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‘light, in particular, on the famous controversy in :-
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“W.H. Bragg and
Y ‘P. V. Madsen: -

“‘Collaboration and

‘Correspondence,

--1905-1911

R.W. Home*

> -Preserved in the Basser Library of the Australian=r
Academy of Science there is a fascinating collec= -~ -
tion of letters from William Henry Bragg, then

but recently returned to England after twenty~ ..

three years as professor of mathematics and
physics at the University of Adelaide and only a
few years away from being awarded the Nobel-
Prize, to his friend and -former coHeague in
Adeia1de J. P. V. Madsen. From these letters,

‘Written dr..rmg the years 1909-1911, we gain.an. .

intimate picture of the exciting developments

then taking place in physics, from the pen of ene—- -

of those most closely involved. They shed new -

which Bragg was then engaged with C. G. Barkla. ..
cover the nature of X-rays and y-rays. At the same -.

time, they draw attention to an early and very -
striking episode in the development of physics in
Australia—a subject on which, as yet, all 100
little has been written—and espeeially on the
research carried out by Madsen, who was subse- -
quently to become one of the most powerful
figures in the Australian physics community.
They are here published in full together with
certain related items from various repositories in
England, and accompanied by a discussion of the
setting within which they were written. An
extensive search has unfortunately failed to dis-
cover the letters Madsen evidently wrote to
Bragg during the same period.

The story is well known of how Bragg himself
first became seriously engaged in scientific
research. Appointed Professor of Mathematics
and Physics in the University of Adelaide in
1885, at the age of twenty-three, Bragg for
almost two decades did virtually nothing in the
way of research. However, when designated
President of Section A, Astronomy, Mathe-
matics and Physics, for the 1904 Dunedin meet-
ing of the Australasian Association for the
Advancement of Science, he found Rimself
obliged to prepare a presidential address, and
decided on this occasion to review recent work
on radioactivity and the ionisation of gases—

. .sought out funds to purchase some radium and,... ;.

(Brafrg, 1904a; Tomlin, 1976). After: givig.a  ~
competent and perceptive account of what .Wag
then known about ionisation (ciﬁng the worksof, i.o.us
,among others, I. J. E. Durack, ohe of the first- of . ==
~many‘ Austral;lan physics graduates* o go. o, ta
+.Cambridge to work at the Cavéndish -Labogah- .l £
tory), Bragg turned towards the end of his:fec-. =
~ture't0 the question of the absorptxor; of rhe{'

.and B fays emitted by radioactive. materials..

Drawing particularly on some results obtamed

by the Curies, he argued that an a-particle.. ..

should on account of its comparatively large mass

pass -undeflected through any melecules-it mo

encountered, being absorbed as a- result of.-- -

energy losses sustained in ionising the medium - -

rather than through deflections. The absorption. --

should therefore not follow an exponential-law, =

as had been generally assumed; on the contrary,

a-particles should have a definite range, provid- -

ed they are all emitted with the same speed. .
Following his return to Adelaide, Bragg

assisted by his student R. D. Kleeman, proceed-

ed to test and dramatically confirm his ideas.. ‘=

indeed, by plotting a graph of the saturation . - .

- ionisation current obtained at different distancess —— -

of his ionisation chamber from the.radioactive.- ‘
souzce, he was able to distinguish u-particles of - «.
four different ranges (and therefore velocities of - -
emission) which he could correlate satisfactorily. .
with the four w-cmission steps delineated by -
Rutherford and Soddy in the decay series of
radium {Bragg, 1904b; Bragg and Kleeman,
1904).

In further papers published during the next
few years, several of them written jointly with
Kleeman, Bragg refined and extended these
investigations. An improved experimental
arrangement, coupled with the use of a much
purer sample of radium supplied by Soddy
during a brief visit to Adelaide, yielded rather
better values for the different ¢-particle ranges
in air, and at the same time made it possible to
study the relative stopping power for a-particles
of other materials besides air. As early as 1905,
Bragg and Kleeman jointly announced a quanti-
tative law for this, namely that the loss of range
of a-particles as a result of passing through
different substances is approximately propor-
tional to the square root of the atomic weight of
the absorber, or to the sum of the square roots of
the weights of the constituent atoms in the case
of a chemical compound (Bragg and Kleeman,
19052).

During this same period, Bragg and Kleeman

. also began a more detailed study of the processes




-47m . 7 going: on-ingide ‘their ionisatibn -chambery withy:
1270 the object of deterimning. the total .1omisatiol

= Preduced -under various .. circumsiancesii.
:Kleeman, however, left for England durfigthe:~:

v scourse'of the investigation in order totakearprancs =

o 1851 "Exhibition research " scholarship at “thet ..

_ another student, H. J. Priest, and then his col-
i . league .J. P. V. Madsen to assist him instead
(Bragg and Kleeman, 1905b; Bragg, 1906).-
Madsen had been appointed Lecturer. in
- Mathematics and Physics at Adelaide *undex:-:
Bragg in 1901, following a brilliant under- -
. graduate career in physics and engineering at the
; University of Sydney (White, 1970).. He and
Bragg became close friends as a result of their
collaboration, and this led in due course 10 the
correspondence which is the subject of -this
paper.
The current passing between the electrodes of
an ionisation chamber in which iens are being

o

eventually a ‘saturation’ value is reached when-
~alt the ions formed in the chamber reach the
~electrodes. “At voltages lower than that required:
forssaturation, some of the positive and negative:.
ions recombine in the chamber, and thus do not
centribute to the current. Bragg and Kleeman
- hiad taken as their starting point in this phase ef - -
their coilaboration the by then standard theory

A
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according to which the rate- of recombmation
should be simply proportionai to the product of
the existing numbers of positive and negative
fons present per unit volume. Their results
indicated, however, that anocther factor also. .
needed to be taken into account, namely ‘a
process of recombination of newly-formed ions
with the atoms from which they have just-been
separated’. This process, which they named-
“initial recombination’ to distinguish it from the-
better known ‘general recombination’, depended
i not on the aumbers of ions present but on the:
rate at which they were being formed. It could
readily be demonstrated by reducing the pres-
sure in the chamber until the number of ions
being lost by general recombination became.
negligible compared with the number being
formed. Even in these circumstances, they
found, a high potential was still required in order
to obtain a saturation current. .
Rutherford some years earlier had reported a
result that clearly had some bearing on this new
idea. Saturation could be reached at a much
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. formed. increases with the voltage applied unul . .

- concerning this process of ionic recombination, ~ -

~-lower voltage, he had found; when:air wasforced o
. «aver his radioactive: source -and -then nto

* appointing,

W. H. Bragg and §. P. V. Madsen = WA s g 2

sepdrated ionisation chamber.a8an when stige= 7 -3
raamed ity cotitact withtheisonreetnthe charbes! (o oon
Atself (Rutherford, 1899). Bragzand Kleemaniine.

+ their initial report.took this as ‘confurmation of ...
-Cavendish Laboratory, and Bragg recrurted:first.» -: -

their-‘initial recombination’ hypothesis.. Ruther~:
ford’s result followed, they said, because ia the
circumstances of his experiment the ‘initial

“recombination’ stage would be over by the time

the voltage was applied; hence only the better

. understood ‘general recombination’ remained.to ... 2 =

be overcome in order to achieve saturation.

It is at this point that Madsen enters the story, .
for perhaps the first task Bragg suggested that e’
undertake when he became involved in .the .
research was to verify Rutherford’s result. This.-

~he was initially vnable to do,- and Bragg -inv - -

reporting his results was reduced almost tour
bluster: ‘It is . . . no essential feature of the initiat"
recombination hypothesis’, he wrote, ‘that the..;
act of recombination should.take; place mithin (0. »nid
any set time. The one important point is thattle ..~.-

- recombination fakes place -between two lons s
:originally forming parts :of one -molecule: Irds o .o
wuite conceivable that for.a:certain timesthex
positive and. neganive may remain ‘‘semi=
detached”, their recombination 1 suspense-until-

- precipitated by some change of' conditionsre iiinvae ¢
iMr Madsen’s] results point.zo a prolonged..— . .
existence of these pairs’ (Bragg; 1906).

The  guestion was -clearly of considerable -
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~interest: as Bragg pointed out, if ‘semi-detached”

lon pairs really existed, they might be expected

. to piay a role in other phenomena such as phos-
- phorescence. Madsen therefore embarkedmpon: = -

a more extended investigation, eventually bring-
ing his -results together in the form of @ P.8c. -
thesis which he submutted for examination in
19G7. At the same time he drew up a report:that-
was read to the Royal Society of South Australia -
a few months later, in April 1908 (Madsen,
1908a). In a sense, Madsen’s results were dis-
for instead of establishing - the
supposed new effect, they showed that his initial -
conclusion had been over-hasty: all traces of the -
initial recombination process quickly disappear-

ed, and ‘initial recombination is thus te be.
considered initial in respect to time’, It was pre-
sumably for this reason that no report of the
work appeared in the Philosophical Magazine.
Nevertheless, the research was useful, and skil-
fully carried out, and the examiners of the thesis,

T. R. Lyle and J. A. Pollock, professors at the
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e ceuniversites of “Melbourne :and Sydney- respecs.1:2: bination with. a- positively charged particlesofi: »vh
uztmely,,had no-hesitation in judging it Wosthgﬂnf 'some kind. Initially he suggested that the:posi-. . .=

2. the D.8Sc..degree, L2 &30 wetive component might be am a-particle;tlater: =

= - It was this initial research of Madsen’s ‘rhata» “~when he realised that this was too massive, he

conde s oeugave rise to the first of the letters publishedins 'v*SngCSted thar 1t might be ‘a pasitive: countﬂrpart'
- -4+ -~ ~below {Letter 1), one of only two from Madsen : ' to ‘the- uegauve electron’ {Bragg and Mad o e
to Bragg from this period that appear to-havey~ --1908b).
3 survived. The.date explains why the letter was. - . The pulse theory had initially been developed -

] - .. written at all: Bragg was away for the Christmas: by‘ G: G. Stokes in Cambridge and Emil .
... holidays, probably by the sea, where he. went .. . Wiechert in Konigsberg shm:tly after X—ruaysu

