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1 Majors

1.1 Bioengineering 

1.1.1 What is Bioengineering? 


Bioengineering is the application of traditional engineering techniques to problems in biology and medicine.  This exciting new field pulls together ideas and technology from the different fields of engineering and applies those ideas to living systems.  Biomedical engineers work with health care professionals such as physicians, nurses, therapists, and technicians to perform a wide range of capacities which include: designing medical instruments, devices, and software, utilizing various technical sources to develop new procedures, and conducting research needed to solve clinical problems.

1.1.2 What careers are available in Bioengineering? 

Employment opportunities for bioengineers are available at a wide variety of places, including universities, hospitals, research facilities for educational and medical institutions, federal regulatory agencies, and the private sector.  In the private sector, bioengineers may create designs requiring an in-depth understanding of living systems and technology.  In hospitals, bioengineers may advise on the selection and use of medical equipment, as well as supervising its performance, testing and maintenance.  They may also build customized devices for special health care or research needs.  In research institutions, bioengineers supervise laboratories and equipment, participating in or directing research activities in collaboration with other researchers with such backgrounds as medicine, physiology, and nursing.  Some bioengineers are technical advisors for marketing departments of companies and some are in management positions.  There are also many bioengineers with advanced training in other fields.  For example, many also have an M.D. degree, thereby combining an understanding of advanced technology with direct patient care or clinical research.

1.1.3 Bioengineering at Berkeley 

The Department of Bioengineering combines the resources of Berkeley and UCSF to educate future practitioners of bioengineering, biology, and related disciplines through cross-disciplinary research.

1.1.3.1 Program 

The Bioengineering program allows students to tailor their upper division classes to prepare specifically for graduate school, medical, dental, or optometry school, or immediate employment upon graduation.  Students in the Department of Bioengineering follow a lower-division curriculum similar to other Engineering departments. The program provides a foundation biological sciences in addition to emphasizing physics and mathematics..  Upper division classes are more focused in combining advanced courses in engineering, physical and biological sciences, and/or mathematics and statistics. Some courses have clinical content, while others must have statistical or biological content.  The Bioengineering core course offerings fall into eight specialization areas, which include:

1.1.3.2 Biomechanics & Tissue Engineering 

Biomechanics applies classical mechanics (statics, dynamics, fluids, solids, thermodynamics, and continuum mechanics) to biological or medical problems. Progress in biomechanics has led to the development of the artificial heart and heart valves, artificial joint replacements, as well as a better understanding of the function of the heart and lung, blood vessels and capillaries, and bone, cartilage, intervertebral discs, ligaments and tendons of the musculoskeletal systems.


Cellular, Tissue and Genetic Engineering involve more recent attempts to attack biomedical problems at the microscopic level. These areas utilize the anatomy, biochemistry and mechanics of cellular and sub-cellular structures in order to understand disease processes and to be able to intervene at very specific sites. With these capabilities, miniature devices deliver compounds that can stimulate or inhibit cellular processes at precise target locations to promote healing or inhibit disease formation and progression.

1.1.3.3 Bioinformatics & Genomics 

Bioinformatics is the application of computer technology to the management of biological information. Computers are used to gather, store, analyze and integrate biological and genetic information which can then be applied to gene-based drug discovery and development. The science of Bioinformatics, which is the melding of molecular biology with computer science, is essential to the use of genomic information in understanding human diseases and in the identification of new molecular targets for drug discovery.

1.1.3.4 Micromachines & Robotics 

Micromachines & Robotics is the research and development of new MEMS technologies and applications. Among these are bio-MEMS, micro-fabricated microdevices that can be used to investigate, diagnose, or treat medical and biological problems. MEMS devices are revolutionary—their minute size makes possible entirely new methods of health care.  Bio-MEMS’s potential ranges from the finely calibrated dosages of new drug delivery systems for anti-cancer agents and other drugs, to "on a chip" technologies for vastly improved diagnostic techniques based on DNA and protein analyses, to specialized tools in minimally invasive surgery.  

Microrobotics, another area that Berkeley researchers have pioneered, is included with the bio-MEMS emphasis. While MEMS and robotics are distinct research areas that have different goals, robotics is concerned with the move toward robotic miniaturization, the need for small sensors and actuator algorithms, and approaches needed for microrobotics. In the same way, the control theory, algorithms, and approaches needed for microrobotics and telesurgery are becoming increasingly important for MEMS devices. The goal of increased miniaturization and common design components link the two areas. A combined view of the two research fields will accelerate progress in both, helping to develop a complete curriculum, and optimizizing laboratory space needs for the new department.

1.1.3.5 Biomedical Imaging and Signal Processing 

Medical Imaging combines knowledge of a unique physical phenomenon (sound, radiation, magnetism, etc.) with high speed electronic data processing and analysis to generate an image. Often, these images can be obtained with minimal or completely noninvasive procedures, making them less painful and more readily repeatable than invasive techniques.1

1.1.3.6 Biomedical Systems Engineering 

Biomedical Systems Engineering has to do with the application of electronics and measurement techniques to develop devices used in the diagnosis and treatment of disease. Computers are an essential part of bioinstrumentation; the microprocessor, a single-purpose instrument, is used to do a variety of small tasks while the microcomputer processes the large amount of information in a medical imaging system.

1.1.4 Student Comment 

“Bioengineering is a very unstructured program, which can be good or bad. You have the freedom to take a wide breadth of classes or to focus on a certain area by narrowing your class variety.  However, because you make most of the decisions, the program requires you to be very organized in planning your four years.  In my opinion Bioengineering is the major to choose if you know you want to do work with biological applications, but you're not sure in what field (i.e. Biomechanics, Bioelectronics) because it lets you get a taste of each one. To be honest, bioengineering rocks, and is way cooler than EECS.” - Eddie Wang (Class of 2005)

1.1.5  Works Cited 

1.   "Planning a Career in Biomedical Engineering," BMES - Biomedical Engineering Society, 1999, Biomedical Engineering Society, http://www.bmes.org

2.   “What is bioinformatics?,” http://www.bioplanet.com/what_is_bioinformatics.html

1.1.6 Links 

http://bioeng.berkeley.edu/

1.2 Chemical Engineering

1.2.1 What is Chemical Engineering? 

Chemical engineers contribute to a broad spectrum of technical activity reaching into nearly every aspect of advanced technology. This breadth of activity is illustrated by a vast range of representative endeavors: fibers and films from man-made polymers, new liquid and gaseous fuels from coal, drug and antibiotic manufacture, food preservation, unique chemicals from enzymatic reactions, thin-film processes for electronic devices, new catalysts for energy needs, removal of air and water pollutants, nuclear fuel reprocessing, solar energy system development, new battery and fuel-cell systems, and countless others. The chemical engineers' interest in these fields is in the invention and development of materials and processes useful to society. Historically, their work has been pivotal and indispensable. The unique element of their involvement in these fields is their capability to plan and implement chemical transformations and separations. In the complex processes of both nature and industry, chemical and physical phenomena are nearly always closely associated. It is the interaction between such phenomena that the chemical engineer seeks to master.

