
elective series. Finally, issues of noise could be presented in the introductory course in
Environmental Engineering. This is done at the junior level at the University of Central Florida.

A recent survey of the web sites of all 19 undergraduate environmental engineering programs
listed on the Air & Waste Management Association's web pagelO showed that only Cal Poly had
a required course in Noise Control. In fact, noise was not even mentioned in the course
descriptions of the introductory courses in environmental engineering at any of these institutions.
The authors recognize this may be misleading since many of the best introductory books on
environmental engineering do have chapters in noise and noise control. When asked, some
faculty involved with teaching these introductory courses indicated Noise is briefly covered.

In an effort to indicate how Noise can be effectively introduced into the Environmental
Engineering Curriculum at the undergraduate level, the authors describe the program at Cal Poly.
In addition, the undergraduate noise programs in Mechanical Engineering at Purdue and Penn
State are discussed. They provide different models for consideration.

Objective: Noise in the Undergraduate Curriculum

• Provide motivation and background so students can work effectively in noise and vibration
control.

CAL POLY
Cal Poly has offered an undergraduate program in Environmental Engineering since 1968. The
curriculum at Cal Poly includes the control of air and water pollution, industrial hygiene, noise
and vibration control, and solid and hazardous waste management. The program is accredited by
the Engineering Accreditation Commission of the Accreditation Board for Engineering and
Technology. The noise program at Cal Poly dates back to a course in noise and vibration control
taught in the college of engineering by Norman Sharp in 1945. Sharp's background was in
Physics and Air Conditioning and Refrigeration. His two-quarter course built on the basic
coverage of sound in Physics. It covered in detail the material in the ASHRAE Guide. For
example, subjects included the propagation of sound indoors and out, the engineering design
guidelines for acceptability such as the NC curves and the control of noise with silencers and
vibration isolation. In 1968, the undergraduate Environmental Engineering program was formed.
One of the authors (Cota) was asked to teach the class which became one of the key courses in
the curriculum.

Beranek's classic 'Noise Reduction' 11 served as the first text. Publications in the ASHRAE
Guide, the ASHRAE Journal and the Acoustical Society of America and later Sound and
Vibrations provided case studies to discuss in class an on which to develop homework and
exams.

In the early 1970s a set of notes were developed that became the text. It was edited from original
contributions, and many preprints from the published literature, which were kindly made
available thought the permission of the respective authors and publishers. In addition old exam

12problems were placed at the back of the book and served as homework.
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In the late 1970's books by Yeagers 13
, Irvin14 and Lord l5 were published and were used as class

texts.

In an effort to improve the course and give the students more hands on experience, it was decided
to convert a 3-unit lecture course to a 2-unit lecture 1 unit lab format and a 3-hour laboratory.
The lecture is held twice a week for '1 hour and the lab is held once a week for three hours.

The objectives of the current class included:

1. Introduce students to the sources of noise and the noise issues environmental engineers face.

2. Cover topics such as:

• measurement of sound
• the mechanism of hearing
• the threshold of hearing
• damage risk criteria
• masking
• propagation of sound outdoors
• propagation of sound indoors in large and small rooms
• various comfort criteria such as the loudness, Loudness Level, Speech Interference Level,

and the NC curves
• concepts of noise control including TL, noise reduction and insertion loss of barriers
• the design of silencers in fluid systems; vibration isolation and damping

Table 1 outlines topics covered in the required course in Noise Control.

3. Require students to review the literature and develop models and evaluate current models.

4. Demonstrate how to organize and carry out field studies and analyze the results and prepare
reports.

5. Require the use of spreadsheets in engineering analysis. Some examples of spreadsheets
developed by individual students over the years appear in the Appendix A.

The laboratory portion of this class is outlined in Table 2. This laboratory created a much more
valuable and interesting class for the students.

In addition to the lecture-lab course described above students have other opportunities to explore
the subject. Summer work and intern experience is available. Students can assist faculty in
projects and consulting. Cal Poly also requires a senior project (undergraduate thesis) which
provides motivation for students to become experienced in a particular field. For senior projects
relating to noise, students have developed or worked with models of highway and airport noise,
silencer design and various industrial noise problems.
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Related courses are sometimes available in other departments at Cal Poly. For example, acoustics
is taught in Physics, room acoustics is addressed in Architecture and vibrations is covered in
Mechanical Engineering.

