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Foreword

This volume is one of the many to be produced by the
Nuffield Science Teaching Project, whose work began early
- in 1962. At that time many individual schoolteachers and a
number of organizations in Britain (among which the
Scottish Education Department and the Association for
Science Education, as it now is, were conspicuous) had drawn
attention to the need for a renewal of the science curriculum
and for a wider study of imaginative ways of teaching
scientific subjects. The trustees of the Nuffield Foundation
considered that there were great opportunities here. They
therefore set up a science teaching project and allocated large
resources to its work.

The first problems to be tackled were concerned with the
teaching -of O-Level physics, chemistry, and biology in
secondary schools. The programme has since been extended
to the teaching of science in sixth forms, in primary schools,
and in secondary school classes which are not studying for
O-Level examinations. In all these programmes the principal
aim is to develop materials that will help teachers to present
science in a lively, exciting, and intelligible way. Since the
work has been done by teachers, this volume and its com-
panions belong to the teaching profession as a whole.

The production of the materials would not have been possible
without the wholehearted and unstinting collaboration of the
team members (mostly teachers on secondment from schools);
the consultative committees which helped to give the work
direction and purpose; the teachers in the 170 schools who
participated in the trials of these and other materials; the
headmasters, local authorities, and boards of governors who
agreed that their schools should accept extra burdens in
order to further the work of the project; and the many other
people and organizations that have contributed good advice,
practical assistance, or generous gifts of material and money.

To the extent that this initiative in curriculum development
is already the common property of the science teaching pro-
fession, it is important that the current volumes should be
thought of as contributions to a continuing process. The
revision and renewal that will be necessary in the future, will
be greatly helped by the interest and the comments of those
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who use the full Nuffield programme and of those who follow
only some of its suggestions. By their interest in the project,
the trustees of the Nuffield Foundation have sought to de-
monstrate that the continuing renewal of the curriculum -
in all subjects ~ should be a major educational objective.

Brian Young
Director of the Nuffield Foundation
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Introduction

This guide is a supplement to the Teachers’ Guide, giving
details of the class experiments and demonstrations to be
done during the fifth year of Nuffield O-level physics pro-
gramme. It is of course written for the assistance of teachers
and is not intended for pupil use. It should be read in con-
junction with the Teachers’ Guide.

Reference is made in each experiment to the apparatus re-
quired. The item numbers refer to the numbers given to each
piece of equipment needed for the programme, full details of
which are given in the Nuffield Physics Guide to Apparatus.



Experiments in Year V

ix

Circular Motion and Electrons in Orbit

1
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Demonstration

Class Experimeni /

Demonstration
Dem}onstmzion
Class Experiment
Demonstration
Demonstration or
Home Experiment

Class Experiment

Demonstration
Class Experiment
Optional Class
Experiment
Demonstration
Class Experiment
Optional
Demonstration|
Buffer Class

Experiment

Optional Class
Experiment

- CO, puck moving with
constant velocity.

— The motion of the Moon
around the Earth.

- Fine beam tube.
~ Whirling a small satellite.

— Whirling a block and letting
go.

—Penny on a turntable.

— Whirling ‘stone’ with string

. winding up round finger.

— Looping the loop.

— Scale drawing of satellite
orbit to predict period.

— Moon’s orbit.

— Data for Earth satellites

— Experimental test of
F = mv¥r.

— Test of mv?/r on turntable.

— Further test of mv?/r.



15 Demonstration — Straight line streams from
thermionic emission.

16  Demonstration — Fine beam tube.

17 Demonstration — Casting shadows (Maltese

cross experiment).
18  Demonstration — The “electron gun’.

19a  Demonstration - Fine beam tube to show
deflection in electric field.

19b  Opuional Alternative — Deflection of beam in electric
Demonstration field.

20  Demonstration — Fine beam tube to show
deflection in magnetic field.

21 Class Experiment — Force on a wire carrying a
current in a magnetic field.

22 Oprional — A large electric motor
Demonstration producing a considerable
force.
23 Demonstration — Current balance to measure

the force constant for the
magnetic field of coils
used with the fine beam tube.

24 Class Experiment — Fine beam tube used for the
- measurement of e/m.

25  Demonstration — Measurement of e/ M for
hydrogen ions.
26  Oprional — Positive rays in the discharge

Demonstration tube.
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Home Experiment
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Home Experiment

Home Experiment
Home Experiment
Demonstration
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Demonstration

Optional
Demonstration

Photographs
Demonstration

Optional
Demonstration

Demonstration

Demonstration

~ A simple celestial sphere.
~ Observation of the night sky
during the course of one

evening.

~ Photograph of the night
sky.

— Observation of the Moon:
daily motion.

— Observation of the Moon:
monthly motion.

- Observation of the Sun.
— Observation of the planets.
.— Model of the celestial sphere.

— Information about the
planets.

— Planetary paths.
— Model of planetary path.

- Lantern slide or chart
showing planetary paths.

- Photographs of planets.
— Eclipses

— Precession of the equinoxes.

— Planetarium.

— Slides of the Greek models.
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xii

Demonstration — Simple umbrella model of
the early Greek system
(Thales).

Demonstration — Simple flask model of early
Greek scheme.

Demonstration — Umbrella model of the
Pythagorean system.
Demonstration — Flask model of Pythagorean
system.
Demonstration — Charts of evidence for
(a) around Earth
(b) a spinning Earth.
Demonstration ~ ~ - Onion as a model for

Eudoxus’ system.

Demonstration - Simple model of
Aristarchus’ system.

Demonstration — Simple demonstration of
parallax.

Demonstration — Simple models of epicycle
system for planets.

Demonstration - Simple model of an
eccentric scheme for the
Sun.

Optional Experiment  — Estimating the size of the
Earth.

Class Experiment — Estimate of the ratio of the
distance away of the Moon
to its diameter.

Oprional Experiment  ~ Estimate of distance of the
Moon from eclipse
photograph.
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Demonstration

Wallchart

Demonstration

Class Experiment

Optional

Demonstration
Wallchart

Demonstration

Optional

Demonstration

Class Experiment or

Demonstration

Optional
Demonstration

Optional

Demonstration

Class Experiment

Demonstration

Class Experiment

xiii
- Simple model of Copernicus’
explanation of the looped
path of the planets.

— Chart of the planets in order
as determined by
Copernicus.

— Demonstration of precession
of the equinoxes

— Drawing ellipses.

~ The Inverse Square Law in
the case of light.

— Chart of the historical
development.

— Itlustration of an elliptical
orbit.

— Illustration of Kepler’s
Second Law: pupils on ice.

— Illustration of Kepler’s
Second Law: whirling bung.

— Illustration of Kepler’s
Second Law: ball in funnel.

- Illustration of Kepler’s
Second Law: using a dry ice
puck.

— Illustration of Kepler’s
Second Law: using the
centripetal force kit.

— Rotation on a stool.

—Pupils spinning on their
heels.



63

64

65

66

67

68

69

70

Optional
Demonstration

Wallchart

Optional Wallchart

Optional Wallchart

Photograph and
Wallchart
Demonstration

Demonsrration

Demonstration

Xiv

Spinning demonstration
—with V-channel.

— Planetary data and Kepler’s
Third Law.

— Jupiter’s moons and
Kepler’s Third Law.

- Earth satellites and
Kepler’s Third Law.

~ Comets.

— Model of the oblate Earth.
— Precession.

— Model to illustrate
precession of the Earth.

Simple Harmonic Motion, Slow A.C., and Waves

71

72
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Class Experiment

Demonstration

Demonsrration

Demonstrarion

Optional
Demonstration

Optional

Demonstration

- Qualitative introduction to
-simple harmonic motion.

- Examples of simple harmonic
motion.

- Pendulum with ink or sand to
show sinusoidal motion.

- The a.c. wave form shown
on a C.R.O.

— Scaler used to make
measurements of the velocity
of a very long pendulum.

— Vibrating tuning fork and
rotating mirror.
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XV

Class Experiment ~ Musical frequencies shown
ona C.R.O.

Demonstration ~SHM and circular motion.

Demonstration - ~SHM on a rope.

Oprional Class ~ Investigation of a simple

Experiment pendulum.

Class Experiment ~ Simple d.c. and a.c.
generators.

Class Demonstration  ~The bicycle dynamo.

Class Experiment — Displaying the wave form of
the mains a.c. ona C.R.O.

Demonstration — The wave form of mains a.c.
on a demonstration C.R.O.

Demonstration - An electroscope as a

voltmeter.
Optional — A model hot-wire ammeter.
Demonstration
Oprional — A model moving iron
Demonstration meter.
Demonstration -- Ohm’s Law with alternating
current.
Demonstration — Bicycle generator with
' C.R.O.
Optional — Slow a.c. with transistor
Demonstration oscillator.
Class Experiment — Slow a.c. with low frequency

generator — I,
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99a
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Xvi

Demonstration — Slow a.c. with low frequency
generator — I1.