1.2.2 What careers are available in Chemical Engineering? 

Chemical Engineering is often thought of as being process design -- running plants to create materials, chemicals, and other substances. However, since it is such a diverse field it ties into many, if not all of the major sciences and many other fields. Aside from Chemical Process Industries, Chemical Engineers have found positions in fields such as: Electronics, Environmental, Fuels, Advanced Materials, Design and Construction, Biotechnology, Foods and Beverages, and even Business, Law, and the Government. 

1.2.2.1 Chemical Process Industries

Chemical Engineers are commonly pictured as working in Chemical Process industries. Generally, these jobs involve working with chemicals to make other chemicals, plastics and polymers, paper, soap, and many other materials. 

1.2.2.2 Advanced Materials

Usually in this field, Chemical Engineers work to develop better materials for a variety of uses, such as metals and plastics better for airplanes, different types of glass, or even making better chemicals for developing pictures. 

1.2.2.3 Biotechnology

Biotechnical Chemical Engineers design the processes for the care, feeding, and collecting of living beings used to create new and better drugs, artificial organs, or even DNA for research. 

1.2.2.4 Business

Engineers in a business environment have several positions they could take. For example, a sales and marketing engineer would assist customers by providing training, selling products, and working to meet the needs of their clients. A Technical Services engineer would also work with customers to help troubleshoot problems with a process or a specific machine. A consultant could work with many different clients and help decide and design exactly what's necessary for each. 

1.2.2.5 Design and Construction

As their name indicates, design and construction chemical engineers work to design, construct, and troubleshoot processes, machinery, and equipment for safe and efficient plants. 

1.2.2.6 Electronics

Chemical Engineers in the electronics industry could be involved in designing better materials, or even in manufacturing microchips.

1.2.2.7 Environmental

Chemical Engineers always are concerned with the environment. A Chemical Engineer focusing on the environment would work to minimize wastes and by-products, or find new uses for them. They also try to design safer working areas.

1.2.2.8 Fuels

Chemical Engineers are often thought to work solely in petroleum companies. This has been a traditional workplace for them. However, modern Chemical Engineers have found positions working with nuclear and synthetic fuels and designing alterate energy sources.

1.2.2.9 Foods and Beverages

New packaging, safer techniques, or flavor improving ingredients are a few of the things a Chemical Engineer could design working in the Foods and Beverages industry. 

1.2.2.10 Law

Intellectual property and patent law are two very important things for Chemical Engineers to keep in mind. Some Chemical Engineers can become attorneys working to ensure patents are not infringed upon by other companies.

1.2.3 Chemical Engineering at Berkeley 

The College of Chemistry offers a major in chemical engineering leading to the B.S. degree. The program equips the student for professional work in development, design, and operation of chemical processes and of process equipment. Students with high scholastic attainment are well prepared to enter graduate programs. The curriculum is accredited by the Accreditation Board for Engineering and Technology. 

The department is richly endowed with human and material resources to accomplish its educational objectives. Eighteen full-time faculty members with expertise spanning nearly every major area of the field conduct the courses from sophomore level through the graduate level. All are actively engaged in research.

AICHE is a student group that provides chemical engineering students to learn more about the opportunities they have as chemical engineers.

1.2.4 Student Comment 

“The study is very rigorous! Grasping the fundamentals and mastering their applications do not come spontaneously. The survival kit I have acquired is to collaborate with peers and interact with the faculty members, who are very accessible and friendly. At first, I thought this major has a lot to deal with chemistry, but is really not.

To me, choosing chemical engineering as my major is a safe bet. Basically, with this major, I can work in a broad range of disciplines. Let's say, as a Chem E, I can also do ME's stuff but not vice versa. Of course, this is just my perspective. Anyway, this major makes me think out of the box.” -David Law (Class of 2007)

1.2.5 Links 

Chemical Engineering department at Berkeley: http://cheme.berkeley.edu/
1.3 Civil and Environmental Engineering 
1.3.1 What is Civil and Environmental Engineering? 

What do the ancient Egyptians have in common with NASA scientists? Civil engineering expertise.  From pyramids to space stations, the program in civil and environmental engineering provides the foundation for constructing an environment that meets the economic needs of society and protects human health and safety. Civil and Environmental Engineering involves the planning, design, and construction of many of the developments, large and small, that make modern life possible. This involves finding solutions to many problems faced by society while staying within the limits of available resources, such as materials, space, and money.

1.3.2 What careers are available for Civil and Environmental Engineers? 

Our graduates have been involved in many civil engineering projects of great magnitude. From the Golden Gate Bridge to the English Channel Tunnel, this department's alumni have had a hand in shaping the world in which we live and move through. Some of the many facilities that civil engineers are responsible for include bridges, buildings, tunnels, highways, offshore structures, transit systems, dams, airports, irrigation systems, water treatment and distribution facilities, and wastewater collection and treatment facilities. Students, many after pursuing a graduate degree, find employment in both the private and public sectors with companies such as the San Francisco Public Utilities Commission and the Bechtel Corporation.

1.3.3 Civil and Environmental Engineering at Berkeley 

Ranked first in the nation for five years running, the Civil and Environmental Engineering Program prepares students to be leaders in their field. All these disciplines require an intense study of physics, math, chemistry, and mechanics, along with some economics and related courses. An undergraduate in the Civil and Environmental Engineering program will receive training in all these areas and has the option of choosing one of the following for primary emphasis:

1.3.3.1 Engineering and Project Management 

Engineering and Project Management plan, coordinate, and supervise the building of facilities. Their expertise lies in production and construction engineering along with facilities and corporate management.

