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Executive summary
This document is the final report for the project Physclips: Light, funded by the Office of
Learning and Teaching and undertaken by George Hatsidimitris, John Smith and Joe Wolfe.
Physclips: Light is the third volume in a continuing project that has developed a multi-media,
multi-level introduction to physics, primarily aimed at senior high school and first year
university students. The previous volumes, Mechanics and Waves and Sound, were also
funded by the Office for Learning and Teaching and its predecessors, the Australian Learning
and Teaching Council and the Carrick Institute.
What was developed?
As foreseen in the original proposal, the outcomes and deliverables are:
• A large collection of high quality learning and teaching materials, their style and
production values comfortably surpassing that of Physclips I and II. These comprise rich
multimedia tutorials and html support pages giving greater depth and breadth.
• About 100 discrete learning or teaching objects that teachers can download for their
own lessons or for student learning.
• Laboratory experiments that can be conducted with minimal resources and expertise.
• Presentations showcasing Physclips and its underlying design, together with technical
advice regarding the production of animations, was provided in an international
workshop at The University of Delhi in India and during lectures at The University of
Chiang Mai in Thailand.
• One peer-reviewed journal paper, three oral conference papers, three conference
posters and one non-reviewed article were further outcomes of the current project.
With the exception of the papers and the international visits, all of the deliverables are
available at the Physclips site at http://.animations.physics.unsw.edu.au
Why Physclips?
Physclips III. Light addresses the priority area of Innovation and development in learning and
teaching, including its relation to the role of new technologies. It addresses a
recommendation made in an AUTC project (2005), in which pooling and development of
physics education resources were cited as a long-term objective. More specifically the team
from Physclips: Light have focussed on producing a large collection of interactive learning
and teaching materials covering light, optics, vision, interference and diffraction— five key
areas in the high school and early university physics curriculum. Each chapter in the volume
Light provides a series of rich multimedia lessons. Each lesson is supported by several
ancillary web pages, which provide greater rigour and breadth, together with 10 to 20
downloadable learning and teaching objects for re-use by teachers and educational
designers. The lessons are further supplemented by a group of illustrative experiments,
designed to be performed with minimal equipment, plus a computer. The strategy of
developing engaging audio-visual presentations in conjunction with re-usable learning
objects and cheap, accessible laboratory exercises is geared towards accessibility and
reusability of the platform at a number of levels. The success of this approach is confirmed
by the wide global reach of Physclips and its very many users over the last six years.
Physclips III – Light
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The benefits and global reach of Physclips
About 100,000 unique users access Physclips each month, most downloading many files;
thus more than a million different users access Physclips each year, the largest numbers of
users coming from, in order, USA, Australia and India. Feedback from teachers and students
indicates that it is widely used for lessons, revision and reference. Physclips is used online in
outback Australia, the African continent and also offline in remote areas of Africa and Fiji.
How does Physclips address the challenges of studying Physics
Physics is considered a vertical discipline: new material is built on old, then further material
on that, so that a firm understanding of several levels is needed to be able to use the most
powerful results. This vertical structure gives physics much of its power, but it also poses
problems. For many students, physics is difficult because it is easy to lose sight of the whole
structure while trying to understand a particularly difficult aspect. Physclips addresses this
with the aid of rich multimedia, and intuitive, user-controlled navigation.
The tutorials are information-rich, but invite user control. The scroll-bar is indexed with
images and key text or equations to facilitate navigation or replays of difficult material.
These and other navigation features make it very easy to use, initially for learning, but also
subsequently for revision and reference.
Physclips as a teaching aid
Physclips is for teachers as well as students. All of the experimental film clips and animations
may be downloaded for direct inclusion in lessons or in learning materials for their students.
Showing a movie of an experiment cannot compete with doing an experiment (which is why
Physclips has home labs), but many important experiments require expensive or uncommon
apparatus, and may take lengthy periods to set-up. Many of the experiments filmed for
Physclips Light cannot realistically be performed by many teachers. However, a few clicks
can have the movie, often with explanatory animations, embedded in their own lessons. The
addition of animations representing invisible quantities (vector quantities, histograms for
scalars) is a powerful feature because they allow the novice to share the 'mind's eye' view of
the expert. Physclips learning objects are incorporated in lessons in universities around the
world (including Harvard and MIT).
Light and other electromagnetic radiation not only provide much of the information about
our environment, but are also involved in transmitting a large fraction of human knowledge
and cultural exchange; consequently they are core topics in any introductory physics course,
and thus understanding them is a key requirement for engineers, scientists and
technologists around the world. Physclips presents the material that would be taught in a
