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Foreword

It is almost a decade since the Trustees of the Nuffield Foundation decided to
sponsor curriculum development programmes in science. Over the past few years

a succession of materials and aids appropriate to teaching and learning over a wide
variety of age and ability ranges has been published. We hope that they may have
made a small contribution to the renewal of the science curriculum which is
currently so evident in the schools.

The strength of the development has unquestionably lain in the most valuable part
that has been played in the work by practising teachers and the guidance and help
that have been received from the consultative committees to each Project.

The stage has now been reached for the publication of materials suitable for
Advanced courses in the sciences. In many ways the task has been a more difficult
one to accomplish. The sixth form has received more than its fair share of study in
recent years and there is now an increasing acceptance that an attempt should

be made to preserve breadth in studies in the 16—19 year age range. This is no easy
task in a system which by virtue of its pattern of tertiary education requires
standards for the sixth form which in many other countries might well be found in
first year university courses.

Advanced courses are therefore at once both a difficult and an interesting venture.
They have been designed to be of value to teacher and student,_be they in sixth
forms or other forms of education in a similar age range. Furthermore, it is expected
that teachers in universities, polytechnics, and colleges of education may find some
of the ideas of value in their own work.

If the Advanced Physics course meets with the success and appreciation | believe it
deserves, it will be in no small measure due to a very large number of people, in the
team so ably led by Jon Ogborn and Dr Paul Black, in the consultative committee,
and in the schools in which trials have been held. The programme could not have
been brought to a successful conclusion without their help and that of the
examination boards, local authorities, the universities, and the professional
associations of science teachers.

Finally, the Project materials could not have reached successful publication without
the expert assistance that has been received from William Anderson and his
editorial staff in the Nuffield Science Publications Unit and from the editorial and
production teams of Penguin Education.

K. W. Keohane
Co-ordinator of the Nuffield Foundation Science Teaching Project
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The Teachers’ guide

This volume is intended to contain whatever information and ideas are required for the
day to day teaching of the Unit. Not every teacher will need all of it all of the time;
sometimes the summary and the list of experiments will come nearer to meeting the
need.

The main text contains, on the righthand pages, a detailed suggested teaching
sequence, which teachers can adopt or adapt. The facing lefthand pages carry
practical details, suggested questions, references, and background information for
teachers in the form of a commentary on the text. This commentary also indicates
aims of the teaching, and points out links with other parts of the course.

At the end, there are some appendices containing material needed on occasion only,
and lists of apparatus and teaching aids for the Unit. These include details of books
and articles referred to in this Guide.



Introduction

This Unit is concerned with light as a wave motion. It represents the culmination, or
end-point, of one line of thought in the course as a whole, for in it, earlier work on
waves, on electric fields, and on magnetic fields come together in a (simplified)
description of what an electromagnetic wave might be thought to be like. The
velocity of light, hitherto merely an empirical constant, is related to two other
constants, ¢, and 4, taken from electricity. Ideas of fields and action at a distance
form a theme which runs through the whole course, and in this Unit such ideas are
seen to have a power far greater than might have appeared when they were first
introduced. The ‘calculating devices’ B and £ seem almost to acquire a life of their
own, when they are seen to be able to propagate away into empty space, leaving
behind the charges which produced them.

Too much should not be claimed, however, for the treatment of electromagnetic
waves in Part Three of this Unit. Despite its importance as a high point in classical
physics, the theory of electromagnetic waves receives here a very simplified
treatment, intended to be introductory only. The ideas are very difficult, and we aim
only to indicate to students that such a theory exists, with an outline of what it has to
say about the nature of electromagnetic waves. One relatively easy example is chosen
for discussion: waves travelling in the space between two long, parallel, flat
conductors. This example is chosen, partly because it links well with earlier work on
capacitors (Unit 3) and solenoids (Unit 7), but also because it avoids having to
introduce Maxwell's ‘displacement current’. The example is offered to students as an
example of what can be done, and not as a complete or rigorous argument. It is
simply asserted that a more general discussion leads to a similar description of an
electromagnetic wave seen in terms of changes in a pair of mutually perpendicular
E- and B-fields propagating at right angles to the directions of both of these fields.