1.3.3.2 Environmental Engineering 

Environmental Engineering addresses complex problems that threaten public health and the environment, such as the problem of air and water pollution as well as the disposal of solid waste and hazardous by-products of industry and agriculture. This is done by designing and building facilities to purify and alter such substances while enforcing state and federal pollution control regulations. 

1.3.3.3 GeoEngineering 

This field involves the selection and design of foundation construction, petroleum engineering, geoenvironmental engineering, and soil and rock mechanics.  GeoEngineers develop earthquate-resistant designs and retrofits, find ways to prevent and remediate underground pollution, and site, design, and construct dikes, dams and underground facilities.

1.3.3.4 Structural Engineering, Mechanics and Materials (SEMM) 

This field involves designing complex structural projects and supervising their construction. Structural engineers design a variety of systems, from the world’s tallest buildings to much smaller structures, such as transmission line towers, ensuring that they are resistant to earthquakes and other hazards. 

1.3.3.5 Transportation Engineering 

This field involves the design of transportation systems such as highways, railways, and airports. Transportation engineers are also responsible for rehabilitating and maintaining existing facilities and planning transportation systems to handle international, inter-regional, and intra-city commodity and passenger flow. They also develop new technologies such as intelligent highways and cars that steer themselves.

1.3.4 Why Civil and Environmental Engineering? 

With so many fields of interest, a Civil and Environmental Engineering degree offers students a wide variety of options before and after graduation. As an undergraduate, there are many research projects and academic competition teams to be involved with, such as Concrete Canoe, Environmental Water, or Steel Bridge. Students are prepared for a challenging career made necessary by the growing demands of society. It allows for work indoors and outdoors as well as individually and in teams to provide for the needs of society and improve modern life.

1.3.5 Student Comment 

“I chose to become a CEE because of the direct impact CEE’s have on the basic infrastructure that society rests upon. As one of the oldest engineering disciplines, CEE’s have left their mark on all aspects of society. The great thing about the program is that it is very diverse. You have a lot of choices, so you’re bound to find something that you really enjoy. And it doesn't hurt that the professors are great and the department as a whole is a very close-knit family.”

-
Heena Patel (Class of 2006)

1.3.6 Links 

CEE Department at Berkeley http://www.ce.berkeley.edu/
1.4 Electrical Engineering and Computer Science 
1.4.1 What is Electrical Engineering and Computer Science? 

Electrical engineering and computer science has become integral to nearly every aspect of modern society. These fields have given rise to such commercial technology as cellular networks, the MP3 and its players, peer to peer networks, and a variety of other products. Encompassing a large range of subjects, computer science and electrical engineering are often grouped together due to their close relationship. Each field depends on the other for the innovation and the stimulation of ideas. Electrical engineering typically refers to the hardware aspect, although it does also extend into communication theory. In addition to software development, computer science also includes areas such as algorithm optimization, human computer interaction, and artificial intelligence.

1.4.2 What careers are available in Electrical Engineering and Computer Science? 

Electrical engineers and computer scientists are welcome in nearly every industry. The large-scale adoption of electronic equipment in the past few decades has created a diverse job market for the invention, improvement, and support of such equipment. There are many companies of all sizes devoted solely to the creation of technology. For the adventurous, small startup companies have been very abundant, especially near the Bay Area. Typical jobs include software development, research of new technologies, and circuit design and testing. Many have also gone on to pursue careers involving fields, combining their knowledge of electrical engineering and computer science with other disciplines.

1.4.3 Electrical Engineering and Computer Science at Berkeley 

Electrical Engineering and Computer Science is the largest department in the College of Engineering and is thus able to provide students with a wealth of resources. Computing resources are readily available in a number of labs across campus. Although classes can be quite large, professors are routinely available to students through office hours and/or discussions. Many EECS professors have founded their own companies, making the department a hotbed of innovation and ideas. Students also have strong support from their peers through organizations such as the EECS Center for Undergraduate Matters, Eta Kappa Nu, and Tau Beta Pi.  Currently, the Electrical Engineering and Computer Science program is ranked third in the nation by U.S. News & World Report.

1.4.4 Curriculum Overview 

The introductory courses for EECS are similar to most engineering majors, which include courses in mathematics through linear algebra, physics (mechanics along with electricity and magnetism), three courses in computer science and two courses in electrical engineering. The program also requires an additional class in discrete mathematics, probability or statistics.

One of the most flexible programs in engineering, EECS only requires twenty units (about 5 courses) of upper division coursework in EECS. One of those classes must be a design class, as determined by the department. Although many students choose to specialize in a particular area of EECS, there are no specific requirements to do so.

1.4.4.1 Options 

The program has five general options, which each provide suggested specialized curricula:

1.4.4.2 Electronics 

This field involves integrated circuits, including fabrication technology, solid state devices, digital and analog circuit analysis and design, VLSI design, and computer-aided design and manufacturing. Digital integrated circuits, which  are used in CPUs, microcontrollers and logic, comprise over 90% of the integrated market. Currently, analog circuits are primarily used in analog-to-digital converters and wireless communication. Also, this field includes electromagnetics, optoelectronics, plasmas, and microelectromechanical systems (MEMS), a relatively new field that includes sensors, transducers, and motors and has biomedical applications.

1.4.4.3 Communications, Networks, Systems, and Robotics 

This field involves networks, control, robotics, digital and analog communications, computer networks, signal processing, including biological sensors and signals, and signal and image processing. 

1.4.4.4 Computer Systems 

This field involves machine architecture and logic design, operating systems, database systems, programming systems and languages, and digital devices and circuits.

1.4.4.5 Computer Science 

This field involves the design and analysis of algorithms, complexity theory and other theoretical topics, artificial intelligence, and computer graphics. Computer scientists design operating systems, games, and computer programs.

1.4.5 Student Comments 

1.4.6 Works Cited 

1.4.7 Links 

http://www.careercornerstone.org/eleceng/eleceng.htm: Includes information on the field, history, day in the life, professional organizations, ...

