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Abstract

Acoustics is becoming a very popular choice for mechanical engineering undergraduate students due to increasing awareness of environmental, community, traffic and building noise. A fundamental course in acoustics and noise is offered to final year Bachelor of Mechanical Engineering students at the University of New South Wales in Sydney, Australia. The aims of the lecturer of this course are to (i) provide awareness of noise and its generation to final year students who will soon be practicing engineers in industry; and (ii) instill an interest in the field of acoustics to students in an attempt to encourage them to undertake postgraduate research in acoustics or consider a career as an acoustic consultant. Further aims of the lecturer are to (iii) provide practical hands-on experience with use of relevant instrumentation in laboratory classes, and (iv) develop students’ written communication and research skills. These aims were achieved with the delivery of appropriate lecture material, a range of assessment activities, and presentations to the students by invited industry acoustic consultants, all of which are described in this paper.
1.
Introduction
There is an increasing number of papers on education in acoustics ranging from description of materials used to reinforce acoustical concepts in class (Celmer, 2011), the description of laboratory exercises implemented in acoustics courses (Garrett, 2011; Glean et al. 2011), and online courses in acoustics (Burroughs, 2003). Whilst acoustics is taught at only a handful of universities in Australia, it is a very popular choice due to increasing awareness of environmental, community, traffic and building noise. The Bachelor of Mechanical Engineering at the University of New South Wales in Australia is a four year degree program. In their final year, students can choose from a range of technical elective courses, one of those being in acoustics. The acoustics course titled MECH9325 Fundamentals of Noise can also be taken as a postgraduate course as part of a Masters by Coursework degree. The course covers fundamental topics in acoustics, noise, noise measurement and noise control. This paper outlines the topics covered in the course, the variety of assessment activities conducted by the students and the use of invited industry guest speakers, all of which contribute to maximizing student knowledge, interest and performance in the course.

The content of this paper is as follows. Section 2 briefly outlines the course content which is presented in 10 units. The assessment activities for the course are described in section 3. A range of activities are conducted by the students which include assignments, tests, laboratory exercises, a literature review essay and a literature review presentation. The use of industry guest speakers is described in section 4. In section 5, student feedback and statistics on student satisfaction with the course are presented.
2.
Course content
Topics covered by this course are separated into ten units. A range of texts in acoustics were used to develop the lecture material (Morse and Ingard, 1987; Smith et al., 1996). Within each unit, non-assessed tutorial exercises are provided to reinforce the lecture material. A summary of the content within each unit is presented in Table 1.
Table 1: Course content for MECH9325 Fundamentals of Noise.

	Unit 1
	Introduction to acoustics: noise and sound, pure tones, decibel scales, frequency analysis, loudness of sound, weighting networks

	Unit 2
	One dimensional plane acoustic waves: acoustic wave equation, general solutions to the wave equation, standing waves, acoustic energy density, acoustic intensity, acoustic power, specific acoustic impedance, characteristic impedance

	Unit 3
	Measurement and analysis of sound pressures: sound level meters, condenser microphones, calibrators

	Unit 4
	Frequency analysis: root mean square values of pure tones and complex sound signals, frequency bands, constant proportion bandwidth frequency bands, octave and one-third octave frequency bands, descriptors for time varying noise levels, equivalent continuous sound pressure levels, sound exposure levels, percentile exceeded sound level

	Unit 5
	Effects of noise on people: the human ear, loudness of sound, weighted sound levels, masking, sound rating, hearing loss, hearing protection, sound level conversion, the performance of ear muffs

	Unit 6
	Sound sources, sound fields, semi-reverberant field techniques, sound in large spaces, absorption, reverberation time, sound power determination

	Unit 7
	Applications of the wave equation: transmission between media, transmission through a wall, mass law

	Unit 8
	Noise control measures: noise transmission paths, barriers, enclosures, mufflers, side branches, perforated panels, porous material. Noise control parameters: transmission loss, insertion loss, noise reduction index. Transmission in pipes: transmission of sound in reactive mufflers, transmission past a side branch

	Unit 9
	Absorption at a surface, normal incidence specific acoustic impedance, sound absorption coefficient, standing wave tube apparatus

	Unit 10
	Helmholtz resonators, perforated plates


3.
Course assessment
The assessments for the course and corresponding weighting are presented in Table 2. The assessments corresponding to the laboratory exercises, literature review essay and presentation, and the final examination are described in more detail here.
Table 2:  Range of assessment activities and corresponding weighting for each activity.