There is a further, optional discussion of the behaviour of travelling fields which is
intended to show that there could be reasons for thinking that the waves might
propagate in empty space, as well as within a space ‘between conductors on which
there are charges and currents to guide them. But this discussion is liable to lead into
quite deep matters (see Appendix B) and is not an essential part of the course.

We are not entirely satisfied with our solution to the problem of giving a good physical
understanding of what an electromagnetic wave is like, and why people think it is

like it is. We have found the subject especially hard to understand, and despite our
efforts to pare away mathematical and conceptual difficulties so as to leave a simple,
intelligible core of ideas, it is likely that the work will present difficulties to teachers as
well as to students. For this reason, there are a number of notes on the commentary
pages about difficult background theory, together with a long appendix (Appendix B)
which tries to describe how the ideas offered in this Unit relate to those which are
found in conventional University level texts. It is our hope that at least, these ideas
may stimulate others to do better.



In this Unit the subjects ‘physical optics’ and ‘electromagnetic waves’ are combined.
The link is strengthened by a discussion of polarization which, it is suggested, can
come after the theoretical description of an electromagnetic wave which indicates
that the waves are of a transverse variety. Polarization effects show how this feature is
reflected in the actual behaviour of light and of radio waves. It was to make this
unified treatment (with light and radio waves being treated aimost casually as all of
one sort) seem sensible, that Part One of Unit 4 spent time discussing the empirical
evidence for the unity of the electromagnetic spectrum. In Unit 4 also, there was
developed a theoretical account of the speed of propagation of a mechanical
compression wave in a solid. One reason for this was to make it seem a sensible
enterprise to try to explain the speed of the much more tenuous waves considered in
Unit 8, again in terms only of fundamental principles. As it happens, there is a close
analogy between the masses-and-springs wave model used in Unit 4 and the
inductor—capacitor transmission line looked at in Unit 8, so the results of that earlier
work have a direct as well as a general application.

The discussion- of electromagnetic waves represents less than half the whole Unit.
The first half contains, in Parts One and Two, a discussion of diffraction at an aperture
and at a grating. Only Fraunhofer diffraction is discussed. So far as the course is
concerned, besides developing ideas given more simply in Unit 4, this is part of the
preparation for Unit 10. The essential idea is that, to calculate the light intensity at a
place on a screen, one must add the amplitudes of waves coming from different
places, taking account of their phases, and square the resultant. The treatment of the
single slit is offered to students as an example of this general process, rather than as
something one must know about for its own sake. Nevertheless, the matter is a useful
one to understand, and it is used here to relate the problem of locating and resolving
distant sources, to the discoveries of radio astronomy. The latter forms the subject of
an article in the Students’ book.

The arguments about diffraction suggested in the text use a minimum of mathematics,
so that they may be accessible to the widest number of students within a modest time.
It is possible to go further with students who would benefit from a more detailed and
careful discussion. This can not only assist the understanding of those who have the
necessary mathematical fluency (and it is fluency rather than knowledge which counts
here) but can be of service to them in later learning. For this purpose, Appendix A
contains a treatment based on rotating vectors or ‘phasors’, which may be of use to
some teachers with some of their students. The phasor treatment will not, however, be
regarded as necessary for the purpose of answering examination questions.

Gratings and spectra are dealt with briefly, mainly so as to summarize work from
O-level and from Units 1 and 4, in readiness for the discussion of line spectra and of
electron diffraction, in Unit 10. it is, of course, the existence of line spectra and their
link with photons, which represents a kind of time-bomb ticking away under the point
of view implicit in the rest of this Unit: that light is nothing else but an electromagnetic
wave motion.