1.5 Engineering Science
1.5.1 What is Engineering Science? 

The Engineering Science Program is multi-departmental and interdisciplinary, encompassing a variety of closely related areas of the physical and biological sciences, mathematics, and engineering. It is intended to provide a means whereby students, while acquiring knowledge of engineering methods, can pursue their interests in areas of natural science. The options offered within the curriculum prepare students for advanced study in engineering, science, or medicine. For more information on Engineering Science, get a copy of the Unofficial Guide to Engineering Science, available from the Society of Engineering Sciences website listed below.

1.5.2 What careers are available in Engineering Science? 

The majority of Engineering Science graduates continue their education, earning a baccalaureate degree in mechanical, electrical, civil, or some other engineering discipline. Students wishing to specialize in a pure science are also provided a strong background to enable them to continue in their chosen field. If a student does not wish to pursue a bachelor's degree in the field, he or she will find employment opportunities in the industry as engineering assistants or laboratory technicians.

1.5.3  Engineering Science at Berkeley 


The programs in Engineering Science are all interdisciplinary. Students are encouraged to plan their individual programs in consultation with their faculty advisors. Students will be advanced to the upper division in Engineering Science upon satisfactory completion of the lower division requirements.

1.5.3.1 The Program 

The first two years are much like any Engineering major, providing a strong foundation in mathematics and the sciences.  The Engineering Science major also adheres to the College of Engineering’s humanities requirement. There are four fully structured majors in the curriculum: Computational Engineering Science, Engineering Mathematics and Statistics, Environmental Engineering Science, and Engineering Physics. In addition, freshmen may apply to the Engineering–Undeclared option.

1.5.3.2 Computational Engineering Science 

This new interdisciplinary program recognizes the growing importance of computation as a methodology for attacking complex scientific and engineering problems. Combined with mathematical modeling and experimental observations, scientific computation enables engineers and scientists to solve problems that are otherwise intractable. The Computational Engineering Science Program provides a solid foundation in mathematics, the sciences and engineering, and fosters skills required for modeling, simulating, and solving complex problems. The emphasis is on the computation of science rather than the science of computation (i.e., computer science). The program provides a sound basis for graduate studies in engineering and the applied sciences. Additionally, it nurtures skills that are needed in large-scale technological modeling and simulation which occur in industrial and national laboratories.

1.5.3.3 Engineering Mathematics and Statistics   


This interdisciplinary program offers students an opportunity to study pure and applied mathematics as essential components of modern engineering.  Choosing among pure mathematics, applied mathematics, statistics, and engineering allows the student to individualize a program of study in theory, applications, or both.  The program provides a broad foundation for graduate studies in theoretical branches of engineering, as well as in mathematics or statistics.  

1.5.3.4 Engineering Physics   

This flexible program interweaves the fundamentals of classical and modern physics, chemistry, and mathematics with engineering applications.  The firm base in physics and mathematics is augmented with a selection of engineering course options that prepare the student to tackle the complex problems faced by society.  Because the program emphasizes science and mathematics, students are well prepared to pursue graduate studies in physics or engineering.  With the proper choice of electives, the program also enables a student to transfer to a more traditional field of engineering should such an interest develop.

1.5.3.5 Environmental Engineering Science   

This is a multidisciplinary field requiring an integration of physical, chemical, and biological principles with engineering analysis for environmental protection and restoration.  The program incorporates courses from many departments on campus to create a discipline that is rigorously based in science and engineering, while addressing a wide variety of environmental issues.  Although environmental engineering options exist in the Chemical Engineering, Civil and Environmental Engineering, Mechanical Engineering, and Materials Science and Mineral Engineering departments, the engineering science curriculum provides a more broadly based foundation in the sciences than is possible in these departments.  The major prepares the student for a career or graduate study in many environmental areas.

1.5.4 Student Comment 

"The Engineering Science program is an excellent program for those students who are interested in the sciences from a more practical standpoint - the Engineering Physics major could correspond to an Applied Physics major at another university, for example. Although the program is designed to prepare the student for graduate school and a research career, it is so flexible that many other options are possible. Both practical engineers and pure scientists can find success, gain a broader perspective, and see links between disciplines that they would not have otherwise seen. If you are interested in a research career or want to go to graduate school, take a closer look at Engineering Science. 

A note of caution: the flexibility of the program can make choosing courses difficult. Take advantage of the small size of ES and get to know your faculty advisor. He/She might help you get research as well." - Austin Minnich, CES '06

1.5.5 Works Cited 

1. “Engineering Science,” Morrisville State College, Nuclear Engineers http://www.morrisville.edu/academics/science/engineering_science/

1.5.6 Links 

* College of Engineering, Engineering Science Official Page - http://coe.berkeley.edu/engsci

* Society of Engineering Sciences - http://coe.berkeley.edu/ses
1.6 Industrial Engineering and Operations Research

1.6.1 What is Industrial Engineering and Operations Research? 

Industrial Engineering and Operations Research "concerns the design, development, improvement, implementation and evaluation of integrated systems of people, knowledge, equipment, energy, and material."  Basically, it is a fusion between engineering, applied mathematics, statistics, and business in order to optimize a system, whether this is a manufacturing plant or the line structure at an amusement park.  And it is for this very reason that it is very difficult to explain exactly what industrial engineers do.

1.6.2 What careers are available in Industrial Engineering and Operations Research? 

Because of its broad course material, the content learned in the major can be applied to almost any job.  People who graduate from IEOR enter manufacturing, quality control, system optimization for service companies, consulting, and investment banking. 

1.6.3 Industrial Engineering and Operations Research at Berkeley 


Industrial engineering is a very mathematically oriented major.  Statistics is used to determine whether a process is working correctly and simulations are formed to test various ideas.  In addition, more than many other engineering majors, teamwork and interacting with people is vitally important.  Designing better systems requires talking to the people who know those systems best and a job is never conducted individually.  Furthermore, many important business concepts are taught in the major as one needs to account for economic realities while designing a particular system. Finally, the senior project enables the student to solve actual problems from local industrial firms and government agencies.

If you are looking for a major that will supply you with general, applicable knowledge, like math, and enjoy interacting with people, IEOR is the major for you.

1.6.4 Student Comment 

1.6.5 Works Cited 

Wikipedia.com

1.6.6 Links 

http://ieor.berkeley.edu - department website

1.7 Materials Science and Engineering

1.7.1 What is Materials Science and Engineering? 


Materials science and engineering deals with natural and man-made materials and their extraction, processing, development, and characterization for technological uses. Advanced engineering activities that depend upon optimized materials include medical device and healthcare industries, electronics and photonics, the automotive and aerospace industries, advanced batteries and fuel cells, and the emerging field of nanotechnology.