first year university course, or a very good high school course. Adding the volume on Light to
this important set of learning and teaching resources is an important advance and the
authors thank OLT for its support.
Readers of this paper report are urged to experience Physclips: Light in its native
environment at http://www.animations.physics.unsw.edu.au/.
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Chapter 1: Project outcomes, impacts & dissemination
Proposed and delivered outcomes
The italic text quotes the 'Deliverables and outcomes' from the original proposal.
High quality multi-media learning and teaching materials including experimental exercises,
virtual experimental devices, tutorials, film clips, animations and supporting materials. The
style will be an improved version of that used for Physclips I and II, and enhanced by the
experimental exercises.
Physclips III: Light is a large collection of high quality learning and teaching materials, their
style and production values comfortably surpassing that of Physclips I and II. Home
laboratory exercises are included. A description and listing is given in subsequent chapters
and, of course, on line.
An extensive library of downloadable, re-usable learning objects for the use of teachers
and students.
About 100 such objects are currently on line (and more are still being made). These are
presented via their thumbnail images in the following chapters.
Indefinite ongoing access to the project team for academic and technical advice.
Most of the messages from teachers are thanks for the resources, but occasionally
questions are asked. The project team added a website showing some techniques for using
Physclips in the classroom. Considerable technical advice was provided in the international
workshops listed below.
1. Reinforcing and enhancing active learning with multimedia (REALM) workshop at
Miranda House, University of Delhi, India
2. Two day workshop for postgraduate students on “Designing and re-using multimedia
online resources such as Physclips” at The University of Chiang Mai, Chiang Mai, Thailand.
Publication of one article in an education journal and one at an international conference.
One peer-reviewed paper (Hatsidimitris, G., & Kalyuga, S., 2013) has been published in
Educational Technology Research and Development. Three conference papers have been
published. One non-reviewed article has been published in the newsletter of The Australian
Optical Society (details below).
Journal paper:
 Hatsidimitris, G., & Kalyuga, S. (2013). Guided self-management of transient information
in animations through pacing and sequencing strategies. Educational Technology
Research and Development, 61(1), 91-105.
Conference papers:
 Hatsidimitris, G. & Kalyuga, S. (2011) A Cognitive-Based Model for the Design of
Educational Animations. In Proceedings of World Conference on E-Learning in Corporate,
Physclips III – Light
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Government, Healthcare, and Higher Education 2011 (pp. 177-184). Chesapeake, VA:
AACE.
 Hatsidimitris, G., & Wolfe, J. (2012). On the Practice and Theory of Instructional
Animations: A case study approach. ICERI2012 Proceedings, 3777-3783.
 Hatsidimitris, G., & Wolfe, J. (2012). A practitioner's guide to the design of science
animations. In 2nd International STEM in Education Conference
[C/OL]]. http://stem2012.bnu.edu.cn.
Conference Poster Papers
 Hatsidimitris, G. & Wolfe, J. (2011). Building an on-line learning resource, from inception
to dissemination. In Proceedings of World Conference on E-Learning in Corporate,
Government, Healthcare, and Higher Education 2011 (pp. 185-187). Chesapeake, VA:
AACE.
 Wolfe, J., & Hatsidimitris, G. (2012). A two-level, contextual approach to teaching physics
with videos and animations: The Physclips Project. ICERI2012 Proceedings, 6034-6036.
 Hatsidimitris, G., & Wolfe, J. (2012). Physclips: Multimedia resources for learning and
teaching physics. In 2nd International STEM in Education Conference [C/OL]].
http://stem2012, bnu.edu.cn .
News Story
Wolfe, J. and Hatsidimitris, G. (2013). 'Physclips: new resources for teaching and learning
optics.' AOS News, 27, 20-21. Australian Optical Society.
Online distribution of resources to key educational websites.
Nearly all Physclips chapters have been included in GEOSET, an online portmanteau site for
educational materials conceived by Nobellist Harry Kroto. Physclips is listed and linked by
many educational sites, including SchoolScience, Teacher Education Institute, Trove, The
Physics Source, ePhysics, MathsLinks, UniServePhysics and very many more.
Further, Physclips is distributed on CDs and hard drives by ViAfrica, an organisation that
distributes discarded computers to disadvantaged schools in Africa, which rarely have web
connection.
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Dissemination
Overseas collaborative efforts involving Physclips
Collaborative workshop between The University of Chiang Mai, Thailand and The
University of New South Wales, Sydney, Australia.
George Hatsidimitris and Dr. Pornrat Wattanakasiwich (University of Chiang Mai)
collaborated to offer a series of talks to postgraduate students in the field of physics
education and university-based physics teaching staff regarding multimedia learning, and in
particular, the Physclips project. Postgraduate students were asked to consider practical
examples of animations and videos through viewing the Physclips platform (see images
below), together with more theoretically grounded approaches to multimedia design as
discussed by George Hatsidimitris. The objective being to have the students present their
own learning activities that integrated animations from Physclips with a particular lesson
plan. Recent correspondence indicates that one masters student from this group will be
utilising Physclips in her thesis. Also Dr. Wattanakasiwich is exploring the idea of utilising
Physclips to concurrently model how to “teach with physics animations” whilst also
imparting English language skills (scientific literacy in English for students and teachers is
now a national priority in Thailand).

