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Did Tyndall influen

British physics—the Irish role in the
origin, differentiation and
organisation of a profession

Norman D McMillan

The development of the modern curriculum subject
of physics arose out of several disparate reform
movements which led to the modern definition of
the term physics, physicist, the first chairs of physics,
the first examinations and examiners of physics and
the first laboratories for the practical teaching of the
subject.

In the 18th century British science became very
insular: this coincided with a peried of social con-
solidation after a century of revolution. Conse-
quently many of the important developments in
science occurred in nonconformist groups, such as
the Lunar Society, and the resultant radical in-
fluences played an important part in the develop-
ment of British physics as it assimilated the French
‘physique”. These influences were felt most keenly
by engineers at this time, a contributory factor to the
early appearance of the engineering profession: the
industrial base of British engineering was also well
developed by then.

The physics community was then a verv middie
class group, well represented in the Church of Eng-

Norman McMillan is Head of Physics, Regional
Technical College, Carlow, Ireland. A graduate
of Portsmouth Polytechnic (B Sc [CNAM)), he
obtained his Ph D from the University of
Nottingham before doing postdoctorate work at
Trinity College Dublin. As well as his interestin
the history of physics, on which he has written
both books and articles, he has interests in
optoelectronics (with inventions te his namel,
materials science and technical/physics
education, in which fields he has also published.
He constructed the 1985 Travelling Science and
Engineering Exhibition, seen by over 100 000
youngsters, and organised and founded both
the Tyndall Schools Lectures and the Science
and Engineering Exhibition Centre of Ireland.
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land and established universities, whose members
have been referred to as the ‘Gentlemen of science’.
These enthusiasts for mathematics and the physical
sciences were not men committed to professional
science in the modern mode, but rather to reforming
and shaping science to further their own sectional
interests.

The teaching of natural philosophy and physics in
all its variegated forms, from the Greek science up
until 1850, has been comprehensively studied by
Bishop. who pointed out that it was in the dissenting
academies in Britain that the Baconian traditions
seemed to have survived in their most vibrant form.
In Ireland the disadvantaged dissenters made com-
mon cause with the Catholics in educational
matters. In the early decades of the 19th century
educational reform was thus seen as politically ex-
peditious in Ireland, giving that country an impor-
tant lead over Britain.

The Dublin Society

The colonial societies in Ireland naturally had great
political significance to the Protestants, the Dublin
Society (later the Rayal) in particular. From its
establishment in 1731, this body assumed a central
cultural role, at the time, unrivalled anywhere in the
world. Around the turn of the century it received
lavish funds from the Irish Parliament. It had the
distinction of being the first centre in the British
Isles to offer a scientist the prospect of a “profession-
al’ career.

The Dublin Society became to all intents and
purposes. the first polytechnigue in the British [sles.
It had a truly amazing array of facilities. which
included lecture theatres, a library, teaching labor-
atories. research facilities, the national museum for
industry and geology, botanical gardens, agricultu-
ral teaching facilities. a veterinary school and, by
1818, an array of some six professors. Several de-
velopments were pioneered which led to the estab-
lishment of various English Societies including the
Saciety of Arts (later the Roval), the Royal Institu-
tion and the London Institution. The Dublin Society
had the virtue of being a respectable model for many
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LEOPOLD CLASSIC LIBRARY

Natural Philosophy
for Schools

Dionysius Lardner

John Tyndall
Essays on a
Natural Philosopher

Edited by W.H.Brock,N.D.McMillan
and R.C.Mollan

e ——

Lessons In Electricity At The Royal
Institution, 1875-6

John Tyndall

CLASSIC REPRINT SERIES

LLIGHT AND
ELECTRICITY

Notes of Two Courses of Lectures Before
the Royal Institution of Great Britain
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What can we learn from this archive?

What’s changed? ‘
‘g-\
What’s stayed the same? ~ *
L

Is there evidence of Lardner and Tyndall’s ideas present in more recent
textbooks?



Characteristics of Physics as a subject

* Theoretical and experimental
* Multimodal — demonstrations, experiments, mathematics, diagrams

* Diagrams - an integral part of subject and not an optional add-on.
Impossible to communicate Physics concepts without visualising them

* Benefits from the language of mathematics, much like Law and
Medicine benefit from Latin



Physics as a Subject

@

Electricity
in infancy

1860

How we experiment



Equipment has changed

LASER




Equipment has changed

Thermionic Valves

* Thermionic valves had not been conceived of in Lardner and Tyndall’s time
* Had great significant in heyday of radio and TV

e Superseded by semi-conductor improvements

¢
IL ﬁ
P — \

~ Fre. 420,
Thomson’s e/m tube in Stead (1924)




