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Abstract

We report on a pilot project to employ the World Wide Web (WWW) as an
integral part of teaching Quantum Mechanics at the fourth year honours level.
Although the project is still very much under development, we have learnt a
number of valuable lessons about how the WWW can be used as a teaching
resource and the difficulties encountered in doing so.

1. Introduction

All fourth year physics honours students at Melbourne University are required
to take two concurrent courses in Quantum Mechanics (QM) during the initial
six weeks of their enrolment. This paper reports on an attempt to use the
WWW as a resource in teaching one of these courses. Typical enrolment for
the course is about 25 students and the lectures are delivered at the rate of 4
per week plus 2 tutorials over a 6 week period.

The aims of the project are to use the WWW to;

• provide students with electronic access to lecture notes, worked examples, as-
signments and alike, in such a way as to exploit the multiply connected structure
of the WWW,

• give students access to valuable physics related material that is already avail-
able on the WWW,

• initiate the students into the practice of using computers as a problem solving
tool, and thereby introduce them to modern research techniques,

• provide a forum for electronic feedback and communication between students
and staff with a particular emphasis on encouraging cooperative study habits.

The remainder of this paper divides into two parts; in the next section we discuss
the technical aspects of using the WWW as a teaching resource. Following
that, we discuss the actual materials that we have incorporated, or plan to
incorporate, as resources available on the Web.

2. Technical aspects of using the WWW

The WWW is an enormous interconnected network of computer sites around the
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globe. Standard public domain software packages such as Mosaic and Netscape
allow easy and almost immediate access to thousands of sites. Eacn site main-
tains a number of 'web pages' that can each contain text, images and 'links'
to other sites. In addition, web pages can provide access to a variety of stored
material such as searchable databases, postscript files, TgK-dvi files and bitmap
images. Progress from one site to another, as well as access to stored material,
is achieved via mouse driven activation.

Access to the WWW can be made through either Mac, IBM Windows, or Unix
based workstation environments. The School of Physics workstation network
provides the students with WWW access as well as the platform for the web
site itself.

2.1 Constructing a Web Site: html

The construction of a Web site is a straightforward matter, somewhat reminis-
cent to writing a FlgX document. Very comprehensive guides to the Hyper-
Text Markup Language (html) including working examples, can be found on the
WWW (1). Once an appropriate file has been constructed, it is stored with the
.html filetype in a subdirectory on a computer with continuous internet access.
The web page contained therein is then available to anybody possessing the
address — consistent with the designated 'read' access of the subdirectory.

As mentioned earlier, a web site can support a wide range of different electronic
formats. For the particular task of providing materials for a part—4 QM course,
the crucial choice to make is the technology to be used when presenting lecture
notes, assignments and alike — all of which will contain complex equations.

2.2 Display of Equations: 3TgX and HyperBTfeX

In principle, it is possible to present course materials directly on a Web page.
Even though it is not possible to incorporate equations into the text of a Web
page, one can always include them as embedded bitmap or postscript images
which will be displayed concurrent with the text oh the Web page. In practice,
the use of digital images of equations is simply not practical. The amount of
memory required soon becomes unwieldy and the time to display a Web page,
which includes even just a few small images, becomes much too long.

Fortunately, it is possible to spawn external viewers in both the postscript
and TgX-dvi formats from a Web page. In the latter instance, the memory
required is modest and the time taken to go from place to place in a document is
insignificant. Given that TEX and WI$i are the most widely used mathematical
typesetting packages, the TjTJX-dvi format is the obvious choice for displaying
lecture notes and alike from a Web page. The has the added the advantage that
hardcopies of course materials can be generated from the same source as the
electronic images displayed by the Web page. Similarly, preexisting materials,
such as old exams and assignments, can immediately be made available on the
Web provided they were written in TpJX or



The adoption of TgX-dvi as the format for the inclusion of course material has
an obvious shortcoming; once the standard dvi viewer has been invoked, the
ability to provide links to further materials is lost. Ideally one would like to,
for example, provide a link to specific worked examples from within the text
of lecture notes. Indeed, without this capacity, little more has been achieved
than the electronic provision of materials that might have just as simply been
distributed on paper.