Figure 1.1. Postgraduate students viewing the Physclips platform.

Fig 1.2. Postgraduate students demonstrating a learning activity that they have designed
which utilises animations from the Physclips platform.

Physclips III – Light

9

Reinforcing and Enhancing Active Learning with Multimedia (REALM project)
George Hatsidimitris and Dr. Pratibha Jolly (Miranda House, University of Delhi, Delhi, India)
collaborated to run a two-day workshop for 38 participants from the University of Delhi and
nearby High Schools. The workshop consisted of presentations that exemplified good
practice in the design and utilisation of animations and also considered research based
guidelines for practitioners in the field of multimedia learning. The presentations were
accompanied by hands on laboratory activities that served as the basis for the authoring and
production of multimedia by the workshop participants themselves. A project
website www.phys.unsw.edu.au/REALM/ was set up by George Hatsidimitris and the
following excerpts serve to illustrate the level of interest, activity and productivity that was
generated during, and after, the workshop timeframe.

Fig 1.3. Home page from the REALM website
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Fig 1.4. Group photo and participants list
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Fig 1.5. Title page of presentation on cognitive design principles given by
George Hatsidimitris
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Fig 1.6. Outline of the activities that took place during the REALM workshop
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Fig 1.7. Multimedia resource on centripetal acceleration produced during REALM workshop
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Fig 1.8. Multimedia resource on motion on an inclined plane produced during REALM
workshop
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Fig 1.9. Multimedia resource on projectile motion produced during REALM workshop
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Fig 1.10. Physclips menu and overview available from REALM workshop
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Fig 1.11. Facilitators and acknowledgements from REALM website.
The project team wrote an article about Physclips Light for the Australian Optical Society.
This non-refereed article will be published in December 2013 and will bring the new volume
to the attention of Australia's researchers specialising in optics.

Physclips III – Light

18

In September 2013, Joe Wolfe was invited to talk to the conference of the Science Teachers
Association of New South Wales, providing an opportunity to illustrate rich examples from
Physclips.
As an on-line resource, the important measure of dissemination is its use. The table below
shows results in late October 2013. Numbers are a little quieter during the Northern
summer (June-August) but otherwise more than 80,000 different users access the site each
month. Because each user downloads multiple files, the hit rate is over two million per
month.

Table 1. Physclips usage statistics by month, at 12 May, 2014.
More than 20% of these are from Australia, which is in third place behind the much larger
populations of US and India, as shown in Table 2.
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Table 2. User statistics by country, for April, 2014
These statistics are the most important evidence of the impact of the project and its value
to the sector. An independent evaluation of the project has been sought from distinguished
Australian physicist and academician Professor Neville Fletcher. This is attached.
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Physclips and OLT priorities
Physclips III. Light addresses the priority area of Innovation and development in learning and
teaching, including in relation to the role of new technologies.
It also addresses a recommendation made in an AUTC project (2005), wherein the physics

community within the Australian higher education sector identified the pooling and
development of resources as a long-term objective.

