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We use metal objects every day of our lives. They are a necessity for our way of life. Metals help bring electricity to our houses, make up buildings, and are used to construct cars, trains, airplanes, space shuttles, sports equipment, toys and tools. The work of metallurgy makes all these things possible. (Bernstein, 426) Metallurgists involve themselves in such activities as melting, casting, forging, making alloys, heat-treating, welding and amalgamation. They work in factories, foundries, mineral processing labs universities, research labs and offices. They also collaborate with many other professionals, including miners, construction engineers, designers, geologists, mineralogists, technicians, and tradespeople. (Careers in Metallurgy, 1) Thus, metallurgy is a diverse job that requires much skill and knowledge. There are two main types of metallurgists: Primary (extractive) and Secondary (physical). Both have many different tasks and jobs. (Brandt, 10) 


Primary/Extractive metallurgists main job is to take metals from their ores and refine them to a pure state. To do this, they use a wide variety of commercial processes, including mineral dressing (grinding), roasting and smelting (heating), leaching (chemical solvents), electrolysis (electric currents), and amalgamation (mercury alloys). (Bernstein, 426-27) Extractive metallurgists must supervise and guide the miners who conduct these processes to ensure the ore is refined correctly. However, not all extractive metallurgists do work in the field or mines. In fact, most do work in labs and plants where they have various tasks. These tasks include: laboratory analysis and testing of metals, advising plant operators on changes required to improve products and processes, controlling methods of storage and treatment of waste products from metallurgical operations to meet acceptable environmental standards, preparing technical reports, and coordinating the work of technicians and workers. (Careers in Metallurgy, 1) 


Secondary/Physical metallurgists main job is to adapt the metals for their final use and turn them into finished products. Physical metallurgists primarily work on combining metals into alloys and composites with special properties (Stainless Steels, titanium).They use many processes to adapt the metals, including casting, forging, welding, carburizing (combining w/carbon), and galvanizing. (Bernstein,427) Most physical metallurgists work inside labs and plants as well. Their tasks include: examining metal processing techniques to make sure that quality is maintained, testing alloys to study their properties, working with other engineers to develop economical manufacturing methods for alloys, advising operators on production methods, investigating failures of components, supervising technicians, and preparing reports. (Careers in Metallurgy, 1)

Since metals are involved in virtually every aspect of our lives, the demand for metallurgists has always been high, and will continue to be high. The future will bring increasing needs for metals to supply the increasing demand for computers, automobiles, and appliances. It is clear that new and better processing methods will be needed to provide a continuing supply of minerals and raw materials from less rich, and more complex, natural ores. Also, means of reclaiming and recycling of solid wastes must be developed to conserve our natural resources and protect our environment. These reasons, among others, show why the future for metallurgists is bright. Metallurgists are currently employed by all kinds of businesses and industries, including metals, mining, automobiles, construction and transportation, electronics, and aerospace. (Materials Science and Engineering, http://www.crc4mse.org/what/Intro.html) 
For a metallurgist, the salary range is from $40,000 to $175,000, depending on many factors (experience, education, specialty). Metallurgists involved in research, development, and management tend to make more money than those involved in extraction and refinement processes. To be a professional metallurgist, one must have a Bachelor of Science degree in metallurgy, materials science, or materials engineering. Nearly all metallurgical jobs require a Bachelor of Science degree in metallurgical or materials engineering. The higher paying positions require a Masters, and the highest paying require a Ph. D. The time period for finding a job after college usually ranges from 1 to 4 months, depending on education. (Materials Science and Engineering, http://www.crc4mse.org/surveys/survey5.html) 
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Letter to College

Carnegie Mellon University 

Department of Materials Science and Engineering

5000 Forbes Avenue 

Pittsburgh, PA 15213

(412) 268-2700
To Whom It May Concern:

I am a high school student interested in going to Carnegie Mellon to study metallurgy. I wish to learn more about metallurgy and the courses I would have to take in order to major in the field. For this reason, I request a college catalog with a course description brochure and 4-5 year outline of the courses I would have to take. If the outline of the courses could be organized year-by-year and semester-by-semester, it would be greatly appreciated. Thank you for your time and help.  









Sincerely, 





        Arun Ganesh









40 Timberwick Drive









Clifton Park, NY 12065









(518) 317-8950

Carnegie Mellon University

Metallurgy

	Freshman Year

	Course #
	Semester 1
	Hours

	21-115 
	Differential Calculus 
	2

	21-116 
	Integral Calculus 
	2

	33-106 
	Physics for Engineering Students I 
	4

	27-100 
	Materials in Engineering
	4

	66-18x
	Topics in Law
	3

	
	Total
	15


21-115 Differential Calculus

Functions, limits, derivatives, curve sketching, Mean Value Theorem, trigonometric functions, related rates, linear and quadratic approximations, maximum-minimum problems. 3 hours lecture, 2 hours recitation.
21-116 Integral Calculus

Inverse functions, logarithmic, exponential, and hyperbolic functions; definite and indefinite integrals, applications of integration, integration by substitution and by parts. 3 hours lecture, 2 hours recitation. requisite: 21-115.