Demonstration - Slow a.c. with low frequency
generator — I11.

Optional Class ~ Slow a.c. with low frequency
Experiment generator — IV.

Optional Buffer — Slow a.c. with a capacitor
Demonstration and an inductor.

Optional Buffer Class ~— Slow a.c. with a capacitor.
Experiment

Demonstration — Examples of wave motion.

Demonstration — Standing waves.

Optional Extra - Ring of standing waves.

Demonstration

Oprional — Experiments with a

Demonstration monochord.

Oprional — Melde’s experiment.

Demonstration g

Optional Buffer — Demonstrations with sound

Demonstration waves.

Optional Buffer — Demonstrations with

Demonstration centimetre waves.

Optional Buffer - Demonstrations of elecrical

Demonstration oscillations.

Optional Class - Ripple tank experiment to

Experiment or illustrate measurements of

Demonstration wavelength frequency and
speed.

Optional ‘Advanced’ ~ Model to illustrate group
Demonstration velocity.
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102

103a

103b
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104

105

106

107a

107b

Class Experiment
Demonstration
Class Experiment

Class Experiménz

Demonstration

Class Experiment
Home Experiment
Optional
Demonstration

Optional

Demonstration

xvii
—Young’s fringes in a ripple
tank.

— Interference with plastic
wave model.

— Interference with corrugated
cardboard wave model.

- Diffraction of light.

—Young’s fringes with visible
light.

—Young’s fringes.

— The geometry of Young’s
fringes.

— Young’s fringes with sound
waves.

- Young’s fringes with
centimetre waves.

Diffraction Gratings and Spectra

-108a

108b

109

110

1

112

Class Experiment
Class Experiment

Demonstration

Demonstration

Optional Film

Class Experiment

— Coarse diffraction grating.
— Spectra,

— Projection of spectrum with
diffraction grating.

- Diffraction of a plane wave
by multiple slits. ’

- Spectra formed by diffraction
in a ripple tank.

— Estimation of the wavelength
of light.
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115

116

117
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Oprional Home
Experiment

Demonstration
Optional Class
Experiment

Class Expervment
Oprional Class
Experiment
Demonstration

Optional Extra
Demonstration

Xviii

— A gramophone record as a
grating.

— Spectrum formed by a
prism.

— Colour mixing.
~ A second look at spectra
formed by gratings.

- Simple spectrum of
sunlight.

— Absorption lines in the
spectrum of sunlight.

— Absorption spectrum of
sodium.

Radioactivity and Atom Models

120

121

122

123a

123b

123¢

124

Demonstration

Demonstration

Demonsiration

Demonstration

Demonstration

Demonstration

Demonstration

— Positive and negative ions
shown by a candle flame in
an electric field.

— Ions carrying a current
through the air.

— Ionization in the air in the
presence of a radioactive

source.

- Introduction to the Geiger
counter: ‘the salt counter’.

— Introduction to the Geiger
counter: ‘the match
counter’,

— The spark counter.

— The scaler as a counter.
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128a
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130
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133
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Demonstration
Class Experiment
Optional
Demonstration

Demonstration

Class Experiment

Photographs

Demonstration

Optional

Demonstration

Class Experiment

Demonstration

Demonstration

Demonstration

Film

Waves and Particles

137

138

Demonstration

Film

Xix

— Experiments with alpha
particles.

— Uranium oxide source in a
gold-leaf electroscope.

— Inverse Square Law.

- Expansion cloud-chamber.

— Taylor diffusion cloud-
chambers.

- Display of cloud-chamber
photographs.

— Elastic collisions with bodies
of equal mass.

— Exponential decay of a
radioactive substance.

- Simple model of
exponential decay.

— Magnetic deflection of beta
radiation.

— Magnetic model of alpha
particle scattering.

— Electrostatic mode] of alpha
particle scattering.

— ‘Rutherford Atom.’

- ‘Wholesale’ photoelectric
effect.

— ‘Photoelectric Effect.’
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139 Film — ‘Photons.’
140  Demonstration — Photoelectric effect with
GM tubes.
141 Oprional — Photoelectric effect using
Demonstration X-rays.
142 Class Experiment — Two-dimensional diffraction
grating.
143 Oprional Class — Two-dimensional grids from
Experiment Nuffield Chemistry
programme.
144 Wallchart — Chart of the electromagnetic
spectrum.
145  Film — “Interference of Photons.’
146 Class Experiment — Two dimensional diffraction
grating.
147 Film - Matter Waves.’
Appendices
I Operating instructions for the demonstration oscillo-
scope.
11 Operating instructions for the class oscilloscope.
IIT  Details on the operation of the scaler as a timing
device.
IV Electron diffraction.
V  Experiments with a turntable.



1 Demonstration
CO: puck moving with constant velocity

Apparatus

1 magnetic ring puck  ~item 95C
1 glass plate —item 95A
4 wedges ~item 95B
1 CO, cylinder —item 19/1
1dryice attachment  ~item 19/2
Procedure

The glass plate is cleaned carefully with methylated spirit or
window cleaning fluid and polished with a duster. It is care-
fully levelled with the wedges.

A small quantity of dry ice is made in the usual way using the
CO, cylinder and dry ice attachment. It is put under the puck
on the glass plate. The puck is given a gentle push.

It should be watched travelling bot/ ways.




2 Class experiment|demonstration
The motion of the Moon around the Earth

Procedure

The pupils should realize that the Moon is going round the
Earth. They should be encouraged to locate the Moon with
reference to the star pattern. If possible they should follow its
motion at different times on the same night and also at the
same time on consecutive nights.



3 Demonstration
Fine beam tube

Apparatus

1 fine beam tube —item 61

1 fine beam tube base —item 62

1 H.T. power supply —item 15

1 rheostat (10-15 ohms) —item 541/1
1 battery —item 176
2 magnadur magnets —item 92B
Procedure

This demonstration of the electron beam being deflected by a
magnetic field into a circular path should be performed
quickly to show an example of circular motion: measure-
ments will be made later (see Experiment 24).

The fine beam tube is set up, as previously described (see
Year IV Experiment 162). No voltage should be connected to
the deflecting plates. These should both be connected to the
anode. First a single bar magnet should be used to deflect the
beam, then a pair of magnets as shown will give a bigger and
more symmetrical deflection. (A pair of magnadur magnets
give a good deflection.)
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These demonstrations show that the beam is bent where the
magnetic field is strongest — and that the bending is at right-
angles to the motion of the beam. For steady bending a large
uniform field is needed and the Helmholtz coils are used for
this.

A circuit such as that above, using the 8 volt tapping on the
battery, will give currents between 4 amp and 2 amp through
the coils, which have a total resistance of 4 ohms. The beam
becomes circular. Increasing the current will be seen to
decrease the radius.

To show that the circular motion produced by this field does
not necessarily stop after one revolution, the tube may be
turned slightly so that the beam moves in a spiral.



4 Class experiment
Whirling a small satellite

Apparatus

1 centripetal force kit —item 172
Also required: string

Procedure’

The centripetal force kit includes a rubber bung which is
convenient for this experiment and safer than whirling stones.
With about 50 ¢cm of string, the bung can be whirled round
above the head. [




5 Demonstration
Whirling a block and letting go

Apparatus

1 light wooden block
Also required: string

Procedure ;

A piece of string about 1 metre long is tied round the wooden
block. It is swung round in a circle with a radius about 50 cm
horizontally above the teacher’s head. At the moment when it
is nearest to the class it is suddenly released so that it travels
tangentially towards the side of the room:.



6 Demonstration or home experiment
Penny on a turntable

Apparatus

1 turntable -item 154/1
1 penny

Procedure -

The penny is put near the centre of the turntable (a gramo-
phone turntable is satisfactory ; it need not be a special turn-
table) and the speed is increased to over 1 revolution per
second - to, say, 78 rev/min.

If smooth paper is put on the turntable, the penny needs to be
about 7 cm from the centre to slide off. A little ink under the
penny leaves a track. It will be found that the initial motion of
the penny is radial. (The subsequent motion is spiral.)




7 Class experiment
Whirling 'stone’ with string winding up round finger

Apparatus

1 centripetal force kit —item 172
Alsorequired: string

Procedure .

The pupils attach the rubber bungs from the centripetal force
kit to the string and whirl the bungs fairly gently above the
head. The string is then allowed to wrap round a finger. If the
bung is whirling slowly at first, the increase in speed is more
apparent.
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8 Demonstration
Looping the loop

Apparatus

1 flexible curtain-rail  —item 119

1 ball bearing —item 131A
Procedure

Bend the curtain-rail so that the ball bearing can ‘loop the
loop’ after being released at the top of the rail. It can be done
with a curtain-rail 8 ft long, but it is more effective with a
10 ft length, even a 12 ft one.

The initial fall should be as steep as possible and the loop
needs to be tight.