	Assessment
	% Weighting

	Assignment
	5

	Laboratory exercises (x2)
	20

	Test
	10

	Literature review essay
	10

	Literature review presentation
	5

	Final examination
	50

	Total
	100


3.1
Laboratory exercises 
Two out of three available laboratory exercises are conducted by the students, with the presence of an instructor. The title and a brief description of three laboratory exercises which are regularly used in the course are as follows.

Laboratory 1: Descriptors for time varying noise levels

The aim of this experiment is to introduce the appropriate instrumentation to measure statistical descriptors of sound. The descriptors for time varying noise levels considered here are the A-weighted equivalent continuous sound pressure level, the A-weighted sound exposure level, and the percentile exceeded sound level. The first type of noise is traffic noise which has been recorded for a period of around 15 minutes. The second type of noise is a white noise signal generated by the power amplifier and generator unit. The A-weighted equivalent continuous sound pressure level, the sound level exceeded for 10% of the time and the sound level exceeded for 90% of the time of both noises should be measured. The A-weighted sound exposure level of two events of the traffic noise recording should also be determined. In addition, the A-weighted sound exposure level of a short interval of the broadband noise should be measured. Students are required to submit a written report on the laboratory exercise and comments on the results.

Laboratory 2: Measurement of sound power levels by the direct and the comparison methods

The aim of this experiment is to measure the sound power levels of an electric drill using two different methods – the direct method and the comparison method. This laboratory exercise involves taking measurements of sound pressure level and reverberation time in accordance with the procedure outlined in Australian Standards AS1217.5 (AS1217.5, 1985) and AS1045 (AS1045, 1988). The drill is located on a hard surface in a semi-reverberant field. Corrections for reverberation effects and background noise are required. Measurements are to be made in each octave band. Using the direct method, the drill should be located on the floor and octave band sound pressure level measurements should be made at ten locations on an enclosing hemispherical surface of radius 1m. The locations are specified in Table B2 and Figure B1 of AS1217.5 (AS1217.5, 1985). The average measured surface sound pressure level can be determined for each octave band. The environment correction factor must then be subtracted from the average measured surface sound pressure level to correct for the fact that the space is not a true free field but is reverberant. In a written report, students are instructed to compare the A-weighted sound power levels in each octave band and the total sound power level for the drill using both the direct and the comparison methods.
Laboratory 3: Measurement of reverberation time and calculation of absorption coefficients

The aim of this experiment is to calculate the absorption coefficient of material typically used in noise control applications. Experiments were conducted in a reverberation room. Students are instructed to follow the procedure outlined in AS1045 (AS1045, 1988). The empty reverberation room is excited with a stationary broadband noise, which is suddenly stopped. The reverberation time is measured in octave bands. Sound absorption material is then introduced into the room and the measurements repeated as before. By measuring the room absorption coefficients with and without the sound absorption material, the absorption coefficient of the material alone can be calculated. Students are required to submit a written report on the laboratory exercise and provide a graph of absorption coefficient versus octave band frequency for the material.

3.2
Literature review essay and presentation
In an attempt to develop and improve students’ research and written communication skills, as well as foster independent student learning, a literature review essay was introduced into the course for the first time in 2009. For their literature review, students were instructed to choose a topic in the field of acoustics, noise, vibration and its control. The format for the essay is around 15 pages, typed and single sided. The list of references may include books, journal papers, conference papers and websites (limited number only). A wide range of topics are chosen by the students and some are listed as follows: bioacoustics, sound absorbing materials, wind turbine noise, hearing aids, musical acoustics, active noise control, active vibration control, architectural and building acoustics, measurement techniques and sensors, vehicle noise, vibration and harshness, speech intelligibility and speech recognition, room and concert hall acoustics, aeroacoustics and aviation noise, road traffic noise, tyre noise, human response to noise and vibration, smart structures, community and environmental noise, noise mapping of cities, audio engineering, and underwater acoustics. Short presentations of five minutes to the entire class were given by each student on their chosen topic. The students participated enthusiastically in the literature review presentations, which were introduced in 2010. The literature review presentations allowed the students to develop their oral communication skills, as well as provide an opportunity for the entire class to learn about a diverse range of topics in acoustics, noise and control.