This report
The primary output of this project is the multimedia volume, Physclips III: Light and nearly
all of the work on this project has been to create multimedia. Even for home labs, the
delivery is on-line. So the natural medium and home of Physclips is online multimedia: it sits
uncomfortably on paper. For the purposes of this report, however, and to give an
impression of the breadth and depth of the project, this report describes the rationale and
contents of each chapter, then illustrates the opening page. The downloadable learning
objects are then illustrated using their download thumbnails. The last chapter shows images
of some of the home laboratory exercises.
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Chapter 2: The nature of light
Light: just one octave of the huge electromagnetic spectrum, but what a huge window into
the universe it has given humanity. Light is introduced (Physclips Light, section 1.1) first via
its properties as a transverse wave: it exhibits interference and polarisations. But it is
experienced first via colour, so Physclips recreates Newton's famous experiments with
prisms to show white light dispersed into colours, then recomposed. Colours are then
recombined in superposition, both in analogue and digital displays. Next comes the
introduction of the rest of 'Maxwell's rainbow' – the huge spectrum of electromagnetic
radiation and some of its applications (1.2).
The speed of light, c, is more than just the speed of one type of radiation. Via relativity, c is
the conversion factor between space and time. One of the physics teacher's favourite
stories relates the discovery that the wave solution to Maxwell's equations – the speed of
radio and other electromagnetic waves – was the same as that measured for light: strong
indication that light was an electromagnetic wave. It's possible to measure the speed of light
directly, via time of flight, on a bench top. To do so, however, one does need a picosecond
pulsed laser, suitably fast detectors, a GHz oscilloscope, an optical bench and the time to set
it up… but a teacher can now use this movie to illustrate the story (1.3). To measure the
speed of radio waves, the Physclips team set up a UHF transmitter on Physics Lawn, with an
alfoil reflector to produce interference and standing waves, which gives the speed of radio
waves (1.4).
Wave properties are only one side to light's character. On the nanoscopic scale, light is
quantised. Further, on the macroscopic scale used in most optics, light can be treated as
rays (1.5). (The ray-wave duality is shared with sound, which is illustrated.)
One of the most famous experiments in all of physics is Young's experiment, the
paradigmatic demonstration that light has wave properties. It is first introduced here and,
for intuition's sake, compare it with its analogue in water waves (1.6). Young's experiment
with single photons appears later in Chapter 4 for its insight into what is (not unreasonably)
called quantum weirdness.
What sort of wave? Section 1.7 compares longitudinal and transverse waves and show that
light and other electromagnetic waves are transverse. Yes, transverse oscillations and
interference yet, on the scale of molecules and atoms, light is quantised, as is shown using
the photoelectric effect (1.8). A summary of these diverse aspects (1.9) closes the
multimedia introduction to the nature of light.
Figure 2.1 shows the tutorial window for this chapter, with contents list and navigation bar.
Below this are listed the relevant support pages.
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Figure 2.1. The splash page for Chapter 1, showing contents and the chapter and section
navigation bar at right. Below are links to support pages and home experiments.
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The various experimental film clips and animations are available as downloads for teachers.
These appear as thumbnails below the tutorial window and are shown below.
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Chapter 3: Geometrical optics
Cameras, telescopes, microscopes… the operation of most optical devices is analysed using
geometrical or ray optics – the optics famously analysed by Newton – and the wave
properties of light are relevant only in discussing the limits of performance. How are wave
and ray properties consistent? Where does each limit begin? These questions are addressed
in Physclips section 2.1. Reflection and transmission of transverse waves is illustrated using
waves on a rope as an analogy so that the waves themselves are visible.
Refraction at an interface is what makes lenses possible. It is quantified by Snell's Law,
which is developed in 2.2, where dispersion and mirages are also discussed. Snell's law
allows only a limited range of angles in the medium with high refractive index, which leads
to total internal reflection (2.3). The operation of optical fibres and the importance of
cladding is explained.
Dispersion of light with wavelength complicates the design of optical instruments. This is
explained in 2.4, which also explains rainbows and the scattering that gives rise to the
colours of the sky and of sunsets.
Section 2.5 analyses plane, concave and convex mirrors and the relation between position