It is rewarding to construct a version of this really well
mounted with the top section detachable. Mounting is not
easy, but a convenient method is to glue blocks of wood,
(1tin X 14in X 1% in) at 1 {t intervals around the curtain-
rail. The blocks should be glued with Araldite or similar
adhesive and then screwed with counter-sunk screws (so that
the steel ball does not hit the screw-head as it goes round the
rail). The blocks could be drilled so that the holes fit the end
of clamps attached to retort stands with bosses (see illustra-
tion). Alternatively, 6 in nails can be put through the holes in
the blocks.
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9 Class experiment
Scale drawing of satellite orbit to predict period

Apparatus

16 large sheets of paper
5 metres of wire
1 heavy mass

The sheets of paper should be between 14 and 2 metres long and 20
to 30 cm wide. Brown paper, wide Hidri paper towelling, or lining
paper is suitable.

Procedure

The object of the experiment is to make a scale drawing of a
satellite’s orbit 100 miles up above the earth’s surface. The
scale should be one millimetre representing one mile. For
discussion see Teachers’ Guide.

A loop is tied at one end of the wire so that a pencil or ball-
pointed pen may be put into the loop. The wire is then
anchored 4-1 metres away from the loop on a flat bench or on
the floor. With the paper under the loop, an arc of a circle is
drawn as illustrated. It is necessary to mark two points A A
along a radius as shown as this will assist in drawing the
tangent. If laboratory benches with good rectangular corners
are available, a convenient way of drawing the tangent is to put
A A along one edge of the bench and B at the corner. The
tangent then lies along the other edge (see diagram opposite).

The pupils will calculate that in 2 minutes, the satellite will
fall 44 miles assuming an acceleration of 32 ft/sec per second.
They will then find the point on their scale drawing where the
distance of fall is 44 millimetres from the tangent to the circle.
Given that the time of travel from the tangent point to the
point they have found is a 2 minute trip for the satellite, they
can then work out for themselves the time taken for the
satellite to go once round the earth. See Teachers’ Guide.
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10 Optional class experiment
Moon’s orbit

Apparatus
The same scale drawing prepared in Experiment 9.

Procedure

With a fast stream, the same scale drawing can be used for a
consideration of the Moon’s orbit around the Earth, except
that the scale is now 1 millimetre to 60 miles.

For details of the discussion, see Teachers’ Guide.

175cm minimum _

+—€) pencit 20em
A minimum

» A

4.1
metres

e

heavy mass g _tangent _}

> >
L]




11 Demonstration
Data for Earth satellites

Procedure

14

The details in the following table should be displayed for the

class to see.

Name

Sputnik 1
Explorer 1
Luna3
Tiros 1
Discoverer 13
Echo 1
Sputnik 5
Samos 2
Vostok 1
Mercury 6
Telstar 1

Syncom 2

Echo2
Nimbus 1
Voskhod 2
Early Bird

Gemini 4
Asterix 1
Gemini 7

Gemini 6

Launch
date

4 Oct 1957
1 Feb 1958
4 Qct 1959
1 Apr 1960
10 Aug 1960
12 Aug 1960
19 Aug 1960
31 Jan 1961
12 Apr 1961
20 Feb 1962
10 July 1962
26 July 1963

25 Jan 1964
28 Aug 1964
18 Mar 1965
6 Apr 1965

3 June 1965
26 Nov 1965
4 Dec 1965

15 Dec 1965

Recovery
date or
estimated
lifetime

4 Jan 1958?
10 years

29 Mar 1960?
60 years

14 Nov 1960
7 years?

20 Aug 1960
15 years

12 Apr 1961
20 Feb 1962
10,000 years

million years

15 years?
20 years
19 Mar 1965

million years

7 June 1965
200 years

18 Dec 1965
16 Dec 1965

Inclina-
tion of
orbit to
equator
{deg)

65-1
332
73-8
48-4
82-9
47-2
65-0
97-4
65-0
325
44-8
331

815
98-7
64-8
0-1

325
34-2
289
28-9

Initial values

Highest i

Period Lowest

R
962 215 939
1148 356 2548
22,700 40,300 476500
992 693 750
940 258 683
1182 1524 1684 |
907 297 324
950 474 557
893 160 315 |
886 150 265
1577 952 5632
1,4540 35,584 36,693
1090 1029 1,316 !
084 429 937
909 167 475
1,437:0 35,003 36,606
888 162 281
1086 527 1,808
988 215 321
896 258 271

Acknowledgement is made to the Royal Aircraft Establishment for
permission to use the data quoted above,
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Notes

First Soviet artificial satellite. 83-6 kg. Transmitted for 21 days.

First U S satellite. 14-0 kg. Discovered inner Van Allen radiation belt.
Photographed hidden side of Moon during first orbit.

First weather satellite. Transmitted 22,952 cloud-cover photographs.

First successful recovery of ejected capsule. Landed in Pacific after 17 orbits.
First passive communications satellite. Inflated balloon, 30 metres diameter.
First Soviet recovery of satellite. Carried dogs for 18 orbits.

First retrograde orbit ~ launched against Earth’; rotation.

First Soviet manned spaceflight. Yuri Gagarin. 1 orbit.

First U S manned orbital flight. John Glenn. 3 orbits.

First active repeater communications satellite.

First operating synchronous communications satellite; positioned over Indian
Ocean.

Second balloon satellite ; 41 metres diameter in near-polar orbit.
Second generation weather satellite.
First Soviet extra-vehicular activity. A. Leonov ‘space-walk’ for 10 minutes.

First commercial synchronous communications satellite; positioned over
Atlantic midway between Africa and South America.

First U S extra-vehicular activity. Ed White ‘space-walk’ for 20 minutes.
France becomes third nation to launch its own satellite.
Longest manned spaceflight. F. Borman and J. Lovell. 330 hours 25 minutes.

Achieved rendezvous with Gemini 7, lasting for 4 hours. W. Schirra and T.
Stafford.
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12 Class experiment
Experimental test of F=mv?/r

Apparatus

1 centripetal force kit —item 172
16 stop watches or stop clocks —item 507
string or cord —item 10A

The kit contains sufficient to enable pupils to work in pairs.

Procedure

A piece of cord 1-5 metres long is tied to the wire hook. The
other end is passed through the square indicator with two
holes, through the glass tube and then through one hole of the
bung. The end is then passed back through the other hole of
the bung and anchored by plugging the hole with the wooden
rod. Finally the string is hitched round the wooden rod.
Alternatively, the string can be tied off.

Washers are slipped over the wire hook to provide the
accelerating force. The square indicator is adjusted so that it
will be just below the glass tube when the bung is at the re-
quired radius.

One pupil whirls the bung around his head, holding the glass
tube in his hand and keeping the indicator just below the glass
tube. The indicator will probably rotate when it is not touch-
ing the tube and this can be helpful in deciding whether it is
clear of the tube or not. The other pupil times 50 revolutions
with a stop watch.

The force F may be varied by adding more washers, up to
20 washers. The period T is deduced from the time for 50
revolutions. Knowing T and the radius r, o can be calculated.
See Teachers’ Guide for discussion.

Notes

1. In place of the square indicator, a paper clip can be used,
but this is less convenient when rotating. The indicator is very
inexpensive or can be easily improvised.

2. Ir is important to count ‘nought’ when starting counting
revolutions (and not ‘one’).
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13 Oprional demonstration or buffer class experiment
Test of mv?/r on turntable

Apparatus

1 turntable —item 154/1
1 truck attachment —item 154/2
1 stop watch or stop clock , —item 507

1 spring balance —item 43

1 fractional horse power motor (with gear box) —item 150

1 L.T. variable voltage supply —item 59
Procedure

The truck attachment is fixed to the top of the turntable as
illustrated. The section of model railway track extends
radially and the toy truck is pulled towards the centre by a
spiral spring.

The turntable has to be rotated steadily. This can be done by
hand, but it is more convenient to drive it using the fractional
horsepower motor and the gear box which can be attached to
it. The speed of rotation is then conveniently controlled by the
L.T. variable voltage supply, which supplies the necessary
voltage to the motor.

The speed of rotation is increased until the truck hits the stop
at the end of the track. The speed of rotation is then measured
by timing and v is calculated.

It may be necessary to increase the mass of the truck for
satisfactory results. A block of wood, or one of the lead blocks
from the materials kit, can conveniently be put in the truck.

With the turntable at rest, pupils measure the force which the
spring applies when stretched to the full amount with the
truck hitting the end. They do this using a spring balance.
Then they compare that actual force with mo?/r.
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14 Optional class experiment
Further test of mv?*/r

Procedure

As described in the Teachers’ Guide, an alternative arrange-
ment for testing mo?/r can be improvised as shown below.

The curtain ring is held in place on the wooden handle (3 in
rod, 8 in long) with two washers and nails. It is free to rotate
around the handle.

