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Case Western Reserve University
Electrical Engineering program

Dept. of Electrical Engineering and Computer Science


Electrical Engineering as a career

What is an engineer? An engineer is a professional person who conceives, designs, and develops the products and systems needed by our technological society. A four-year engineering degree prepares the engineer for entry-level positions which require conceptual design capability using scientific principals and mathematical tools. To prepare students for this, Case provides a broad general education throughout your four year stay. An emphasis on engineering design is provided throughout, but particularly in your senior year. Additional specialization and training must come from additional education; thus, the master's and doctor's degrees are valuable for many research and development positions. An electrical engineer may work in a wide spectrum of activities covering many fields. Some of these are energy conversion systems, process control systems, instrumentation and measurement systems, information processing, and aviation electronics. Engineers can also design specific devices ranging from a microprocessor integrated circuit to a cell phone. 

Educational Objectives

The Electrical Engineering program at CWRU offers the degrees of Bachelor of Science, Master of Science, and Doctor of Philosophy in Electrical Engineering.  Its goals are to enrich the undergraduate by exposing students to faculty who thrive on being excellent researchers. It believes that the only viable method of teaching students is to provide them with opportunities to work on industrial and research problems that are vital to our nation’s future.

Undergraduate Program

Electrical engineering is a highly diversified discipline encompassing a broad spectrum of activities ranging from large scale power systems to microelectronics. It provides a broad educational background which allows graduates to pursue a wide range of career paths in such areas as telephony, satellite communications, lasers and optics, computers, data communications, microprocessors, control,  robotics, antennas, integrated electronic circuits, and a  multitude of others. In view of the broad scope of the field, a modern program in electrical engineering must be built  on a solid base of fundamentals. 
The computer is reshaping the electrical engineer just as much as it is reshaping modern society. Electrical engineers design computers, interface computers to real-world equipment, and write applications software. In general, there is more emphasis on applications in electrical engineering than in computer engineering.  Interdisciplinary fields such as robotics, automation and computer-aided design have their roots in electrical engineering.

What Our Students Do After Graduation

 The numbers vary from year to year, but about 60% of our graduates go into industry immediately after graduation.  Approximately half of these students secure jobs within Ohio. Case graduates have a national reputation: Texas, Colorado, Illinois, California and Florida are some of the more popular states which attract our graduates. The "hands-on" laboratories Case provides as well as our CO-OP program make Case students especially attractive to industrial employers such as Motorla, Hewlett-Packard, Intel and General Electric.  Recent graduates have taken positions designing interactive multimedia systems, biomedical electronics, telecommunications systems, and industrial controls.  Some of our more visible graduates have worked on the design of the Intel 80x86 processor line and Motorola's cellular phones; others have opted for management and are managers and vice-presidents of major corporations. Approximately 20% of our students go directly on to graduate school in engineering and related fields with M.I.T., Stanford, Michigan and C.W.R.U. being the most popular. A significant number (typically about 20%) of our graduates go on to professional schools with law and management being the most popular. 

Special Features of the EE Program

The electrical engineering curriculum provides a very broad educational background with emphasis in digital and analog electronics, computer hardware and software, solid state electronics, systems and control, and electromagnetics.  Three technical electives and three open electives allow you to pursue advanced interests in these fields or pursue interdisciplinary interests.  Some of the interests you may pursue include automation, biomedical instrumentation, communications, control, computer-aided design, digital systems, electronic circuits, engineering management, intelligent systems, micromachines, power systems, robotics, and solid-state.  Programs in other areas can be developed in consultation with your advisor to reflect your interests. 
 A senior project allows you, in conjunction with a faculty member, to design, construct, and test a significant engineering device or system, or to carry out an appropriate research project.  This is one of the most unique features of the Case EE program.  Students have undertaken projects ranging from a voice-controlled remote control for a home stereo to the development of a computer controlled leg for a robotic cockroach.

Qualified majors may participate in the Integrated Graduate Studies program leading to the B.S. and M.S. in five years.  Admission to this program is competitive and the student typically applies in the junior year.  The program provides tuition support and a living stipend in the fifth year of study.

Co-op

An industrial cooperative program is available.  The typical co-op student will spend two six-month periods in industry gaining professional experience. 
Who's Doing the Teaching

	Michael Branicky (Ph.D., M.I.T.)

M. Cenk Cavosoglu (Ph.D., Berkeley)

Steve Garverick, Ph.D. (M.I.T.)

Dov Hazony, Ph.D. (U.C.L.A.)

Wen Ko, Ph.D. (C.W.R.U.), emeritus

Frank Merat, Ph.D. (C.W.R.U.)