Recently however, enhanced TgX-dvi viewers (called hyper T£X-dvi) have be-
come available which posses this very capacity. It is possible to embed links to
external and internal sites within a 1^TEX or TjJX document in such a way that
a hyperTgX-dvi viewer will allow mouse driven access to the linked materials.
Better still, the modified TjjX or I)TgX document is still backward compat-
ible with regards standard TgX-dvi viewers and printing output. There are
even available I$TEX macro packages that will convert normal WIgfi. files iuto
hyperl̂ TjEX files which incorporate the 'natural' links pre-existent in the struc-
ture of BTEX, such as links to references and internal sections. Comprehensive
notes on hyperTgX, including working examples, can be found on the WWW
at (2).

3. The Part-IV Quantum Mechanics Web Site

Our Web page for the Part-IV Quantum Mechanics (3) course can be found on
the School of Physics Part-IV homepage at (4). We discuss below the content
of both of these sites which were jointly developed in this project. Note; at the
time of writing the hyperTgX-dvi viewer had not yet installed but will most
likely be in service by the time you read this — have a look and see.

3.1 Course Related Materials

• Lecture Notes: The individual elements of the course are well expounded in
a number of text books, but no single source covers the entire subject matter
adequately. For this reason, we have attempted to provide purpose written notes
where possible. Unfortunately, this is a labour intensive exercise, and only a
portion of the course is at present provided for. It is hoped that the remainder
of the lecture notes will be completed before the end of the 1996 course. In
addition, as the project develops over subsequent teachings of the course, it will
be possible to elaborate upon the notes so as to provide a greater depth and
breadth of material.

• Worked Examples: The provision of worked examples both elucidates the
subject matter of lectures, and provides an initiation to the rigours of problem
solving. As with the lecture notes, the development of worked examples is an
ongoing project.

• Assignments and Old Exams: As an administrail; °. tool, we have used the
Web page to provide students with access to current and past assignments as



well as previous years exams. From the point of view of the lecturer, storage
of old material in this manner has the potential to save time. No longer is it
necessary to copy and distribute old material prior to exams, since it is always
accessible.

3.2 Other Materials

The reality of modern physics research is that computers provide a myriad of
tools that are used on a day to day basis. Unfortunately, for many students their
first real experience of workstation computing comes when they begin honours
year. There is much to learn, from the basics of learning the operating system,
through to using $ T E X and email. For this reason the part-IV homepage also
contains links to the following locally held reference materials — all of which
were developed by members of the School of Physics.

• An introduction to computing at the School of Physics (5) which includes
essential information on all the basic aspects of computer use in the School.

• An introduction to using the Mathematica symbolic manipulation package.
The document take the form a directed tutorial which leads students through
using Mathematica to solve two physics problems.

• A comprehensive 13TEX manual. (6)

• An introduction to the UNIX operating system (7). UNIX is the operating
system for the workstation network maintained at the School.

In addition, links to a number of external sites have been included to intro-
duce students to some of the standard WWW sites used by research physicists.
Among these are

• The LANL preprint Library.

• The SLAC SPIRES - High Energy Physics database.

• The American Institute of Physics homepage.

3.3 Future Developments

At the present moment we are consolidating those aspects of the Web site
outlined above. Once this is completed we plan to further develop the project
in a number of ways

3.3.1 Electronic Discussion Group: We would like to give students the opportu-
nity to discuss the subject matter, assignments and exercises via a moderated
newsgroup. This would encourage cooperative study and provide feedback to
the lecturer in real time concerning how well the course is going. With luck, it
would develop into an extended electronic tutorial where ideas could be thrashed
out. Development of such a system would be particularly valuable in the context
of remote learning.

3.3.1 Development of Computer Skills: Traditional assignments, exercises, ex-
amples and exams have been restricted to that set of problems which are



tractable on paper. However, modern software includes a range of numeric
and symbolic computation packages which allow quite substantial problems to
be tackled quickly. The time is overdue for the deployment of modern calcu-
lationai methods in the teaching context. The advantages are clear. Realistic
problems can be used to elucidate the subject matter more clearly, and at the
same time, students will be introduced to modern techniques which will be
valuable in both research and the workplace. The establishment of this Web
site provides a natural hub about which to develop further the integration of
computer technology with the teaching of honours level quantum mechanics.
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