-¢ach year with his family (Caroe 1978). Madsen; - - were first discovered. The fundamental idea was -~ -
-however, was still busily working away-in the . - simple enough: electrons presumably suffer'a -~ -
\laboratory The experimental arrangement he'-  rapid deceleration when they strike the targetof. ..o,
-1~ .was using was subsequently described in-the: ~. an X-raytube, and therefore, accerding to classi=x. .
1 paper presented to the Royal Society of Seuth. cal electromagnetic theory, it is only to be
q Australia (Madsen, 1908a). . 4 - expected that they will emit independent pulses .
- = - --Madsen in fact devised two d1fferent methodsw:- -of transverse electromagnetic radiation. These:zve:
= - of separating the gas from the source of ionisa~: - - Stokes and Wiechert identifiad with Romaep § 1
1} tion before testing it. In the first, a modificatiorr: . . mysterious rays. ToonIEyEE
: of Rutherford’s arrangement, gas was drawn The concept was subsequently taken up and
‘ over the surface of some uranium oxide before: extended by J.J. Thomson, who developed,

v - _passing between the electrodes of an ionisation: * . though only tentatively at first, a typically vivid: =2 -
i - -chamber. In the second, the one with which:  physical picture of the radiation. This might, he.. . .-
; -~ Madsen is concerned in his letter to Bragg, an. proposed, consist of pulses:travelling “afong:: .-
i © ingenious arrangement of pendulum-actvated:. “specific ribes of force (‘Faraday tubes’} and thus: ...
< 7}~ 7 vsemaphores and switches interposed as<ilead:: . generating a highly structured:distribution of ss: -

Yo screen between a radium source and the ionisa- energy in an advancing wave front. Thomson also ..
-tion chamber immediately before a potential pointed out that if electromagaetic pulsesof the -~
difference was applied to the chamber, after kind proposed passed through matter they
which the charge collected on the insulated elec- should set the electrons in it vibrating and thus
trode was measured with a quadrant electro- cause them to re-radiate or ‘scatter’ secondary -. =
: meter. The numerical data Madsen sets out in his pulses in all directions. This important sugges- .
letter reveal the nature of his results in generals tion was seized upon by C. G. Barkla, a former
. when the screen is in place the electrometer student of Thomson’s at the Cavendish Labora-
; deflection changes very little with applied vol- tory, who prompuly undertook a classic series of * " : -
: tage, indicating that saturation has already been experiments on the scattering of X-rays in
i reached at the lower voltage as found by which, amongst other things, he obfained the
Rutherford. . g first clear- evidence that the rays could be
During the same period as Madsen was pursu- polarised. His work was generally seen as pro-
ing this investigation, Bragg was launching the. viding sirong confirmation of Thomson’s ideas.
first salvos in a campaign that was soon to domin- (These and subsequent developments are dis-
ate both his own research and Madsen’s as well’ cussed in McCormmach, 1967; Stuewer, 1971,
as their subsequent correspondence, and that- 1975; Wheaton, 1978; and Jenkin er. al., 1979.)
; was to become for a time a cause delébre among Bragg, however, was not persuaded. Coming
f physicists everywhere. In two papers read before to the subject from an entlrely ditferent point of
. the Royal Society of South Australia on 7 May view, namely a comparison of the ionisation pro-
i and 4 June 1907, and subsequently published as a duced by various kinds of ionising radiation, he
-4 single piece in the Philosophical Magazine for emphasised properties of the rays which strongly
) October of that year (Bragg, 1907a, 1907b, suggested a particle-like character, and which
4 1907(:), Bragg opposed the generally accepted seemed to him incompatible with any form of
; view that X-rays and y-rays were pulses of electromagnetic radiation.
: electromagnetic radmuon, and suggested thar Bragp’s starting point was in fact the known
i they consisted instead of material corpuscles, behaviour of y-rays, not X-rays, but from the
j ‘neutral pairs’ made up of an electron in com- beginning he clearly regarded the two as closely
]
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10115Ly been brought against:: ‘4 mat&;rla_l
,heary swas how to account for ‘the great . pene:
tratingipower; of. the radiation.. This, .Bxagu
thought, could in the light of recent research be

~-geén~1o have been greatly -exaggerated. - The *,

line paths through matter showed that ‘an atom
.~ -5 endowed with sufficient speed, can pass

.recognition that g-partictes followed straight- .

directly through another atom without appreci- -+

able deflection’. An ¢-particle lost energy chiefly

on account of the electrical charge it carried:how . .-

much more penetrating, therefore, might..an

not be deflected by electrical or magnetic fields.
At the same time, ‘it may at last suffer some.

* violent encounter which will resolve it into a--

positive and 2 negative.... Of these the B
particle would be the one possessed of much the

greater velocity, and would appear as a second-~: ;

- ary ray’s He:e, perhaps, lay the answer to:the
major weaknesses Bragg ocrccwed in the pulse
“thepry:+ LR :

If the X-ray is an ether pulse i itis difficuls to understagd, -

* 25 Thémson hai shown ..., why the spreading pulse;

. uncharged pair be in similar circumstancesl. Jts <,
lack of:charge would also explain why it could -.

e ey -

should only affect a few of the atoms passed over, whythe -

secondary cathode rays are ejected with a velocity which is
- dndependent of the intensity of the pulse which weakensas
it spreads, and why 1t should be able 1§ cxercise mmsmg

power when its energy is distributed over so wide 2 surface -

as that of a sphere of, say, ten or twenty feet radius. All" -

these phenomena are capable of quite simple explanation
if we suppose the ray 10 be a neutral pair which has cgly a-
local action, i.e. can only affect the molecules which it
traverses, which can penetrate to great distances, which
loses very little speed as it goes, and gives rise to a cathode
ray when it is broken by impact (Bragg, 1907a).

Bragg was confident that Barkla’s polarisation
experiments could also be accounted for on his
hypothesis by making appropriate assumptions -
about the way in which rotating pairs would be
generated, and would subsequently interact with -

matter. After some inital hesistation, he also :
convinced himself that the idea could accom- -

modate an experiment by Marx (Marx, 1905)
which seemed to show that some X-rays, at least,
travel at the speed of light. Marx’s result was, he

Tk

,.-whit.h the 1ays ffecy s of the same;;character‘,i,

~electrons . .

and y—ra‘ys bug of s and [3 § as :wcl A0 wEuch he
arguedithat ‘inall cases the bulk. uﬂxhe mmsafgzqm

.and.consists in the displacement of sk)w ~MOYIDE;
...from the atoms of the gas or other=~
substance which they traverse’,
electrons are of course sometimes. produced
whencathode rays pass through a gas.or strike a

-solid target, but these, he maintained, whether
. scattered primary rays or true secondary radia-
.. tion, themselves acted in turn as ionising agents ..

-sists of high-speed secondary rays ..
-investigation of the secondary radiation -wags..- -

producing slow-moving electrons ir the, gas. .
through which they passed. ‘It cannet be sup- .-

posed’, he said, ‘that the bulk of the:ionisation .
which is caused in the ionisation-chamber con-
-> A closer

clearly desirable, and in a note added to the
version of his paper published in the Philo-
sophical Magazine Bragg welcomed. some new

.High-speed. .

:tesuLLs cbtaiged by H: W. Schmidt which showed-- - . o

x-dpvk_leped understanding of the way an ionisa-,

that in the case of B-rays striking aluminium this

consisted of scattered primary.-rays (Bragg.s
1907¢; Schmidt, 19G7a). —
‘resulfs’ of theh own mvesnganon of 'the
secondary B radiation. Their by now highly-

~ tion chamber worked led them to question the

experimental arrangement that had normally,
been used in studying this question. They
devised a rather more satisfactory technigue; but
it did not in fact vield results substantially differ-

~ ent from those that had been cbtained by other

F

concluded, ‘quite consistent with the hypothesis .
that the X-rays are complex, and consist in part -

of ether pulses travelling with the velocity of
light, ... and in part of material particles, or
pairs, travelling at a speed as yet undetermined
..  (Bragg, 1907b).
Bragg first set out these ideas in the course of 2

workers. They found that the peneirating power-
of the secondary radiation (and hence, they
inferred, irs average velocity) varied with-the
atomic weight of the target, the radiauon pro-
duced from substances of lower atomic weight -
being less penetrating. This, they said, was ‘in-
general accordance with other experiments and

a3

o §)

- ‘o.oon afterwards, ‘Bragg and Madsen repca‘rtedk " _-;-,;
. the ' :

WL

with expectation’—an expectation based on their -

evident belief that the radiation was not truly

secondary but in fact consisted of scattered

primary rays. The paper describing the work was

read before the Roval Society of South Australia -
on 1 October 1907 and subsequently reprinted in

the Philosophical Magazine (Bragg and Madsen; -
1907). Before they could take the investigation

any further, however, the controversy engen-

dered by Bragg’s neutral-pair hypothesis erupt-

ed and became instead the focus of their

attention.
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“this. In‘practice; however, they found afgreats “wio:
want of symmertry: the ‘emérgence’ radiation o
produced considerably miore fonisation this: thag:
on'the ‘incidence’ side. ‘It $eems to us’;"they °
v Wrote; ‘that there is no escapefrom the cotelu. 2er o
sion that'they rays are not acther pulses’. Onthe: +1.*
cicontrary, ‘all our experimentsiso far show>*that;”

" on the whole, the kathode radiations from 2

“-given stratum of matter traversed Dy ¥y Edyssiiun
possess momentum in the original direction. of .evsin

- mation of the rays, and this shows that the rays .-
are material’, to wit, neutral paiggm. = >
What happened in the target, they suggested,

was that the positive component +£ the neutral

pairs was stripped off while the negative-com- - -
ponent, or § particle, continued on its way with

its speed virtually -unaltered: Such a PIOCEss 75 © T

would naturally give rise to ap asymmetryin the ™"

- forward direction. Furthermore, the emergence
radiation would not then be expected to show.the ~
usual relationship between the amount of sec—

- ondary ionisation and the atomic weight of zhe v~

. thws The appearance of the October 1907 isstigiofar.:
the. Lhilosophical Magazine containing Bragg’s:
1v «»PAPer setting out his nevtral-pair idea prarapred:
- -.animmediate response from Barkla, in the form:
q ¢--s0e ofadletter.in the issue of Nazurefor 31 Qétebeti:
-~{Barkla, 1907). Barkla criticised Bragg’s¥ietws.
oo and presented  new data on the intensity ofe.
-scattered X-rays in different directions with.
w- rro-LESpect to the primary beam. These he reégarded «
g;';k .. ./@8 strongly confirming the pulse theory swhile ..
being at the same time .incompatible with the"
-.-neutral-pair hypothesis. Bragg, howevery-in his 7 :
reply did not accept this, pointing out that
- Barkia’s calculations with respect to the neuntral-. -...
- pair. theory were based on an unjustified and .
intrinsically implausible assumption; hence ‘the. .
- experiment has.no value as a-critical test’ {Braggy =
1908a). . S
In this same response to Barkla, Bragg also
gave the first news of an important new series.of:
experiments upon which he and Madsen had
= - .-been.engaged. These cxperiments, which-were::
.. subsequently reported more fully to the Physicalk: -