1.7.2 What careers are available in Materials Science and Engineering? 

Materials engineering is a hands-on career that often begins in manufacturing or technical support and moves on into management, research, development, sales or consulting.

In manufacturing, recently graduated materials technicians and engineers might ensure that incoming material specifications are met, production lines run smoothly, and products meet appropriate quality standards. They are involved in troubleshooting and competitive analysis. These activities can serve as a foundation for strategic planning and management positions, particularly with the addition of a Masters degree in Business Administration.

Engineers with an MS or Ph.D. degree carry out cutting-edge research and the invention of new materials from superconductors to radar-absorbing coatings to infrared sensors.  Development of new production methods and new products is critical for businesses to become and remain competitive. Engineers with all levels of education (BS, MS, Ph.D.) can pursue this path.  Consulting positions reward materials engineers with a variety of short-term assignments, an array of technical experience and significant financial compensation. This is a good training ground for new graduates who are seeking a challenging and varied career.

Materials engineers may also pursue careers outside of engineering.  For example they may become lawyers, where they can benefit from training in logic and the ability to handle complex technical issues. A BS in engineering, along with biology and chemistry courses, can also provide excellent preparation for medical school, particularly for individuals interested in developing and testing new devices.

1.7.3 Materials Science and Engineering at Berkeley 

Currently, U.S. News & World Report ranks the undergraduate program sixth in the nation.  Undergraduate students in the MSE curriculum pursue a program consisting of the application of the principles of physical sciences, engineering, and mathematics, the production and characterization of materials, the study of phase changes and phase equilibria, and the design and control of the structure and properties of materials.

1.7.3.1 The Program 

Lower Division classes provide a foundation in mathematics, physics, chemistry and basic engineering principles.  In upper division classes, students may choose to take upper division electives that will fulfill a general emphasis or take courses designed to create an emphasis in one of the following areas:

1.7.3.2 Biomaterials 

Traditionally, biomaterials encompass synthetic alternatives to the native materials found in our body. A central limitation in the performance of traditional materials used in biotechnological, pharmaceutical, and medical device industries is the inability to integrate with biological systems through either a molecular or cellular pathway.  This has relegated biomaterials to a passive role dictated by the constituents of a particular environment, leading to unfavorable outcomes and device failure. The design and synthesis of materials that circumvent their passive behavior in complex mammalian cells is the focus of the work conducted within the MSE Department at Berkeley.

1.7.3.3 Materials Physics and Chemistry 

This area includes both the chemical and electrochemical processing and behavior of materials. Processing of materials includes the scientific and engineering principles utilized in mineral processing, smelting, leaching, and refining materials, and along with numerous etching and deposition techniques.  Behavior of materials includes environmental degradation, compatibility with specific environments, and materials used in advanced energy storage devices.

1.7.3.4 Electronic Materials 

This group of materials is defined by its functionality. Semiconductors, metals, and ceramics are used today to form highly complex systems, such as integrated electronic circuits, optoelectronic devices, and magnetic and optical mass storage media. In intimate contact, the various materials, with precisely controlled properties, perform numerous functions, including the acquisition, processing, transmission, storage, and display of information. EMO materials research combines the fundamental principles of solid state physics and chemistry, electronic and chemical engineering, and materials science. Nanoscale science and engineering is of increasing importance in this field.

1.7.3.5 Structural Materials 

This area focuses on the relationships between the chemical and physical structure of materials and their properties and performance. Regardless of the material class—metallic, ceramic, polymeric or composite—an understanding of the structure-property relationships provide a scientific basis for developing engineering materials for advanced applications. Fundamental and applied research in this field responds to an ever-increasing demand for improved or better-characterized materials.

1.7.4 Student Comment 

1.7.5 Works Cited 

1. “Materials Engineering as a Career,” ASM International, http://www.asminternational.org/Content/NavigationMenu/ASMFoundation/MaterialsEngineeringasaCareer/Materials_Engineering_Career.htm

1.7.6 Links 

1.8 Mechanical Engineering
1.8.1 What is Mechanical Engineering? 


Mechanical engineering is the art and science of the design and synthesis of mechanical components and systems. The activity of mechanical engineers extends from the manufacture and evaluation of products to the investigation of physical phenomena governing the behavior of our surroundings and technical and societal processes.

1.8.2 What careers are available in Mechanical Engineering? 

Mechanical engineers work in many industries with many functions. Some specialize in energy systems, applied mechanics, automotive design, manufacturing, materials, plant engineering and maintenance, pressure vessels and piping, and heating, refrigeration, and air-conditioning systems.  Operating in one of the broadest engineering disciplines, mechanical engineers may work in production operations in manufacturing or agriculture, maintenance, or technical sales; many still are administrators or managers. Mechanical engineers held about 215,000 jobs in 2002. More than half of the jobs were in manufacturing—mostly in machinery, transportation equipment, computer and electronic products, and fabricated metal products manufacturing industries. Architectural, engineering and related services, and the Federal Government provided many of the remaining jobs.

1.8.3 Mechanical Engineering at Berkeley 

Currently, U.S. News&World Report ranks both graduate and undergraduate programs fourth in the nation.  
Classes in Mechanical Engineering are relatively small, allowing students to become easily acquainted with faculty and each other. This exciting environment provides numerous opportunities for cultural enrichment, personal development, and recreation for the hard-working engineering student.

1.8.3.1 The Program 

During the first two years, coursework emphasizes mathematics, physics, chemistry, computing, materials, statics and graphics -- much of this in common with the other engineering curricula.

In the last two years, the emphasis is on mechanics of solids and fluids, thermodynamics, heat transfer manufacturing, design and controls; instrumentation, experimentation and system synthesis.  The requisite laboratory course in the senior year is the cornerstone of the curriculum. Students may also participate in group design projects or research projects as part of their program. Specialization may be pursued through a wide selection of technical elective courses, double major programs and programs jointly offered by other departments.  

Technical elective courses allow specialization in the following fields: applied mechanics, automatic controls, electro-mechanical systems, energy conversion, fluid mechanics, heat and mass transfer, manufacturing systems and materials processing, mechanical design, cryogenics, thermodynamics, robotics and automation, biomedical and environmental engineering, ocean engineering, and nuclear engineering.