2 " Introduction B = e T I =T g Wi L I T T



The study of the spectra of sources of electromagnetic waves helped finally to
undermine the wave theory itself. But the theory also contained within itself the seeds
of another radical revision of physical ideas: the theory of relativity. Relativity is too
interesting to students to be passed over completely, but too difficult to be discussed
in satisfying depth in the time available. We have proposed, in Part Four, an extremely
limited and cursory discussion of one or two ideas (mainly time dilation), so as to
suggest to students what kind of problem is involved. We hope that they will emerge
from this knowing that the constancy of the velocity of light has led to a basic
rethinking of fundamental concepts, and that they will be interested to learn more. We
do not expect them to understand the matter at all well; indeed the subject may prove
a good opportunity for the teacher to demonstrate his or her own lack of omniscience.
We suggest this last point not only in joking fashion. It seems to us unfortunate that
some students grow up with the belief that adult scientists really do understand
everything in science. The fact is that not only does every individual not understand
some things, but also that there are some things in science which nobody yet
understands. As an ‘end-point’ in a school physics course ought, this Unit looks
forward to further problems quite as much as it looks back over earlier work.

The Unit is based on the assumption that students have done some geometrical optics
equivalent to that in*Nuffield O-level Physics (Year Ill). If this is not so, the

deficiency ought to be made good, with an appropriate sacrifice of material from

Parts Three and Four.
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Summary of Unit 8

Time: about 4 weeks; no more than 5.
(Numbers in brackets refer to suggested experiments, listed on page 7.)

Part One
Looking through holes

Time: less than 2 weeks.

This Part is concerned with diffraction at an aperture, as an example of the use of the
general principle that the light reaching a screen is calculated by combining
amplitudes. This principle is needed again in Unit 10. One example — the single slit — is
discussed. The matter of diffraction is presented as a practical question, concerned
with what the eye can see, and with what a radio telescope can detect. The work also
provides a place for students to gain firsthand experience of diffraction, and to learn

to distinguish it from other defects of images. .

Suggested sequence

The limitations on what can be seen through a small aperture, including practical
experience of difficulties of resolving sources (8.1). Spreading of waves going through
a hole (8.2). Practical experience of the effect of diffracting screens on an image,
including image defects not due to diffraction (8.3). Explaining diffraction at a slit.
Diffraction of microwaves (8.4) and light (8.5) at a slit, examined more

quantitatively. Radio astronomy. Overcoming limitations in direction finding;
interferometers (8.6). Wave amplitude and intensity (8.7).

Part Two
Spectra

Time: two or three periods.

This Part revises ideas about diffraction gratings, and tries to set them in a general
perspective, showing how the analysis of spectra can give useful information. In this
context, ‘spectroscopy’ is seen not just as the analysis of visible light, but as the
recording of the emission or absorption of radiation by matter at almost any
frequency, from gamma rays to radio waves. In addition, there is an opportunity to
indicate why the grating is a good instrument with a high resolving power, though this
could be omitted in favour of revision of simpler ideas where necessary.

Suggested sequence

Information to be obtained from the study of the emission or absorption of radiation.
The diffraction grating (8.8). n. = d sin 0. The sharpness of the spectra. Looking at
line spectra.



Part Three
Electric waves

Time: less than 2 weeks.

The aim of this Part is to describe electromagnetic waves, and to make that description
seem reasonable by giving a simple example of how a theoretical argument about their
propagation in one instance might be developed. So far as possible, the discussion is
based on actual experiments. These should bring out the link between the propagation
of electromagnetic waves, and the simpler steady field situations discussed in Units 3
and 7.

Suggested sequence

Radio sets: waves and aerials. A Hertz-type spark transmitter (8.9). The speed of
electrical signals around a circuit (8.10). Reasons for a finite speed of propagation of a
signal along a row of inductors and capacitors; a slow electrical wave (8.11).

Analogy with masses-and-springs wave model in Unit 4. Waves between a long pair
of flat, parallel, wide, conducting plates, as an example of a theoretical argument
about electromagnetic waves. £-field and B-field (8.12) in such a situation. The
velocity 1/\/50;1—0. Simple arguments about why waves near such conductors might be
able to get out. Optional further arguments about moving fields (8.13), suggesting
that electromagnetic waves might travel in empty space at the velocity 1/egteo-
Polarization (8.14, 8.15).