, - target which they had discussed in their previcus
. Society and published in the Philosophical ‘paper, but would give the same results foroall v v
: Magazine a few months later still (Bragéand . - materials.“Fhe incidence radiation; on the othes” <°.
i - - Madsen, 1908a), yielded - results which . hand, should follaw the ustial: law. -This; t60, fivw..s
N Bragg’s opinion utterly confounded the pulse they were able to confirm, a®™  F et
i+ - .theory. 2 CoRem oA During the next few months, Bragg- and -
i In their new experiments, Bragg and Madsen;” - Madsen sought to extend afd perfect .these
; like Barkla, studied the distribution of secondary results. Together they published a sequel to
radiation in different directions with respect to their initial account in, which they set out the
the primary. beam. They, however, used y-rays results they had obtained with an improved
i rather than X-rays as their primary, arguing that experimental arrangement, and discussed ar
. j the harder rays gave the simplest results ‘for the some length the theoretical implications of these
] obvious reason that such rays ignore atomic (Bragg and Madsen, 1908b). Once again they
i structure altogether even in the case of the argued strongly for the material nature of y and
i heaviest atoms. The X-rays are soft, and there- X-rays. This theory, they said, was ‘much
fore atomic structure influences and complicates simpler and more complete than any explanation
{ the effects to a remarkable degree, as Dr which the aether-pulse theory seems likely to
e Barkla’s own work shows’ (Bragg, 1908c). Their afford, even in its latest form’. As for the latter,
: experiment amounted to comparing the second- ‘the difficulties of this theory are exactly those
ary radiation in the forward and backward which.would naturally arise in the attempt to
: directions (the so-called ‘emergence’ and ‘inci- transfer the propexrties of 2 material particle to an
dence’ radiation respectively) produced when immaterial disturbance’.
! the y-ray beam struck a thin target. They argued Meanwhile Madsen undertook a difficult
' ' that if this secondary radiation were generated in investigation of the secondary  y-radiation
! an atom by a passing wave or pulse, it should produced when y-rays from radium are allowed
-; according to well known principles be distribus- tc strike z thin target, a preliminary report of
i ed symmeprically about a plane passing through which he presented to the Royal Society of South
= the atom perpendicular to the direction of Australia in July of the same year {Madsen,

0 AT

motion of the pulse: ‘If we speak of the primary
pulse as going forwards, the secondary radiation
is just as likely to go backwards as forwards’, And
they cited Thomson himself as their authority on

1908b). As with the secondary f-radiation he had
studied with Bragg, he found a marked asym-
metry in intensity between the incidence and
emergence radiations, and also in soms cases a
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W. H. Braggand §. P. V. Madsen

Thomson’s. -latést modifications” to: thig #

A homogencous bundle of hard ¥ rays ... in passing-
through matter suffer collision; the effect of such collision
is to change the direction of motion of the incident primary”

ray--in other words, to scatter it; at the same time the ;

scattered ray loses a certain amount of energy—it has
‘become softened; this softening mav be due either to a:
change in its speed or to a change in moment of the y palr

or it may be both.

Supposing that his incident y-ray beam was-

inhomogeneous, Madsen then went on to explain .

the asymmetry he had found in the quality of the.
secondary radiation in terms of a selective scat-
tering effect whereby the softer primary rays
were more readliy back-scattered than their-
~harder companions. g s

Whﬂe Madsen was engaged on this Work
Bragg kept up his running controversy thh

. -, Barkla in the pages of Nature, refining and
.sharpening his earlier arguments,
.. ..some results obtained by Cooksey (Cooksey,

welcoming

1908) showing a similar asymmetry in the
secondary B-radiation produced by X-rays tothat

. which re and Madsen had found with v’s, and-
-trying to take account of Barkla’s discovery-(for ..

which he was later awarded the Nobel Prize) that
among the secondary X-rays produced from a
target were homogeneous or ‘characteristic’ ravs
whose hardness depended only on the material of
the target {Barkla, 1908a, 1908b; Bragg, 1908b,
1%08c, 1908d). Eventually, however, after
allowing the controversy te centinue a full
twelve months, the editors of Nature decided to
call a halt, at least so far as exchanges of letters in
their journal were concerned. Unfortunately
their axe fell not on the by now well established
Bragg but on his junior partner, the inexperi-
enced Madsen, who in October 1908 had sent
them in all innocence a brief report on his work
on the secondary v-rays. Though this did ger
published (Madsen, 1908c¢) it appeared with an
editorial note attached, as follows, which
Madsen must have found rather discouraging:

As there are few opportunities in Australia for an invest-
gator to place his views quickly before a scientific public,
we print the above letter, but with it the correspondence
must cease. The subject is more suitable for discussion in
special journals devoted 1o physics than in our columns.

accéunt, whereas he thoughtthey could éasilybe: -
i explazned on the material theory: - 2o

/.-~ Bragg, ‘meanwhile, had. enlisted the aldofis.
.: zrother student, J. L. Glassthr;zin an investiga~-
= -tibti‘parailel to Madsen’s m which kowever-theyr:
.. studied not y-rays but the distributipn-of second-.
-ary X-rays excited by primary X-rays strikingsa -
targer. Here, too, the expected asymmetry,was 1% .r:

confirmed: ‘We find that in general want of
symmetry does exist, that it is sometimes very
pronounced, and that is in keeping with expecta-
tion based on Madsen’s study of the secondary v
rays’ (Bragg and Giasson, 1908).

By now, however, the end of this very produc~
tive partnership was in sight, for Bragg had been

left Adelaide to take up his new position in
January 1909, Soon afterwards Madsen also left

to take up a post as Lecrurer in Electrical.
Engineering in his old university in Sydney. .

Before the year was out, Glasson, recipient like
Kleeman before him of an 1851 Exhibition
scholarship, sailed for England to pursue- his

studies in Cambridge. After a remarkable dutzalh ir 2
too brief flowering, physics in Adelaide reverted -
" to the much more leisurely pace of earlier days: - -

- appointed Professor of Physics at Leeds, and:he-- - :-+»

i3

The first of the letrers from Bragg to Madsen s o1
published below (Letter II) was written shortly-. : ~. ¢

after his return to England, and reports in

Bragg’s usual lively manner the ‘meeting of the

Physical Society of London, held on 23-April-: ... -
1909, at which he presented in person before. -

some of the leading figures in British physicsthe -

results of the work he had carried out with
Glasson. Bragg had evidently gone to the meet-
ing prepared for criticism of his neutral-pair

hypothesis but, as he records in his letter, this.
had amcunted to no more than some inconse-—

guential numerology from C. A. Sadler, Barkla’s
collaborator in his X-ray experiments. And even
Sadier had admitted to him afterwards thar the

- old-style pulse theory could no longer be muin---

tained. Thanks in part to Bragg’s onslaught, its

inability to account for various well known
features of the ionisation process was now widely - .

recognised. ‘J. 1. had therefore been driven to
develop in much more detail his earlier sugges-
tion that the pulses were confined to particular
Faraday tubes. It was, however, diffaicuit to
reconcile this notion with traditional conceptions
of the aether, and Bragg’s letters reveal how he
for one found it hard to take the idea seriously.
This first letter of Bragg’s also makes clear his
satisfaction that his former Adelaide student
Kleeman had returned to the fold. Werking
under Thomson’s supervisicn at the Cavendish

YT,
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:« ~Bragg-is able 1o report that Kleeman, tooSagrees. <
==That the old pulse theory is dead and thmt the: .2

- :00t:10 say that Kleemar actually accepts thews-

VUV S

Labogatory, Kleeman had during the préceding:sy,
few:months,done_some important resesteh onr
secondary.y-rays which he had interpretedivery.y -
« miich: in pulse-theory terms. Now, howederjs -

neutral-pair or material theory has much=to.-be .-
- sard for it. On the other hand, Bragg is careful .-
. traterial theory. Almost certainly, in fact, he was
one of those Bragg had in mind as he summied up*

- —for Madsen’s benefit the artitude he had en :°: .

countered among physicists in Britain tothe "
debate their work had engendered: ‘whilst there -

...~1s no general assent to the material theory, there -

is no general opposition to it: on the other hand

o there s a feeling thatsome new theory hasto be - =. -

.. found, and that the material theory may be the::
. rightone’.
Mail ook several weeks to reach Australia;
Madsen’s reply to Bragg (which we do not have)
~was.dated 10 June, so it must have been written. -
-almost as soon as Bragg’s letter arrived. The -
amissing letter evidently gave news of--how |
--Madsen was sertling in following his move to *

on 1 August (Letter II1). More importantly, he |
also sent news of the latest work on B-ray scatter=-
ing, the subject to which, twelve months éarlier, -
Madsen had turned following the successful
completion of his work on the secondary y-rays.

In that investigation, Madsen’s starting point -
bad been a paper by J. A. Crowther {Crowther, -
1907) which revealed the possibility of studying
the scattering of B<rays by very thin absorbing
foils, Madsen conceived the idea of comparing
the incidence and emergence radiation produced
by B-rays in a manner analogous to the earlier
experiments with ¥y and X-rays, in the hope of
strengihening still further the parallels Bragg --
had drawn between the various classes of ionis-
ing radiation. That he succeeded in this was -
almost incidental, however, compared to the
importance of some other results he obtained in
the course of his experiment.

Madsen’s apparatus was constructed in such a
way that he was able to make a rough comparison
between the amounts of small-angle and large-
angle scattering, for different thicknesses of his
absorbing screen. Astonishingly, he found that
for thin screens the ratio of small-angle to iarge~
angle scattering was practically constant, that is,
that large-angle scattering was still significant in
extremely thin screens where the likelihood of a

W. H. Bragg and J. P. V. Madsen

Brparticle -suffering *imultiplesseollisiony thvag®  ©u
remote: “It would appear’, Madsen. concluded, 1% o
“thet’ while :the: ratio -remains *constant wesarenis ©
concerned with -only“a single “tollision Toft amy:? -]
Brparticle, that as the screen is further thickeged::
it becomes possible for a B particlé to suffermsre

than one collision before emerging . . .’
These resuits were obtained while Bragg.and: == .

e Sl

-Madsen were still together in Adelaide; Madsen.-- i+

presented a preliminary report concerning them-. .= .:
dt the same Brisbane meeting of the Australasian - =~
Association for the Advancement of Science.at’..« :=
which Bragg delivered his farewell address 1o .
Australian science. Madsen’s formal repdrt-was: 1 - ..
subsequently published in the: Transactions=of -~ -
the Royal Society of-South Australis“before™—="=
being reprinted after some delayin the Decamz:tn ¢
ber 1909 issue of -the Philosophical Magazing:
(Madsen, 1909). Their significance bzcame.
apparent only later, however, following the pub-
lication of J. J. Thomson’s theory of B-ray scat-
tering early in 1910 (Thomsomn,-1910), forithis s

‘was predicated upon the assumption thar the -

defléction of a stream - of [P-particles was a. 5

o - -multiple-scattering phenomenon, that iszthat-igs .00
...Sydney, and Bragg responded promptly:in.kind, ...

was-the net effect of a large number of deviations ir. .:
each one of which was by itself insensible.