One end of the large spring is attached to the curtain ring with
a4 in length of thread. The other end of the spring is attached
to a suitable mass using a 12 in length of thread. For safety, a
rubber bung — item 172B - from the centripetal force kit can
be recommended as a suitable mass.

Another length of thread, secured to the far end of the large
spring, passes through it and is tied loosely to the small spring,
the other end of which is also attached by a length of thread
(1 in) to the curtain ring.

Finally, a 3 in length of thread is tied across the small spring
so that it cannot be stretched more than 3 in.

When the bung is whirled round the head, the main spring
stretches. The speed is increased until the small spring is
almost stretched to its full extent. Another pupil times several
revolutions of the bung. The radius of the circle, r, is
measured when the device is flat on the bench with the bung
pulled outwards so that the small spring is stretched the same
amount as when rotating. This enables v to be deduced.

By hanging the spring vertically — as in the diagram - and
loading it with masses (or pulling on the spring with a spring
balance) until the small spring is again stretched almost fully,
the actual force F is found. And the radius of the circle, r, is
measured in this position.

The mass of the bung is measured, and mv?/r is calculated
and compared with the measured value of F.
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15 Demonstration
Straight line streams from thermionic emission

Purpose
The purpose of this experiment and the next (16) is to show
that the thermionic emission travels in straight lines.

Apparatus

1 deflection tube —~item 138

1 stand for tube —~item 140

1 E.H.T. power supply —~item 14

1 transformer (or battery) —item 27 (or item 176)
Procedure

The deflection tube is set up in the special stand so that it is
visible to the class. The filament is connected to a 6 volt
supply. (Some E.H.T. supplies available for school use in-
corporate this output. Alternatively it is possible to use a
separate Jow voltage transformer — item 27 - or a battery. See
also the note below on earthing.)
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The deflecting plates are not used in this experiment. They
should be connected together and then to the anode on the
tube. The negative terminal of the E.H.T. supply is connected
to the filament and the positive terminal to the anode.

With no volts from the E.H.T. supply, the light from the fila-
ment produces a line on the inclined fluorescent screen where
the light strikes it. As the voltage is increased to about 3 kV, a
fluorescent line appears. This is formed when the beam of
electrons from the hot filament passes through the perforated
anode in a horizontal plane and meets the inclined screen in

the vertical plane.

Note on earthing

The experiment works well without any point connected to
earth. In this case it is likely that the leakage between different
points of the circuit and earth will cause the negative terminal
to be at some negative potential (for example, —1 kV)and the
positive terminal to be at some positive potential (for example,
+2kV).

However, it is better to earth some point of the circuit so that
all potentials are fixed with respect to earth. With tubes such
as this one where the electron beam is used after it has passed
through the anode, it is best to earth the anode. If this is done,
the insulation between the filament supply and earth must
‘stand at least 6 kV. If a battery or transformer is used, care
. must be taken to ensure insulation.
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16 Demonstration
Fine beam tube

Apparatus

1 fine beam tube —item 61

1 fine beam tube base —item 62

1 H.T. power supply —item 15

1 rheostat (10-15 ohms) —item 541/1
1 battery —item 176
2 magnadur magnets —item 92B
Procedure

This is a repetition of Experiment 3.

The fine beam tube is set up as previously described. No
voltage should be connected to the deflecting plates. These
should both be connected to the anode. First a single bar
magnet should be used to deflect the beam, then a pair of
magnadur magnets as shown will give a bigger and more
symmetrical deflection.
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For steady bending a large uniform field is needed and the
Helmbholtz coils are used for this.

A circuit such as that above, using the 8 volt tapping on the
battery, will give currents between + amp and 2 amp through
the coils, which have a total resistance of 4 ohms. The beam
becomes circular. Increasing the current will be seen to de-
crease the radius. ~
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17 Demonstration
Casting shadows (Maltese cross experiment)

Apparatus

1 Maltese cross tube ~item 136

1 stand for tube —item 140

1 E.H.T. power supply ~item 14

1 transformer (or battery) —item 27 (or item 176)
Procedure

The tube is set up in the stand and 6-3 volts are applied to the
filament to heat it. The positive terminal of the E.H.T. power
supply is connected to the perforated anode and also to earth
(see note on earthing in Experiment 15). The negative terminal
of the supply is connected to the filament.

With no volts for the E.H.T. supply, the light from the fila-
ment can be seen on the fluorescent screen at the end of the
tube and there will be a sharp shadow of the Maltese cross.

As the voltage is raised to about 3 kV, the thermionic
emission produces fluorescence on the screen.

If a magnet is brought up near the tube, the fluorescent
shadow is seen to move. The optical shadow, however, is
undeflected.
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Note

It is not essential to connect the Maltese cross to anything and
it may be more convincing if this is not done. On the other
hand, electrons hitting the cross will charge it negatively so
that it repels electrons: this may even prevent the fluorescence
from being seen at all. The fluorescence will reappear if the
cross is momentarily connected to the anode. With some tubes,
electrons hitting the cross cause other electrons to be emitted
from the cross. These secondary electrons travel to the positive
anode and keep the cross from becoming appreciably negative

with respect to the anode.

If the cross is connected to the anode, the cross is at the same
potential as the anode all the time. This arrangement may
therefore be preferred.

Film

This experiment is demonstrated in the Esso-Nuffield film for
science teachers An Approach to the Electron. This film is
available on free loan from Esso Petroleum Company Ltd,
Victoria Street, London, S.W.1.
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18 Demonstration
The ’electron gun’

Apparatus

1 hot filament diode tube —item 135
1 stand for diode —item 140
1 H.T. power supply —item 15

1 demonstration meter —item 70
12-5-0-2-5 mA dial —item 71/4
Procedure

The purpose of this experiment is not to study the charac-
teristics of a diode as was done in Year IV, but to explain the
principle of an electron gun.

The diode tube is set up in the stand and 6-3 volts are applied
to the filament.

The plate in the tube is connected through the demonstration
meter (2:5-0-2-5 mA) to the H.T. power supply. The other
terminal of the supply is earthed and connected to one of the
filament terminals. The supply enables the plate to be at 400
volts either positive or negative relative to the filament.

It will be found that no current flows, whatever the p.d. across
the tube, as long as the filament is not glowing. When the
filament is glowing, a current flows if the plate is positive. If,
however, the plate is negative, no charge flows.

With no p.d. across the tube a small current of about 50 A
flows owing to the energy with which electrons are emitted
from the filament (Edison effect). But this will probably not
be noticed in the experiment described above.
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Optional additional experiment

The diode experiment described above shows that a current
flows in such a direction that either negative charge flows from
the filament to the plate or positive charge from the plate to
the filament.

With a fast group, this optional experiment can be done to show
that it is negative charge that flows from the filament to the
positive plate.

A hot filament triode tube (item 141) is set up in the stand. It
has a visible grid between the filament and the plate. A volt-
age of 6-3 volts is applied to the filament so that it glows
brightly. The plate is made about 500 V positive to the fila-
ment using the B supply. The grid can be made 20 V positive
to the filament using the A supply as shown. By reversing the
connections to the A supply, the grid can be made 20 V
negative to the filament.

If the current is due to negative charge flowing from the
filament, the positive potential on the grid would cause an
increase in the plate current. If, however, it is positive charge
from the plate, the positive potential on the grid would cause
a decrease. The experiment should be done so that a decision
can be made.

With V, = 500 V, the following currents are typical:

v, | 120v| ov J—-zov

I, 1-5mA | 04 mA‘ 0 mA

Note that if these experiments are done, they should be
treated as a piece of detective work: looking for evidence and
drawing conclusions. Millikan’s experiment (by film, in
Year IV) gave evidence of ‘electrons’, but these experiments
do not say anything about the nature of charge, whether it is
a fluid or whether it is particulate.

Esso-Nuffield Film .
All the above experiments are shown in the Esso-Nuffield film
for science teachers, An Approach to the Electron, available on

free loan from Esso Petroleum Company Ltd, Victoria Street,
London, S.W.1.
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19a Demonstration
Fine beam tube to show deflection in electric field

Apparatus

1 fine beam tube —~item 61
1 fine beam tube base —item 62
1 H.T. power supply —item 15
4 12 volt batteries —item 176

Procedure

The fine beam tube is set up as previously described. This
time there should be no connection to the Helmholtz coils.

Connect one deflecting plate to the anode. The other deflect-
ing plate is connected first to the anode to show no deflection
and then to potentials up to —50 V to the anode. (Positive
potentials may also be used but the beam is less easily de-
flected and tends to go out of focus.)

The deflecting voltage is most conveniently obtained from
four 12 volt batteries in series. It can also be obtained by
putting a potential divider (of 10 kQ upwards) across AC and
tapping off the required voltage.

The connections to the two deflecting plates can then be inter-
changed to show deflection the other way.