33-106 Physics for Engineering Students I

Basic principles of mechanics and thermodynamics; vectors, displacement, velocity, acceleration, force, equilibrium, mass, Newton’s laws, gravitation, work, energy, momentum, impulse, temperature, heat, equations of state, thermodynamic processes, heat engines, refrigerators, first and second laws of thermodynamics, kinetic theory of gases. 3 hrs. lec., 2 hrs. rec. Prerequisites: 21-115 /116 or 21-121.
27-100 Materials in Engineering

The objective of this course is to provide an introduction to several important classes of materials and to the use and selection of materials for engineering applications. Polymers, ceramics, semiconductors, metals, glasses and composites are discussed in detail. The physical, optical, electrical and/or mechanical properties critical to the design of the engineered component are also discussed. Considerations involved in materials selection for the particular application are discussed with emphasis on the balance between performance and cost. Processing methods used for improvement of material properties are presented and practiced through a series of laboratory experiments that illustrate the connection between microstructure, properties and processing. Recycling and environmental factors in materials selection are also highlighted. 3 hrs. lecture, 3 hrs. laboratory on alternate weeks. to year, but will include seminars on current department and college research topics, speakers from various different industries, information on professional societies, resume writing and job-interviewing skills as well as employment opportunities and post-graduate education options. Recommended Prerequisite: None.

66-18x, Topics in Law

This course focuses on selected topics in American law and legal history. Examples include free speech and other First Amendment issues, other topics in Constitutional Law, the organization of the American legal system, changing conceptions of intellectual property, criminal vs. civil law and procedures,

legal reasoning and formal legal approaches to dispute resolution, etc. No prerequisites.

	Freshman Year

	Course #
	Semester 2
	Hours

	21-117
	Integration and Differential Equations 
	2

	21-118 
	Calculus of Approximation 
	2

	15-111 
	Programming Fundamentals 
	2

	15-112 
	Object-Based Programming I 
	2

	19-101 
	Introduction to Engineering and Public Policy
	4

	88-100 
	What Philosophy Is 
	3

	99-101 
	Computing Skills Workshop 
	1

	
	Total
	16


21-117 Integration and Differential Equations

Integration by trigonometric substitution and partial fractions; arc length; improper integrals; Simpson’s and Trapezoidal Rules for numerical integration; separable differential equations, first order linear differential equations, homogeneous second order linear differential equations with constant coefficients. 3 hours lecture, 2 hours recitation. Prerequisite: 21-116 or 21-111/112.

21-118 Calculus of Approximation

Indeterminate forms, Newton’s method, Taylor’s Theorem including a discussion of the remainder, sequences, series, power series. 3 hours lecture, 2 hours recitation. Prerequisite: 21-117.

15-111 Programming Fundamentals

An introduction to programming in C++ for students who have no prior programming experience. Topics to be covered include basic data types and their operators, I/O, control structures (selection, loops), program design and analysis, functions, parameter passing, files, and simple one-dimensional

arrays. If you’ve taken a programming course before and have used functions, loops, and arrays, you should enroll directly in 15-112.

15-112 Object-Based Programming I

An introduction to object-based programming in C++. Topics to be covered include multi-dimensional arrays, vectors, matrices, classes and object-based programming techniques, searching and sorting algorithms, and an introduction to algorithm analysis. Prerequisite: 15-111 or equivalent experience in any programming language.

19-101 Introduction to Engineering and Public Policy

This course examines the processes of public and private decision making and of policy formation which shape the evolution of a technology and its impact on our society. Technology plays an important role in shaping our worlds. At the same time, social forces often play a central role in the evolution of a technology. A particular technology such as an automobile or computer is chosen to study technology and policy in context. Specific topics covered in the case of the automobile includes automotive design and manufacture, safety, pollution, fuel economy and their interactions. In each area, we discuss the technological and institutional issues, their interaction, the possible need for public policy and the factors that govern the policy. The course will involve several group problem-solving sessions. Corequisites: Calculus I, Physics
80-100 What Philosophy Is

This course is an introduction to some of the fundamental problems in philosophy. First, we consider the nature of knowledge. We read Descartes’ Meditations. Second, we examine social contract theories of justice. Third, we deal with the nature of interpretation, analyzing Nietzsche’s account of the

genealogy of morality. Fourth, we discuss feminism. Finally, we discuss recent accounts of the nature of the self, and explore the relevance of computers to thinking about intelligence. The aim is to analyze a variety of classic and contemporary texts, and introduce some issues of interest to present day

philosophers. This course has no prerequisites.
99-101 Computing Skills Workshop
This hands-on course helps students build a framework of basic knowledge of the Carnegie Mellon computing environment. It is designed to help students understand and utilize the computing resources available to them and thus help prepare them for successful computer use in their academic careers.

	Sophomore Year

	Course #
	Semester 1
	Hours

	21-259 
	Calculus in Three Dimensions 
	3

	33-107 
	Physics for Engineering Students II
	4

	27-299
	MSE Undergraduate Seminar (Session 1) 
	1

	27-215 
	Thermodynamics of Materials 
	4

	27-201 
	Perfect Crystals 
	3

	27-202 
	Defects in Materials 
	3

	
	Total
	18


21-259 Calculus in Three Dimensions

Vectors, lines, planes, quadratic surfaces, polar, cylindrical and spherical coordinates, partial derivatives, directional derivatives, gradient, divergence, curl, chain rule, maximum-minimum problems, multiple integrals, parametric surfaces and curves, line integrals, surface integrals, Green-Gauss theorems.