-Madsen’s results directly contradicted ‘this . "o

assumption. N
At first Madsen’s paper attracted little atten-
tion in Cambridge. Bragg, however, had com-+5 5.
fidence in his- friend’s results and fully
understood their importance. In his letters from
England, he urged Madsen to make haste in
getting out his promised sequel on ‘theeffects of:
scattering and absorption for very thin filims” (¢f.
Madsen, 1909, p. 913), at the same time letting .
him know- that Rutherford’s student Williaii
Wilson was also getting some unexpected resulrs
with -rays. Though Bragg evidently did oot yer ™ -
know all the details, he knew enough to recog-
nise the significance of Wilson’s work, which in ~ =~
fact completely overturned the generally accept~
ed view that the absorption of B-rays followed an
exponentiai law, and set the stage for Thomsen’s
reconsideration of the genmeral theory of
B-particle scattering (Wilsor, 1909). Bragg also
made a point of telling Rutherford of Madsen’s .
results and, in addition, in a lengthy papet of his'o -
own published in the Philosophical Magazine in
September 1910, he pointed out the implications
they had for Thomson’s theory, rendering this,
he said, ‘inapplicable to the actual case’ (Bragg,
1910b). In subsequent discussions and corre-
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'ondence .vrth R‘“therford‘-hc continued
Ins1st on ‘the mvor‘ance ‘of" Madsens wor}
W hu:h _oy t}us me;ms played a notcworthv ro;m

foa m car y 19* 1 of his puclear theory of \ﬁhg
belief in the importance, ‘of
single "rather than multiple scattering. (These
events are described in detail in [Heilbron,
19671},

In his letters to Madsen, Bragg included rego-
lar reports on the continuing saga of his con-
troversy with Barkla over the nature of X and

" y-rays. Barkla’s homogeneous X-rays were

clearly a worry, and Bragg in his letter of. 1 .

August set out for Madsen’s benefit his latest
thoughts as to How they might be explained on
the material theory. Though he here expressed
himself very tentatively, his confidence in his
idea subsequently grew, and twelve months later
he published something very similar in the
Phalosophzcal Magazme (Bragg, 1910b PpP- 391

© < 415).°

* &f Ruthérford’s sympathetic respense to the- A
material heory, and of the general scepticism——
‘which™ in his enthusiasm® he perhaps oyer- .

Bragg also took great delight in tellmg Madsen

stated—towards Thomson’s ‘energy blobs’.
LiKewise, the conversion to the material theory

" of THomson’s own assistant, G. W. C. Kaye; is

gleefully reported in Bragg’s next letter, dated 6
October 1909 {Letter IV). Nevertheleass,
coupled with Bragg’s evident satisfaction with
the successes his theory had achieved there may
be discerned in his letters 2 growing recogaition
that it was probably not the last word on the
subject. In particular, ‘the “light quantum” of
the Germans’ seems to have given him consider-
able food for thought, though he remained
generally sceptical about the idea. “The neutral
pair theory may or may not be absolurely true’,
he wrote on 12 December 1909 (Letter V), ‘but 1
think nearly everyone thinks that its promulga-
tion was absolutely justifiable ar the time, and
that it has led to several discoveries and encour-
aged several successful researches, which it
alone prompted’.

Some of this work was in fact being done in
Bragg’s own laboratory. His letters make it clear
that ke had lost no time following his arrival in
Leeds in establishing a vigorous program of
research in his department, much of this inspired
by the work he had previously been doing in
Adelaide. Now, however, he had many more
willing hands to set to the plough. Even though

"“that Bragg himself had commented upon in an -
earlier publication (Bragg and Kleeman, 1905a);,-

: he himseif pubhshed very little during his farst,. )
; year or Twe in Leeds, there is no. sign in his

letiers o Madsen of the despopdency his...

- daughrer later recalled from this period (Caroe,\

1978} ‘Miserable his wife may initiaily, nave besn

in the grime and poverty of an mdusmal ciry, put

Bragg’s enthusiastic involvement in his work is
readily apparent, 2s is the stimulation he con-
tinued to draw from the long-running dispute
with Barkla. Though he also complains of the
work involved in getting his new iaboratory
properly organised, he nevertheless reports in
serial fashion some researck he himself had
found time to begin on ‘the conversion of X rays
into cathode rays’, the results of which he sub-
sequently published jointly with one of his
demonstrators, H. L. Porter (Bragg and Portcr
1911).
In Sydney, Madsen was evidently gcttmg on
with his investigation of B-ray scattering as
repeatedly urged by Bragg. The latter in his
letter of 6 October both applauded the approach.. ,

£ ol

TR lnis

Madsen had proposed and acknowledged his o

request for help in obtaining ulira-thin meta_lJ ;

foils to use as his absorbers. The problem of
obtaining suitable thin foils in Australia was one

the situation appears to have improved in, the.,
meantime, however, for in his next letter Bragg

wi s

m e

reponcd Lhat even after a diligent search, he .

could ‘get nothing which we did not have in
Adelaide’ except for some purer copper foil
which he was sending on.

For some reason, the surviving correspon-
dence breaks off at this point. There is, however,
no suggestion in the second group of lerters
which we have, dating from the first half of 1611,
that the correspondence was then being taken up

afresh. There is therefore every reason 1o,

believe that other letters were exchanged in.
between, of which no trace now remains.

The second surviving group of letters deals. .
initially with Madsen’s request to Eragg (the_,

details of which are now lost) that he expend on

Madsen’s behalf a large sum of money, appar-
ently £500, that he had been given to purchase
radium. The bulk of this money appears to have

been a donation from a wealthy Sydney tobacco |

merchant, Mr Hugh Dixscn, though it probably
also included an amount of £125 voted to Sydney
University’s Physics Department in January
1911 for such a purchase (personal communica-
tion from Mr Kenneth E. Smith, University

TESA kst



W. H. Bragg and §. P. V. Madsen

#dArehivist, University of Sydney, 8 AprilM9gayes
On'Rutherford’s advice, Bragg made th¥rpiirs

d-am swriting thog fully as'Thad inténHed 1o test my LABGEHY
by experiments with f rays along verysimilar lines thithar:
. which I ‘umderstand you are doing, I shall be vglad, :
" however, 1o leave the mattef to youif'y

.- “thase from Friedrich Giesel’s famous eadintg
extraction works atrached to the quinine factory
spw 2o Braunschweig (Letter VI and VII)&SGine”
years later, when Madsen no longer needed the ">
* “radium Giesel supplied, it was transfersedto *
=+ u.Sydney’s Prince Alfred Hespiral, to be used:for -

e ot will be ableto 2.
get through the work in reasonable time. I-shall be.very. .
+ glad 10 hear from you how your results aré'gaing. . %

SO e ar P

-

"Rutherford’s forbearance here is remarkable o= = ©

Loia

< because, as Heiibron has shown:in his account-of:.
-~ the~reception -of Rutherford’s=ideas, onevres- s

“rrfewtor rtherapentic purposes (Prince Alfred Hospiral== s
i .o Gazelte, 27 Jaly'1917, p. 25), #ag: o ;ponse to the paper was to atcept Rutherford’ss. (s

In his long letter of 18 May 1911 (Letter theory in relation to the scattering of o-particles

= < VIII),.Bragg also, as before, included the latest’ ..~ ‘but to retaiz Thomson’s idea of multiple scafter-s -2 7§

scientific news, and this Madsen must on-this.-
" ocgasion have found exceptionally interesting: -
To begin with, Bragg sent news of C. T.-R:
Wilson’s beautiful pictures of the tracks of
~ionising radiation taken with his famous‘cloud .
. ..chamber. The X-ray tracks were especially sig-  ~
1 - --nificant: “can’t be anything else bur the track of
the cathode rays in the gas!’ as Bragg remarked, his investigation, he afterwards found that his
aand the pattern these formed was clea_rly not ... results did not fall into place as .easi[y. as he had ... ...
T[>~ -whatone would-expect if the X-ray werew pulse™ " expected. He was still strugghing-to resolve the :<-
: spreading out as it crossed the chamber. Bragg.. matter when he wrote to Bragg.in the following -
= ~rightly took the track as evidence in favour of his- November (Letter XI), the fial letter tohave A
- =+ :material theory. On the other hand;dre-réported - =~ . survived from this fascinating correspendence: *Ix |
7+ +-=that Sommerfeld’s reworking of the pulse‘théory ™

ing when it came to the scattering of [’s- -

(Heilbron, 1967;-pp: 302-303). ‘Nevertheless; <
- - Madsen did not succeed in taking advanrage of ~«= .-
Rutherford’s generosity. Though in his reply to
Rutherford (Letter X) he was-optimisticothat
with the new~batch of radium._he had received
from Pragg he would quickly be able to complete .72 .

S

B
=l

q-

-

RS Py W

(Sommerfeld, 1911) had produced ‘lots of dis-"
' symmetry’; he remained unconvinced, hotwevers
»that the theory could account satisfactorily for
the by now notorious localisation of energy in a
Y-ray.
From Madsen’s point of view, a still more
4 ~ significant feature of Bragg’s letter would have
been his reference to Rutherford’s recently pub-
- lished paper setting out his nuclear theory of the
atom. In this justly famous work Rutherford had
referred explicitly at ome-peint to Madsen’s
paper on B-ray scattering, and; as Bragg hasten-
ed to point out to his friend, further investiga-
tions in this area were now urgently required in
order to test the new theory. Knowing that
Madsen had beéi working on precisely this
subject for some time, Bragg had told Ruther-
ford what he was doing in an effort to forestall
his being cut out by a speedy resolurion of the
question in Manchester. The implication was
clear, and had already been sheeted home to
Madsen in a letter from Rutherford himself, also
published below (Letter IX): Madsen needed to
get out his results post-haste, or face the pros-
pect of being beaten into print by others.
Rutherford, while offering to stand aside in
Madsen’s favour, put the matter very clearly:

4 =

cannot settle Rutherford’s point:from thesscare 720

tering on the front side but hope to, by con-
sidering the ratio of scattered rays in 2 forward:

and backward direction for thin sheets’, In  the -~ :

end, the problem defeated him

, and he did not-
publish anything. '

Indeed, whether through disappointment -at

this turn of events or on accoun:t of other
developments in his career, Madsen seems to

A ow

have abandened research at this time, and never.. -

again did he make original contributions to

knowledge. Soon after writing the letter to Brage .

from whick we have just quoted, he was pro--
moted to Assistant Professor in Electrical
Engineering in his university, the first
professorial-level appeintment in electrical
engineering in any Australian university, and
doubtless his administrative responsibilities
expanded as a result. With the outbreak of war in
1914, he was appointed Chief Instructor and
Officer Commanding the Engineer Officers
Training School in Sydney (White, 1970}, a job
that doubtless fully occupied his time. At the
signing of the peace he returned to his universiy
and soon afterwards, in 1920, was promoted
again, this time to full Professor. Thereafter for
many years he played a leading role in the
promotion of Australian physics and engimeer-
ing.