Mehran Mehregany, Ph.D. (M.I.T.)


	1. Wyatt Newman, Ph.D. (M.I.T.)
Steve Phillips, Ph.D. (Stanford)

2. Yoh-Han Pao, Ph.D. (Pennsylvanis State University), emeritus

Massood Tabib-Azar, Ph.D. (Renssalear Polytechnic Institute)

Darrin Young (Ph.D., Berkeley)


The Resources
The electrical engineering department, with the cooperation of the government and industry, has extensive laboratory facilities for "hands-on" undergraduate education.  The NT and UNIX Labs (supported by Microsoft) provides UNIX workstations and PCs for software courses.  A circuits laboratory (supported by Hewlett Packard) provides oscilloscopes, generators, and meters for the sophomore through senior level electronics courses.  Semiconductor parameter analyzers and logic analyzers are used in more advanced undergraduate courses.  Innovative, specialized laboratories for undergraduate solid state and electromechanical courses have been funded by the National Science Foundation. Access to these resources is provided through CWRUnet.  Electronic security systems provide card access to these labs for unrestricted undergraduate use.

Further information:

3. Students wishing more information about the electrical engineering program are invited to contact Prof. Massood Tabib-Azar (mxt7@po.cwru.edu) at  216-368-6431. Some useful Web sites include

http://www.eecs.cwru.edu/  --- use for general department information

4. http://www.eecs.cwru.edu/admissions/UG_Admission_Info.php  --- information about students in the program

5. http://www.eecs.cwru.edu/ugprograms/ --- information about the ee curriculum, advising, etc.
SHOULD YOU BECOME AN ELECTRICAL ENGINEER?
First, what is an engineer? An engineer is a professional person who conceives, designs, and develops the products and systems needed by our technological society. A four-year engineering degree prepares the engineer for entry-level positions which require conceptual design capability using scientific principals and mathematical tools. Case provides an emphasis on engineering design is provided throughout, but particularly in your senior year. Additional specialization and training must come from additional education; thus, the master's and doctor's degrees are valuable for many research and development positions. An electrical engineer may work in a wide spectrum of activities covering many fields. Some of these are energy conversion systems, process control systems, instrumentation and measurement systems, information processing, and aviation electronics. Engineers can also design specific devices ranging from cell phones to robots. The following list describes some of the electrical engineering tasks one might eventually do. 

1.
Systems analysis and design - Analyze and design interconnection of components or processes to obtain a desired result.

2.
Engineering design and development - Design the physical form, material composition and operating characteristics of a specific electrical product. Conceive and experiment with new product ideas and designs. 

3.
Applications design and technical sales - Develop new technical products using established design processes and components. Select technical products or services to fit a particular user application or requirement. 

4.
Production and manufacturing - Select appropriate methods, materials, equipment, and test procedures to manufacture and produce safe, economical, high performance products and  services. 

5.
Field service and user training - Direct the initial setup, operation, and maintenance of advanced technical products at  the user's location. Train the customer to take over these functions. 

While you are performing the above job functions your job title might be one of the following:

Electrical engineer
Software engineer
Quality control engineer

Electronics engineer
Development engineer
Sales engineer

Computer engineer
Research engineer
Chief engineer

Design engineer
Systems design engineer
Test engineer

Project engineer
Field engineer
Engineering specialist

Even though the job title does not explicitly say electrical engineering in all cases, you will always be applying your electrical engineering knowledge to the solution of a particular  problem. One important aspect of modern electrical engineering is the inclusion of the computer technology. Some aspects of  the computer industry that come within the bounds of electrical  engineering in the Case program are:

1.
Microprocessors - the design of the tiny integrated circuits that are found in everything from video games to pocket calculators.

2.
Communications - time-shared computer systems and remote terminals are just one small aspect which may go so far as to use satellite microwave links to tie large super computers  together.

3.
Medical imagery - the application of signal processing to arrays of detectors to provide three-dimensional pictures of the human body. These include Computed Axial Tomography (CAT) and Magnetic Resonance Imaging (MRI) body scanning systems.

4.
Computer-aided design and computer-aided manufacturing - Computers are finding wide applications in helping the engineer with the design process.  Many new products are completely designed, built and tested   only within the computer's memory.  Then these designs are used to create products.  The process may involve a team of differently trained engineers and on the team you will likely find an electrical engineer. 

5.
Industrial control - computers continuously monitor the manufacturing of glass, paper, steel and chemicals to improve energy efficiency, productivity, and product quality.

