectors, Dot products and Cross products

Particle equilibrium in 2D and 3D

Moment of a force and about a line

Moment of a couple

Equivalent systems

Rigid body equilibrium in 2D and 3D

Centroids of areas, volumes, and composite objects

Distributed beam loading

Fluid pressure

Truss systems, method of joints and sections

Frames and machines

Shear force and bending moment diagrams

Cables-discrete and uniform loadings

Friction-wedges and belts

Moment of inertia for an area, parallel-axis theorem

Mohr’s circle

7.  Class Schedule: 

This three-credit course meets three times a week on Mondays, Wednesdays, and Fridays.  On Tuesdays and Thursdays, students receive additional two hour office hours from the graduate teaching assistants.

9.  Contribution of course to Meeting Professional Component:

This course contributes three credits of engineering topics. 

10.  Relationship of Course to Program outcomes:

This course is one of the distributed core courses taken by all the engineering students. In this core course, the following outcomes are sought after:

· Sound knowledge of related science and engineering fundamentals

· Application of fundamental mechanics principles

· Ability to solve related engineering problems

· Ability to communicate

11.  Person(s) Preparing Description and Date of Preparation: Masami Nakagawa and Manohar Arora. Date: February 6, 2006.

1.  Department, Course Number and Title: 

Engineering Division, DCGN381, Introduction to Electrical Circuits, Electronics and Power

2.  Designation: Distributed Core

3. Catalog Description:

This course provides an engineering science analysis of electrical circuits.  The following topics are included:  DC and AC circuit analysis; current and charge relationships.  Ohm’s Law, resistors, inductors, capacitors, equivalent resistance and impedance, Kirchhoff’s Laws Thevenin and Norton Equivalent circuits, superposition and source transformation, power and energy, maximum power transfer, first order transient response, algebra of complex numbers, phasor representation, time domain and frequency domain concepts, effective and rms values, complex power, apparent power, power factor, filters, resonance, diodes, EM work, moving charge in an electric field, relationship between EM voltage and work, Faraday’s and Ampere’s Laws, magnetic reluctance and ideal transformers.

4.  Prerequisite(s):

PHGN 200 Physics II

5.  Textbook and other Required Materials: 

Rizzoni, G., 2006, Principles and Applications of Electrical Engineering, Fifth Edition, McGraw-Hill

6.  Course Objectives: 

· Students will demonstrate skills in DC and AC analysis of LRC circuits through application of Kirchhoff’s and Ohm’s laws as well as superposition, and one-port network equivalent circuit theory (Thévenin and Norton Equivalents).

· Students will demonstrate an understanding of power concepts in AC and DC circuits.  Maximum power transfer, efficiency of power networks, power conservation, and power factor correction are emphasized.

· Students will understand the effect of switches, transformers, diodes, and op-amps in circuits.  Although the primary focus of the course is on the voltage and current characteristics of such devices, students are also expected to understand the basic structure of these elements.

· Students will use basic electronic skills in applied problems such as filters, resonance, rectifiers, wave-shaping circuits, amplification, switches, etc.

Mastery of the objectives will be demonstrated by the successful completion of weekly homework assignments, three exams scheduled during the semester, and a final exam.  

7.  Topics Covered:

A list of topics covered within the course follows:

· Basic Concepts (Voltage, Current, Power, Kirchhoff’s Laws, Ohm’s Law


Circuit Analysis (voltage and current division, mesh and node analysis, 
3 hours

· Thevenin and Norton Equivalency, Superposition )



12 hours

· Energy Conservation







2 hours

· Inductors, Capacitors, RC/RL transients




4 hours

· AC Circuit Analysis (Phasors and Impedance Concepts)


4 hours

· AC Power Concepts  and Transformers




7 hours

· Frequency Response  (Filters, Resonance, and Bode Plots)


4 hours

· Diodes, Zener diodes, OPAMPS




9 hours

7. Class Schedule:

This three credit hour course meets for three, 50 minute class periods per week.