T L3 sp:edal handicaps on those underzaking scigfitifics
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RO ’taps Has, however, been insufficiently explmed
3 r'-a‘(Z'I'rie'fevents-.discussed above allow us 16 b€ some-.
“i-y .« what'more specific. The successes .achieved by :

W. H. Bragg and §. P. V. Madsen

tesearéh i Avstralia. The napure’of thoseihandis

- Bragg and Madsen in Adelaide in the firstryears«
of this century show that even in the abstract
sciences it was possible for Australian workers to

- reach and remain at the very forefront of*world
research, despite their remoteness from- the

-~ major:centres of western Europe. Though:Bragg .
oceasionally complained that ‘new works often

wsialeshds ofter-been said that-distancatimpodeés .»:1oteacht, he discussed points of:difficultyibymail f-:f: ¥
:» with -his opposite number in.Sydney, Richacd.

3

“take some time to reach us here’ (Bragg,:1968b):

and though he and Glasson at one point acknow--
ledged the possibility that in their work on-
X-rays they were out of ignorance merely dupli-
cating work that Barkla had already done (Bragg
and Glasson, 1908), the five or six weeks it tock
--mail to travel between Britain and Australia was
in fact no insuperable obstacle. Furthermore,

* :Bragg’s references in the. articles he wiotezin o

" -“Adelaide make it clear that he had good if:
“mecessarily shightly delayed access to-all the

Ty «1.o.majorrjournals in the field, including the con-i. -
v vtinental ones, and to major new English-language- ;- .

books soon after they appeared.
The fact that Adelaide was still in Some':

-srespects a frontier outpost did mean that some. ..

items of equipment were not easily procured. We -
.- have noted already how, .early in his research,-
Bragg found suitable thin metal foils difficult to
obtain; we have also seen, however, that soon’
afterwards virtually the same range of thin foils
was available in Adelaide 2s Bragg was.able to.
obtain in Leeds. More generally, Bragg and his
collaborators seem to have had access to work-
shop facilities good cnough to make up some
quite complicated apparatus. The real problem

- in this regard lay with highly specialised pieces=-

of equipment: when Bragg decided to purchase

one of the new Dolezalek electrometers it took 2 -

very long time to arrive (Bragg and Kleeman,
"1904), and the high-vacuum facilities evidemily
left a great deal to be desired when compared to
those -available to Bragg once he got to Leeds.
(see Letter IV below).

Remoteness had its effect in more subtle ways
than thesg, chiefly, it appears, in engendering a
feeling of intellectual isolation. Melbourne was
the nearest city to Adelaide where other physi-
cists were to be found, and it was over 450 miles
away. During Bragg’s early years in Adelaide
when he was teaching himself physics in order to

10

..sgtWO—}'f:a‘.'i'}T mee.tings of the Australdsian Associg-11y
-tion for the Advancement -of:Science and the 7.

s Threlfall (Mayal 1975): 8o farasdirgct persmaallz
contact went, however, apartftem the yearky orw:

perhaps once-a-decade year’s leave travelling -+ o~

overseas, the group in Adelaide was very much

on its own. (Bragg had but one year’s leave, in

1897, during his twenty-three years im-his -, =

A delalde pOSL.) -
“And a very tiny group there was in f‘adela.de gy

Throughout the period with which we are con-

cerned, Madsen was Bragg’s only colleague on ~- - -

the lecturing staff of mathematics and physics at

the University. Sir Charles Todd, the Govern=---

mexnt Astronomer, was Bragg’s friend as well as

his father-in-law, and was no doubt used as.a.-

sounding-board on countless occasions. His figld - -

of scientific expertise was far removed, hows=un

ever, from that in which Bragg was docing his

" research. From time to time Bragg calledwpod:. ¥

his colleagues in the University’s Ch-emis.tryf
Department for assistance, bui this seems to-=- =
have been limited to.preparing samples:of var=2; -
.icus. gases. for Bragg’s experiments e these. i
stopping power of different subsiances. He may

also have discussed his work from time fotime . = -

~with R, W, Chapman, some-time lecturer under 7, 0%

Bragg in mathemarics and physics who ir 1900~

~had transferred to a lectureship in the univer—:-: .-

sity’s engineering department 2nd had then in

1907 been appointed to the Chair of engineerirg-~ - -
Finally, there was a handful of advanced
students. Bragg acknowledges the belp of.only
three, Priest, Glasson and, ahove all, Kleeman,
during the five years in which he was active in ..
research in Adelaide; and since he would almost . .
certainly have set all his advanced students o

- work on his project, it seems that Lhesc threer +4 -

were the only ones he had. -

At the ttme he left Adelaide, Bragg was -
reported as saying that his only reason for gumg
was his interest in research fCaroe 1978, p. 50).
His letters to Madsen make abundantly. clear -
what it was he hoped to gain by going to Leeds.
Almost at once he was surrounded by a:sub- -
stantial group of researchers whom he could
direct tc questions bearing immediately on his
own principal concerns. Loadon and the Royal'
Society were within easy reach, and only a few
miles away in Manchester was Rutherford. The
opportunities for discussion were legion. The
contrast with conditions in Australia, where




o4

A

:‘Madsen was now more intellectually idotated: .

than ever, was complete. Though a gifted.re- s
searcher, Madsen was yet no Bragg. Unable to:-
fill the void created by Bragg’s departure, hé not -
only found it impossible to maintain his place i
the vanguard of radioactivity research; his -
research output ceased entirely. While our story
shows that continued front-rank research in.
physics was indeed possibie in Australia, it also °
suggests that it was only possible for the.most
exceptional of individuals.

11
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APPENDIX

Correspondence between W. H;
Bragg and J. P. V. Madsen
together with

Related Correspondence betwesn®
Madsen and Rutherford :

e

Except where otherwise stated, originals:are:
located in the Basser Library, Australiant

Academy of Science. The various items are.pubss . = .

lished with the permission, as appropriate, of the*

Bragg family, Mr R. W. Madsen, the Australian: -

I

Academy of Science, the Royal Institution, and

the Syndics of the Cambridge University

Library. . =
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B gl e

. Chamber about 4.cis “
‘Rays cut off

L. Madsen to Bragg, 28 Decembef
Tery ~1906 e 3 i e

fial  Bfagg Papers, Royal Institution, London.

Tiqn Ewrenelien TETTe 0 T  Rays acting before the field
% Ty Bgl e s G e, i- .. Volts while field ison isapplied¥ui,s
Tt The University, e '_Dec.'28_2‘06“2.‘:- : o B o B T
Adelaide 46 400 1620 130 490 107 -
Dear Professor! o 50 1076 123 447 100
- o e Justaline as | opromised, to say how work wasTr — = =
1 going_on—the first trouble which cropped- up. - 423 oottt 23& Eg
. . was due to the rise of potential in the system - .
which had afterwards to be connected to the 400 2275 145 502 121
© . electrometer, while the field was on—However... . 50 1305 145 465 116 .
T 7T o cthis'canbe gotover readily enough by usingra-or X ] R
- - -~ sliding condenser, and as long as I use not more -~  Sheetof mica over radium
. 400 28 137
than 400 or 500 volis on a 4 cms chamber its 50 290 137
oY effect _can be eliminated for preliminary .- g
experiments. : 400 267 120
But a more serious difficuity which has arisen, - S0 262 ALz
- TUisthatinorder to get a large enough electrometer 00 e - we
: deflection the density of the ions must be very 50 e 195 99
—weedmoen great.and from .some experiments which [ haver o, '
- S just completed, with the field on while the rays: .. -asabove with Ethyl Chioride and Air - o+ -~ -~
| are acting, and pulling different thicknesses of . *' 400 453 199 312 - 155 -
' “L " mica over the radium—I find that with the freids .. - 5° 403 187 e 1t o
71777 "strengths available inirial recombinatiomerisz<in L .. . - : L e
. : with air only :
obscured by general[.] To get over this the best I . 400 o 203 i5i
can think of is reduce the chamber to between 50 e m e 196 105

one & two cms width, and to use instead of.a -
circular -aperture in the bottom plate of the
ionization chamber as at present a long rect-
angular slit with the radium spread along a cor-
responding parallel groovel. ]2

It seems rather cruel sending you this sort of -~

stuff while you are on holiday so I hope you

won’t take it too seriously.
Wishing you a happy new

year with kiad
The density of ionization should also be regards to Mrs. Bragg s
reduced to meer Kleeman’s objection which Your sincerely
would apply in this form of experiment viz—that JPV Madsen
the stronger fields may stop a number of jons
from recombining, which are just on the point of
doing so, at the instant when the field is applied.
However 1 do not feel at all sure that
41 Kleeman’s objection is quite sound when you Notes: e 5
) consider Langevin’s result “that the rate of 1. The work described in this lerzer eventually yielded
' recombination is independent of the field results that were incorporated in (Madsen, 1908a).
4 applied.” 2. Madsen.fmaliy settled on a chamber W!dﬂ’ll of 18 cm.,
1 55 ; bt_xt Fetaa_ncd the circular apertuqre. Fo\raful. description
y ! I'am giving you below 2 list of some of the of his apparatus, see { Madsen, 1908a), pp. 27-30.
. results in terms of the first throw of the needle[.] 3. Langevin, 1903,
i
o
i
!
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I told you I would write after the meeting:of: ..

;'Ehe Physical Society.! Well, I went up.armed-

., .with every weapon I thought rmght be needed;:.

““"buf there was hardly any argument. There wasare v
good attendance, and Lees? made the only-sen-:. .

_ sible comment. He said that what was:now..

'_Wantc‘d was greater precision: some absolute

stanidard of hard and soft. Of course I agreeddike.