1.8.4 Student Comment 

“Mechanical engineering is one of broadest topics on campus.  One of the things I like most about it is you get a little taste of everything.  Then if you want to focus, you can do so in your technical electives.  It includes everything from thermodynamics to fluid mechanics, materials to bio-engineering.  Some of the classes are like extensions of Physics 7a and 7b. Some use lots of math and programming.  Some look at the manufacturing.  While I believe the diversity is the majors biggest plus, it can also be one of its biggest downfalls.  There were so many classes I wanted to take in the major, and yet I couldn't fit them all in my schedule without taking way too many classes a semester.  Secretly, that's why I stuck around for grad school: so I could take more classes.”

- Trent Russi (Class of 2004)

1.8.5 Works Cited 

1. “Mechanical engineers,” Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2004-05 Edition, Nuclear Engineers, on the Internet at http://www.bls.gov/oco/ocos036.htm (visited October 25, 2004).

1.8.6 Links 

[http://me.berkeley.edu Mechanical Engineering] The main page for Mechanical Engineering at UC Berkeley

1.9 Nuclear Engineering
1.9.1 What is Nuclear Engineering? 

Nuclear engineering is concerned with the science of nuclear processes and their application to the development of various technologies. Nuclear processes are fundamental in the medical diagnosis and treatment fields, and in basic and applied research concerning accelerator, laser and superconducting magnetic systems. Utilization of nuclear fission energy for the production of electricity is the current major commercial application, and radioactive thermal generators power a number of spacecraft. For the longer term, electricity production based on nuclear fusion is expected to become an increasingly important segment of the field.

1.9.2 What careers are available in Nuclear Engineering? 

Nuclear engineers research and develop the processes, instruments, and systems used to derive benefits from nuclear energy and radiation. They design, develop, monitor, and operate nuclear plants used to generate power. They may work on the nuclear fuel cycle—the production, handling, and use of nuclear fuel and the safe disposal of waste produced by the generation of nuclear energy—or on the production of fusion energy. Some specialize in the development of nuclear power sources for spacecraft; others find industrial and medical uses for radioactive materials, such as equipment to diagnose and treat medical problems.

1.9.3 Nuclear Engineering at Berkeley 

The undergraduate curriculum in nuclear engineering is designed to prepare students for a career in industry, the national laboratories, or in state or federal agencies. The program leading to the B.S. in Nuclear Engineering emphasizes educational experience in several fields of engineering, leading to a concentration on nuclear engineering courses in the upper division.

Currently, the Nuclear Engineering program is ranked fourth in the nation by the U.S. News & World Report.

1.9.3.1 The Program 

The introductory (lower division) courses for Nuclear Engineering are very similar to those of other Engineering majors.  The program requires the full completion of the Physics series but may require more Chemistry (including Organic Chemistry). 

The upper division courses in Nuclear Engineering cover Engineering Analysis, Thermofluid Processes, Thermodynamics, Nuclear Reactions and Radiation, Nuclear Power Engineering, Nuclear Reactor Theory, Nuclear Materials, and Nuclear Power laboratories.  The rest of the courses are devoted to electives that fall into the options above.  The program, leading to a BS degree in Nuclear Engineering, emphasizes study in the following three undergraduate options:

1.9.3.2 Nuclear Energy (General Nuclear Engineering) 

The vision of fission energy is compelling. In the last two decades it has become the world's largest single source of emission-free energy, and it creates a waste stream sufficiently small and compact that we can conceivably isolate such waste permanently from the environment. For fission to provide more energy in the future, our challenge is to continue to improve the safety, economic performance, waste minimization, and proliferation resistance of fission power plants.  The development of economic fusion energy systems is one of Nuclear Engineering's greatest challenges, since such power sources would fundamentally alter the way that mankind interacts with its environment, for the benefit of both humans and nature.

1.9.3.3 Bionuclear Engineering 

The new Bionuclear Engineering Program within the Nuclear Engineering Department is designed to provide a solid foundation in aspects of nuclear physics and interaction of radiation with matter that are required for advanced study and applications in the general areas of radiology, nuclear medicine technology, and bionuclear engineering. Advanced courses taken during the junior and senior year provide in-depth study of radiation detection, measurements, and instrumentation, as well as biological effects of radiation and dosimetry.  The student will be introduced to basic numerical simulation methods in radiation transport, biodistribution of radiopharmaceuticals in the human body, and medical imaging physics and systems, including X-ray computed tomography, NMR, PET, and SPECT.

1.9.3.4 Radioactive Waste Management 

This option is focused on environmental restoration and nuclear materials management, and environmental concerns.  The primary concern for repositories is the long-term potential for the contamination of groundwater in areas near the repository, making it unsuitable for use by future generations. Besides improving models for transport in natural systems, efforts also focus on improving the quality of the engineered barriers that contain the waste, so that multiple barriers can reduce further the probability of radionuclide release.

1.9.4 Student Comments 

For me the best thing about nuclear engineering is the variety of the stuff you do. Nuclear engineers work on topics related to medicine, material science, fluid mechanics, applied physics, fission, fusion and lots of other areas. For the theoretically inclined, it is easy to pick a more physics-oriented path and still have an engineering degree to back up your economic needs. For those who care more about the engineering applications then you can chose to focus on that area as well. Lots of the stuff that's being developed by nuclear engineers nowadays is going to be fundamental for science and society in the next few years. Fusion and radiotherapy are two of the key areas in which nuclear engineers can make a great impact on society in the next few years. An obvious recommendation for anyone considering the major is to have a strong background in physics and obviously to like the stuff. It can be a really rewarding major if you enjoy what you learn but it can also be hell if you don't. 

-Paul Monasterio (Class of 2006)

1.9.5 Works Cited 

1. Nuclear engineers,” Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2004-05 Edition, Nuclear Engineers, on the Internet at http://www.bls.gov/oco/ocos036.htm (visited October 25, 2004).

1.9.6 Links 

1.10  Reviews of core courses

The following reviews are a compilation of what various students think. Thus, they do not represent the opinions of all students.