3 hrs. lec. 2 hrs. rec. Prerequisite: 21-121 or 21-116. 

33-107 Physics for Engineering Students II

This is the second half of a two-semester calculus-based introductory physics sequence for engineering students. One fifth of the course covers waves, including standing and traveling waves, superposition, beats, reflection, and interference. Two fifths of the course covers electricity, including electrostatics

and electric fields, Gauss’ law, electric potential, and simple circuits. The remaining two fifths cover magnetism, including magnetic forces, magnetic fields, induction and electromagnetic radiation. 3 hrs. lec., 2 hrs. rec. Prerequisites: 33-106 or 33-111 or 33-131; and 21-116 or 21-121. Corequisites: 21-117/118 or 21-122.

27-299 MSE Undergraduate Seminar

This seminar course will address a range of topics, relating to professional development and technical enrichment. Subjects covered will vary from year to year, but will include seminars on current department and college research topics, speakers from various different industries, information on professional

societies, resume writing and job-interviewing skills as well as employment opportunities and post-graduate education options. Recommended Prerequisite: None. 

27-215 Thermodynamics of Materials

The fundamental thermodynamic laws will be presented and the concepts of work, heat, enthalpy, entropy, free energy and chemical equilibrium discussed in detail. Problems in thermochemistry, phase equilibria, and solution chemistry will be used to illustrate the role of thermodynamics in materials science and to instruct the student in the application of thermodynamics to real materials and environmental problems. Recommended Pre- or co-requisites: 09-105 and 33-107.

27-201 Perfect Crystals

This course covers the fundamentals of crystallography and diffraction. Topics covered include: the periodic table of the elements, bonding in different classes of materials, Bravais lattices, unit cells, directions and planes, crystal geometry computations, direct and reciprocal space, symmetry operations,

point and space groups, nature of x-rays, scattering in periodic solids, Bragg’s law, the structure factor, and the interpretation of experimental diffraction patterns. 24 crystal structure types of importance to various branches of materials science and engineering will be introduced. Recommended Pre- or

co-requisites 21-117 and 21-118, 09-105, 33-107.

27-202 Defects in Materials

Defects have a fundamental influence on the properties of materials. For example, the strength and deformation of materials, the electrical and optical properties of materials, and the rates of diffusion in solids are all determined by the population of intrinsic and extrinsic defects. The objective of this

course is to define approaches to quantifying the populations and properties of defects in crystals. The course will be divided into three sections: point defects, dislocations, and planar defects. The formation of point defects and their influence on diffusion and electrical and optical properties will be considered. The properties and characteristics of dislocations and dislocation reactions will also be presented. Dislocations in different crystal systems and the role of dislocations in deformation will be discussed. The crystallography and energetics of planar defects and interfaces will also be described. Prerequisite: 27-201.

	Sophomore Year

	Course #
	Semester 2
	Hours

	21-260 
	Differential Equations 
	3

	09-105 
	Modern Chemistry I
	3

	09-101 
	Introduction to Experimental Chemistry
	1

	76-344 
	Literature and Environment
	3

	27-216 
	Transport in Materials 
	4

	27-217 
	Phase Relations and Diagrams 
	4

	
	Total
	18


21-260 Differential Equations

Ordinary differential equations: first and second order equations, applications, Laplace transforms; partial differential equations: partial derivatives, separation of variables, Fourier series; systems of ordinary differential equations; applications. 3 hours lecture, 1 hour recitation. Prerequisite: 21-118. 

09-105 Introduction to Modern Chemistry

This course begins with a very brief survey of some fundamental principles of chemistry and a presentation of chemically interesting applications and sophisticated problems. These will form the basis for introducing various facets of the course that deal ultimately with the relationship between the

structure of molecules and their chemical properties and behavior. The subject matter will include principles of atomic structure, chemical bonding, and molecular structures of organic and inorganic compounds including some transition metal complexes. Relevant examples will be drawn from

such areas as environmental, materials, and biological chemistry. 3 hrs. lec., 2 hr. rec.

09-101 Introduction to Experimental Chemistry

This is a seven session 3 hr. chemistry laboratory course (with 1 hr lec.) that is designed to introduce students to some basic laboratory skills, techniques, and equipment commonly used in experimental scientific investigations. Experiments include: (1) An organic synthesis (the preparation and

purification of aspirin), (2) Quantitative determination of aspirin by a Beer’s Law analysis and a chromatographic (TLC) analysis of the ingredients in nonprescription medications, (3) Kinetics (determining the order and reaction rate constant for a reaction) , (4) An acid-base titration analysis (including the identification of an unknown organic acid), (5) Transition Metal Complexes

(synthesis and color study of a coordination compound and a thermochemical study of a ligand replacement reaction of transition metal complexes using a temperature data acquisition/analysis device (Labworks II or CBL), (6) Polymers (determining the molecular weight of a polymer by an end-group

analysis), and (7) Biochemistry (total iron content, iron release properties, and structure of ferritin, the iron storage protein). Prerequisite: 09-105 (may be taken concurrently).