Part Four
Relativity

Time: two or three periods.

A very brief introduction to the character of the problems and ideas of relativity, using
time dilation as an example.

Suggested sequence

Material which may be drawn upon, as time allows, is as follows. The constant speed
of light; reasons why it might be constant and evidence that it is (8.16). The principle
of relativity, that the 'physics’ does not depend on steady motion. A practical
consequence of relativity: the over-long life time of z-mesons from an accelerator.
Time dilation, from a consideration of radar methods of distance, velocity, and time
measurement (Bondi’'s k-calculus). Doppler shift (8.17, 8.18). Clocks, forces and
magnetism: a hint of how magnetic effects might be related to electric effects between
moving charges.



Choosing one’s own path

We hope and expect that teachers will find their own ways of using the material in
this Unit. The detailed teaching programme laid out in the following pages represents
as good a way of handling the material as we have been able to find in the light of
experience in the trials, but should not be thought of as more than a possible, fairly
well tested way of achieving the aims we decided upon. No doubt others can and will
do better.

But teachers will know that it is the detail that counts in successful teaching, and so
the Guide is full of particular teaching suggestions and practical details. We hope that
these will help those who are uncertain how to handle either new material, or old
material taught in a new way for unfamiliar aims.

The summary and list of experiments will, it is hoped, assist those who have taught
the course a few times and no longer need to refer to all of the detailed teaching
suggestions, as well as those who feel confident that they can make up their own
teaching programme out of their previous experience. We also hope that the summary
will provide an overall view of the work suggested. Such a view is necessary for
keeping a sense of perspective and direction, both when one is immersed in
particular detailed teaching suggestions and comments, and when students lead the
teaching off in an unpredictable direction by contributing their own ideas.

It seems fair to add that the summary, taken on its own, could mislead. It cannot
easily indicate the aims of pieces of work in any precise way, or find words to express
the relative seriousness or lightness of particular episodes. Nor should a phrase one
might find in a current examination syllabus always be taken here to imply the same
work as it would imply there.



Experiments suggested for Unit 8

8.1 Looking through holes page 77
8.2 Water waves going through a hole page 75
8.3 Effects of optical systems on light waves page 77
8.4 Microwaves going through a hole page 37
8.5 Measurement of the diffraction pattern from a single slit page 33
8.6 The principl/e of an interferometer type of radio telescope page 39
8.7 Wave amplitude and energy when waves are superposed page 43
8.8 The diffraction grating page 49
8.9 A spark transmitter page 65
8.10 The speed of a pulse along a cable page 69
8.11 Slow electrical waves page 73
8.12 Magnetic field in a flat solenoid page 87
8.13 Moving fields page 95
8.14 Polarization of radio waves page 703
8.15 Polarization of light page 705
8.16 Microwave analogue of the Michelson—Morley experiment page 773
8.17 Doppler effect using sound waves page 725

8.18 Doppler shift using microwaves page 725
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Par%One .
Looking through holes

Time: less than two weeks.



Introduction to diffraction at an aperture

Individual experiments in which diffraction effects are examined with some care (8.3) could be used as
the starting point. We suggest starting from a rather general point of view, and with some simple *
experiments for the class as a whole, before getting down to detatl, partly so that the point of the later
work may be clearer. The later experiments use lenses for practical reasons, and might seem, wrongly,
to be about lenses rather than about fight going through holes. In any case, the general point of view is
a valuable one, and an initial emphasis on sight may prove more interesting than something which
seems, initially, to be a technical matter of the apertures in an optical system.

Suggestions from students that what they see has to do with ‘waves’ or ‘interference” are welcome, but
not yet essential. The main point is to use the experiments to suggest things that may be worth exploring
by experiment and by theoretical argument.