and size of object and images. In 2.6, the lens equations are illustrated with converging and
diverging lenses. On the way aberration discussed and examples are given to distinguish real
and virtual images. Two dimensional lenses illustrate ray diagrams using real rays.
Finally optical instruments are discussed, showing how a microscope and telescopes are
made from combinations of lenses and mirrors, then showing them in operation. To finish
geometrical optics, and to maintain the wave-ray theme, a reflecting telescope for sound is
used to illustrate what could be called 'geometrical sonics'.
As before, the figure following shows the multimedia tutorial page, contents, navigation bar
and the list of support pages. This is followed by the thumbnails of the movies and
animations for teachers to download.
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Chapter 4: The eye and colour vision
Following the section on traditional optical instruments is a chapter devoted to what is one
of the most sophisticated, subtle and compact instruments of all: the human eye. The
anatomy and function are introduced in this physics context by comparing the anatomical
components and their functions with the analogous components of a camera.
Accommodation is introduced in both and used to explain spectacles (Section 3.1). Section
3.2 introduces the anatomy of phototransduction, again comparing with cameras, and
demonstrates the eye's blind spot.
In several ways, the operation of the eye is limited by physical effects, so it is interesting to
examine the physics behind optical performance. Pixel/ photoreceptor spacing is one limit
to spatial resolution, another is diffraction, which limits the human eye only under very
bright conditions, because of the aperture control used for dynamic range (3.3). Stereo
vision, time resolution and integration times are also introduced.
The sensitivity of any optical instrument depends on compromises with other aspects of
performance: larger pixel size/ collecting area increases sensitivity and intensity
discrimination but reduces resolution, for example. Several such compromises are explained
in sections 3.4 and 3.5 in the context of the performance of the eye.
A computer monitor is a reasonably good instrument for demonstrating and investigating
colour vision, because the three colours used are not very far from the peak sensitivities of
the three types of photoreceptors. Three-colour vision and three-colour monitors are
explained in 3.6. Section 3.7 explains how most colours can be reproduced (as in a monitor)
by adding light with different proportions of the three additive primaries: red, green and
blue; or by filtering (e.g. with paints) using the three subtractive primaries, cyan, yellow and
magenta. Visual complementary colours are demonstrated using afterimages, pointillism is
discussed. The chapter finishes with the importance of context and lateral inhibition.
The figure following shows the multimedia tutorial page, contents, navigation bar and the
list of support pages. This is followed by the thumbnails of the movies and animations for
teachers to download.
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Figure 4.1. The splash page for Chapter 3, showing contents and the chapter and section
navigation bar at right. Below are links to support pages and home experiments.
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Chapter 5: Interference
Interference of waves is a key topic in physics, and the phenomenon is used in a range of
technologies, especially in measurement technology. This chapter begins by describing
reflection and transmission and their effects on the phase of the wave (4.1). Again, waves
on a rope are used as analogues, because the time-varying displacements can be seen. In
light, interference is first noted in thin films. This section begins with Newton's rings (4.2),
the technique used for polishing and measuring lenses.
Two further sections on thin films follow. The first (4.3) analyses the production of
interference colours in soap bubbles then progresses to more general iridescence. Section
4.4 analyses non-reflective films, as used on the lenses of cameras and other instruments.
The paradox arising from the particle picture of light in this context is introduced in a
discussion of coherence length.
Young's experiment is one of the most discussed experiments in all of physics and section
4.5 analyses it quantitatively, with a phasor derivation of the intensity variation. To explain
the unexpected nonlinearity in the visual pattern, the response of the eye is compared with
that of a phototransistor – essentially a photon counter, the latter showing the expected
sinusoidal variation. This section ends by raising the photon-interference puzzle: how can
one add more photons and yet, at interference minima, reduce the intensity.
This leads to a question that has been called 'the central mystery of quantum mechanics':
How can a single photon interfere with itself? Section 4.5 presents a Young's experiment at
intensity sufficiently low that only one photon is in the apparatus at a time. By scanning a
photomultiplier tube across the 'screen' and integrating its output over a second, the