76-344 Literature and Environment

As threats to our environment intensify, there is a growing interest among students across the country in the role that literature can play (and has played) in helping us develop and understand our relationship to our natural and built environments. This class will offer a brief history of literary representations of nature and of cities, and will then focus on modern (especially modern American) texts and films. Just as there is no easy social or scientific solution to problems posed by degradation of our environment, it turns out that literature offers no easy fixes. Indeed, it is in the variety and complexity of ‘strategies’ (occasionally contradictory) offered in literature that we can find some means of deepening an understanding of human motivations and systems of evaluating needs, means and goals for life in the next century. Texts will include, amongst others, Thoreau’s Walden (selections), Ted Kerasote’s Blood Ties: Nature, Culture and the Hunt, Faulkner’s The Bear, and Don DeLillo’s White Noise.
27-216 Transport in Materials

This course is designed to allow the student to become familiar with the fundamental principles of heat flow, fluid flow, mass transport and reaction kinetics. In addition, the student will develop the skills and methodologies necessary to apply these principles to problems related to materials

manufacture and processing. Topics will include thermal conductivity, convection, heat transfer equations, an introduction to fluid phenomena viscosity, etc., Newtons and Stokes Laws, mass momentum balances in fluids, boundary layer theory, diffusion and absolute reaction rate theory. Where

appropriate, examples will be taken from problems related to the design of components and the processing of materials.

27-217 Phase Relations and Diagrams

Stability of structures. Hume-Rothery rules. Free energy-composition curves with applications to binary and ternary phase diagrams. Quantitative concepts of nucleation and growth with examples from solidification. Development of microstructures in various classes of phase diagram under near-equilibrium conditions. Atomic mechanisms of solid state diffusion and approach to

equilibrium through diffusion. societies, resume writing and job-interviewing skills as well as employment opportunities and post-graduate education options. Prerequisite: None.

	Junior Year

	Course #
	Semester 1
	Hours

	79-204 
	20th Century America  
	2

	33-225 
	Quantum Physics and Structure of Matter 
	3

	60-206 
	Contemporary Visual Culture  
	3

	27-399 
	MSE Undergraduate Seminar (Session 2) 
	1

	27-323
	Processing of Ceramic Materials
	3

	27-301 
	Microstructure and Properties I 
	3

	27-302 
	Microstructure and Properties II 
	3

	
	Total
	18


79-204  20th Century America

This course examines the history of the United States from World War I to the 1990s with emphasis on how economic, political and social changes during this time shaped the conditions, attitudes and values of present-day America. Subjects discussed in readings and in class include World War I, the “Roaring

Twenties,” the Great Depression, Franklin Roosevelt’s New Deal, World War II, the “Cold” War, the Civil Rights movement, the Vietnam War, Lyndon Johnson’s “Great Society,” the student protest or “counter-culture” movements, and the rise of the New Right.

33-225 Quantum Physics and Structure of Matter

This course introduces the basic theory used to describe the microscopic world of electrons, atoms, and photons. The duality between wave-like and particle-like phenomena is introduced along with the deBroglie relations which link them. We develop a wave description appropriate for quanta,

which are partially localized and discuss the interpretation of these wavefunctions.The wave equation of quantum mechanics is developed and applied to one hydrogen atom from which we extrapolate the structure of the Periodic Table. Other materials-relate applications (ex., electrons in crystals

and Boltzmann statistics) are developed. 3 hrs. lec. Prerequisites: 33-107 or 33-112 or 33-132.

60-206 Contemporary Visual Culture

Explores contemporary issues and ideas from the end of World War II to the present. Covers pluralism and the departure of art(s) from traditional environments, with the accompanying technical, theoretical, sociological, economic and political consequences. Topics include art and technology, mass media and communications, and the emergence of new art institutions and their alternatives. 
27-399 MSE Undergraduate Seminar

This seminar course will address a range of topics, relating to professional development and technical enrichment. Subjects covered will vary from year to year, but will include seminars on current department and college research topics, speakers from various different industries, information on professional

societies, resume writing and job-interviewing skills as well as employment opportunities and post-graduate education options. Prerequisite: None.

27-323 Processing of Ceramic Materials

This course addresses the methods used in, and the principles that underlie, ceramics processing. Topics include chemical thermodynamics, reaction kinetics, surfaces, colloids, dispersions, process engineering, powder handling, powder compaction, shape forming, densification and sintering.

These aspects of processing science will be discussed in relation to the use of ceramics as engineering materials. The relationship between processing methods for ceramics and the environment will be discussed. The relationship between processing methods and the targeted applications will be discussed

using specific examples. Recommended pre-, or co-requisite: 27-215 and 27-216.
27-301 Microstructure and Properties I

The objective of this courses and its companion 27-302 is to convey some of the essential concepts in materials science and engineering that relate material properties (strength, magnetism, thermal expansion) to microstructure (crystal structure, dislocations structure, grain structure, precipitate structure, composite structure) in single phase materials. The relationships will be illustrated with examples of both idealized and technological materials. The course will draw upon many aspects of materials science such as defects, phase transformations etc. Pre-requisites are 27-100, 27-201, 27- 202, 27-215, 27-217.