Demonstrations and experiments
8.1 Looking through holes

1067/1J holder for two halves of a razor blade to be used as a single slit
1067/3R set of three colour filters (red, blue, green)
1053  aluminium foil
1053 cardboard 35 mm slide mounts
1054 copper wire, 36 s.w.g., bare or enamelled
94 A lamp, holder, and stand
27 transformer
1063 multiple light source (one for the whole class)
1053 card
116 plane mirror

1053 transparent ruler with millimetre graduations

81a Looking at a lamp through a slit and through a pin-hole

One or more famps with straight vertical filaments can be set up around the room. They should be
viewed from a distance of about three metres.

The razor blades are adjusted by the student so that the edges form as narrow a parallel-sided slit as
possible, as judged by looking at the slit against an illuminated background such as a window. This
takes time, but is good practice for later work. The tungsten lamp is then viewed with the slit held close
to the eye. If necessary, the slit should be narrowed until the light from the filament is seen to spread
widely. The filters (red, green, and blue) should be placed in tum in front of the lamp or slit so that

students may see and compare the diffraction patterns. After the slits are adjusted, the room needs to be
darkened.

The copper wire is used to prick a small hole in the aluminium foil, which may be mounted in slide
mounts. First the wire is stretched until it breaks and then, with one of the pieces held between the
fingers a few millimetres from the break, the point is pressed slowly but firmly through the foil. With the
hole held close to the eye, the lamp filament should be viewed from a distance of 3 m or more.

10~ Commentary



Detecting wave energy through apertures

Why does a person’s eye have an aperture of variable size? One obvious answer is
concerned with controlling the light energy entering the eye. Why are radio telescopes
often very large? It seems likely that they need to be, so as to coilect enough energy
from weak or distant sources.

This Part is about a different aspect of the detection of wave energy, the diffraction
effects which inevitably accompany the passage of a wave through a restricted
aperture. Everything we see is seen through a hole; the few millimetres’ width of the
eye pupil. Should the pupil be regarded as a ‘large’ or as a “small’ hole? The answer
must be another question: large or small compared with what? As far as diffraction
effects are concerned, the standard of comparison is the wavelength of light. Some of
the implications of having to look through a hole can be gained by looking through

a narrower hole. Doing this should suggest other, more careful experiments to try.

Demonstbratic‘)ns and experiments
8.1 Looking through holes

The following experiments are about some aspects of the difference it makes when
one looks at the world through a small hole.

8.1a Looking at a lamp through a slit and through a pin-hole

The class can be invited to look at a distant lamp tilament through slits which they can
make narrow and parallel-sided, and through a small hole pricked in metal foil.
Filters can be used to vary the colour of the light seen.

In discussion students should be able to report that when they look through a smali
hole they see a pattern consisting of light and dark regions (or colours, when no filters
are used); that the shape of the pattern depends on the shape of the hole, that the
smaller the hole the wider the pattern is; that long wavelength (red) light gives a
broader pattern than short wavelength (blue) light.

They should all see the effect of a narrow, paraliel-sided slit, and of a small hole, in red
and in blue light. Some may like to try more than one hole, or may try the effect of a
V-shaped slit, inadvertently or on purpose.

Figure 1
Holder for two halves of a razor blade to be used as a single slit (item 1067/1 J).

Part One Looking through holes Text 7]



8.1b Distinguishing lamps as separate

The multiple light source (figure 2) is set up with a green filter in front of it and in such a position that
students can all be more or less in front of it.

Viewing the lamps through a narrow parallel slit, each student should adjust first the slit width and then
his viewing distance until the lamps can just (but only just) be seen not to be a continuous strip of
light. When everyone has found this position, the green filter should be replaced by the blue filter, and
when all have seen that the lamps can be distinguished, the blue filter should be replaced by the red
filter. The lamps cannot then be resolved.

Resolving power

Using several lamps gives a sharper change from resolution to non-resolution than using just two, so
that the change of resolving power with wavelength can be seen more clearly. But the presence of
several‘lamps means that Rayleigh’s criterion is not strictly applicable.