Notes

1. To preserve the life of the tube as long as possible, it should
not be left operating longer than necessary.

2. Always switch the heater on first and only when it is
glowing turn up the accelerating voltage on the anode.
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19b Oprional alternative demonstration
Deflection of beam in electric field

Apparatus

1 deflection tube —item 138

1 stand for tube —item 140

1 E.H.T. power supply —item 14

1 transformer (or battery) —item 27 (or item 176)
Procedure

The deflection tube is set up as in Experiment 15 with 6-3
volts on the filament. The negative terminal of the E.H.T.
supply is connected to the filament; the positive terminal is
connected to the anode. The anode should be earthed (see
note on earthing in Experiment 15).

first to E.H.T.+
then to EEH.T.—

With the EH.T. supply turned off, the light'from the fila-
ment produces a line on the inclined fluorescent screen where
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the light strikes it. As the voltage is increased to about 3 kV, a
fluorescent line appears as the beam of electrons from the hot
filament passes through the perforated anode and meets the
inclined screen.

First both the deflecting plates should be connected to the
anode. The beam will move in an enclosure at a uniform
potential and the line on the screen will be straight.

Then, while one plate is left connected to the anode, the other
plate is connected to the negative terminal of the E.H.T.
supply. This produces a vertical electric field between the
plates and consequently the beam is deflected into a parabolic
path. Alternatively apply a potential difference from an in-
sulated external source using a battery.

Note

With this simple arrangement, it is not possible to show the
effect of varying the deflecting voltage because the anode volt-
age would also be. changed. This alters the speed of the
electrons and so leaves the deflection unaltered.

If two E.H.T. power supplies are available the following
arrangement may be used to produce a variable deflection.

EH.T.

EHT. /
| oSupply ]

+
I

It is very important to earth the anode in this case. If the
cathode were earthed, for example, there could be 10 kV
between the positive terminal of the second power supply and
the neutral side of its mains winding and this is likely to
damage the insulation of the transformer.

The deflecting power supply can also be connected the other
way round to make the deflecting plate negative to the anode.



36

20 Demonstration
Fine beam tube to show deflection in magnetic field

Apparatus

1 fine beam tube —item 61

1 fine beam tube base ~item 62

1 H.T. power supply —item 15

1 rheostat (10-15 ohms) —item 541/1
1 battery —item 176
2 magnadur magnets —item 92B
Procedure

The fine beam tube is set up as previously described and
Experiment 3 is repeated showing first the deflection of the
beam when the magnadur magnets are brought near the tube.
Then the battery is connected to the Helmholtz coils in series
with the rheostat. This will send a current between 4 amp and
2 amp through the coils which have a total resistance of
4 ohms. The beam will be seen to move in a circle.
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21 Class experiment
Force on a wire carrying a current in a magnetic field

Note

Experiment 20 has shown that a magnetic field exerts a
force sideways on the stream of electrons. Pupils should now
see for themselves the sideways force on a conductor carrying
a current in a magnetic field. This experiment was done
previously in Year III, but it should be repeated here, how-
ever clearly they think they remember it.

Apparatus

16 low voltage power supplies —item 104
16 iron yokes —item 921
32 magnadur magnets —item 92B

Also required: reels of 26 swg copper wire and wire strippers

Procedure

Two lengths of 26 swg wire are stripped and attached to the
low voltage power unit so that they project three inches from
the unit and are parallel to each other.

A 3 in length of stripped wire is laid across the projecting
wires, as illustrated. It will help if the ends are turned down,
as shown.

When the yoke with magnadur magnets attached is brought
up, the wire lying across the fixed projecting wires will be
projected along the rails. Repeat with the magnetic field
reversed. 3

Alternatively, position the magnets first and then note the
movement when the current is switched on.

Film

This experiment can be seen in the Esso-Nuffield film for
science teachers The Electromagnetic Kir. This film is avail-
able on free loan from Esso Petroleum Company Ltd,
Victoria Street, London, S.W.1. It is not suitable for showing
to a class.
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22 Oprional demonstration
A large electric motor producing a considerable force

Apparatus

1 fractional horse-power motor —item 150

1 L. T. variable voltage supply —item 59

1 length of string

1 demonstration spring balance (5 Kg) —item 85

1 retort stand, boss, and clamp —items 503-506
Procedure

The purpose of the demonstration is to show that the rather
small ‘catapult’ force seen in Experiment 21 is not trivial, but
of great practical use, and that it can produce large forces.

A large commercial motor should be shown, or, failing that,
the fractional horse-power motor could be shown operating
with 12 volts d.c. from the L.T. variable voltage supply (or the
12-volt battery — item 176). The same voltage should be
applied to both the armature and field terminals.

The demonstration of the motor can be made more vivid by
showing the force it can exert when stalled. The string is
anchored to the spindle of the motor by tying it to a spoke of
the pulley wheel and wound several times round the spindle.
The other end is attached to the demonstration spring balance
which is suspended from a retort stand.

With a voltage of only 5 volts, the force on the spring balance
is about 14 Kg wt.

Note that the motor should not be in this condition for long
as it is being heated with about 50 watts of electrical power.
Raise the voltage carefully to avoid overloading the power
supply and the motor.
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23 Demonstration

Current balance to measure the force constant for
the magnetic field of coils used with the fine
beam tube

Apparatus

1 Malvern current balance kit —item 173

2 slotted bases —item 30

2 rheostats (10-15 ohms) —item 541/1
1 beaker —item 512/2
2 batteries —item 176

2 demonstration meters —item 70
2d.c. dials: 5 amp —~item 71/2

Setting up the current balance

The details of the Malvern current balance are as illustrated
opposite.

The copper wire frame is placed on the razor blade contacts.
The frame should be bent with a slight curve so that the
fulcrums are about 5 mm above the ends of the wire.

An O-BA washer is suspended by cotton from the end of the
balance so that it hangs in water. This damps the balance. It
is necessary to have a trace of Teepol in the water to reduce
surface tension forces on the cotton.

The wire frame is roughly balanced on the razor blades. A
small rider of copper wire is then slid along the frame to
bring the pin level with the point on the hardboard index.

Both the support for the frame and the support for the index
are fixed in two of the slotted bases (item 30).

The end of the wire frame should be iuside the gap so
that the wire cannot move far from the horizontal: this will
prevent the rider from slipping off.

It is helpful to push the wire frame sideways along each razor
blade to cut a slight groove in the copper wire. This gives a
better contact and prevents overheating of the thin knife
edges of the blades.
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Procedure

Bare copper wire, 26 swg, has a nominal mass of 1-46 gm
per metre. A small weight of 0-10 gm is prepared from about
6-85 cm of such wire. Pupils must see that itis 0-1 gm.

The end of the wire frame away from the pin is put in the
magnetic field to be measured. A current of 2-5 amp is
passed through the coils using the battery (item 176), rheostat
(item 541/1), and the demonstration meter.

The 0-10 gm weight is put on the end of the wire frame at A
and this produces a downward force 0of9-8 X 10-* newtons on
the wire.

A second battery is connected in series with a second rheostat,
another meter, and the terminals of the current balance. A
current flows round the frame via the razor blade contacts.
This current is increased until the upwards force on the wire
just equals the downwards force of the weight so that the
balance is restored.

The connections to the terminals may have to be changed over
if the current in the wire produces a downward force on the
frame and not an upwards one.

The current I through the frame is noted, the length 1 of the
end of the frame is measured, and thus the force constant B is
deduced for the given coilssince BIl = 9-8 x 10-*.



=)

45




46

24 Class experiment
Fine beam tube used for the measurement of e/m

Apparatus

1 fine beam tube —item 61

1 fine beam tube base —item 62

1 H.T. power supply —item 15

1 battery —item 176

1 rheostat —item 541/1
2 demonstration meters —item 70
1d.c. dial: 5 amp —item 71/2
1 d.c. dial: 300 volts —item 71/11
Procedure

The fine beam tube is set up as already described.

A voltmeter is put between the anode and cathode in order to
measure the accelerating voltage, which should be about
250 volts.

The battery is put in series with an ammeter, a rheostat, and
the Helmholtz coils. A current of 2-5 amp is passed through
the coils, the same current that was used in the previous
experiment, 23, in which the force constant for that magnetic
field was determined. The beam will be bent into a circle.

Each group of pupils should measure the diameter D and then
deduce a value for e/m.

To measure D, simply hold a ruler outside the tube. In the
darkened room, the ruler should be illuminated. (A Perspex
ruler with a small electric lamp taped to one end - and covered
with masking tape so that no direct light emerges ~ works
well.)

Theory of the experiment
See the Teachers’ Guide.

Experiment 23 will have found a value for B and using Bev =
mv?|rand eV = tmo?, e/m is deduced.
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Notes

1. Itis helpfulif pupils practise measuring the diameter of the
beam by measuring the diameter of a wire loop without being
allowed to bring the wire loop near to the rule. Practice with
the loop will save time when they all measure the beam
diameter.