27-302 Microstructure and Properties II

This course applies the principles and ideas developed in 27-301 to multiphase materials. The structure-property relationships will be illustrated with examples of both idealized and technological materials. The course will draw upon many aspects of materials science such as defects, phase transformations etc. Pre-requisites are 27-100, 27-201, 27-202, 27-215, 27- 217, and 27-301.
	Junior Year

	Course #
	Semester 2
	Hours 

	85-241 
	Social Psychology 
	3

	73-100 
	Principles of Economics 
	3

	36-220 
	Engineering Statistics and Quality Control 
	3

	66-250 
	Introduction to Religion 
	3

	27-530
	Advanced Physical Metallurgy 
	3

	27-421
	Processing Design 
	3

	
	Total
	18


85-241 Social Psychology

The focus of this course will be on how peoples behavior, feelings and thoughts are influenced or determined by their social environment. The course will begin with lectures and readings on how social psychologists go about studying social behavior. Next, various topics on which social

psychologists have done research will be covered. These topics will include: person perception, prejudice and discrimination, the nature of attitudes and how attitudes are formed and changed, interpersonal attraction, conformity, compliance, altruism, aggression, group behavior, and applications of

psychology to problems in health care, law, politics, and the environment. Through readings and lectures on these topics, students will also be exposed to social psychological theories.
73-100 Principles of Economics

An introductory course in the development and use of economic tools for analysis of public policy issues. The course begins with an introduction to the central problem of organizing an economy and allocating resources, emphasizing an overview of the market system in a private enterprise economy. Demand and supply analysis and the elements of long-run competitive equilibrium are developed. This is followed by an analysis of the foundations of consumer behavior which determine market supply and demand. The course concludes with an examination of cases in which the competitive paradigm does not hold (monopoly, oligopoly), and a consideration of the problem of multi-market equilibrium in a private enterprise economy. In addition to serving as an introduction to economic analysis, the course is also intended to provide the necessary methodological basis for students who go on to take courses in intermediate economic analysis. 2 hours lecture, l hour recitation.

36-220 Engineering Statistics and Quality Control

This is a course in introductory statistics for engineers with emphasis on modern product improvement techniques. Besides basic probability, distribution theory and statistical inference, special topics include exploratory data analysis, experimental design, regression, control charts and acceptance sampling. In addition to two lectures a week, students will attend a computer lab once a week. Not open to students who have received credit for 36-202, 36-208/70-208, 36-226, 36-326, or 36-247. Prerequisite: 21-111 or

21-116 or 21-121.

66-250 Introduction to Religion

The objective of this course is to introduce students to the variety of intellectual disciplines by which the religions of mankind can be studied and some of the typical foci of such study. Topics to be covered in the course include: What is religion? Religious studies vis-à-vis theology; literary, historical, anthropological, sociological, psychological, philosophical, phenomenological approaches to religion; the sacred/holy; myth, symbol, doctrine; ritual; society and the sacred; deity; cosmogony, religious anthropology, theodicy; ethics, soteriology, eschatology; secularism and pluralism.

27-530 Advanced Physical Metallurgy

The purpose of this course is to develop a fundamental understanding of the evolution of microstructure in engineering alloys and how desired mechanical and physical properties can be obtained by control of microstructure. The first part of the course considers phase stability, phase diagrams and the

thermodynamics, mechanisms and kinetics of phase transformations. The second part of the course concerns property/microstructure relationships in engineering alloys and how the concepts covered in the first part of the course can be used to obtain the desired microstructures. 3 hrs. lecture. Recommended Prerequisite: Permission of the instructor.
27-421 Processing Design

In this course the concepts of materials and process design are developed, integrating the relevant fundamental phenomena. The relationship between processing, structure and materials properties are discussed. The course consists of a number of case studies, such as chemical vapor deposition, strip

casting, powder compaction, direct ironmaking, and the forming of clad and coated materials. The graduate version of this course includes a major project. 3 hrs. lecture. Recommended Pre- or co-requisites: 27-215, 27-216.

	Senior Year

	Course #
	Semester 1
	Hours

	70-332
	Business and Society 
	3

	76-265
	Survey Forms: Poetry 
	2

	80-130 
	Introduction to Ethics 
	3

	27-499 
	MSE Undergraduate Seminar (Session 3) 
	1

	27-441
	Mechanical Behavior of Materials 
	3

	27-592
	Solidification Processing  
	2

	27-401 
	MSE Capstone Course [1] 
	2

	27-402 
	MSE Capstone Course [2] 
	2

	
	Total
	18


70-332 Business and Society

The external political, social and legal environment of the firms and its managers. Historical development as well as current and future economic and social implications. Legal and regulatory matters, United States and multinational, will be considered, including restrictive trade practices, laws, and directors’

responsibilities and liabilities, manufacturers’ responsibilities and liabilities, securities regulation, environmental protection, intellectual property, labor unions, trade associations, employee rights and duties, the attorney-client relationship; values in a business society; societal implications of business policies and corporate social responsibility. Particular consideration will be given to the role

managers play in relation to governments.
76-265 Survey of Forms: Poetry

This course gives students practice in reading and writing poetry. In a workshop setting, students gain critical and analytical skills through discussing published poems and poems written by class members.