Equipment has changed

Use of Mercury

vacuum
Sl V8 e et

mm scale

thick wall

mercury

DHDNDDNDNDDDNEENDEDINIEDIDN

atmospheric
pressure

_—— rubber tube

~
Christian Brothers (1971) Casserly and Horgan (1984) Casserly and Horgan (1984)
Constant volume gas thermometer Barometer Boyle’s law



Equipment has changed

Use of Mercury

left hand rule applies | current

v .
field -
| [ A ¢ Ly B
- —T A SE gﬂ-‘.y e >
N A =<
A g

mercury
rheostat

Fig. 66
Force on a conductor

O’Donoghue (1971) Henly (2000)
Faraday’s motor Faraday’s motor



Toxic nature of Mercury

... the mercury

 2001: Full page in safety guidelines issued \_IS rising...
by the Minister for Education on mercury in
the classroom '

e 2002: teacher guidelines stated it was .
appropriate to use mercury thermometers

* By 2011 schools were advised not to use
mercury in any manner.



Equipment has changed

Use of Radiation

Gei e 2002: teacher
elger counter guidelines states that

@ — Wire‘ﬁ_\\ _W _ the careful use of
Source LJ

~Es¢ ionising radiation is
| essential
Thin —
Wi;dow - \ Ratemeter 2013: schools were told

to surrender all

5 : .
Y il @ + radioactive sources and
400V = a disposal program was

Amplifier + counter Loudspeaker
b funded.




Characteristics of Physics textbooks

Demonstrations

)
&
(q°)
-
Q0
e
()

: SENIOR PHYSICS — George Porter =

) Fundamental-Physics

TVINIWIHAAX IAVOLILLEID ONL

=

SN P HYSIC

- T

| PHYSICS

L SCIENCE OF ACTION

_.‘ mcs Q QBm_aim_ v _J< mmO § Cosseilyd xg%mﬂi

S Leavin, er

C
O
)

O
)

-

Q

(0]

Q

| -

o

Q
o

c
@
&
@)
=
©

Derivations

Mathematics



Diagrams

LEVERS.—WEIGHING MACHINES. 35

leverages directed on the side of the power are great, while those
directed on the side of the weight are small. One form of weighing

Evocative of their era and are constantly changing

If the ball A be raised from its position, as shown in fig. 11.,and be let fall

Fig. s1. Fig. 52.
machine is shown in perspective in fig. 53., and in section in

fig. 54

Fig. 113.

Fig. 11. ¥

against 1, the two balls will interchange conditions, A coming to rest, and &
flying off to an equal distance in the contrary direction ; B will then return
upon 4, fmd a Iilfe.resu]t will ensue, A in its turn rising nearly to the point
e from which it originally dc:suendod. This alternate motion would continue 8

2. 114, Indefinitely but for the resistance of the air, by which the range of the vi- i
bration is gradually diminished. .

T
7Y

A 2
xi ETITIIA LT TA

Lardner (1865)



Diagrams

Often hand-drawn and hugely detailed
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Mirage (Lardner, 1865) Water Pressure (Lardner, 1865)



Diagrams

Great power in a well-drawn diagram

Yo7 lWQIV‘w\& PR LS "'lf " E

r‘. Qumu. - &

Er

Tyndall (1871)



Diagrams

Labelling with letters that enabled the explanation in the text

hich fits the flask ; pass a wire through the cork
d bend it near one.end at a right angle. Stick by
sealing-wax upon thegther end of the wire a little plate
of tin or sheet-zin about two inches in diameter.
Attach also by means of wax to the bent arm, which
ought £o be about three quarters of an inch long, two
strips £ the Dutch metal, about three inches long
and from half an inch to three quarters of an inch wide.
The strips will hang /down face to face, in contact
with each other. In all cases you must be careful so
to use your wax as not to interrupt the metallic con- TSI =
nection of the various parts of your apparatus, which ‘
we will name an electroscope. Gold leaf, instead of

for sixpence, or at the most a shiliing. Find a cork,

Tyndall (1871)
Electrostatic repulsion



Diagrams

Power of an uncluttered diagram

Sommerfield (1972)

Van de Graff generator



Diagrams

Diagrams may include lots of information, or
be quite simplistic

To cell and Rheostat 4

Down for circular

straight Wave dlppor

Sponge
beach

O’Donohue (1971)

Tierney (2014)



Diagrams

An accompanying photo can enhance the diagram

Transformer

yy XYM A hydroelectric station yyR. W The flow of water turns the turbine

Tierney (2014)



Diagrams

Den elektriske kraftvirkningen og
elektrisitetsatomene.