’ anythmg and said that I thought the determina=:

tion of the speed of the cathede ray which eachiX:':
ray gave rise to was the first and most important.: :
determining factor as representing the energy:..
there might be a “quality” in addition. Barkla: -
was not there: but his representative Sadler-
..called attention to the fact that in our flgures £Or T

_the absorptlon by two tin foils the figures =2z 57

— . Sm Cu Fe Al

.. Emergence’ 176 140 39  Z185-

‘TIncidence™ ~ 122 119 . _ 15 e 60;
& four tin foils L AR AR «

. «Emergence 2

I3 v

Incidence B ol

May 7. T had to stop here last weekand was too . -
1ate for the mail: now I can goon. —— S
But now [ have not the paper from which I was -
quoting, bother it! I am writing at home and the.
paper is at the University and I must  post

“tonight. But if you will look at the -papér

(Glasson’s & mine) you will see what I am going:
to tell you. Sadler [? worked ourt?] that several of -
the figures had constant differences e.g:
140~119 =21, 39-15=24 and some moré from
the figures for the four tin foiis & hinted that
either I had got a constant error of-addition to the -
emergence, or else there-ws-some-mew radiation -
playing up with the experiments! Well that was
about all, except that one or two made friendly &
complimentary remarks. I had a long taik to
Sadler afterwards and found him much more
amenable and quite friendly. He admits that the-
old form of the pulse theory has gone and 'that
J3’s mathematics is now no good. But the thing he
clings to is that the 2% X rays from Cu Pb &c are
quite distinct from the primary. And there is not
much more. Kleeman came here 2 fortnight ago
and spent a day or two. He says no theory

15

“we ‘pretty well agreed right through- In- fact -
"'w__*:ulst there is no general assent to the material:™

_thelr mmsmg effect should be lost7 théréfore:

W. H. Bragg and §. P. V. Madser:

=t J1. Brago to Madsen, 29 Apnl EOQ tugg explainsjeverything’ so- 'wellfas: the - materiils, over

Ihs:ory and he also says that the old form ofpulse 2a. ue
theory has passed away. He has goflecsto hos
Manchester to work ,now: and wants tottome--
here in the summer, ifhe car f‘md a scholarship. t#2 ~i
to come on.’ Kleeman & I talked thmgs.haxd.and

" theory, there is no general opposition to iton the * -
other hand there is a feeling that someinewsan.. &

"theory has to be found and that the matenal £a

N - -

_theory may be the rightone, ” 7™~ T S

Crowther has a paper in the Proc Roy Soc“ =iz o

. which he finds that the piimary X rays doall. the: - =,

ionisation in a gas, and the $ecoridary cathode. .-
_ rays do nothing: but I think he has not taken . - .
“*sufficient account of the forward direction of thesw: o

_’ cathode rays after their production. I dor’f think_ ..

the rays would hit the walls of his chamber to an
appreciable extent, and he is wrong in saying that
because they cught to and therefore some of“

they do not ionise at all. After all athin siream of
cathode Tays can be traced for long distances 10~
air at low pressure and show sharp sides,-and I 7o
““think the ionisation and illumination g0 togethm T
Those Dublin people have a peper I seé’:but. ... :
they really are rather duffers, aren’t: they?

Where they use the precautions we did, they get . ..

the right result, & where they don’t they go - s

. wrong. Of course the rays (emergence) from .

Pb are softer than from Al when the yraysare -~

heterogeneous & contain both soft and hard. We -

know that. And they say that is against th°

material theory. . e F T 4,08
The people here are very good to me. Tney

" say Physics has not been properly supplied with

apparatus & so on, and { am to have my turnnow. -

‘Besides the £1000 for research I am to have say

£500 for the ordinary lab. My lecturer & 3.
demonstrators are jolly nice:® 2nd the demonstra-
tors are-adready startmg on research, but we must
get our cells. I will write again soon. W
Yrs always The Ra arrived saf::ly
W H Bragg :

Notes: R

1. At this meeting, held on 23 April 1909, Bragg read a
paper that he had written jointly with his last research
student in Adelaide, J. L. Glasson {Bragg and Glasson,
1908).

2. Charles Herbert Lees, F.R.S. (1864-1952}, professor
of physics at East London College (later Queen Mary
College, University of London).




W. H. Bragg and 3. P. V. Madsen

“Bragg § laboratory

~- 4% Crowther, 1909 L e T

5, «Harkerz, 1908. A L Y Gt Sy

,)6 The lecturer was A 0. Ailcn, th,e demonstsators-S.A.,
\Ecmcmds H. B. Keene 2and S. A. Shorter, . . -
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. TI§. Bragg to Madsen, 1 August
1909,

o
5
-~

2 5 Y P L

. . Bolton Abbey -
- Wharfedale

f My dear Madsen idn
f I was glad o have your ]olly letter of June: .

" Aug. 1. 1909,

.. 10th. Isn’t Roseville on the same line.as Turra+ :»

- vcry sympathetlc to the materxai iheory He

-"’S'rokﬁ- out with conviction “The old ﬁiﬁé"e thét}sjf

intervals, to the amusement of our wives. Hevly

(pause, .), the old pulse theory, Bragg, is as dgad=z.

as mutton!” And he won’t believe in J.J.’s energy
blobs:! no one does, I think. H. A. Wilson® satd1o.. .
me that J.J. ought to be stopped by somebc&‘dy"t i
-, Rutherford quite understands now alkout potrs: t:0 0w
“We rtalked a lot about Barkla’s recent work,t
which of coarse is awfully good. It-is really
simple.on the whole, and seems just ripe foramis via 2

. explanation. We both agreed that it was some2-"-7.. .

murra; I was out there two or three times to my -

< . g brother’s-house?! I am glad you are settled=zand .-
are all well. Doesn’t it take a long time rearrang- - -
.ing all the work and getting-things going one’s < X

sy
_own Way’ I like: your idea of the comets[ 2]

. experiment and with your assent I will use ibd 85

pubhc lecture if I can.

-I hope you are getting on with your B ray--,

- experiment, I want you to get those results-ent .

| soon. There is a man at Manchester, W. Wilson
V.. working at § rays also:? I know he is getting

trary to H W Schmudt & others.?  believe it is not
actually the same experiment as yours, but you
must not let things go on too long. By the way-
Rutherford said to me the other day that if the
Brays went forward always, then a very thin
sheet should show them nearly all going forward,
since of course there would be little to turn them

el wm wo
k]

here for two days and it was great fun: he & his

wife came. We have quarters in a jolly old farin ..

“; house overlooking Bolion woods and with the
moors at the back: a glorious place altogether.
i We have enjoyed it awfully even though it has
i rained most days & just now does not seem able
. to leave off. The moors belong to the Duke of
Devonshire and he & the Prince of Wales are
coming down to shoot next week. The heather is
just coming out. Well, Rutherford and T talked
hard, culminating on the last evening: when we
both got excited and stamped about the room at

rnorthodox results which will rather run con- *-

AT

back. I don’t remember that we actually attended .
w this point; but I must look up the figures,.I-
wonder if they show it. I had Rutherford staying -

a

. Cambridge is coming here to work for a

i6

- me to hurry up or he would be having a shot

, 'Gr-.to Zn has a special secondary homogeneous 7= &

. don’t mind telling you the theory.Lam testing::L
s-am 1oying to find whether there isanyconnection
- between the velocity of theeathode say-andsthe =

thing joily simple if only we could hiz itz and 1old . .
}:umself He was really awfully interested about=<f
it..The point is that each metal, at any rate from ..

radiation and that this can be excited by the -
radiation from any heavier atom-andmot by:thatss
from a lighter. You will have read it of course..1 ...

power it has of exciting X rays in a given metal.

< Suppese for example that the rays- that best »c

excite;X rays in Cu are faster than ithose that = & 7
excite X rays in Fe, & that when they get too

- .slow they don’t have much effect. Then e.g. you fose
" will have cathode rays which act well on Fe and.

not at all well on Cu. Then all Barkla’s results are
explained. The rays from Zn (say) fall on Cu,
they break up, cathode rays appear these knock -
about losing speed (it is certain now thart this
happens) until they get to the right speed for Cu: .
then off come the characteristic rays in quanticy, ~=1 .
_and-in all directions and unpolarised. But of
course the Cu rays cannot excue b rays in Zn;‘
"because the cathode rays cannot rise ic speed. In™
~ other word’s Barkla’s homogeneous segondary 18
reaiiy tertiary. But I have to test this theory and-
I am only teling you: it may come to nothmg of
course, A man called Thirkill? of Clare College-+ * -
few: -

i

weeks and I am going 1o tackle it with him.

Geiger at Manchester has pretty well cleaned. .-.-
up the 0 ray problem. The particles do after all.
run right out in speed, but they get awfully
scattered towards the end, so that Rutherford
lost them by the photographic method.® Also the’
scattering oovatomic wi.

e e o
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- zriohput one.of my demonstrators on the question: o

Sty i Tk et TS W. H. Bragg and ¥. P. V. Madien

were about played out—at Cambndgc untilzw
revived it all.

I'was last domg m Adelaide, viz the cathodesrhyks

ST madenby primary X rays. He got the wholexthing~ Myw;fe sends her rcgards to you &yours i
in working order after great labour, and thenshad:: "W H Bragg. i S B Eep
to go to London without getting out much: I.. .
m> o+ started in next-day and got the results atvonce; i+ Ll ha‘«e not foo much time:for-long letters naws not o
- reaped the fruit of his labour! But of course.I,wili - - with all the racket of rearrangements. Would you. ..
publish in the two names.® I think there is going let Glasson have a look at this? H. A. Wilson
to be something to publish viz that the carhnde believes in the old pulse theory and that heaps of . .. .
rays.produced in a substance are proportional in- . pulses at last start the particles off. But he has ... ... .
w * number to the absorption of the X rays, and that” -+ * not 'really worked it out at all. He is going te:r

e

B .

R LU

the X rays do not ionise the gas directly at all. .. .McGill in Montreal: & Barkla takes his placc at
You know I got this roughly in Adelaide; butnet King’s College.

nearly good enough to publish. I am working it

with electroscopes, and I find that if yow keep

two going, one as a standarcd and reckon all the Notes:

other readings as raros to the standard you get I. Bragg’s younger brother, James W. Bragg, was-.. .

marvellously consistent resuits even when the engaged for many years in a successful import/export:

coil is not behaving. T business between Eagland and Australia (Caroe L
Dr R.T. Beatty is working in my lab this 1978).

2. Wilsen, 1909. The importance of Wilson’s results 1§
emphasised in (Heilbron, 1967).
. Schmidr, 1907. CoE
- Thomson, 1907; cf. McCormmach, 1967, o
. Harold Albert W[ison F.R.S. {1874-1964), professor
of physics at King’s College, University of London, =~
and shortly 1o succeed to Riitherford’s Chair at
McGill University, Montreal. ok

summer.'® He is trying to find the velocity of the
cathode rays due to the secondary Cu rays by-2
direct magnetic method: so as to check Glasson’s
result.” He uses his quadrant electroscope, you
remember it. He uses my big coil, 20" spack.&a .. .
great X ray bulb. Kleeman is also here doing a.