Prerequisites: credit for a designated writing course. H&SS students have priority.
80-130 Introduction to Ethics

As an Introduction to Ethics, the course is designed to be both historical and thematic. Key representatives of the history of ethics will be discussed in detail and major ethical theories will be analyzed in relation to concrete situations. The moral philosophies of Aristotle, Hume, Kant, Bentham and Mill, etc. will be presented as background to the thematic problems of ethical relativism, egoism, utilitarianism, and other concepts of ethical theory.

27-499 MSE Undergraduate Seminar

This seminar course will address a range of topics, relating to professional development and technical enrichment. Subjects covered will vary from year to year, but will include seminars on current department and college research topics, speakers from various different industries, information on professional

societies, resume writing and job-interviewing skills as well as employment opportunities and post-graduate education options. Recommended Prerequisite: None.

27-441 Mechanical Behavior of Materials

Students will learn about the mechanical behavior of materials as a function of their composition, microstructure and testing conditions. This course covers fundamentals of stress and strain; stress-strain relations in tension, compression, shear, torsion and bending; elastic and plastic properties of single

crystals and polycrystalline aggregates; elementary dislocation theory and its application to strengthening mechanisms; ductile and brittle fracture; applications to metals, ceramics, polymers and composites. 3 hrs. lecture. Recommended Prerequisites: 33-106, 27-201. (Previously Deformation and

Fracture of Materials.)

27-592 Solidification Processing

The goal of this course is to enable the student to solve practical solidification processing problems through the application of solidification theory. The objectives of this course are to: (1) Develop solidification theory so that the student can understand predict solidification structure; (2) Develop a strong understanding of the role of heat transfer in castings; (3) Develop an appreciation for the strengths and weaknesses of a variety of casting processes. The first half of the course will be theoretical, covering nucleation, growth, instability, solidification microstructure: cells, dendrites, eutectic and peritectic structures, solute redistribution, inclusion formation and separation, defects and heat transfer problems. The second part of the course will be process oriented and will include conventional and near net shape casting, investment casting, rapid solidification and spray casting where the emphasis will be on process design to avoid defects. Continued study of the mission and organization of the Air Force, officership and professionalism, military customs and courtesies, Air Force officer opportunities, group leadership problems, and communication skills.

27-401 MSE Capstone Course I

This capstone course introduces the student to the methodology by which a material can be successfully chosen for a given application from the various classes (metals, ceramics and glasses, electronic materials, polymers and composites). Criteria for selection include processing methods, fabrication of

materials systems, costs, specifications and standards, environmental considerations, ethics, and substitutions for strategic materials. Common causes of failure and methods of prevention will be discussed. Each student will have the opportunity for an original paper with specialization in a material

class of choice. Prerequisites: 27-100/201/202/216/217/301/302.

27-402 MSE Capstone Course II

This capstone course continues the discussion of materials selection and performance with an emphasis on design of components and systems. As in the companion course, the full range of tools for understanding materials structure, processing and properties are applied to optimizing materials

performance in current engineering applications. The paper from the companion course will be expanded into a project. Prerequisite: 27-401.

	Senior Year

	Course #
	Semester 2
	Hours

	73-351
	Public Finance 
	3

	76-294
	Interpretative Practices
	3

	27-412
	Phase Transformations  
	2

	27-533
	Principles of Growth and Processing of Semiconductors
	2

	27-432
	Electrical, Magnetic, and Optical Properties of Materials
	3

	
	Total
	13


73-351 Public Finance

This course examines problems created by market failure and analyzes the incentives and institutions which can be used to alleviate these problems. We will consider applications such as education, environmental issues, defense, crime, and common resources. The common thread in these situations is that individual optimizing behavior does not necessarily lead to an outcome which is optimal for the society. We will evaluate possible solutions involving private, informal mechanisms as well as those requiring public sector intervention.
76-294 Interpretive Practices

This course introduces students to the basic terms, issues, and practices scholars and writers have used to interpret and produce texts of various kinds. The course includes the study of important essays that discuss these issues and offers opportunities for students to produce interpretations of literary and public sphere texts. The course is a core requirement for all English majors, who have preference in registration.
27-412 Phase Transformations

Structural issues in non-equilibrium transformations of various types. Energies and structures in homophase and heterophase boundaries, and effects on nucleation and growth. Applications to recovery, recrystallization, and grain growth in single phase materials. Kinetics of diffusional phase transformations - classical nucleation and growth (including strain energy), spinodals, massive transformations, ordering and Ostwald ripening. Diffusionless transformations. Structural aspects of solidification in alloys and examples from crystal growth, casting and joining. 3 hrs. lecture. Recommended prerequisites: 27-216, 27-217.