2. The best modification so far produced forms a wirtual
image of an illuminated scale inside the tube, in the plane of
the electron stream. A vertical sheet of clean plate glass is
placed just in front of the tube. Anilluminated scale is placed
in front of the sheet at such a distance that the image of the
scale, behind the sheet, is in the middle of the tube. This does
make measurements easier ; but we do not recommend adding
this complication except with a very fast group.
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25 Demonstration
Measurement of e/M for hydrogen ions

Apparatus

1 Worcester gas voltameter kit —item 54
1 L.T. variable voltage supply —item 59
1 demonstration meter —item 70
1d.c. dial: I amp —item 71/1

Alternatively a 12 V battery (item 176) and a rheostat (item 541/1)
can be used for the voltage supply.

Procedure
The circuit is connected as shown.

The gas jar is filled with acidulated water and one of the two
250 ml burettes is placed over the cathode (the second
burette is not necessary in this experiment and only compli-
cates it unnecessarily). The burette is filled with acidulated
water using the plastic bottle provided. (The bottle is squeezed
empty, connected to the top of the burette. The tap on the
burette is then opened and water is drawn up. The tap is
closed. Repeat this process until the burette is full.)

The current is switched on and adjusted to 1 ampere. (Note
- that the position of the burette relative to the electrode has a
marked effect on the current. It should not be moved once the
current is adjusted.)

The burette is then refilled with water as before. Then the
current is allowed to flow for, say, 20 minutes.

After switching off, the burette is slid in its holding clip until
the levels of the water inside and outside the tube are the
same, The pressure is then atmospheric. The volume of
hydrogen gas is then read. Since the density of hydrogen is
about 10-* gm cm-3, the mass liberated in 20 minutes can be
calculated. Hence the mass liberated by one coulomb can be
found, from which ¢/M is deduced in coulombs per kilogram.
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26 Optional demonstration
Positive rays in the discharge tube

The production of positive rays in a discharge tube is a very
complicated process (see Teachers’ Guide), and it can be con-
fusing to pupils. If, however, a school possesses a discharge
tube which can show positive rays passing through a per-
forated cathode, it could be demonstrated at this stage.
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27a Demonstration
A simple celestial sphere

Apparatus
1 umbrella

Procedure

A simple model can be improvised from an ordinary um-
brella. When opened, the ferrule can represent the Pole Star,
whilst such constellations as the Plough and Cassiopeia can be
represented by paper discs stuck appropriately to the under-
side of the umbrella. Unfortunately chalk marks are not
satisfactory: they tend to imprint once the umbrella is closed
again. The eight ribs provide a useful guide in the marking
up. Pairs of ribs enclose 45° (or three hours of time). The
surface can include the circumpolar stars visible from about
latitude 45° and may be marked as shown.
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27b Home experiment

Observation of the night sky during the course of
one evening

Procedure

Pupils are asked to observe the sky at least twice in one even-
ing, with an interval of, say, two hours between observations.
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277c Demonstration or home experiment
Photograph of the night sky

Procedure

A photograph of the night sky taken by exposing a film in a
rigidly fixed camera for several hours should be available for
discussion.

Pupils who are interested should be encouraged to make a
photograph themselves. To take such a photograph, a simple
camera with an ordinary lens (not telephoto) is attached to a
firm stand or tripod. It should be pointed towards the Pole
Star. Open the shutter, having set the aperture (say, {/3-5 for
Pan film - though the correct aperture will usually have to be
found by trial), and leave undisturbed for the period chosen
(at least 2 hours, preferably 4 to 8 hours).

The film may be developed in the traditional way or using the
technique described in detail in Appendix II of the Year IV

Guide to Experiments.

Note
The photograph will be more impressive if the picture in-
cludes the silhouette of the school building or of well-known

trees near by.
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28a Home experiment
Observation of the Moon: daily motion

Procedure

Pupils are asked to watch the Moon and to note its position
relative to the stars. Then, one or two hours later, they should
look again and note the new position of the Moon relative to
the stars.
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28b Home experiment
Observation of the Moon: monthly motion

Procedure

The previous experiment should be extended over the period
of a month. The position of the Moon should be noted at the
same hour on each possible night for a month. The observa-
tions should relate to the stars, and also to the position in the
sky relative to the horizon.
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28c Home experiment
Observation of the Sun

Procedure

Pupils should watch the Sun and its daily movements, if
possible from month to month, so that the changes in the
height of the Sun’s daily arc are revealed.

They might also note over a period of time, the star pattern
which is revealed immediately after sunset and before sunrise.
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28d Home experiment
Observation of the planets

Procedure

Pupils should be shown the brightest planets — Venus, Jupiter,
and, possibly, Saturn.

Information on where to look for these can be found in the
monthly articles published in such newspapers as The Times,
The Daily Telegraph, or The Guardian. Or from such annual
publications as The Sky at Night (The Times Publishing Co.),
The Yearbook of Astronomy (Eyre and Spottiswoode),
Whitaker’s Almanack, or The Astronomical Ephemeris
(HMSOQ).
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29 Demonstration
Model of the celestial sphere

Apparatus

1 large flask (for example, 2 litre, bolt-head)

1 bung to fit flask

1 long knitting needle

1 polystyrene sphere (1 in diameter)

2 retort stands, bosses, and clamps — items 503-506

Procedure

The polystyrene sphere is mounted on the point of the knit-
ting needle, which has been pushed through the bung, so that
the sphere is at the centre of the flask. The flask is then
partially filled with water so that, when it is inverted, the
water level passes through the centre of the flask so that the
plastic sphere is half immersed. A circular piece of coloured
Sellotape is stuck on to the ‘bottom’ of the flask, marking the
end of the axis through the neck of the flask and the sphere.
This also represents the Pole Star

The celestial equator should be marked. The flask is then
placed, with its neck slanting downward, in a chemistry
tripod with round (instead of triangular) top; or in a hori-
zontal ring on a retort stand. Failing that, it may be supported
in a clamp (it may be necessary to use a second boss to prevent
the clamp turning under the weight of the model) so that the
polar axis is inclined at about 50° to the horizontal.

The level of the water provides a horizon whilst the small
sphere represents the earth at the centre of the celestial
sphere.

A band of coloured tape should then be added to represent the
Zodiac, within which the ecliptic path will be included. This
band should be at 231° to the equatorial plane of the model.

Simple rotation of the model about its axis will provide a
model of the repetitive, daily motion of the stars. But it does
not permit a description of the lagging and wandering motion
of the Sun, the Moon, and the planets. These are best ex-
plained when this diurnal rotation can be ignored.
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30 Chart
Information about the planets

Procedure
The following information should be displayed:

Name Time for complete orbit
(judged against background of stars)
Mercury 87 days
Venus 225 days
Mars 687 days
Jupiter 12 years
Saturn 30 years
Sun 365-3 days
Moon 27-3 days

See the Teachers’ Guide for the reasons for giving the ‘true’
. - g g
period and not the ‘apparent’ period.

As explained in the Teachers’ Guide, a space has been left in
the above list for the Earth. It should not be placed there yet,
but the Sun and Moon should be included making seven
‘wanderers’ in all.



63

3la,b Demonstration
Planetary paths

Procedure

a. A blackboard sketch of the path of a planet should be
drawn. Currently applicable ones are to be found in The
Yearbook of Astronomy (Eyre and Spottiswoode).

b. This should be supplemented by an oblique view of an
epicycloid. This can be drawn freely with a felt-tip pen by
moving the pen round in a small circle (say, a circle of
diameter 4 in) whilst sweeping the hand round a larger circle
of diameter about 30in.

A patch of paper torn out of the resulting pattern and contain-
ing a few loops is then held obliquely so that pupils see the
pattern almost edge on.
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31c Demonstration
Model of planetary path

Apparatus
1 turntable —item 154/1
1 small motor on base plate  —item 154/3
Procedure

The base plate is attached to the turntable. The dry cell drives
the motor, which rotates a polystyrene sphere in a small circle
as illustrated opposite. At the same time the turntable is

rotated slowly by hand.

The epicyclic motion of the small sphere is observed edgewise
by the class.



65




66

32 Optional demonstration
Lantern slide or chart showing planetary paths

Procedure
Some teachers will want to show charts or slides of the paths
of one or two planets, plotted from tables of observations.

These should not replace simple pictures, drawn.by hand, as
suggested in Experiment 31.
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33 Photographs
Photographs of planets

Procedure
At some stage of the course, teachers should show good
photographs or slides of the planets themselves taken through
a telescope.
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34 Demonstration
Eclipses

Procedure

Simple sketches of eclipses of the Sun and Moon should be
shown to the pupils. See Teachers’ Guide, which urges that the
usual details of umbra and penumbra should not be given.

Moon'’s orbit

Moon'’s orbit

=

Sun about 80 feet ’ )
away on this scale E \
——————

Moon's orbit
around earth
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35 Optional demonstration
Precession of the equinoxes

Apparatus
Simple flask model of the celestial sphere, as in Experiment 29.