8.1c Resolving detail with the eye

Two black lines are drawn on card, parallel to one another and 2 mm apart. Students are to measure the
greatest distance at which these two lines can be seen as separate. The paper on which the lines are
drawn should be well illuminated.

The diameter of the eye pupil is worth measuring. This can be done by holding a ruler to the eye and
looking at it in a mirror, placed beside the illuminant to make the pupil close.

Students” book

Questions 1 to 7 are general questions about waves and diffraction.

Two-source superposition effects

It may be necessary, if students are in danger of confusing the diffraction effects seen in experiment 8.1
with interference effects seen previously in Unit 4, to add a further experiment with two closely spaced
holes (or slits) so that they may see the extra interference fringes ‘on top of the broadening of the
source by one slit or hole.

T2 Commentary



Figure 2
Muitiple light source (item 1063).

8.1b Distinguishing lamps as separate

This experiment shéws that what we see depends on the size of the hole we look
through, and on the colour of the light used.

Let students try looking at the multiple light source (covered by a green filter) through
narrow slits. When they have found that through a narrow slit, or at a iarge distance,
the five lamps cannot be seen separately, the effect of the colour of the light can be
demonstrated. If the slit width and viewing distance are made such that the lamps
viewed through a green filter can just, but only just, be distinguished from a
continuous strip of light, then, viewed through a blue filter they can be clearly
resolved, but not if seen through a red one. it should seem possible to the class that
this is an effect of a change of wavelength.

8.1c Resolving detail with the eye

What would the world look like if one could only ever look at it through a narrow hole
or slit? (Dim and blurred.) But do we ever see anything except through a small hole?

(No, since the pupils in our eyes are small holes a few millimetres across.) Itis at least
possible that the size of this hole is important in deciding how much detail an eye can
distinguish.

Two clear black lines on a card, about 2 mm apart, make a suitable object to look at.
Students can find the greatest distance at which they can just distinguish the lines,
which may be about 5 metres. If the lines are closer, the distance is smaller. It should
be clear that it is the angle the lines subtend at the eye which matters: the smallest
angle for detail to be resolved by the eye thus seems to be of the order 2x 1073/5, or
some 4 x 1074 radian. Later experiments and arguments will try to explain the size of
this angle.

It may be worth noting, even at this stage, that the ratio of the wavelength of visible
light to the pupil diameter is also a few times 107 4.

Part One Looking through holes Text S



Demonstration
8.2 Water waves going through a hole

90 ripple tank kit
47 illuminant
1033 cell holder with two U2 cells
541/1 rheostat (10 to 15 Q)

For details of the use of the ripple tank, see Nuffield O-level Physics, Guide to experiments /1,
experiment 4 (particularly 4r and 4s).

barrier

Figure 3
Diffraction of water waves at an aperture.

A group of experiments on diffraction and lens defects

We suggest that the experiments 8.3a to h are best shared out among the class, so that each student
investigates one or two aspects of the group of problems, being allowed to take the initiative as much as
he or she wishes. Little that can be done with the apparatus is without value.

Of the experiments suggested, a, b, and ¢ are not essential later, and nor is h. The first three are about
defects of lenses, while the last is about the refractive index of air. All four could be shown as quick
demonstrations in a small class with too few students for all the experiments. Experiments d, e, and f are
the vital ones for students to do themselves.

After a double period of experimenting, students can report what they saw and did. There will be
opportunities later to repair any omissions. The important thing here is to provide an opportunity for
firsthand experience. A second session, in which students set up an experiment they did not do before
and show it to the rest, may be useful.

Each experiment uses a lamp, a lens, and a screen (or eyepiece) arranged in much the same way. The

group of experiments can be started off with a demonstration, which at léast serves to let students see
where, and how far apart, the parts are put. So far as possible, the kit of parts is arranged so that all the
components come naturally at the same height above the bench. Even so, a word about alignment will
be needed.
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Demonstration
8.2 Water waves going through a hole

Water waves can be seen, while light waves cannot, and the reasons why water
waves are diffracted at an aperture may seem simpler to students than reasons why
light is diffracted.