27-533 Principles of Growth and Processing of Semiconductors

Development of a fundamental understanding of material principles governing the growth and processing of semiconductors. Techniques to grow and characterize bulk crystals and epitaxial layers are considered. The processing of semiconductors into devices and the defects introduced thereby are discussed. The roles of growth- and processing-induced defects in determining long term reliability of devices are examined. Recommended Prerequisite: Permission of the instructor.
27-432 Electrical, Magnetic, and Optical Properties of Materials

Students will develop a basic understanding of the electrical, optical, and magnetic properties of materials using the principles of modern solid state physics. The course will include such topics as electrical conduction in metals and alloys, ionic conduction in ceramics, optical properties of pure and doped

semiconductors, and magnetic recording media. Wherever possible, examples will emphasize applications involving materials which were selected, designed, or processed to accentuate a particularly interesting

electrical, optical, or magnetic property. 3 hrs. lecture. Recommended Prerequisites: 33-225 or equivalent introductory quantum mechanics course; permission of the instructor.
Carnegie Mellon University

Medicine

	Freshman Year

	Course #
	Semester 1
	Hours

	03-121 
	Modern Biology 
	3

	09-105
	Introduction to Modern Chemistry
	3

	21-115 
	Differential Calculus 
	2

	21-116 
	Integral Calculus 
	2

	76-101
	Interpretation and Argument
	3

	99-101
	Computer Skills Workshop
	1

	
	Total
	14


03-121 Modern Biology

This is an introductory course that provides the basis for further studies in biochemistry, cell biology, genetics and molecular biology. This course emphasizes the chemical principles underlying biological processes and cell structures as well as the analysis of genetics and heredity from a molecular perspective. This is the introductory biology course for all science and non-science majors. 3 hrs. lec. Prerequisite: fundamental knowledge of high school chemistry and biology.

09-105 Introduction to Modern Chemistry

This course begins with a very brief survey of some fundamental principles of chemistry and a presentation of chemically interesting applications and sophisticated problems. These will form the basis for introducing various facets of the course that deal ultimately with the relationship between the structure of molecules and their chemical properties and behavior. The subject matter will include principles of atomic structure, chemical bonding, and molecular structures of organic and inorganic compounds including some transition metal complexes. Relevant examples will be drawn from such areas as environmental, materials, and biological chemistry. 3 hrs. lec., 2 hr. rec.

21-115 Differential Calculus

Functions, limits, derivatives, curve sketching, Mean Value Theorem, trigonometric functions, related rates, linear and quadratic approximations, maximum-minimum problems. 3 hours lecture, 2 hours recitation.
21-116 Integral Calculus

Inverse functions, logarithmic, exponential, and hyperbolic functions; definite and indefinite integrals, applications of integration, integration by substitution and by parts. 3 hours lecture, 2 hours recitation. requisite: 21-115.

76-101 Interpretation and Argument

This course gives students a comprehensive grounding in communication processes. The class focuses on the way in which interpretive arguments function. The goal of the course is to develop skills in both written and verbal communication. In the class, students will develop these skills by reading and understanding the important issues and arguments regarding those issues advanced by a variety of texts, both fiction and non-fiction. They will then be asked to respond to these positions by developing positions of their own, in their writing and in their speaking. The course thus serves as an introduction to the discourse and arguments of the academic community, as well as serving as an introduction to some of the broader issues that the academic community addresses.

99-101 Computer Skills Workshop
CSW, under the course numbers 99101, 99102 and 99103, is required class for students in all colleges except Architecture and Design. Students in Architecture and Design fulfill this requirement through other department courses. Description: This hands-on course helps students build a framework of basic knowledge of the Carnegie Mellon computing environment. It is designed to help students understand and utilize the computing resources available to them and thus help prepare them for successful computer use in their academic careers.

	Freshman Year

	Course #
	Semester 2
	Hours

	09-106
	Modern Chemistry II
	3

	15-111
	Programming Fundamentals
	2

	21-117
	Integration and Differential Equations
	2

	21-118
	Calculus of Approximation
	2

	33-111
	Physics for Science Students I
	4

	85-241 
	Social Psychology 
	3

	
	Total
	16


09-106 Modern Chemistry II

The course provides an introduction to some basic concepts of chemical equilibria and thermodynamics. Topics include gas phase equilibria, acid-base chemistry, solubilities, oxidation-reduction reactions, enthalpy, entropy, free energy, colligative properties and electrochemistry. Chemical kinetics is

introduced to complement the study of thermodynamics. 3 hrs. lec., 2 hr. rec. Prerequisite: 09-105.

15-111 Programming Fundamentals

An introduction to programming in C++ for students who have no prior programming experience. Topics to be covered include basic data types and their operators, I/O, control structures (selection, loops), program design and analysis, functions, parameter passing, files, and simple one-dimensional

arrays. If you’ve taken a programming course before and have used functions, loops, and arrays, you should enroll directly in 15-112.

21-117 Integration and Differential Equations

Integration by trigonometric substitution and partial fractions; arclength; improper integrals; Simpson’s and Trapezoidal Rules for numerical integration; separable differential equations, first order linear differential equations, homogeneous second order linear differential equations with constant coefficients. 3 hours lecture, 2 hours recitation. Prerequisite: 21-116 or 21- 111/112.

21-118 Calculus of Approximation

Indeterminate forms, Newton’s method, Taylor’s Theorem including a discussion of the remainder, sequences, series, power series. 3 hours lecture, 2 hours recitation. Prerequisite: 21-117.