intensity plot is generated. Simultaneously, the shot noise of each individual photon capture
is output to a loudspeaker, while the capture rate is displayed on a slow scan oscilloscope.
Two separate scans show the two-slit and one-slit patterns: yes, the interference pattern is
clear, even for photons arriving one at a time! (For any physicist seeing this for the first
time, it is a spine tingling moment.) Finally, at the interference minimum, opening or closing
one of the slits compares the arrival rates for two slits and one. As theory predicts (but as
intuition hardly lets one expect), the two slit patter shows a low rate and while the one slit
pattern, with half the photon entry, records a capture rate that is several times higher.
If photons interfere one at a time, what about electrons? The historical Tonomura results
for electron interference are shown, as is one from the UNSW lab demonstrating how a
larger accelerating voltage (which increases momentum) reduces the electron wavelength
and thus produces larger angles in the interference pattern
The figure following shows the multimedia tutorial page, contents, navigation bar and the
list of support pages. This is followed by the thumbnails of the movies and animations for
teachers to download.
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Figure 5.1. The splash page for Chapter 4, showing contents and the chapter and section
navigation bar at right. Below are links to support pages and home experiments.
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Chapter 6: Diffraction
When do the ray paradigm and the wave paradigm work? When does optics yield shadows
and when does it show interference effects? Section 5.1 answers this question, first using
water waves to explore the intermediate area where shorter wavelengths more clearly
show diffraction effects. To relate the wave and ray pictures, Huygens' construction is
introduced.
This brings Physclips to one of physics' most astonishing experiments. Poisson had used a
reduction ad absurdum in attempt to disprove the wave model of light. If light had wave
properties, he reasoned, the centre of the shadow of a completely circular object should
show a small, bright interference maximum. As d'Arago later demonstrated, there is such a
bright spot. Chapter 6 shows this remarkable result: a bright interference maximum in the
very centre of the shadow of a ball bearing in laser light.
The analysis of diffraction, begins with a two dimensional system. Phasor addition is used to
calculate the intensity variation in the diffraction pattern from a single slit (2.1). More slits
are then added: 2, 3, 4… many: from a single slit to a diffraction grating (2.2), and thus to
the great precision of diffraction spectroscopy. This introduces emission and absorption
spectrum and electron energies, and the only element not discovered first on earth.
Diffraction in higher dimensions takes leads to Bragg's law, X-ray crystallography and its
remarkable discoveries, and to diffraction of neutrons as well as photons (5.4).
The performance of optical instruments (including sometimes the human eye) is often
limited by diffraction, so this section shows the Airy diffraction pattern and from it
Rayleigh's criterion for resolution. This is then applied to optical instruments and to radio
telescopes, including the Australian Long Baseline Array that uses the width of a continent
as its aperture (5.5). This leads to the diffraction of electrons (5.6) and the dependence of
wavelength on momentum and thus accelerating voltage.
The final section is holograms, and the interference and diffraction effects that give rise to
them. An experiment is shown using the interference of object and reference beams, then
the final result and the three-dimensional image produced by the coherence beam and the
hologram (5.7). The chapter finishes with a review of diffraction effects, and once again
gives the analogy with sound waves.
The figure following shows the multimedia tutorial page, contents, navigation bar and the
list of support pages. This is followed by the thumbnails of the movies and animations for
teachers to download.
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Figure 6.1. The splash page for Chapter 5, showing contents and the chapter and section
navigation bar at right. Below are links to support pages and home experiments.
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Chapter 7: Home laboratory exercises
Physics is fundamentally experimental, and this is sometimes obscured by the traditional
division of teaching between lectures and laboratory classes. Some students gain (and some
teachers even give) the impression that experiments exist to illustrate the theory. This is of
course completely wrong: the theory exists to explain the experiments.
Experiments are the ultimate in interactivity. An animation is what one expects to happen. A
film clip is what happened when someone else did it. An experiment is what you did and
what you saw (or heard and felt)
The lab sections are designed to suggest some experiments where interested users can
experience the subject material for themselves. Some examples that use simple and readily
obtainable materials are given below.