Vo W

i

diffusion of ions experiment.”? Another of my - 6. Barkla, 190%; Barkia and Sadler, 1908, 1909a, 19095,
demeonstrators is proving the absurdity of H W 7. Herry Thirkill {1886-1971), a Rcsear_ch Sctlxolar and...
Schmidt’s “reflection” effect,13 in fact has.done later Feli(?w at Clare Colleg‘c, had: obtained First Clas; S
so. I see you have had a shot at it lon'g ago, but Honours in Part IT of I;IE Cambridge Natural Science:

A ; it tripos in 1%08. He subsequently became Universiry
the methods are different: & he is tackiing N R Lecturer in Experimental Physics at Cambridge and-
Campbell’s anomalies of the absorptions by Master of Clare College, 1939~1958. He served as
solutions. ; Vice-Chanceilor of the University, 1945-1947, and

¢ was knighted in 1951,
1 bave a Norwegian called Vegard coming 8. Geiger, 1909, 1910a, 1910b.
socn, I don’t know what I'l put him on to yet.!s 9. Bragg and Porter 1911.
My senior demonstrator Shorter is doing initial 10, E.T. Beatty (1882-1941), 2 Research Scholar at the

Cavendish Laboratory, later a member of the

16
recombination especxally of CO. Admiralty Scientific Staff. The work Bragg describes...

I have got a very nice house in Leeds now, (cf. also Lerter I'V below) appears not to have led to a
with a gorgeous billiard room! and we are publication, but to have been a continuation of that
furnishing hard. Now I must stop. Remember meé - ‘é";““bcd L (Bfa‘[;’: 19102 § ok

. 9 s 117 18 . asson's result Cre referred o, appears 10 nave
very kindly to my friends, Dav1_d and'}"oﬂock semainedenyblishied,
Woolnough'® and Warren®, Maiden?, if you see 12. CE Letter Il above. The experiment did not work; see
him. And write to me. I am trying to keep you Letrer IV below.

13. 3chmidr, 1907b.
14. Campbell, 1909. Neither of these pieces of research
seems to have been published.

posted up, you see! I wish I had Glasson’s results
as he gets them: I want them. I shall have to

repeat some of them (for private information 15, Cf. Letter IV below. Lars Vegard, Universitets-

only), if I don’t hear. He was good enough to stipendiat of Christiania (later Oslo} University and,
d : ( blished). By th 1 from 1918, professor of experimental physics at that

send me one paper u:npu ishe ) ¥ the way Aty N

am going-over Barkla’s polarisation experiment 16. Also upublished.

very carefully: apparatus is nearly finished. 17. T. Edgeworth David, F.R.S., (1858-1934), professor
Kindest regards, old chap: we had great times gfgeology and physical geography at the University of

. ydney.
tosethcr‘ I td} you, we made people look into 18. James Arthur Pollock (1865-1922), professor of
things again: Kleeman says they thought X rays physics at the University of $ydney (F.R.S., 1916).

17
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W. H. Bragg and . P. V. Madsen il WA . Y S -

ig; Wa!tcr Geofgs Wooldbugh, ‘agsistint’ Iccmre
grolegy, Unrversity of Sydney,: @ ¢ :
i 20y William Henry, Warcen f18‘52—1926 “sifice 1884 pro- ;
, fessogof enginegring atthe Dmverm} of S\rdm’:)r
osephl Henry Maiden (1839—1925)3 bdirdctor ‘of
ydney ~Yotanic gardens and’ Neéw South “Wales ;
CGovernment Botanist (F.R.S;1916)0 s 0 o0 7 L n

Lebiing. SWUAg’ zoupd In.the atoms. and -notthaty. . s
shére s a chance of any cathode ray. as it »ﬂms« vap oEY
Being fuined into X without goingiott of its-line ;
“flight. “Fot then R should become’ €normois
when ‘the layer.is very, thin, since: thcre arg ]
wmorc reathode iparticles going iorwards Jeh
: ‘backwards in a thin sheet. In fact does a pair, gat
stripped in its ﬂ1ght without the - losing its
. direction, and a — pigk up a positive only i the i e
act of turning? We want to settie this: andﬂwe; -
~© ought to find the distribution or “polar diagram?’; = 1 s
T27%F ¢athode fays due to cathode rays, X due to-- -

Y

o

i et AN w3 )

2

EV Bragg to Madsen, 6 0ct0ber e

. i
g 1909 cathode, 2nd cathode due to X. Kaye is trymg.to %
TR R do the second of these: you are doing the farst ; ,_;
S very likely we shall do the third here. And the - .

) ”'Eéé'aé’ o ) OCt 6 1909 ' comparison ought to show something! By the bye- -
Mydf-ar Madsen . T “ «we. 2. v one of my demonstrators, Keene, who has gone, -

" ~T'got your letter yesterday and am answermgrlt = -._ -to, Birmmcham Univ. wrote askmg me 10 SUZEESt, ;i ., win.

'7 at once. Besides I want to tell you how thingsare -2 ]ob 2nd I told him to try the second of the
“going generally First I will take the contents o --above,the same as you are under;amng Thiswas: n.es
your letter. You say you are trying to “derwe a before your letter came of course. But don’t

ol CoalaE Pdiagram of the - intensity ‘of scatiered  :*.worry: his method is quite different; he is fusé- w4 m
B rays™. Quite right: what is wanted is a- polarm ‘ ‘makmg ‘his K rays from X rays, you make themv.v,;_ o
dlagram” for every sort of ray and every sort of. - direct and he has not started yet and won tfora. -

_ -arom. You don’t say ‘whether yott are-using yor{.‘: .while I should think. Kaye quite. sees all.our 1. -,
i e Primary rays, but it would be-valiable in. /. -points: he -says the resemblance. between the. . ~- .
either case. By the way, talking of the intensity- scattering of cathode rays and of X rays “‘is ‘get-
of emergence and incidence [} rays produced bj - ting exciting™ “So far as one could judge in the

< - s The ratio of emergence to incidence should: - - thin leaf experiments®-he writes tome “by the-
“ tend to very large values when the plate is very = phosphorescence of the glass walls of the tube; R
" thin, if all the rays go straight forward. Can this * . for the secondary cathode rays seemed to follow: -
be shown experimentally? We got very large ~ any variation of R for the X rays. You could
values I know. But could the point be made quite *. generally teil from the look of the tube whether
clear, for it stands somewhat in contrast tc a R for the X rays was going to be considerable.” 1
~ probable effect of cathode and X rays. (Isee Lam - .  expect he is at it now, and that I shall hear from_, .. ,.
losing my arranged sequence already). Kaye' has - him shortly. To go back to your lerter. You
recently shown that when cathode rays fall on - ~mention Kleeman’s “polarisation”, But he uses a
thin sheets the ratio of the emergence X rays to - wrong term here: he means distribution, . and

the incidence X rays 15 generally >landis>3 ‘what he found was that R ( emergence o Le).for . ...
“fot ‘Hluminium. His paper is coming out im:the - incidence

" “Cainb. Phil. Soc. Proc: 1 have seen ‘the proof. T~ secondary 7 rays was considerable I think Lam. 5.

- --asked Kaye to send you a copy. Kaye was here - . right: he never touched polansatmn in Baxkla 5 -
* half a day lately, and we got on splendidly _ sense. 2 '
" together. I think this expenmcnt converted him -. * Dr. Beatty® has just Ieft me to go back m o
finally to the material theory, in spite of his being - Cambridge to keep his terms. His work came on ... .
J.1’s private assistant. He says he has shown the | with rather a rush just at the end and I think he .
result to several, and no one can explainiton the - wassorry 1o feave it. Still he got out some resuits.. ;- |
‘pulse theory. ‘Sometimes he starts with one foil & - -Iasked him when he came to confirm Glassonls o .-
then ‘goes on to two and three and so on: but he = results by finding the velocity of the cathode rays.. »
has not done many experiments altogether. He due to the various homogenecus radiations,
finds that R (emergence/incidence) grows 2 using a magnet. It turned out to be a very diffi-
littte with the thickness of the foil and then of cult experiment: and at one time he gotrather sick
course diminishes. I think this means that the of it. He could find hardly any influence at all

X ray turas into the cathode ray at the moment of due to the magnet. he had a little set of slits over

13




:rng b ssome Ay foil & tried to turn the cathode raysstgss il
i ,.::o;one side. Finally it appeared that the effectoniy

i Levn cawas; down to less than ! ecm

-4~i7 o ndngi-d number - of curves

e

e e Aw

RN

. oo the chamber. They seem to

" . ~™Was:plain when the pressure -
-~ .- of Hg; Also he got to draw-

.---showing the relation be-
tween pressure & ionisation

.- and then found that they

- «.;showed him the penetration
-~ --of- the various radiations in

Viar

-~ -~ indicate a very soft X radiation from gold capable - -~

“u ¢+ - ing;-and he is getting on very nicely. He finds the: - .

.-of crossing only a few cm of air. He showed that *
-Cu-rayssactually do produce K rays in ‘Ag:‘an® i
effect which I think Sadler is trying to show is -
impossible. He wants to prove that X rays.only.>

s

excite. cathode rays in metals whose homogene— .. .

- ous radiation is softer than their own. I think itis
.. all rubbish, of course. Also he showed that the:

-+, . Krays excited in Au by Cu secY were slower than-%.-..
w1 --those.due to Ag sec’ but he did not gersgood: ©

+

quantitative results before he had to stop. L think-
he-was very well satisfied with his SUAmMer’s
.. - work. Kleeman did not get on with his own EXpE .-
... and-then I asked him to find the ionisation Tin.»
~different gases due to K rays. By passing:iti'the : -
X rays first through gold, then card & subtract-

4

1

ionisations in different gases due to the effects of -
the soft secondaries obtained in this way follow . ..
- nearly.the values for ¢ fory rays.
Vegard has been testing
the polarisation.’ He uses an
apparatus which I designed
to show the effect securely &
it has four ionisation cham- Sl
bers symmetrically placed, e B
and the whole thing can be T
turned round of course. I wanted him to sec.
whether that which causes K rays is polarised as
well as that which ionises the air and so is the -
subject of Barkla’s experiments. He found it . -
was; so polarisation must be accounted for on the
material theory. He passed the X rays into the
four chambers sometimes ~» Au, Al, sometimes -
—*Al, Au and compared results. In the latter case
he bad a crowd of cathode rays, of course, and
they showed the polarised effect ie. different
amounts of them were caused by the rays travell-
ing in the two directions. He is still investigating
the polarisation question with different forms of
anticathode.

1

O =

Paratffin

—i1

19

" proportionality which éxists pretty’completeiy:I«
~ think. I want to include Br & [4f I can getguits -
7 .able films: I am not sure I can, ‘bur] have got As~ » :
~and can-get Sb. I can practically’show I think thatc:* &=
“Br does produce clouds of cathode-particies: Tam -+

oy Adelaide, only the argon. !¢

W. H. Bragg and J. P. V. Madsen

“iKleeman Has been-and is: doing the relafivemar =
‘ionisations-of different gases®by the carhode s

3

*“rdys." He passes X rays into a clamber thrgigh d¥ i
¢ ~3Au, ¢afd screen: then from oiitside he reverses o
< itto—>card; Au. The increase in il
s due to softradiation from the Av. He gets fguress ¢ nn
+" much the same as for y rays, only they siserather © - -
" quickly for the heavy atoms. I think Ether-is -

the lattercase is.