33-111 Physics for Science Students I

Physics I combines the basic principles of mechanics with some quantum physics and relativity to explain nature on both a microscopic and macro-scopic scale. The course will build models to describe the universe based on a small number of fundamental physics principles. Some simple computer modeling will be done to develop insight into the solving problems using Newton’s laws. Topics covered will include vectors, momentum, force, gravitation, oscillations, energy, quantum physics, center of mass motion, angular momentum, statistical physics and the laws of thermodynamics. No computer experience is needed. 3 hrs. lec., 2 hrs. rec. Pre-or corequisite 21- 115/116 or 21-121.

85-241 Social Psychology

The focus of this course will be on how peoples behavior, feelings and thoughts are influenced or determined by their social environment. The course will begin with lectures and readings on how social psychologists go about studying social behavior. Next, various topics on which social

psychologists have done research will be covered. These topics will include: person perception, prejudice and discrimination, the nature of attitudes and how attitudes are formed and changed, interpersonal attraction, conformity, compliance, altruism, aggression, group behavior, and applications of

psychology to problems in health care, law, politics, and the environment. Through readings and lectures on these topics, students will also be exposed to social psychological theories.

First Year Course Comparison (Metallurgy/Medicine)



Interview

Name:  Ben Nagraj
Title: 
  Senior Metallurgical Engineer
Place of Employment: GE Aircraft Engines
City of Employment: Cincinnati, OH 45215
Telephone #: (513) 243-2287
Email Address: Nagraj.ben@ae.ps.com

1) What duties and responsibilities are involved in your job?

· Developing advanced materials for aircraft engines.

· Determine cause of part failures.

· Qualify global suppliers for jet engine parts.

2) What jobs/tasks are needed for this position? 

· Materials research, analysis and testing.

3) What is your specialty and what do you work on?

· Develop advanced coatings to protect metal parts from heat and environmental damage.

· Determine reasons why metal parts fail in service.

4) What are some of your past projects?

· Develop advanced materials for military jet engines (e.g. F16, F14).

· Qualify low cost suppliers in China, Mexico, Japan & Korea.

5) What is your daily routine?

· Attend to project tasks. 

· Direct specialists & technicians. 

· Mentor young engineers. 

· Issue reports.

6) Do you have assignments that drag on? If so, how often do you get these type of assignments?

· No. Assignments have dead lines which have to be met. We have to meet the customer needs on time and cannot afford to have the work drag on.

7) 
How much time do you spend on the computer a day? (Writing letters, Spreadsheets, Reports, etc) 

· About 50% on computer and the rest in the laboratory.

8) Does your job deal with data, people, or things? (or a combination of all 3?) 

· All 3, but mostly data. 

9) 
Are there any specific tools or equipment involved in your job? If so, what are they? 

· Yes, we have to use optical and electron microscopes and other various testing equipments. 

10) What are the advantages and disadvantages of your job?

· Advantages: Developing and inventing new things using advanced technical knowledge and equipments. Traveling to different countries to meet customers and suppliers.

· Disadvantage: Stress of meeting dead lines. Long working hours. Concerns over lay offs and cost cutting measures. 

11) What advancement opportunities are there? 

· Lot of opportunities for career advancement in technical or management positions.

12) What fringe benefits are involved with your job? 

· Awards, stock options, opportunities for attending conferences and presenting papers, obtaining patent awards for inventions

13) Is it possible to work here for at least 20 years? 

· For old timers, yes. However, may not be so for the young employees because:

· Manufacturing moving to low cost countries (China, Mexico)

· Companies selling and buying different parts of their business.

· More frequent layoffs due to pressure to increase profits.

14) Are most workers employed by the government or a private business in your field? 

· Private business.

15) What is the minimum, average, and top pay one can earn in your job? 

· Anywhere from $60K to $200K depending on position, experience and performance.

16) Is their overtime pay, or other ways to earn extra money in your job? 

· No overtime pay for professionals. No other ways to earn extra money either.

17) What is the average number of hours you work per week? 

· About 50 hours.

18) How much vacation do you get, and when can you take it? 

· Four weeks. Can take any time.

19) How long must you wait before you can get promoted?

· Depends on accomplishments. Typically at least 3 years in a given position, but no fixed time.

20) Is further education offered where you work?

· Yes. Company training courses or at local universities with full tuition reimbursement

21) What are the retirement benefits involved in your job? 

· Pension, retirement savings account, health insurance.

22) Do you have to travel? If so, at what frequency, and is there compensation? 

· Yes. Frequency varies, but about two trips a month. No compensation for travel.

23) Is this field dangerous/hazardous to your health in any way? 

· No significant risk or hazard.

24) Does the work you do affect your family at home? 

· Personally, no – but it is not the case for some of my colleagues. 

25) What is your work attire?

· Casual. 

26) Are there any tests you must pass or licenses you must hold in order to have your job?

· No test or licenses. Need qualifications, experience and skills to meet job requirements

27) After college, did you find a job quickly? 

· Yes, within 2 months.  

Visuals
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Metallurgy 








A machine used by metallurgists to separate iron particles.


(Brandt, 46)





The control center of a metal plant, run by a metallurgical technician. 


(Brandt, 69)








An extractive metallurgist who is sifting through aluminum ore. 


 (Smith, 26)





A metallurgical microscope used to view metals on an atomic level. 


(Brandt, 155) 