8.  Contribution to Professional Component:

This course is primarily an engineering science topics course, but students obtain exposure to solving engineering problems in homework exercises.  The course also offers non-electrical track students an opportunity to understand the fundamental electrical engineering principles that they will encounter in a multidisciplinary setting.

10.  Relationship of Course to Program Outcomes:

This course relates closely to the Engineering Division Program Outcomes EG1-1) Students will understand the broad fundamentals of mathematic, science, and engineering;  EG1-2) Students will be able to specify, analyze, design, prototype (when appropriate) and test electrical engineering subsystems; EG2-1) Students will understand sustainability issues in the context of engineering systems development, deployment, and retirement.

11.  Person Preparing Description and Date of Preparation:

Ravel F. Ammerman, (February 2006).

1.  Department, number, and title of course:

 Physics, PHGN324, Introduction to Astronomy and Astrophysics.

2.  Designation: Elective

3.  Catalog description:  Celestial mechanics; Kepler's laws and gravitation. Solar system and its contents.  Electromagnetic radiation and matter. Stars: distances, magnitudes, spectral classification, structure, and evolution. Variable and unusual stars, pulsars and neutron stars, supernovae, black holes. Models for origin and evolution of universe. 3 hours lecture; 3 semester hours

4.  Prerequisite: PHGN200 or PHGN210. 

5.  Textbook(s) and/or other required material:  “Astronomy Today,” Chaisson, 3rd edition.

6.  Course Objectives:

· to understand the basic laws of Celestial Mechanics, as summarized in Newton’s law of gravity and Kepler’s three laws and related concepts and principles.

· to be able to apply these laws and other fundamental laws, concepts and principles to a large variety of astronomical systems, ranging from molecules to galactic clusters.

· to understand how astronomers measure basic properties of astronomical objects and be able to perform simulated measurements of such properties.

7.  Topics covered:

Celestial Mechanics, Kepler’s Laws, Newton’s Laws

Solar System and its constituents

Observational Astronomical Measuring Techniques

Stellar properties and classification

Stellar structure and evolution

Measuring distances in the Universe

Variable stars, white dwarfs, neutron stars, pulsars and black holes.

Structure and properties of galaxies

Cosmology

Life in the Universe

8.  Class/laboratory schedule:

Two 50-minute lectures/week. One 50 minute interactive lecture in a computer laboratory in which students get started on a weekly computer assignment. Optional observation nights and field trip to planetarium.

9.  Contribution of course to meeting professional component:

Three credits of basic sciences with experimental experiences.

10.  Relationship of course to program outcomes:

This course serves Program Outcomes 1(a-c).

10. Person(s) who prepared this description and date of preparation:  Mariet A. Hofstee, April 2000

1.  Department, number and title of course: 

Physics, PHGN333/BELS333, Introduction to Biophysics

2.  Designation: Elective

2.  Course (catalog description):  This course is designed to show the application of physics to biology. It will assess the relationships between sequence structure and function in complex biological networks and the interfaces between physics, chemistry, biology and medicine. Topics include: biological membranes, biological mechanics and movement, neural networks, medical imaging basics including optical methods, MRI, isotopic tracers and CT, biomagnetism and pharmacokinetics.  3 hours lecture, 3 semester hours.

4.  Prerequisites:  PHGN200 and BELS301/ESGN301 or equivalent.

5.  Textbook(s) and/or other required material, "Biological Physics: Energy, Information, Life", Philip Nelson, W. H. Freeman and Company, New York, 2004

6.  Course Objectives:

The course objective is to allow the students to study the physical effects of biological systems and how these effects change with the size and structure of the organism or the molecule. To evaluate how a cell membrane maintains the homeostatic properties needed to maintain life. To assess how DNA and other large molecules fold to optimize and stabilize the structure of heredity and enzymatic activity. To introduce students to the current research problems in the biological physics field of study.