Figure 4 shows what does not happen when plane waves pass through a gap. Before
going through the gap, the middle strip of wave had water at its own height on either
side of it; after going through, its edges would be unsupported if what happens in
figure 4 were what actually happens. But as everyone knows, an isolated hill of water
will not stand up, and the water in each crest can now collapse outwards and
sideways, so producing a wave which spreads out. This is not the whole story, but it
is an important practical part of it. The narrower the gap and the longer the
wavelength, the greater the spreading of the wave.

Figure 4
Imaginary water waves not diffracted at a gap.

Diffraction effects and other effects

It may seem plausible to suppose that the effects seen in experiment 8.1 are wave
effects, but what is seen is not simple, and wave effects may only be a part of the
story. The eye is a complex system, with defects such as lack of the proper curvature
of the retina, which might explain its lack of resolution. Another explanation of the
same thing might have to do with the finite number of light receptors in the retina, and
it is possible that the brain could enable one to ‘see’” detail not clearly present in one
retinal image, by storing information from successive images, and comparing the
different sets of information.

Not every blurred defect in what one sees is bound to be a diffraction effect. The eye
contains a lens, and no lens produces a perfectly sharp image. The next group of
experiments offers a chance to disentangle some of the many things that spoil the
perfection of an optical system, and, having distinguished the wave-like diffraction
effects from others, to experiment with them in greater detail.
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The various effects can be shown, at least in part, in the introductory demonstratibn. For example,
experiment d could be introduced somewhat in this style.

‘I have put a sharp image of the lamp filament on the card. Now if | mask the lens with this
slit and narrow it, you all see the image gets dimmer, and do you see what happens just
before it disappears altogether? (It widens.) You may be able to measure something, or
explain it, Qr see a difference for different colours. You may want to use a narrower source,
like this slit propped against the lamp, and a transtucent screen, or an eyepiece like this
when it gets very dim.’

Group of experiments
8.3 Effects of optical systems on light waves

1067 physical optics kit |
94 A lamp, holder, and stand
27 transformer
The room should be darkened, with only enough light for people and apparatus to be visible. The lamps

can be overrun by up to 30 per cent, to provide more light for the experiments. The particular parts from
the optics kit needed for each experiment are listed with the experiments. Every experiment uses:

1067/1 B holder for lens of diameter 37 mm
1067/1C plano-convex lens, diameter 37 mm, power +2 D (focal length 0.5 m)
1067/30 matt white reflecting screen (postcard)

8.3a Stopping a lens
Extra items from the physical optics kit:
1067/1E set of stops for lens in holder
1067/1H small translucent screen
The lamp and screen should be about 3 m apart, with the lens positioned to produce a magnified image

on the screen. The screen should be moved to find the best image for each stop in turn. The translucent
screen is easier to use than the opaque screen.

Difficulties which arise may be due to:
1 The plane of the lens not being perpendicular to the lamp-screen axis.
2 The stops not being placed so as to be coaxial with the lens aperture.
3 The screen paosition not being adjusted to find the best image.

8.3b Change of image distance with zone of lens used
Extra items from the physical optics kit:
1067/1D plano-convex lens, qiameter 37 mm, power +7 D (focal length 0.15 m)
1067/1F  set of masks with holes at different zone radii

1067/1H small translucent screen

The effects are more easily observed with the stronger lens.

With the stronger lens, lamp and screen should be about 2 m apart with the lens positioned to produce
a magnified image of the filament. The mask with the largest circle of holes is then placed against the
lens and the best image position found. The other masks produce clear images in different places. The
translucent screen is easier to use than the opaque one.
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Group of experiments
8.3 Effects of optical systems on light waves

In each experiment, students inspect the real image of a lamp filament or of a slit in
front of the lamp, formed on a screen by a lens. Stops, slits, or screens of various kinds
are placed against the lens. The screen is sometimes replaced by an eyepiece in the
same place.

| stop, etc.

caetliBns

screen

usually about 3 m

Figure 5
The basic optical system used in experiment 8.3.