3.3
Formal examination
The final examination is a 3 hour formal exam. It is open book and hence students are allowed to bring lecture notes and other course material to the exam. The final examination typically consists of five questions, where each question has equal weighting. Students must answer all questions. Questions cover all topics in Units 1 to 10 and are related to both acoustics and noise (including noise measurement and noise control).

4.
Industry guest speakers
Four industry guest speakers from acoustic consulting companies based in Sydney have been giving a 40 minute presentation in the course on an annual basis since 2006. The guest speakers also provide employment opportunities for students. The acoustic consultants described a range of noise projects they have been involved with, ranging from small scale projects such as attenuation of noise from an aged care facility, to large scale projects such as design of the acoustic interior performance of a new green building, environmental assessment of a new coal mine, and design and installation of industrial silencers. The presentations by the industry guest speakers are the most enjoyable aspects of the course for most students, as reflected in their feedback comments in the proceeding section.

5.
Student surveys
The formal student evaluation instrument of the University of New South Wales is the Course and Teaching Evaluation and Improvement (CATEI) survey. Students are required to answer 10 questions from which their responses are divided into the following five categories - Strongly Agree (SA), Agree (A), Neither Agree or Disagree, Disagree (D) and Strongly Disagree (SD). Table 3 presents the student responses for the categories Strongly Agree and Agree (SA+A) for the acoustics course, as well as the average for that year for both the School of Mechanical and Manufacturing Engineering and the Faculty of Engineering at the University of New South Wales. In a CATEI survey, students are also given the opportunity to provide comments on what they like about the course and how the course can be improved. 
Table 3: Student satisfaction rating for the (i) MECH9325 acoustics course, (ii) School of Mechanical and Manufacturing Engineering and (iii) Faculty of Engineering.
	Year
	No. of enrolled students
	MECH9325 Course

Strongly Agree + Agree (SA+A)% 
	School Average (SA+A)%
	Faculty Average (SA+A)%

	2010
	64
	100
	83
	85

	2009
	62
	100
	86
	87

	2008
	64
	96
	89
	87

	2007
	67
	99
	84
	81


Selected student feedback comments from the CATEI surveys for the MECH9325 Fundamentals of Noise course are quoted in what follows.
2007

· I really enjoyed every aspect of this course. The practicals were interesting. The guest lecturers were really interesting, and have encouraged me towards a career in noise control.

2008

· Fundamentals of Noise was one of the most enjoyable subjects I have undertaken. The guest lecturers added a real element to the class where we could see what we were learning directly correlating into the field.

· Very clear understanding of course and its application to the real world engineering with speakers from the industry. Furthermore, it generates interest among students in this field (noise).

· The assessment methods were well suited to the course material and kept me up to date. Guest lecturers/speakers were very worthwhile in showing the practically applications of the learned theory.

2009

· The lecture notes were very comprehensive. Teaching, lab and tutorials were all well integrated. Industry representatives were all very interesting.

2010

· Industry representatives speaking to class about real life projects and offering career guidance and advice.

· The spread of assessments and the variety of presentations, practical assignments and exams.

· The literature review essay gave me experience on referencing properly. It was a new experience to read articles (although I must say, the articles were tough to read and most parts just flew over my head). 

Conclusions
The lecturer of the acoustics course in mechanical engineering at the University of New South Wales (and author of this paper) aims to provide an enjoyable and stimulating course for students, through well developed lecture notes, a range of assessment activities and invited guest speakers from industry. The variety of assessment corresponds to an assignment, a test, practical hands-on use of instrumentation in a range of laboratory exercises, and a literature review essay and presentation, all with the aim to reinforce the fundamental concepts of the lecture material and expose students to solving real world examples. The various assessments were delivered at a well-paced rate, so as not to overload students. By the end of the course, the majority of students had developed a clear understanding of the fundamentals of acoustics and noise and its practice in industry. The various activities and assessments were shown to have a positive impact on motivation and participation of students. The student satisfaction rating of the course and feedback comments from the format student survey showed that the students were very receptive to the teaching approach and activities in the acoustics course.
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