7.  Topics covered:


a. Diffusion, dissipation, drive


b. Random walks, friction


c. Reynolds number as it applies to the microscopic world


d. mechanics of the body, levers, and fractures  


e. entropy, temperature and free energy


f. chemical forces and self assembly


g. cooperative transitions in macromolecules


h. enzymes kinetics and molecular machines


i. biochemical respiration in the mitochondria


j. nerve impulses and the action potential;


k. imaging processes; x-ray, MRI, CT


l. medical technology in relation to isotopic tracers, radiation effects


m. brain biophysics, structure and function


n. EEG, ECG, and electrical technology in medicine


o. optics and vision


p. bird and insect flight


q. muscles and the actin / myosin complex

7. Class/laboratory schedule:
Three 50-minute lectures weekly

9.  Contribution of course to meeting the professional component:


Three credit hours of engineering science.

10.  Relationship of course to program outcomes:

Engineering Physics program outcomes 1(a-c)

11.  Person(s) who prepared this description and date of preparation:  

Cynthia Norrgran, February 2006

1.  Department, number, and title of course:  

Physics, PHGN421, Atomic Physics

2.  Designation: Elective

3.  Catalog description:  A study of the fundamental particles of matter, atomic structure, and spectra.  Application of the Schroedinger equation to hydrogen-like atoms.

4.  Prerequisite: PHGN320

5.  Textbook and/or other required materials:

"Elementary Atomic Structure", Woodgate, 2nd edition.

6.  Course Objectives:

Provide the student with an introduction to the structure and spectra of atoms  and enable the student to understand how atomic phenomena can be understood as application of quantum mechanics and symmetry.

7.  Topics covered:

a) Review of quantum mechanics

b) Single electron atoms and spectra (solving Schroedinger's equation with Coulomb potential)

c) Interaction of electromagnetic radiation with atoms

d) Angular momentum and spin

e) Fine structure (perturbations due to relativity and spin-orbit interaction)

f) Multielectron atoms (shell structure, Thomas-Fermi, Hartree-Fock)

g) Applications

8.  Class/laboratory schedule: 3 50-minute lectures per week

9.  Contribution of course to meeting the professional component:  3 credit hours of engineering science

10.  Relationship of course to program outcomes:

Contributes to Engineering physics program outcomes 1(a-d), 2(a-c), and 3(a).

11.  Person who prepared this description and date of preparation:  James McNeil, March, 2006

1.  Department, number, and title of course:  

Physics, PHGN422, Nuclear Physics

2.  Designation: Elective

3.  Catalog description:  Introduction to subatomic (particle and nuclear) phenomena. Characterization and systematics of the electromagnetic, weak, and strong interactions; systematics of radioactivity; liquid drop and shell models; nuclear technology.  3 semester hours.

4.  Prerequisite:  PHGN 300/310

5.  Textbook:  "Introductory Nuclear Physics," K.S. Krane, Wiley (1988).

6.  Course Objectives:

To introduce the student to the assorted phenomena of the subatomic world of particle and nuclear physics and develop the theoretical framework and analytic skills necessary to understand these phenomena in both natural and applied contexts.

7.  Topics covered:

· History of nuclear physics

· Dimensions and basic properties

· Radioactive decay and its applications

· Nuclear reactions I

· Accelerators and detection technologies

· Nuclear shell model

· Nuclear reactions II

· Mesons and quarks

· Nuclear and particle physics in the universe

· Medical and industrial applications of nuclear physics

8.  Class/laboratory schedule:  Two 75-minute lectures weekly.

9.  Contribution of course to meeting the professional component: Three credit hours of engineering science.

10.  Relationship of course to program outcomes:  Contributes to Engineering physics program outcomes 1(a-d), 2(a-c), and 3(a).

11.  Person who prepared this description and date of preparation: Uwe Greife, March 2006

1.  Department, number, and title:  Physics, PHGN 423, Direct Energy Conversion 

3.  Catalog description:  Review of basic physical principles; types of power generation treated include fission, fusion, magnetohydrodynamic, thermoelectric, thermionic, fuel cells, photovoltaic, electrohydrodynamic, piezoelectrics. 

4.  Prerequisites:  PHGN300/310

5.  Textbook and/or other required material:  Direct Energy Conversion, Stanley W. Angrist, Fourth Edition (1987), Allyn and Bacon, Inc. 