1.10.1.1 Basic Engineering 

1.10.1.1.1 Math 53 – Multivariable Calculus

*Overview: Parametric equations and polar coordinates. Calculus in 2-D and 3-D. Partial derivatives, and some multivariable calculus theorems (Divergence, Stoke's, Green's)

*Be prepared for: Thinking in 2D and 3D. Some focus is on theorems, but most of the math becomes intuitive if you think about it spatially.

1.10.1.1.2 Math 54 – Linear Algebra and Differential Equations

* Overview: Two classes in one, this class starts with a short introduction to linear algebra (matrices and vectors) and then follows with some complicated differential equation theory.

* Be prepared for: There's an insane amount of material to cover, so this class is invariably rushed, especially near the end of the semester. Don't worry if you can't get the differential equation stuff – no one really does, and all the class asks you to do is be able to solve them, not actually get into the theory behind it all. This class is much more abstract than math 53.

1.10.1.1.3 Physics 7A – Mechanics and Waves

* Overview: Motion in 2-D and 3-D (including rotation), energy conservation, some basic stuff about waves, and gravity. 

* Be prepared for: This class may seem simple, but the tests are usually very hard. You need a good grasp of the fundamentals when taking this class. 

1.10.1.1.4 Physics 7B – Electromagnetism and Heat

* Overview: This class, like Math 54 is split into two parts. Heat includes energy conservation, radiation, conduction, as well as an introduction to thermodynamics. Electromagnetism starts with electrostatics then goes on to magnetism and Faraday's and Maxwell's laws. Some basic circuit theory is also covered.

* Be prepared for: There's some pretty complicated math here, so it may be a good idea to have math 53 under your belt before trying this class out. The material from both topics is independent, so don't worry if you don't enjoy the class at first. 

1.10.1.1.5 Engineering 77 – Introduction to Computer Programming (MatLab)
* Overview: This is a must-have class (if you're not a CS major, that is). It covers the basics of programming from an engineering problem-solving perspective. There are lots of examples taken from various fields utilizing the math-based program MatLab. Try to take this reasonably early since it really helps to know how to program for some upper division classes. 

* Be prepared for: The labs can take a very long time to finish if you're a novice programmer. Doing well in this class is all about getting as much practice as possible.

1.10.1.1.6 Engineering 36 - Engineering Mechanics I

* Overview: Statics in 2-D and 3-D.

* Be prepared for: Lots and lots and lots of tedious calculations. Homework for this class is a killer because it takes so long and it’s easy to make a careless mistake. Physics 7A is a pre-requisite, but isn't nearly as important as your comfort level with vectors, so some math 53/54 experience will help a lot. Though it is “only” 2 units, it’s a lot more work than that. 

1.10.1.1.7 Engineering 45 – Properties of Materials

* Overview: This class is an information overload. Its an overview of almost everything of interest in materials science, from undergraduate basics all the way to graduate level concepts.  

* Be prepared for: There's tons of writing in this class, from homeworks to lab reports, so expect the homework to take forever. Don't expect to be able to know everything thought in this class – its a survey course, after all. Try to get a grasp of the concepts and visit the TBP exam file archives when finals roll around. 

1.10.1.1.8 Civil Engineering 130 – Mechanics of Materials I

* Overview: All about what happens when you try bending or stressing materials. It borrows a little from E45 and a little from E36. Problems and concepts can be reasonably difficult as its quite a jump in conceptual difficulty from E36. 

* Be prepared for: Some ordinary differential equations. The Popov textbook is pretty hard to read. A lot easier to get by if you have Govindjee's notes. Govindjee tends to focus more on concepts and less on hard calculations.

1.10.1.1.9 Electrical Engineering 100 - Electronic Techniques for Engineering 

* Overview: Electrical engineering for non-EE majors. This is essentially enough basic circuit theory so you can build a circuit if you need to. The class is pretty basic overall and should not be a problem. 

* Be prepared for: Sometimes the homeworks make you solve a lot of simultaneous equations.

1.10.1.2 Bioengineering 
1.10.1.2.1 BioE 100 – Ethics in Science and Engineering

* Overview: This course covers the ethics requirement and serves as a core in any of the options  

* Be prepared for: An official textbook is still in the works, so right now it still used a fairly large reader with quite a bit of reading.  However, this is not a typical engineering classes, and uses much more critical thinking about situations rather than mathematical analysis.  

1.10.1.2.2 BioE 115 – Cell Biology Laboratory for Engineers 

* Overview: This class consists of 1 2-hour lecture (once a week) and a 5-hour lab.  This covers most of the practical lab techniques that are common in many biotech companies.  

* Be prepared for: Some labs take longer than others.  Currently the labs take place at the Richmond Field Station (so you have to take into account getting there and back); however, once Stanley Hall is complete, it may be moved.  Classes are small (about 30 people total), so be sure to sign up for this class during Phase 1.  
1.10.1.2.3 BioE 153 – Principles of Bioengineering 

*Overview: This class gives a general overview of the various different cores within Bioengineering (Biomechanics, Computational, Tissue Engineering, Imaging etc.).  

*Be prepared for: This is a general overview of the different aspects of bioengineering; don’t expect to go too far in depth more to broaden your grasp on multiple concepts.  A textbook for this class has not been established yet either, so it is important to go to lecture.  
1.10.1.3 Chemical Engineering  
1.10.1.3.1 ChemE 140

1.10.1.3.2 ChemE 141
1.10.1.3.3 ChemE 142
1.10.1.3.4 ChemE 150A 

1.10.1.3.5 ChemE 150B 
1.10.1.3.6 ChemE 154
1.10.1.3.7 ChemE 157 
1.10.1.3.8 ChemE 160
1.10.1.3.9 ChemE 162
1.10.1.3.10 ChemE 185

1.10.1.4 Civil and Environmental Engineering  

1.10.1.5 Electrical Engineering and Computer Science 

1.10.1.5.1 EE20N – Structure and Interpretation of Signals and Systems

* Overview: This course provides an introduction to methods used to model communication systems. This class is a prerequisite for the EE 120 series. 

* Be prepared for: The labs are very interesting but they sometimes take longer the three hour lab period. The labs and some of the homework use MatLab but the class contains no lectures on MatLab.  Even though you believe that the state machine diagrams are useless, they are very useful in EECS 150.