Vi hienger en gnidd ebonittatay opp i en trid uten ¢

o narmer en annen gnidd ebonittstay til den alik

vist p figuren, Stavene frastoter hverandre, og jo kna
tigere doss kortere avat

er mellom dem. Pi tils

mibte kan vise at do to

glastavene frastoter h

S andre. Det or altsd for
Fig. 147, ph den elektriske tilstund

PR L L1IT

Holtsmark 1925 Bruun & Devik 1943

Tyndall (1871)

o _:f'Tx: ""::-—\‘j;‘
\@‘b *
Isaachsen 1963 Jerstad et al 1990

Porter (1984)
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Jerstad et a/l2012

Figure 1. The stability of images in physics textbooks.

Bungum (2013)

Tierney (2014)
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Advances in colour printing

Fig. 3.28

O’Brien (1962)

Henly (2000)



Diagrams

Advances in colour printing — production of x-rays

Sommerfield (1972) Henly (2000)



Diagrams
Diagrams have many varied uses

Construction of a Free Body
Diagram: problem solving

Means of setting up equations

Porter (1984)




Mathematics — language of communication

* A shorthand for making concise and precise statements
 Mathematical operations are invaluable to aid reasoning

* Went in and out of fashion depending on examinations and the
inclination of the author



Mathematics — language of communication

* Larder and Tyndall made minimal
reference to mathematics

e Ganot — maths written in words

e Peak in 1960s and 1970s before...

Let LI be now parallel to AB, the angle 7 is then equal to the crit:
angle / of the prism, because it has its maximum value, Further, the ;tlcal
EPK, the exterior angle ,of thentgl.e
angle IPE, is equal to 7+ : but t}rll‘
angles EPK and A are equal, because
the sides which contain them are ai
right angles to each other, and there.
fore A=7+7"; thereforealsoA =7, ;
for in this case »=/. Hence, ifAzz}
or is >2/, we shall have 7’=/ or 5,
and therefore the ray would no;
emerge at the second face, but woulq
be parallel to AC or would undergo
internal reflection, and emerge at 3
_ . : third face; BC. This would be much
more the case with rays whose incident angle is less than BIN, because we
have already seen that 2* would continually increase. Thus in the case in
which the refracting angle of a prism is equal to 2/ oris greater, no luminous
ray could pass through the faces of the refracting angle.
As the critical angle of glass is 41° 48, and twice this angle is less than
9o°, quects cannot be seen through a glass prism whose refracting angle
1s a right angle. - As the critical angle of water is 48° 35, light could pass

through a hollow right-angled prism formed of three glass plates and filled
with water.,

Fig. 531

Ganot (1906)



Mathematics — Syllabus

Syllabus (2000)



Mathematics — e.g. the Pendulum

0.2 0.4 0.6 0.8 10
L (m)



Mathematics — Worked Examples

Sample AnSWe

Tierney (2014)



Derivations

Derivations are producing mathematical evidence that
a law is true

Inclusion of derivations varied through the years

Some authors placed strong emphasis on rigor and
included many derivations

Others stated an equation without derivation (lest the
emphasis on mathematics deter students)

O’Donoghue’s (1971): derivation of a lens formula
showing the extensive use of the geometry of Euclid

Consider the triangles bao and mai

[ bao = [ mai
/[ boa = [/ mia

Therefore, the triangles bao and mai are similar

Lim| _ Jai] _»
[ob] = ao| =

o
f |
9

Fig. 112 Distance Formula for Convex Lens, Image Real

Consider the triangles efa and mfi

Lefa = [ mfi
Leaf = L mif

Therefore, the triangles efa and mfi are similar.

lim| _ 1fi| _ |ai| = |af| _v—f
f

" Jea] Tafl T df]
Since |bo| = |ea]|
lim|  |im|
50l ~ Teal
, Foi=d
© g 7
ovf=w —uf
ot uf=uy
Dividing across by uyf
L.
v ou f

O’Donoghue (1971)



The formula book

Calculators since 1986
Formula book 2010

Shifted the emphasis onto applying formula and
away from deriving and proving maths results




Demonstrations

Tyndall’s preferred style for
communicating Physics

~ The book is intended for use in connexion with a course
of lectures, which should include practical demonstrations
on the lecture table. 1 have made no attempt to give the
m the experiments described, as these
can be learnt only in the laboratory. Every student should
endeavour to work through the numerical examples at the
ends of the chapters, and should write out answers to some

of the examination questions at the end of the book, as

only in this way can a clear understanding of the subject
be obtained. '

Stead (1924)

Convenient when not enough
equipment available




Experiment: Focal length of concave mirror

Tierney (2014)