6.  Course Objectives:  To understand the basics of energy conversions with emphasis on photovoltaic, thermoelectric, and thermionic conversions of energy to electricity. 

7.  Topics Covered:

(a) Electrical Power generation by nuclear fission & fusion, fuel cells, magnetohydrodynamic method etc. with emphasis on photovoltaic, thermoelectric and thermionic methods;

(b) Transport properties of bulk and thin film materials-the Hall effect

(c)  Thermoelectric effects, magnetoresistance and other phenomena in materials; 

(d) Boltzmann transport equation and the parameters

(e) Designs of thermoelectric generators and coolers

(f) Designs and thermal efficiencies of photovoltaic and thermionic generators. 

7.  Class Schedule:  Three 50-minute lectures per week 

9.  Contribution of course to meeting the professional component:  Two semester hours of Engineering Science and one semester hour of Engineering Design 

10.  Relationship of course to program outcomes: Provides an introduction to direct energy conversions as an elective for physics and engineering majors to meet Engineering Physics program outcomes: 1(a-e) and 2(a-b). 

11.  Person preparing description and date of preparation:  Nalini R. Mitra, May 2000.

1.  Department, number, and title of course

Physics, PHGN424, Astrophysics.

2.  Designation: Elective

3.  Catalog description

A survey of fundamental aspects of astrophysical phenomena, concentrating on measurements of basic stellar properties such as distance, luminosity, spectral classification, mass, and radii. Simple models of stellar structure evolution and the associated nuclear processes as sources of energy and nucleosythesis. Applications to Tokamak fusion reactors and thermonuclear weapons. Introduction to cosmology and physics of standard big-bang models. 3 semester hours.

4.  Prerequisite(s)

PHGN320

5.  Textbook(s) and/or other required material

"Introduction to Modern Stellar Astrophysics," Ostlie (1996), Addison-Wesley publishers.

6.  Course Objectives

· To be able to apply basic science and engineering principles to the understanding and modeling of stellar structure as an example of an energy generating system in equilibrium. 

· To be able to use the (simulated) tools of astrophysical research, such as spectroscopy and photometry, and interpret the results. 

7.  Topics covered

Observation of stellar properties. 

Equations of stellar equilibrium. 

Calculation of stellar structure and simple calculations of stellar evolution.

Modeling of the Sun and the effect of modification of key parameters.

Application of stellar structure and evolution to solving cosmological questions.

Example applications: terrestrial surveying techniques to measurement of stellar distances (lecture and homework); optical photometry techniques to measurements of stellar luminosities (lecture and homework); classification of stars by luminosity and color index (Herzsprung-Russel diagram) (project); calculation of nuclear reactions rates as functions of temperature from basic cross section data  (project); calculation of time evolution of chemical composition of stellar interiors by numerical solution to coupled reaction rate differential equations. (project); calculation of basic  structure of main sequence stars by numerical solution of four basic nonlinear coupled stellar equilibrium differential equations (pressure, temperature, mass, luminosity).

8.  Class/laboratory schedule

Three 50-minute lectures weekly.

9.  Contribution of course to meeting the professional component

Three credit hours of engineering science.

10.  Relationship of course to program outcomes

Presents a synthesis of a variety of topics in classical mechanics, thermodynamics and modern physics to a specific class of systems in equilibrium as necessary to meet engineering physics outcomes 1(c,d). The design component is explicitly satisfied in their design of a series of zero aged main sequence stars and the comparison of their “designer” stars to those observed on the Herzsprung-Russel diagram and of basic design parameters of Tokamak fusion reactors.

11.  Person(s) who prepared this description and date of preparation

F. Edward Cecil

February 9, 2006

1.  Department, number, and title of course:  Physics, PHGN440, Solid State Physics

2.  Designation: Elective

2.  Course catalog description: An elementary study of the properties of solids including crystalline structure and its determination, lattice vibrations, electrons in metals, and semiconductors. 3 semester hours.

4.  Prerequisites:  PHGN300 or PHGN325 and MACS315

5.  Textbook(s) and/or other required material:  “Introduction to Solid State Physics”, Charles Kittel, 8th edition (2005), John Wiley and Sons.