Students graduating from the Cal Poly program have worked in noise consulting firms, worked
as the plant environmental engineer and in industry where industrial noise was an issue, and
worked as an environmental safety and health engineer.

PURDUE
The noise control engineering program at Purdue is included within the curriculum of the School
of Mechanical Engineering. Related programs exist in acoustics, audiology, and electo-acoustics.
The noise control program evolved from a research program in the early 1970's. At the
undergraduate level two courses are offered in the senior year to develop the skills needed by a
noise control engineer based on the fundamentals that all mechanical engineering students have.
In addition, students may take graduate course work which is open to them and includes a
research component.

Students graduating from these programs with a background in noise and vibration control are
good entry level employees in the industrial noise laboratories and as specialists for design
functions within a company.

Dr. R. J. Bernhard points out that engineers are now often part of a design team rather than
specialists. More engineers and industrial employees are involved with noise control problems
and would benefit by appropriate training.16

PENN STA TE
The Mechanical Engineering Department at Penn State allows senior to select a technical option
in Noise Control consisting of courses in vibrations, noise control and acoustics.

RUTGERS UNIVERSITY
Another part ofthe evolution ofNoise in environmental programs at the undergraduate level is
the work of Ray Manganelli at Rutgers. He helped establish the Rutgers Noise Technical
Assistance Center in 1965. Today it is the only remaining Center originally contracted with
EPA's Office ofNoise Abatement and Control. All other regional centers closed in the early
1980's on ONAC's closure. Eric Zwerling operates the center and offers an undergraduate course
in Occupational and Community Noise to students in the environmental science program.

There may be reluctance to deal with the subject of noise control in Environmental Engineering
Programs at some Universities. This may be due to lack oftime, the fact the faculty have not had
experience with the subject or it is perceived to be of little importance to the student. The authors
believe that Noise is an extremely important environmental problem and merits coverage in all
environmental engineering programs. Unless the course that contains the material is required few
students pursue the subject.
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One of the authors originally graduated from Cal Poly, San Luis Obispo with a BS in
Environmental Engineering. When applying for an entry-level job in the noise and vibration
field, this author was the only candidate with any introductory noise experience. In fact, the
company simply looked for entry-level engineers who they could train in acoustics since they so
rarely found any applicants with noise experience. Undergraduate Environmental Engineering
programs must provide noise control courses because companies need this expertise.

The programs at Cal Poly, Purdue, Penn State, Rutgers and the University of Central Florida
provide different models of introducing Noise related issues to undergraduate students. These
could be introduced into any environmental engineering program. Summarizing, ways to
introduce Noise Control in undergraduate Environmental Engineering include:

• PART OF REQUIRED CLASS

• REQUIRED CLASS

• OPTIONAL TECHNICAL SPECIALITY

• OPTIONAL ABILITY TO TAKE ONE OR TWO GRADUATE LEVEL CLASSES

CONCLUSION

It is clear that the technological developments in the late 1990's will not only change the nature
of the sources under investigation but also continue to influence the techniques applied in
research on noise and its effects on the work on the realization ofprimary standards. 17

Over many years an undergraduate course in Noise Control has remained in place to provide all
Environmental Engineering Undergraduates experience with this important Environmental
Problem. We find that most engineers and many environmental engineers have no experience
with this problem and the engineering remedies. We find that noise issues are increasingly
important and the profession must serve the public and industry in this area. Noise problems
involve economics, public health, and environmental health and safety.

RECOMMENDATIONS

AT LEAST ONE REQUIRED CLASS IN NOISE AT UNDERGRADUATE LEVEL

• Offer internships and summer work

- students hired by consulting firms

- summer work--survey, hearing conservation, field study

• Senior Projects, Thesis, Special Projects

- as an extension of summer work
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- community noise

- computer models
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APPENDIX

Spreadsheet Programs

• Calculating Sound Levels, Sound Pressure Levels and Spectrum Levels

AWTLEVELSXLS, BACKGRND.XLS, SPECANAL.XLS

• Hearing Thresholds

ARTHS.XLS

• Noise Induced Threshold Shift

NIPTSXLS

• Calculating 1.,00 and CNEL's

COMUJ'JITYXLS, ANNOYLDNXLS

• Transmission Loss of Composite Walls

NR TL.XLS

• NC curves

NC.XLS, PNC.XLS

• Loudness and Loudness Levels

SONEPHONXLS, LOUDXLS

• Insertion Loss of Barriers

BARRIERl.XLS, BARRIER2XLS
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