6.
Robotics - this new area is the domain of electrical and mechanical engineers.  The electrical engineer will program a very fast ("real-time"), computer for control of the robot joints as well as working with various sensors and creating interface electronics which are needed  to add a  bit of "intelligence" to the robot.

Cutting Edge Research

One of the most unique features of the electrical engineering program is the student's ability to work with cutting edge research that transcends ordinary disciplinary boundaries.  One example of such a program is in microelectromechanical systems (MEMS).
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An interdisciplinary program in micromachining, micro-optics, microsensors, microactuators, and microsystems.

Microelectromechanical Systems (MEMS) work at Case is an interdisciplinary effort comprising faculty, staff, visiting scholars, and students from electrical, mechanical, civil, and chemical engineering as well as materials science.  MEMS can consist of mechanical microstructures, microsensors, microactuators, and electronics integrated in the same envi​ronment (e.g., on a silicon chip).  In general, MEMS provides a technology for gathering information from the environment and in turn manipulating the environment for some desired goal. The sensors (which can be physical, chemical, and biological) gather the information, the on-board electronics process the information and the command signals, and the actuators provide the desired action. Such a capability, when further combined with the computational ability of IC electronics, provides a means for meeting the technological needs of our information-driven society. As a result, MEMS has the potential to evolve into an entirely new industry by the turn of the century.  Undergraduate students have collected and analyzed data from experiments, designed electronics to drive these devices, and designed experiments and devices to help develop this new technology.

Cutting Edge Engineering
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EEAP PROGRAM UNDERGRADUATE CURRICULUM

	FALL SEMESTER
	SPRING SEMESTER


	FRESHMAN YEAR

	

	
HM/SS Elective
3-0-3

CHEM 111
Chemistry I
4-0-4

MATH 121
Calculus I
4-0-4

ENGR 131
C++ Programming
3-0-3

ENGL 150
Expository Writing
3-0-3

PHED 101
Physical Education
0-3-0
	
Open Elective1
3-0-3

ENGR 145
Chemistry of Materials
4-0-4

PHYS 121
Physics I: Mechanics2
4-0-4

MATH 122
Calculus II
4-0-4

PHED 102
Physical Education
0-3-0


	 
 
17-3-17
	
 
15-3-15


	SOPHOMORE YEAR

	

	PHYS 122
Physics II: Electricity & Magnetism
4-0-4

MATH 223
Calculus III
3-0-3

ENGR 210
Circuits and Instrumentation
3-2-4

ECES 281
Computer Organization
3-2-4
	
HM/SS Sequence I
3-0-3

ENGR 225
Fluid & Thermodynamics
4-0-4

MATH 224
Differential Equations
3-0-3

EEAP 245
Electronic Circuits
3-2-4

EEAP 309
Electromagnetic Fields I
3-0-3


	
 
13-4-15
	
 
16-2-17


	JUNIOR YEAR

	

	
HM/SS Sequence II
3-0-3

ENGR 200
Statics &Strength of Materials
3-0-3

EEAP 246
Signals and Systems
3-2-4

STAT 332
Statistics of Signal Processing3
3-0-3


Approved Tech. Elective4
3-0-3
	
HM/SS Sequence III
3-0-3

EEAP 321
Semiconductor Elect.Devices
3-2-4


Approved Tech. Elective4
3-0-3


Applied Statistics Req.5
3-0-3


Approved Tech. Elective4
3-0-3


	
 
15-2-16
	
 
15-2-16


	SENIOR YEAR

	

	EEAP 398
Senior Project Lab I6
0-8-4

ENGL 318
Professional Communications
3-0-3


Open Elective
3-0-3


Approved Tech. Elective4
3-0-3


Approved Tech. Elective4
3-0-3
	
HM/SS Elective
3-0-3


HM/SS Elective
3-0-3

EEAP 399
Senior Project Lab II
0-8-4


Open Elective
3-0-3


Approved Tech. Elective4
3-0-3


	
 
12-8-16
	
 
12-8-16



GRADUATION REQUIREMENT:
128 hours total

1. Although not required students may elect to take ENGR 143 Principles and Applications of Engineering as their open elective in the freshman year.

2. Selected students may be invited to take PHYS 123, 124 in place of PHYS 121 and PHYS 122.

3. Students may replace this class with STAT 333 Uncertainty in Engineering and Science if approved by their advisor.

4. Technical electives will be chosen to fulfill the depth requirement and otherwise increase the student's understanding of electrical engineering.  Courses used to satisfy the depth requirement must come from the department's list of depth areas and related courses.  Technical electives not used to satisfy the depth requirement are more generally defined as any course related to the principles and practice of electrical engineering.  This includes all EEAP courses at the 200 level and above and can include courses from other programs.  All non-EEAP technical electives must be approved by the student's advisor.
5. This course must utilize statistics in electrical engineering applications and is typically EEAP 352 Digital Communications. Other courses possible with approval of advisor.