Procedure

A new axis, perpendicular to the ecliptic, can be established
on the flask with small circles of coloured Sellotape indicating
where the axis meets the surface. (An ideal arrangement is to
fix two small suction caps at these points.)

The model is then held so that it can revolve very, very slowly
about that axis, whilst the whole model is imagined to be
spinning very rapidly (10 million times faster) round the Pole
Star axis. '
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36 Demonstration
Planetarium

Procedure

Where a visit to a planetarium can be arranged, this can be a
valuable part of the teaching, especially if a special programme
is arranged as discussed in the Teachers’ Guide.

A simple ‘toy’ planetarium can be improvised using a two
litre round-bottomed flask (preferably bolt-head type with a
wide neck). A 12 V, 36 W lamp is supported at the centre of
the flask. The surface of the flask is coated with Aquadag.
Holes are then scratched in this surface to represent the
pattern of some of the major constellations.

When the lamp is switched on in a darkened room, the spots
of light on the ceiling will rotate as the flask is rotated and
thus display the simple daily motion.

Note

As discussed in the Teachers’ Guide, it is recommended that a
model of the solar system (orrery) should not be shown at this
stage. It is best left until the work of Copernicus has been dis-
cussed.
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37 Demonstration
Slides of the Greek models

Procedure

Slides of the systems of Thales, Pythagoras, Eudoxus, and
Ptolemy are useful aids at this point and are to be preferred to
complex three-dimensional models.

These systems are all illustrated in the Teachers’ Guide.
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38a Demonstration

Simple umbrella model of the early
Greelk system (Thales)

Apparatus
1 umbrella

Procedure

The umbrella — with some constellations marked on it as in
Experiment 27a — is rotated over a flat disc E (which re-
presents the Earth) as illustrated below.

Note

A plastic sphere with a flat disc at the centre is a [uxury model,
but it is not worth buying. A celestial sphere is not suitable
for this model.
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38b Demonstration
Simple flask model of early Greek scheme

Apparatus

1 large flask (2 litre, bolt-head)

1 bung to fit flask

1 long knitting needie

1 wooden ‘washer’ (about 1 in diameter) |

1 retort stand, boss, and clamp — items 503-506

Procedure

The wooden ‘washer’ is slipped over the knitting needle,
over which it rides freely. The needle should be pushed
through the bung so that the point of the needle will almost
reach the bottom of the flask when the bung is inserted.

The flask is then half filled with water and the bung carefully
inserted so that the wooden ‘washer’ floats centrally on the
water surface. The whole is turned upside down and placed in
a ring on a tripod or attached to a retort stand so that it is
inclined. '

The round globe represents the heavens, the flat wooden
‘washer’ the flat Earth. The ‘heavens’ can then rotate about
the Earth.
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39a Demonstration
Umbrella model of the Pythagorean system

Apparatus
2 umbrellas

Procedure

Two umbrellas are needed for this model. The inner um-
brella needs to have its spike cut off short and a hole cut in its
fabric for the handle of the outer one. The two axes should be
inclined to each other to show the 231° difference.

The inner umbrella carries the star pattern. The outer
umbrella carries a planet (or the Sun), which can be repre-
sented by a polystyrene sphere fixed to one of the spokes at
the rim.

The inner umbrella carries the outer one with it in its daily

spin. Slow rotation of the outer umbrella from west to east
shows the planet’s movement round the ecliptic.

230

i
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39b Demonstration
Flask model of Pythagorean system

Apparatus

1 large flask (2 litre, bolt-head)
1 bung to fit flask

1 long knitting needle

1 small polystyrene sphere

Procedure

The sphere is mounted, instead of the wooden washer, on the
needle which is inserted into the flask, which is half full of
water.

The position of the sphere and the volume of water are
adjusted so that the sphere is at the centre of the flask and in
the water surface when the flask is inverted. The whole
assembly is tilted and placed in a ring on a tripod or attached
to a retort stand.

The sphere represents a round Earth. The ecliptic is marked
on the flask with a greasy pencil or a band of coloured Sello-
tape (at 231° to the equatorial plane of the model).

A yellow disc to represent the sun is stuck temporarily at
various points on the ecliptic. :

The daily motion is shown by rotating the flask about its own
axis. The progress of the Sun through the seasons of the year
can be shown by moving it from place to place round the
ecliptic whilst the flask is spun for each position.
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40 Demonstration

Charts of evidence for (a) a round Earth (b)
a spinning Earth

a. A wallchart showing evidence for a round Earth can
profitably be displayed. See Teachers’ Guide.

b. As an optional extra, teachers might also show a chart of
evidence for a spinning Earth — see Teachers’ Guide.
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41 Demonstration
Onion as a model for Eudoxus’ system

An elaborate model of Eudoxus’ system would be much too
confusing. An onion might, however, be shown to illustrate
his scheme of many concentric spheres.
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42 Demonstration
Simple model of Aristarchus’ system

Apparatus

1 umbrella :
1 small Earth globe - see below

Procedure
As in previous experiments, a star pattern should be put on
the umbrella.

The small Earth globe can be readily improvised with a 2 in
polystyrene or wooden sphere mounted on a thin knitting
needle driven half into the sphere.

The small globe is held just at the crook of the umbrella as
illustrated below. Each is spun in turn to show the various
motions.

L
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Secondly, the Earth sphere is moved out a short distance, and
another sphere is placed at the crook of the umbrella to
represent the Sun. Then the Earth sphere is carried round the
Sun, in an orbit, by hand. That is easier if the teacher dis-
penses with the umbrella and just holds the Sun and Earth in
his hands, or places them on a table. He must move the
Earth round the Sun with its spin-axis always pointing in the
same direction. '




84

43 Demonstration
Simple demonstration of parallax

Procedure

As the teacher walks round the laboratory, he can point out
how an observer, moving in an orbit, sees the pattern of the
pupils seated in the class change as he moves nearer or farther
away from various groups of pupils.

This is done to illustrate the point that it was the absence of
such changes in the starry pattern which, amongst other
reasons (see Teachers’ Guide), made Aristarchus’ scheme un-
acceptable to the Greeks.
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44 Demonstration
Simple models of epicycle system for planets

Procedure
a. A large ball (say, 3 in diameter) and a small one (say, +in
or 1 in diameter) are needed.

The teacher holds the larger ball still in front of him to
represent the fixed ‘Earth’. With his other arm outstretched,
he holds the small ball so that he can sweep it in a large arc
vertically around the ‘Earth’ as centre. At the same time he
makes the hand of his outstretched arm turn quickly around
the wrist so that the ‘planet’ turns in a small circle as it moves
in its large orbit.
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b. The small electric motor assembly used in Experiment 31
may be used to represent the ‘planet’ moving in its epicycle.
The whole assembly is swept in a large vertical arc, as
described in (a) above, about the fixed ‘Earth’ whilst the
motor drives the ‘planet’ in its small circle. Alternatively it
may be found easier for the teacher to use a clockwork motor
suitably adapted.
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c. Show again the electric motor assembly (used in Experi-
ment 31c) mounted on a rotating turntable. The turntable is
rotated slowly by hand whilst the sphere on the electric motor
assembly rotates. The epicyclic motion will be observed. The
motor may be tilted a little.
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45 Demonstration
Simple model of an eccentric scheme for the Sun

Procedure

The teacher holds a large ball — representing the Earth -
noticeably off centre for the motion of his free arm which
sweeps out a large vertical arc holding a second ball to
represent the Sun.

An elastic thread joining the two balls may be used. By watch-
ing the thread, pupils can see how the Sun’s apparent speed
must change through the seasons if the Earth is off-centre,
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46 Optional experiment
Estimating the size of the Earth

Procedure

For this experiment it is necessary for two distant schools to
co-operate. Preferably these schools should lie on a north—
south line.

On agreed days, observations are made at both schools of the
‘height’ of the Sun at noon. Each school sets up a pole of
known height, say ten feet. The poles must be vertical, -as
shown by a plumb line, and ground around them must be
horizontal.

At noon, the length of the shadow is measured at each station.
Details of the apparatus and measurements are exchanged,
preferably by telephone.

Using geometry, the pupils deduce the size of the Earth from
the measurements. For details see the Teachers’ Guide. They
will also need to know the distance between the two schools
(in miles or kilometres) and this can be found from a map or
railway timetable.
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47 Class experiment

Estimate the ratio of the distance away of the
Moon to its diameter

Procedure .

Pupils hold a very small coin at arm’s length and adjust its
distance from the eye until the disc of the coin just obscures
the disc of the moon. Their partners then measure the dist-
ance from the eye to the coin.

A similar'technique can be applied to the Sun - preferably
when the Sun is somewhat veiled by mist or cloud. Great
care must be taken 7oz to look directly at the Sun.