6.  Course Objectives:

· Acquire an appreciation of the nature of condensed matter physics (CMP), emphasizing primary mechanisms and fundamental limits, so as to comprehend the unity and diversity of the subject.

· Understand and reproduce basic models that describe primary phenomena in CMP, including fundamental mathematical derivations.

· Interpret and analyze data from CMP experiments, as found in original literature.

· Identify and classify trends among different natural and synthesized materials.

· Produce quantitative estimates of phenomena in condensed matter using physical concepts.

· Obtain a qualitative understanding of current topics in CMP.

7.  Topics covered:

· crystal structure

· x-ray diffraction, reciprocal lattice, and reciprocal space

· crystal bonding

· phonons

· thermal properties

· electrons in metals

· transport phenomena

· electronic band structure

· semiconductors

· applied topics: photon, electron, and neutron scattering, thermal measurements, conductivity measurements, optical properties, doping, semiconductor junctions

8.  Class/laboratory schedule:  Three 50-minute lectures per week

9.  Contribution of course to meeting professional component:  Three credit hours of engineering science

10.  Relationship of course to program outcomes: Addresses Engineering Physics program outcomes 1(a-d)

11.  Person(s) who prepared this description and date of preparation:  Thomas Furtak, March 2006

1.  Department, number, and title of course:  

Physics, PHGN450, Computational Physics

2.  Designation: Elective

3.  Catalog description:  Introduction to numerical methods for analyzing advanced physics problems. Topics covered include finite element analysis, analysis of scaling, efficiency, errors, and stability, as well as a survey of numerical algorithms and packages for analyzing algebraic, differential, and matrix systems.  The numerical methods are introduced and developed in the analysis of advanced physics problems taken from classical physics, astrophysics, electromagnetism, solid state, and nuclear physics.

4.  Prerequisites: PHGN311 and introductory-level familiarity with C, Fortran or Basic

5.  Textbook:  "Computational Physics", Koonin, 2nd edition.

6.  Course Objectives:  The purpose of this course is to give the student practical numerical skills in attacking complex physics problems, beginning with an analysis of relevant physics principles at play and the scope and scale of the problem and concluding with the numerical, graphical, and analytic/symbolic analysis.

7.  Topics covered:

a) Basic mathematical operations

b) Numerical solution of ordinary differential equations

c) Numerical analysis of boundary-value and eigenvalue problems

d) Survey of numerical methods for evaluating special functions

e) Gauss quadrature methods

f) Matrix operations

g) Elliptic/parabolic partial differential equations

h) Monte Carlo methods

i) Special topics

8.  Class/laboratory schedule: 3 50-minute lectures per week.

9.  Contribution of  course to meeting the professional component:  3 credit hours of engineering science

10.  Relationship of course to program outcomes:  Contributes to Engineering Physics program outcomes 1(a-d), 2(a-c), and 3(a).

11.  Person who prepared this description and date of preparation:  James McNeil, March 2006

1.  Department, number, and title of course:  

Physics, PHGN504, Radiation Detection and Measurement

2.  Designation: Elective

3.  Catalog description:  Physical principles and methodology of the instrumentation used in the detection and measurement of ionizing radiation. 3 semester hours.

4.  Prerequisite:  Consent of the instructor.

5.  Textbook:  “Radiation Detection and Measurement”, G.F. Knoll, Wiley (2000)

6.  Course Objectives:  Introduction to radiation detectors used for the measurement of ionizing radiation.

7.  Topics covered:

Radiation interaction with materials, radiation effects and dosimetry

General properties of radiation detectors

Gaseous detectors

Semiconductor detectors

Scintillation detectors

Special detector systems

Background and detectors shielding

Accelerator technologies

8.  Class/laboratory schedule:  3 hour lecture block per week or independent study.

9.  Contribution of course to meeting the professional component:  

Three hours of Engineering Science.

10.   Relationship of course to program outcomes:  Contributes to Engineering physics program outcomes 1(a-d), 2(a-c), and 3(a).

11.  Person who prepared this description and date of preparation:  Uwe Greife, March 2006
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