Experiments with mixing colour
This set is a series of experiments using cheap and simple equipment to investigate some of
the many ways whereby colours can be mixed.
The figures below show two examples of the additive mixing of red and green light. The
figure on the left was produced by shining the light of two torches through a red-green pair
of cheap ‘anaglyph’ glasses used for 3D viewing that have red and green filters. The figure
on the right shows the result of overlapping the beams of red and green laser pointers. In
both cases, red plus green gives yellow – in additive mixing.

Different types of anaglyph glasses have different coloured filters, allowing a wide range of
mixing to be investigated.
Some novel, experiments are included that demonstrate additive mixing using only the
computer screen and a piece of tracing or tissue paper, or a transparent piece of plastic. The
different types of anaglyph glasses can also be used to investigate subtractive mixing.
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This section also has links to appropriate pdf files to print suitable coloured discs for the
classic Maxwell-Forbes experiments with spinning tops.

It also includes some experiments with various LED that demonstrate additive mixing.

Diffraction
Single slit diffraction. The lab describes experiments using a slit made from two blades held
together with clips. Several approaches for adjusting the slit to a known width are
described.

Diffraction gratings. Experiments using CDs or DVDs as a transmission or reflection grating
are described. The figures below were made using the readily available glasses with plastic
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2D gratings sold as ‘Diffraction’ or ‘Fireworks’ glasses. The figure on the left shows the
diffraction pattern produced from a laser pointer used to determine the spacing of the
grating. The right hand figure indicates the spectrum of an incandescent torch bulb.

A simple spectroscope based upon 'Diffraction' glasses is described, along with its use to
show the spectral differences of various sources of white light. It can also show the spectral
changes as the temperature of an incandescent bulb increases.

Polarisation
In recent years, modern computers with an LCD display can act as a convenient large source
of linearly polarized light. 3D movies now mean that cheap glasses that have analysers for
linear and also circular polarization are widely available.
Linear polarisation – The Law of Malus. This lab uses an LCD computer screen as a source of
polarised light, and several pairs of linearly polarised 3D glasses. The screen is photographed
and the percentage transmission determined by using a standard utility that presents the
average RGB values of a given group of pixels.

Polarisation by scattering. The addition of milk to a container of water allows polarisation
by scattering to be investigated.

Geometrical optics
The labs include the usual experiments on reflection, refraction etc, with suggestions on
how to use various household objects to replace more specialised laboratory apparatus.
Thus the glass slabs commonly used to investigate refraction might be replaced with the
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base of a rectangular glass. Alternatively a rectangular plastic container filled with water
could be used; this approach introduces the complication of a thin boundary with different
refractive index, but it has the advantage that the refractive index of different liquids can be
studied (e.g. saturated salt solution, sugar solutions, etc).
Similarly the bottoms of many drinking glasses have useful cross-sections; for example some
provide a useful example of a thick lens.

Interference
It is shown how to duplicate the original Young’s experiment that involved a single barrier
rather than two slits using a laser pointer and a guitar string.

Physclips III – Light

45

Future considerations
Reach on-line. Statistics show a steady increase in the use Physclips.
Reach off-line. ViAfrica, a charity group that distributes second-hand computers to schools
in Africa, installs Physclips on the hard discs so that it may be used off-line. A similar
initiative in Fiji is also being discussed.
Institutional collaborations. Teachers and education researchers at a number of institutions
have expressed interest. Teams from the University of Delhi and the University of Chiang
Mai would like to explore further collaboration and discussions are underway. Interest from
China appears to be mainly geared towards exchanges of personnel in the field of online
learning and it is not clear what role Physclips resources would fill here.
Platforms. The use of Adobe Flash has the great advantage of allowing rich multimedia to
be downloaded quickly, hence its use in Physclips. Several new platforms, including some
phones and tablets, no longer support Flash. Translating the existing Physclips to HTML5
code is a complex and unavoidably expensive proposition. The authors are investigating a
number of options concerning the possibility of converting previous, and/or designing new,
Physclips resources to be readily available to mobile devices. Progress will depend on
technical resources, software advances and funding. We are negotiating with Adobe for
technical support.
Further volumes of Physclips. Candidate new volumes would be Electricity and Magnetism
and Thermal Physics and Quantum Physics. All are fundamental not just to physics, but to
modern technologies, and thus key elements of modern syllabi in introductory physics. The
Physclips team are discussing the possibility of further volumes.
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Attachment: Independent Evaluation
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