6. CO-OP students may obtain design credit for one semester of Senior Project Lab if their CO-OP assignment included significant design responsibility; however, the student is still responsible for such course obligations as reports, presentations and ethics assignments. Design credit and fulfillment of remaining course responsibilities are arranged through the senior project instructor.
7. BS/MS students may also utilize EEAP 398/399 to fulfill eight credits of M.S. thesis provided their thesis has adequate design content to meet the requirements of EEAP 398/399.  BS/MS students should see their thesis advisor for details.

JOBS IN ELECTRICAL ENGINEERING

Job prospects for graduates in Electrical Engineering are at their best ever.  Salaries are high and electrical engineers are HIGHLY sought after.  Many electrical engineering students receive signing bonuses! 

For the class of 1999:

Graduate school:
21.3%

Employed:
72.3%

Available
4.3%

Other
2.1%

For the class of 1998:

Graduate school:
13.0%

Employed:
77.8%

Available
5.5%

Other
3.7%

The following preliminary statistics for starting salaries of the Electrical Engineering class of 2000 were provided by the Career Planning and Placement office:

Degree
High
Low
Average

BSEE
$70,000
$36,665
$49,013

MSEE
$63,000
$50,000
$56,100

The following statistics for starting salaries of the Electrical Engineering class of 1998 were provided by the Career Planning and Placement office:

Degree
High
Low
Average

BSEE
$50,000
$32,000
$42,780

MSEE
$63,000
$45,000
$53,650

The following starting salary data is from the Office of Career Planning and Placement for the CWRU Class of 2000 (Preliminary data):

Bachelor's Degree
High
Low
Average
Offers Averaged

Biomedical Engineering
47,000
40,000
43,000
3

Chemical Engineering
58,850
45,000
50,025
19

Civil Engineering
47,000
35,000
39,603
5

Computer Engineering
54,600
40,000
48,772
17

Computer Science
100,000
28,800
53,480
11

Electrical Engineering
70,000
36,665
49,013
25

Macromolecular Science
*
*
*
0

Materials Science & Engr.
*
*
*
1

Mechanical Engineering
62,000
40,000
47,145
33

Systems & Control Engr.
53,000
46,000
49,200
11

The following starting salary data is from the Office of Career Planning and Placement for the CWRU Class of 1997 (as of 6/24/97):

Bachelor's Degree
High
Low
Average
Offers Averaged

Biomedical Engineering
42,500
33,000
37,632
4

Chemical Engineering
47,000
36,000
44,516
22

Civil Engineering
32,040
30,000
31,068
6

Computer Engineering
48,000
28,000
39,960
31

Computer Science
43,260
37,000
40,524
14

Electrical Engineering
50,000
32,000
41,172
22

Industrial Engineering
40,800
35,000
37,937
3

Macromolecular Science
 0
0
45,100
1

Materials Science & Engr.
42,720
38,500
40,536
6

Mechanical Engineering
48,000
30,000
38,808
36

Systems & Control Engr.
42,000
36,000
38,332
3

The top employers of all Case E.E. graduates (B.S. graduates in parentheses) over the period 1996-1998 are (in decreasing order):

Motorola
10 (8)

Intel
7 (4)

Rockwell Automation
7 (6)

Hewlett-Packard
5 (5)

Crystal Semiconductor
4 (0)

Advanced Micromachines
3 (2)

Andersen Consulting
3 (2)

General Electric
3 (2)

IBM
3 (2)

Boeing
2 (1)

DSC Communications
2 (2)

EMC Corporation
2 (1)

Ernst & Young
2 (2)

Keithley Instruments
2 (2)

Picker International
2 (2)
THE CO-OP PROGRAM

To help you evaluate the CO-OP program you should attend the various CO-OP meetings (sponsored by the Career Planning and Placement office) which explain the CO-OP program and bring previous CO-OP students in to discuss their experiences.

What does the student get out of the CO-OP program? The most obvious gain is the money earned from working for a company at real-world wages. Other less tangible benefits are more exposure to real world electrical engineering, enhancement of one's chances of getting a good job at graduation, and professional and social maturity. The benefits are there to be gained from the CO-OP experience if you want them. Your advisor can tell you the benefits you can derive from CO-OP but you must weigh the overall benefits for yourself. CO-OP is not for everyone, but everyone should look at whether CO-OP is for them. The biggest disadvantage is that it delays your graduation by one year. This is sometimes enough to offset all the advantages outlined above.