It will be found that in each case the coin is approximately .
110 coin-diameters away. Thus the Moon’s distance is about
110 moon-diameters away.
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48 Optional experiment

Estimate of distance of the Moon from eclipse
photograph

Procedure .

An enlarged photograph of a partial eclipse of the Moon is
needed for this experiment. It is clearly préferable for this to
be taken by the pupils themselves. Details of forthcoming
eclipses can be obtained from Whitaker’s Almanack, Astro-
nomical Ephemeris (HMSO), Year Book of Astronomy (Eyte
and Spottiswoode). Fast film should be used for this with the
camera lens opened to its widest aperture and an exposure of,
say, %5 second. The camera should be firmly secured to a
stand during the exposure and great care taken to avoid
camera shake.

As a poor substitute, a printed photograph can be used.

An estimate is made of the radius of the shadow-bite on the
Moon. The radius of the image of the Moon is also measured. -
As explained in the Teachers’ Guide, the ratio

Radius of image of Moon Moon diameter

Radius of shadow on Moon Earth diameter — Moon diameter

From the value obtained for the Moon’s diameter from this
and using the result obtained in Experiment 47, the distance

of the Moon is estimated.
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49 Demonstration

Simple model of Copernicus’ explanation of the
looped path of the planets

Procedure

The teacher holds a light smooth pole of bamboo or light
metal (about 6 to 8 ft long) as a ‘sight line’ from the Earth to,
say, Jupiter.

He holds one end in his right hand (representing the Earth),
letting the pole run loosely through a ring made by finger and
thumb of his left hand. The right hand is held close to the
body with the left arm extended sideways from the shoulder.

The line of the pole runs on out to the ‘stars’ imagined to be.
on the walls and ceiling of the room.

The Earth (right hand) is moved quickly in a tight circle
whilst Jupiter (left hand) moves slowly. The pole wags to-
and-fro as well as making general progress across the sky.
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Chart of the planets in order as determined

by Copernicus

Procedure

The teacher should prepare a chart of the following detail and

display it.

Copernicus’ system

Sun, stationary at centre
Mercury, nearest to Sun
Venus

Earth, with the Moon
travelling round it

Mars

~ Jupiter

Saturn, farthest of the
planets then known

Modern planetary data
Radius of orbit Time of revolution

(R miles)

3:596
6716
9-290

14-16
48:33
88:61

x 107
x 107
x 107

x 107
x 107
x 107

(planet’s year)
(T days)

86-96

2247

3653

687-1
4323
10760
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51 Demonstration
Demonstration of precession of the equinoxes

Procedure
A large ball (for example, a football) to represent the Sun is
placed at the centre of the table.

A small globe mounted on an axis making about 234° with the
vertical will represent the Earth. This may be a mounted
Earth globe, as used in geography teaching. Failing that, it
may be improvised from a large polystyrene or wooden sphere
drilled along a radius to a depth of about 2 diameter and
supported on a knitting needle so that it will spin freely.

This globe is set spinning and moved round the Sun in a
circle with the axis always pointing in a constant direction.
This represents the yearly motion of the Earth.

Precession is then shown by making the spin axis of the ball
revolve in a slow conical motion round an axis perpendicular
to the Earth’s orbit as the assembly is held in the hand and
taken again round the Sun. The real conical motion is, of
course, a very slow one with a period of 26,000 years.



spin

spin with
precession
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52 Class experiment
Drawing ellipses

Apparatus

64 drawing-pins
32 loops of thread
32 pencils

32 sheets of paper

Procedure
A length of thread about 15 in long, tied into a loop, is very
suitable.

Two drawing-pins are stuck into a board (though not pressed
too far in) about 4 in apart and the loop is slipped over them.
A pencil point is then inserted in the loop and positioned so
that the thread is tight. The pencil is then moved round the
pins, always keeping the thread tight and thus tracing out an

ellipse.

Pupils might be encouraged to draw ellipses with the drawing-
pins much closer and also farther apart.
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53 Optional demonstration
The Inverse Square Law in the case of light

Apparatus

1 photoelectric exposure meter

112V,24 W Jamp —item 72
1 lampholder (SBC) on base —item 74
1 transformer —item 27

The exposure meter should be borrowed for the occasion.

Procedure

This is intended as a quick simple demonstration, and
measurements with a traditional photometer would probably
defeat this object and might even be confusing.

. The lamp is switched on in a darkened room and the photo-
electric exposure meter is directed towards it from distances
of 1,2, 3 ... ft. The meter readings (in arbitrary units) are
noted in each case. The readings will be seen to fall off in the

proportion 1:4: 4, etc.

Notes _
1. With some exposure meters it may be necessary to reflect
back some of the light to the reverse side of the meter in order
to make these readings: a piece of white card will do this

effectively.

2. Some exposure meters have scales marked so that adjacent
markings represent light values increasing by a factor of 2 for
each stop. Care must then be taken when interpreting.
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54 Wallchart
Chart of the historical development

Procedure

A tall chart showing the historical development of astronomy
is a useful visual aid for the class — and a helpful aide-mémoire
for the teacher.

Suggested details for such a chart are given in the Teachers’
Guide.
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55 Demonstration
IHlustration of an elliptical orbit

Note

As explained in the Teacher’s Guide, simple demonstrations of
elliptical orbits are difficult to arrange. Probably the best that
can be done are those described here, but neither are very
convincing. The orbit precesses and shows the effect of
friction. Furthermore, in neither case do the pupils know that
the force must be an inverse square one. They are at the best
merely qualitative illustrations of oval orbits.

Procedure

a. Roll a small steel ball (say, 1 in diameter) on a slanting
path in a large glass funnel (at least 20 cm diameter) which is
- firmly held vertically. Friction will affect the orbit which will,
in consequence, precess.

b. A thin rubber sheet can be used, but the equipment is not
easily set up and, again, a precessing orbit occurs. The rubber
sheeting is stretched over a rigid circular frame and secured
tightly with string. A vertical rod, which can be held in a
retort stand, is pushed down onto the centre of the sheet,
deforming the rubber into a reasonable model of the potential
well of an Inverse Square Law force. The steel ball is then
rolled on a slanting path in this well.

Film

The P.S.S.C. film referred to in the Teachers’ Guide is
Elliptic Orbits and is obtainable in the United Kingdom from
Sound Services Ltd, Wilton Crescent, London, S.W.19.
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56 Optional weather-dependent demonstration
IHlustration of Kepler's Second Law: pupils on ice

Procedure
If a safe, frozen pond is available, two pupils can provide a
good illustration of Kepler’s Second Law.

The lighter pupil holds a light rope as he skates or slides in a
circle around the heavier pupil, firmly fixed in the centre of
the pond, who holds the other end of the rope. The heavier
stationary pupil, who represents the Sun, then pulls the rope
in.

As the moving ‘planet’ moves closer, so his speed will in-
crease.
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57 Class experiment or demonstration
Illustration of Kepler‘s Second Law: whirling bung

Apparatus

16 rubber bungs  —item 172B
16 lengths of twine —item 172F

Procedure
Alength of twine is securely attached to the rubber bung. It is
whirled round in a circle.

After a few revolutions, the twine is allowed to wind itself up
around the finger. As the length shortens, so the ‘planet’
moves faster and faster.

)))

b e
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58 Optrional demonstration
Illustration of Kepler’s Second Law: ball in funnel

Procedure

The large funnel (at least 20 cm diameter) and steel ball (4 in
diameter), already used in Experiment 55a, may also be used
as an illustration. It is not, however, a true example of
Kepler’s Second Law and this demonstration is not therefore
recommended.

The ball is started in a circular orbit within the glass conical
funnel. As friction acts, the orbit moves lower whilst the time
for each trip round the funnel gets less and less.
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59_Opti0nal demonstration

Ilustration of Kepler's Second Law:
using a dry ice puck

Apparatus

1 Edinburgh CO, pucks kit - item 95

1 freely swivelling pulley - see below
1 block of solid CO,

Procedure

A rough, but useful, demonstration can be improvised with
the Edinburgh CO, pucks kit. '

The simplest technique employs a swivelling furniture castor.
A hole is drilled through the shank and a groove is cut around
the periphery of the wheel (see diagram). The pulley is
supported centrally just above the large glass plate so that the
wheel can turn freely about the two axes. Oil may be needed
to ensure this.
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A puck is made up from a mass of about a kilogram which
carries a cup hook, or other device, enabling a length of light
string to be fastened to its side. The puck is placed on the glass
plate, supported on a block of solid carbon dioxide about half
an inch thick and of external diameter an inch or two larger
than the metal block. The string is passed over the groove and
through the pulley shank to the hand.

The puck is started moving in a circular orbit on the glass
plate, the centrally directed force being applied through the
string. Then this force is increased and the effect observed.

An alternative arrangement is illustrated opposite. The addi-
tional bar across the gantry (item 161) supports the gla<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>