1.10.1.5.2 EE40 – Introduction to Microelectronic Circuits

* Overview: This course teaches the fundamentals of electrical engineering. The labs provide hands on experience on electronic equipment including oscilloscopes and digital multimeters. This course is a prerequisite for all electrical engineering except EE 120 series. Students should take EE 40 over EE 100 if they have any interest in MEMS, electronics, or robotics because you will learn more. Note: EE40 is required for EECS students.

* Be prepared for: The quality and syllabus depends heavily on who is teaching the course.

1.10.1.5.3 EE105 – Microelectronic Devices and Circuits

* Overview: The topics include the characteristics and basic physics of MOSFETs and BJTs. You also learn some basic small signal and transient analysis. The labs are very interesting.

* Be prepared for: The lab reports take 3-4 hours to write. The tests are usually very hard so you should definitely review tests from previous semesters. 

1.10.1.5.4 EE120 – Signals and Systems

* Overview: The topics include Fourier transforms, Fourier series, discrete Fourier transforms, and LaPlace transforms. You will learn basic modulation techniques including amplitude modulation and frequency modulation.

* Be prepared for: This class is math intensive. The tests are extremely hard. The homework usually requires MatLab and can be very long.

1.10.1.5.5 EE126 – Probability and Random Processes

* Overview: The course teaches probability and random processes. The topics include detection and hypothesis testing estimations, auto correlation, and Markov chains.

* Be prepared for: The homework is very long and difficult. You need to do the readings. Finally, the tests are very difficult. You should do the problems at the end of the chapter and study previous semester’s midterms.

1.10.1.5.6 EE130 – Integrated Circuit Devices

* Overview: The topics include physical understanding of the pn junction, MOS transistor and bipolar transistors. You will also learn how to analyze and design semiconductor devices.

* Be prepared for: The can be long. Some professors use a 5-quiz and final format.

1.10.1.5.7 EE140 – Linear Integrated Circuits

* Overview: The topics include amplifiers, feedback, transient response, stability, and compensation.

* Be prepared for: This class has three projects that involve detailed spice simulation. This class moves quickly so do not miss any lectures.

1.10.1.5.8 EE141 – Introduction to Digital Integrated Circuits

* Overview: This course is an introduction to digital integrated circuits. The topics include propagation delay, noise margins, and power dissipation. You will learn how to design and simulate courses with cadence. 

* Be prepared for: The project is usually long. The tests can be very difficult.

1.10.1.5.9 EE143 – Microfabrication Technology

* Overview: This class teaches the fundamentals of IC technologies and surface micromachine technology. In the lab, you will make a chip using a basic CMOS process. You will also learn how to characterize the chip.

* Be prepared for: The labs can occasionally go over the three hour time limit. The lab reports require a lot of work and are very long. This class requires a lot of memorization.

1.10.1.5.10 EECS150 – Digital Design

* Overview: This course teaches you how to design the digital projects. 

* Be prepared for: The project is very long (100+ hours). The material is easier than most EECS courses.

1.10.1.6 Engineering Science
1.10.1.7 Industrial Engineering and Operations Research

1.10.1.8 Materials Science and Engineering

1.10.1.9 Mechanical Engineering  

1.10.1.9.1 ME104 – Engineering Mechanics II

* Overview: Dynamics in 2-D, along with lots of kinematics too. This is the meat of mechanical engineers. 

* Be prepared for: You will need some grasp of MATLAB in this class as many problems are done on computer. You'll also be better off with vector math (math 53) and obviously E36 and physics 7A. It’s all pretty basic material. 

1.10.1.9.2 ME105 – Thermodynamics

* Overview: Basic engineering analysis of thermodynamics. This covers general stuff about how to extract work from working fluids. How engines, generators, mixing chambers and cooling systems work. 

* Be prepared for: There's lots of calculations here, but mathematically it’s limited to addition and multiplication. Pay attention early on, because a good grasp of the basics lets you figure out the rest of the course. It usually seems pretty straight-forward, but professors have been known to throw curveballs in exams.

1.10.1.9.3 ME106 – Fluid Mechanics

* Overview: Introduction to the physics of fluids from a fairly elementary perspective. The focus is less on the theory of fluids and more on learning how to do useful engineering calculations for problems involving fluids. You will redo in greater depth topics covered in Physics 7A, such as fluid statics and the Bernoulli equation, and then go into topics such as pipe flow, Navier-Stokes equations, and compressible flow.

* Be prepared for: Some in the math in solving the Navier-Stokes equations can be hard if you don't have experience with partial differential equations, but it is fine once you get the hang of it. 

1.10.1.9.4 ME107A - Experimentation and Measurement 

* Overview: Lab class. The lectures only extend 3/4s of the way through the semester and stop after that. The lab reports are long and can be hard, however. The class works in groups of 3-4 on the labs, and the whole group shares the lab grade (55% of total). Minimal homework if you don't count the lab reports.

* Be prepared for: The theoretical material is ridiculously hard. However, this class doesn't require understanding of theory – merely application. Think of it as “stuff you should know” that didn't fit anywhere else and got lumped together into this one class. The lab reports should be started early, since they make up so much of the overall grade. Be careful with group choices, because a bad group may mean you get to do all the work, or end up with a bad grade because your group mates let you down. It happens every year, and the department's stand is usually hands-off (don't expect to be able to switch groups mid-semester).
1.10.1.9.5 ME124 – Mechanical Behavior of Engineering Materials 

*Overview: Why things break. Stress and failure analysis.

* Be prepared for: Nasty theory. There's an introduction to things like the stress tensor and deformation gradient. Depending on who you get there may be a significant computational element. Thankfully, it seems okay if you don't get all the theory – application's much more important.

1.10.1.9.6 ME185 – Continuum Mechanics

* Overview: This is only a basic/core class if you're a PhD candidate. It is tensor math and stress analysis all the way. Be warned that the textbook expressly states that the class is for final year math majors or graduate engineering students. 

* Be prepared for: The matrix/vector part of Math 54 is covered in the first two weeks or so, and is then extended to stress analysis, material properties and all sorts of mind boggling stuff. If it wasn't so useful for stress analysis and material properties, all of this material would be considered hardcore math major stuff – and that's basically what it is: vector and tensor math, including calculus. If you ever wondered what “stress” actually was in MEC124, look no further. The homework tend to end up being doing proofs that the professor didn't have time to complete in class.

1.10.1.10 Nuclear Engineering 