Case School of Engineering top CO-OP employers for 1998-1999:

Rockwell Automation - both Allen-Bradley and Reliance Electric

Intel

North American Manufacturing

LTV Steel

IBM

Keithley Instruments

General Electric

Picker International

Eaton

GM- Delphi Packard Electric

Bell & Howell

Clark Reliance

BP America

TTC

Foxboro

USS Kobe Steel

Swagelok

Ashland Chemical

Osborn Engineering

GENERAL NOTE 1:

There are some CO-OP scheduling problems intrinsic to the EEAP program. In particular, you must plan a program which properly schedules the junior year courses which are only offered once a year. 

The following required courses are only offered in the fall semester:

EEAP 246
Signals and Systems

STAT 332
Statistics of Signal Processing

The following required courses are only offered in the spring semester:

EEAP 321
Semiconductor Electronic Devices

GENERAL NOTE 2:

CO-OP students can usually get credit for the first semester of the senior project by submitting a report and giving an oral presentation on design work that they have done on their CO-OP assignment. See the senior project instructor for more detailed information on this option.

SUGGESTED EEAP UNDERGRADUATE CO-OP CURRICULUM

	FALL SEMESTER
	SPRING SEMESTER


	FRESHMAN YEAR

	

	
HM/SS Elective
3-0-3

CHEM 111
Chemistry I
4-0-4

MATH 121
Calculus I
4-0-4

ENGR 131
C++ Programming
3-0-3

ENGL 150
Expository Writing
3-0-3

PHED 101
Physical Education
0-3-0
	
Open Elective1
3-0-3

ENGR 145
Chemistry of Materials
4-0-4

PHYS 121
Physics I: Mechanics2
4-0-4

MATH 122
Calculus II
4-0-4

PHED 102
Physical Education
0-3-0


	 
 
17-3-17
	
 
15-3-15


	SOPHOMORE YEAR

	

	PHYS 122
Physics II: Electricity & Magnetism
4-0-4

MATH 223
Calculus III
3-0-3

ENGR 210
Circuits and Instrumentation
3-2-4

ECES 281
Computer Organization
3-2-4
	
HM/SS Sequence I
3-0-3

ENGR 225
Fluid & Thermodynamics
4-0-4

MATH 224
Differential Equations
3-0-3

EEAP 245
Electronic Circuits
3-2-4

EEAP 309
Electromagnetic Fields I
3-0-3


	
 
13-4-15
	
 
16-2-17


	CO-OP YEAR 1

	

	CO-OP SEMESTER #1
	
HM/SS Sequence II
3-0-3

ENGR 200
Statics &Strength of Materials
3-0-3

STAT 333
Uncertainty in Science & Engr3
3-0-3

EEAP 321
Semiconductor Elect.Devices
3-2-4


Approved Tech. Elective4
3-0-3


	
	
 
15-2-16


	CO-OP YEAR 2

	

	
HM/SS Sequence III
3-0-3

EEAP 246
Signals and Systems
3-2-4


Approved Tech. Elective4
3-0-3


Approved Tech. Elective4
3-0-3


Open Elective
3-0-3
	CO-OP SEMESTER #2


	
 
15-2-16
	


	SENIOR YEAR

	

	EEAP 398
Senior Project Lab I6
0-8-4

ENGL 318
Professional Communications
3-0-3


Open Elective
3-0-3


Approved Tech. Elective4
3-0-3


Approved Tech. Elective4
3-0-3
	
HM/SS Elective
3-0-3


HM/SS Elective
3-0-3

EEAP 399
Senior Project Lab II
0-8-4


Applied Statistics Req.5
3-0-3


Approved Tech. Elective4
3-0-3


	
 
12-8-16
	
 
12-8-16



GRADUATION REQUIREMENT:
128 hours total

6. Although not required students may elect to take ENGR 143 Principles and Applications of Engineering as their open elective in the freshman year.

7. Selected students may be invited to take PHYS 123, 124 in place of PHYS 121 and PHYS 122.

8. CO-OP Students may take STAT 333 Uncertainty in Engineering and Science if approved by their advisor.

9. The student will choose technical electives for purposes of satisfying the EEAP Program Depth requirement.  Department approval for out of department technical electives must be obtained from the student’s advisor.  CO-OP students may shift the scheduling of technical and open electives to meet their degree requirements.

10. This course must utilize statistics in electrical engineering applications and is typically taken as EEAP 352 Digital Communications. EEAP 351 Communications Systems and EEAP 355 Wireless Communications are Fall courses which meet this requirement.  Other courses are possible with approval of advisor and department.