O’Donoghue (1971) Porter (1984)



Practical Work

1. Recommended demnstrations

Activity 20.2:
an electric curren

Tierney (2014)

2. Mandatory experiments (24)

IMANDATIORYAEXPERIMENIT;

llllll

Syllabus (2000)
Tierney (2014)



Practical Work

e Students have never been assessed
with equipment in their hands

* Experiments always encouraged, and
asked about in exam papers

* Moving to situation of textbook being a
student reference rather than a
teaching tool

Assessment objectives

The syllabus will be assessed under the h
€a

din
lS, and Com gs

knowledge, understanding, ski

The attitudinal objectives will Petence,

be assessed

: ; o Where
feasible. All material within the syllabus

s
examinable.

It should be noted that STS is examinable. Studens
S

will be expected to have a knowledge of general

applications but will not be required to have 2

detailed knowledge of specific applications.

Practical work is an integral part of the study of
physics; it will initially be assessed through the
medium of the written examination paper. An
element of practical assessment may be included as

part of the overall assessment at a later stage.

Syllabus (2000)



Representation of Women

“It may be hoped that this volume may be the means of
extending instruction in the first notions of Physics into
Ladies’ schools. Female teachers in general will find
even the Hand Book easily intelligible, and by it will be
enabled to use the present volume for the instruction of
their pupils.”

Lardner (1865)



Representation of Women

e Authors of all textbooks studied are male

* A recent study (Karen Pillion) of four Irish textbooks published since 2000
revealed that females are drastically under-represented, with women only
accounting from between 13% and 28% of characters shown in image
throughout.

* Furthermore, only two female scientists are discussed in comparison with
references made to 91 male scientists.



Representation of Women

Casserly and Horgan (1984)



Trio of textbooks by Casserly and Horgan

Fundamental

Physics

A BASIC COURSE

Brendan Casserly and Bemard Horgan

PHYSICS)
NOW,

Casserly & Horgan

1981 1984 1990 2000
* Almost a * Had clarity and  Reformatting of  * Published for
revision guide style. No colour 1984 book with new syllabus

or photos updates
despite being
possible

* Very economical



Case Studies

Special attention on:

The Electroscope Refraction of Light

findings would be firmly rooted in how Physics has been represented in textbooks
rather than general textbook publishing trends



The Electroscope

* Electrostatics was a novelty for the Victorians, electricity was still in its infancy.
Tyndall’s diagrams didn’t feature + and -

* More recent textbooks have the same diagrams but expect students to be able to
explain why + and — are where they are

Tyndall (1871) O’Donoghue (1971)



The Electroscope

Present in all textbooks, represented very
differently

Stead (1924)

Ganot (1906)

(SN

Henly (2000

)



The Electroscope

e Alab instrument for the most part

* Except for brief application in time of Marie
Curie and the discovery of radiation —
photographic film very expensive

* Modern times —value is in preparing students
for explaining electricity in terms of moving
charges

radiation

Porter (1984)

\
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Refraction of Light

Remarkable stability over 160 years in examples and images

N SN L SIE N e

Mirage (Lardner, 1865) O’Brien (1962) Bent stick Apparent Depth
(Tierney, 2014) (Carolan, 2013)



Refraction of Light

* The reason the light changes direction is due

to the change in speed of the light through
denser media

* Little emphasis on this in the earliest times,

reached a peak in the 1960s 70s and 80s and
less emphasized since

* The underlying elegant truth that light takes
the FASTEST route through a prism —is lost

Beach

Water




Refraction of Light

129. If a ray of light pass through a refracting plate
with parallel surfaces, or through any number of plates
with parallel surfaces, on regaining the medium from
which it started, its original direction is restored. This
follows from the principle of reversibility already re

ferred to.

- 180. In passing through a refracti . .h
an number of refracting bodies, the light accom l.mhestlt:
transit 10 the minimum of .tz'me. Tl.xat is to say, giver b
vélocity of light in the various media, the pat

or. in other words, the path which its re

th? ray,u :)n the ray, enables it to perform its]Jou

h @T’oszzt g;pid manner possible. 4

lgae 1121 _ Refraction always causes water tg , fff’f“ panl
Lardner (1865)

h chosen by
fractio?
roey ¥ &
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Any Questions?

David.Keenahan@iop.org Jennifer.Keenahan@ucd.ie

@jenkeenahan
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Extra on Diagrams

Advances in colour printing

Porter (1984)



Na. Cont.Spec

Extra on Diagrams

L.

Advances in colour printing
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Wright (1888)

Ganot (1906)



Ganot (1906)

BRTOTRL, Uy o W

Wright (1888)