8.3a Stopping alens

A series of stops with holes of varying sizes, all too big to show diffraction effects, are
used to investigate how the quality of the image varies with the size of the unmasked
central area of the lens.

Points which may emerge are:
1 The image is dim with small stops.
2 The depth of focus is greater with small stops.
3 The image is clearer with small stops.

lens

stop

lamp
screen
Figure 6 {O t O O o
Stopping a lens. stops

8.3b Change of image distance with zone of lens used

Lens masks are used in which circles of holes have been cut. The total open area of all
the masks is about the same, but the exposed area lies at different distances from the
centre of the mask. The sharpest image is formed at a distance from the lens which
depends on the zone radius.

Part One Looking through holes Text w7



Difficulties which arise may be due to:
1 The plane of the lens not being perpendicular to the lamp-screen axis.
2 The circle of holes not being coaxial with the lens aperture.

8.3c Change of image distance with colour
Extra items from the physical optics kit:
1067/1H small transiucent screen
1067/3R set of three colour filters (red, blue, green)
Lamp and screen should again be about 3 m apart, with the lens positioned to throw a magnified image
on the screen. The translucent screen is to be preferred. The image is viewed through one of the filters

held close to the eye and the screen paosition adjusted to give the best possible definition. The other
filters should then be tried.

Difficulties which arise may be due to:
1 The plane of the lens not being perpendicular to the lamp-screen axis.
2 Dirty, fingerprinted colour filters.

8.3d Masking the lens with an adjustable slit

Extra items from the physical optics kit:

1067/1 A sheet with slit and holes

1067/1. G big stop to stand on bench

1067/1H small translucent screen

1067/11  holder for eyepiece or adjustable slit 2

1067/2L eyepiece

1067/2M slit of variable width

1067/3R set of three colour filters (red, blue, green)

big stop

D

i { eyepiece
narrow slit " |
adjustable slit screen

lamp

Figure 7
Diffraction by a single slit.

The famp and screen should be just over 2 m apart with the lens midway, forming an image of the
filament on the screen. The adjustable slit in its holder should be placed close to the lens with its length
parallel to the fitament. As the slit is narrowed, the image dims and then widens. The mounted eyepiece
can now be substituted for the screen. The light must fall centrally on the eyepiece, and it will usually
be necessary to adjust the height of the lamp to achieve this.

The big stop is provided as a means of cutting out light which has not gone through the slit. Its best
place must be found by trial and error. 1t will be somewhere between the slit and the eyepiece.

A narrow slit propped against the lamp and parallel to the adjustable slit will improve the visibility of
the pattern. Fringes other than the central maximum should be visible, especially in coloured light.

The screen or eyepiece will need to be moved when the extra slit is put over the lamp, so that the image
of the slit is in focus, rather than the filament.

18 Commentary
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Figure 8

Change of image distance with zone radius.

Points which may emerge are:

1 The image is nearer to the lens when the edges of the lens are used.

2 A piano-convex lens gives greater variation of image distance when its
curved face is towards the lamp.

8.3c Change of image distance with colour

The magnified image of a white hot filament tends to have coloured edges, and the
experiment helps to show why, and to distinguish the effect from other coloured
fringes due to diffraction, seen elsewhere.

Points which may emerge are:
1 Images seen through filters are clearer.
2 Red, green, and blue images are at different distances from the lens.

In principle it makes no difference where the filters are put, so long as the light goes
through them somewhere between the lamp and the eye. But the experiment is

easier if the filter is put between the screen and the eye. Students will probably follow
the lead if they see the teacher do it.

8.3d Masking the lens with an adjustable slit

The lens forms an image of the filament; object and image are roughly equidistant
from the lens. An easily adjustable slit is placed with its length parallel to the length of
the lamp filament, close to the lens. As the slit is slowly closed, the image becomes
dimmer, but before it quite vanishes it becomes wider again. This experiment is
important, and to be sure that all students see the problem during the initial review of
the experiments the lamp may be over-run. The students who investigate should be
given another narrow slit to put in front of the 