1.23, GHsBr is 1.70 and CH,I is 3.00. I.think

- however that he has a little soft X radiationwith.” ==
“ra range of only a few cm in additionstozhiss & =
- cathode rays, and this may heighten the Br &L .. .-

figures:You will see though that the figures are ¥ o
not enormous as for X rays, & fit in very nicefy -
with the idesthat the Br & I are great manufac- -~ -
turers of cathode rays: & that is where the big -
lonisations come from. - : :
For myself I am trying 1o collect figures con-7 v s
necting ‘the amount of cathode rays produced = -
froni euch metal or substance with the absotption - = 1.
of the X rays in that substance; & showingithes ...

soak

vodmEnew oy

also finding the absorption of all the cathoderays: .
by Al foils.? : s
Crowther® must have had lots of soft radiation? = 1

- made in the ethyl bromide in his chamber & the: ¢ « °

reason why in spite of this his ionisation was pro---. .
portional 1o the pressure mustfind some other.- g
explanation than that the ionisation by cathede: «
rays or other soft radiation is negligible.

I have a man Thirkill from Clare College
Cambridge who is doing Helium ionisation ¢one -
stants by @ rays.® I never did it properly in .

S s L

Now I think I have told you most of the doings
here. You weuld see W. Wilson’s paper on Brays
in the Roy. Soc. Proc.! also Eve’s in the Phil.-

- Mag.”” on y rays confirming our resulss. T have

not heard of anything more particular. I betieve
J ] had a paper at Winnipeg in which he used the
neutral pair idea to explain some vacuum tube
phenomena.t? Wow
What cells have you got? I got 500 from
Klingelfuss in Basle (Switzerland). They are test~
tube cells, pasted, with Ist. ciass porcelain .
msulation. They are small but doing well. I have
a glorious air pump: Gaede’s double retary. A
rotary oil does the 1st pumping down to about
01 mm of Hg: & a rotary Hg pump completes the
job: all driven by a little motor. You just switch
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ey r'-d
S

Tomghe corténg & go-off & do someth‘ng elsgugnil; ¢

the tube is ready 1find that X ray exp® dréiguite -

- easy if only you use 2 separate stzndard mnsa’

~tion:chamber all the time & work by COMPAFISORS N 1 P e T 0 e
“with it. E.g. the standard chamber.gives i Mitinaa 172, & R

certain time, & the main one 172 then the curreat
*is Talled 172/ I'io'=1.56. I don’t use a watch“;uST
read the Zeros turn on the current a convenient

time & turn it off again. Beatty’s electroscepe 45 7

- 1 yery-sensitivey but tricky. For many exp™Fuses:

« : theword¥ electroscope: not even the tilted ome: An

inch each way is quite big enough: & allows the
-« .use of a less special microscope. If you wantia

sealed chamber to hold a vacuum & easd} Lake o

~down; try thisi—

P_our in melted it rosin &
"beeswax round the joint. Itis -
~guite -airtight. To take off
warm With a flame, it is very

quxc&ly done. :
I'was called in as ad expert last week to ad;uch-
~ catél on.the-claims of 'a man for a fellowship ar

Soddy is going to'stay a night with me week after:

-~ :next. Now I must stop: this letter is all:shop,~ -
:» s vxmieant to tell'you what 1s.deing so far as I knowal ..

will write a more human one presently. Kmdest
regards to yourself & Mrs. Madsen
- Yrs always «® ; o o Tras
WHBragg g

Iwﬂl see about the foils

- Notes: )

. Kaye,-1909, - £

. Klgeman, 1909, . 4
. See Lerter Il above.

. Vegard, 1910.

Kleeman, 1910.

. This work appears not tc have led to a publication.
. Crowther, 1909.

1o kaveled 1o'a publlca?mn
. Utipuplihed. ’ o
. W. Wilson, 1909.
. Eve, 1908. % s
. Thomson’s paper was not published in the Report of
the Winnipeg meeting of the British Association, but
an account of his address subsequently appeared in
Engineering, 88, 1909, 374.

oy

- Frinity College; Cambridge. I felt such afdake, - .-

. Kleeman, 1910, ‘ ‘ D

. See” Letter 111, note 7 above. The project appears not.

~¥ Bmwgm Maésm#i
-7 Y909, <

2y R

- ‘Leeds -
My dear oid chap

WD dweld o e

- I have been = round-of labs lateiy, and havero s
;- seen many people, pretty welkall the men whose v 1
names we have discussed so-often, so [ guess I
o nay-as Well write to you abowz 17;; all wbxlst 4T I8
- fresh. - ¢ . TR
_lhe points we used to talk about are VEy cosie
much to the fore and for your’satisfaction.and-" ~ -
umine I may as well say at once.that wezhave!
ialwdys been on the right track $o . far asslscan. &
-judge. This is for your private edr! The neutral Fr-e -
- pair theory may or miay not be dbsolutely truehe: = -
- but I think nearly everyone thinks that its <=~
. promulgition was abolutelywjustifiable at:theis:
itime, and that it has led to several discoveriesand:
‘-encouragcd several successful regearches, which
it alone.prompted. Some, including. Ruthutfard
:» "have actually saidias much 1o me;vely positivedy:
and wherever-I go I find the-theory and all-our.-
experiments treated with great respect. Alsothe -~ - -

B

ars
AL

ver

%

i -+ newest work still fits in, and indeed=strengthens == -
"o our arguments. You would see Stark’s work tnsomess

the Phys. Zeit. of Nov. 22 (? I think, or theres . . 7o¢
abouts)? in which he finds the X rays froma C -~
plate struck by cathode rays te be much more
intense, and much more penetrating in the for-
ward than in the backward direction, 1 spoke:tot:
you before about Kaye’s work in the Camb. Phil; -
Soc. Prec: which covered part of ihe -same
ground.? You would alse see Sadler’s letterina -
recent “Nature”.? I saw him yesterday in-®iver-
pool and had a long talk with him about it;and-+ & |
'saw his apparatus. He is quite clear that the~ =~ -
‘different homogeneous 2% X radiations-ause
- cathode radiations from various screens; thespelfs -
of which is quite independent of the nature-of. ® -
the screen but is (or rather the absorbability. is)a. ...~ .
linear function of the atomic wt of the radiator.ci»
He says there 1s little of it from a screen in which --- .
.the radiator is unable to excite the 2v Xnradmra.y
which is characteristic of the screen: but there I - -
am not sure that he has got his theory quite right,
and I am going into the question. There was a.
point about which he was mixed and I tried hard
to make him see it, but I had t[o] give it up. He
thooght that if the ionisation between two plates
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Wi TLeoscreen Abeing taken away.
» =0 wvens Idined in hall at Trinity with J.). the other dayrew

wi & B was.propit{o] distance

AB,:then:thereswas no-cath- -

saorvode rady from: A or B. What- .
- .itmeans is.that the plate A

e i1 COntributes as much cathode
wne .radiation tfo] the space be-
- tweemr A & .B as would a
© block of air. below A, the

Coegrrema
ot

but we did not talk much science. Only I asked -
bim as we walked home what he thoughtiofithe v

- cular theory of Newton (Einstein & Stark i[n] the
. recent Phys. Zeit). He said it would not work at
all. How could one explain reflection and refrag-..
‘tion*-at the same surface? /' When I+told
- BoltwoodS this he said he did not think Jj would-- .
~: have much worry in explaining it if he wanted it -
- -for-his theories! J.]. has a-new theory ;exery .
week.” For myself I cannot see how they dre.

«- - Space.J.]. is.much puzzled over a fact that he has ! |
coicIecently discovered: he finds the velocity of the .
= <anal rays to be independent of the potential g~
. .the tube; its value is 3 x 10® cm/sec. the same-asy
-.rays. and he imagines, I think, that the.atom:..
emits a doublet which subsequently breaks up:
into +ve & —ve and that it is a sort of trigger
. - action.” I don’t know exactly how he explains all
the X ray things: Glasson says he heard him say.
ata lecture that the X rays store up energy in the
atom until the emission of the cathode ray takes
place, but as you know there is any amount of .
argument against this theory. :
Kaye is a great friend: he took me all roundthe
Cavendish explaining everything. Beatty is con-
tinuing an experiment begun in Leeds: which is
much the same as Sadler’s. J.J. himself is at these
canal .rays: most of the others were on experi-
.. ments which do not closely concern us. Ar

>

Manchester they were all on radioactive work. _

There was a Russian® trying 1o find whether the
absorption by B rays depends on constitutive
influences of the molecule. Of course he gets the
negative: some of my own students have found
the same; I cannot think what big mistake S, J.
Allen has made in the Physical Review.? I am
sending a letter to the Review.! Some one else is
urying to measure the absorptions of B rays of
different speeds, if I remember right: but he was
only starting. Boltwood is at the quantities of
heliom from ail the different radioactive pro-

2

+ - close together like this, so that when an. atom

SRR
“light quantum® of the Germans, and of_their:, . -

“practically abandoning thegether for the COIpUS=. .

-ordinary? Curiously enough -they don’t get.it:.:

* ~ have taken a man from the Cambrid

W. H. Bragg and }. P. V. Madsen

“ductsHeé is such a nice feilow. *Geiger hasthern e
th.doing:the trming of the o particles: he hasisome
sremanation between two fludrescent screensveryi

*~ goes:off its i particle is bound:to-hit.one: pfsthe st
¢ two small.portions of the screen which are inzo. _
=view of .the. two microscopes. The' observers.: -
~-register by keys pressing on the paper of-the-:
<:sameThronograph. Then they. don’t get flashes:x
quencenwith acenminme:, 1.

 anykow, but ina sort of se
- eman® I believe they
* “getwoclose together,

and one a little later
like.this, :

ss e
T B T
L

<AL i,

%

The Morse code, they call it! Isn't it extra-...

with Th.B & C. which you would rather expect:!h om0

I bhave not got many results to chronicli.o
myself. ¥ have been so busy getting things
«.-straight. But as opportunities served I havebeen:

]

I going on with the conversion of X Tays’ intp s~ g
‘. +going 1o explain the unique velocity of lightdns .

-

cathode rays, and my results dre-becoming mores r.v
consistent. [ want to measure also the absorpr=t..

-~ tions of cathode rays of various speeds, and to.. ;
- tracethe exact connection between the speed of . oy

- - the particle in the X ray tube and that of the I ocs 5

~cathode ray. I am getting a fdew workshop, andic -

ge Scientific:
Inst. Co. T 57
Dec. 17.  Just heard that Iy man can’t come
for family reasons: what a nuisance! I have z-...°
second string in the shape of 2 Dutchman from
Kamerlingh Onnes’s lab. in Leyden.:2 =
I have been much concerned to find you anyw=T"
.thing new in the way of feils, but I can get noth-

- ing which we did not have-n Adelaide. The onty -
thing is I can get real copper foil not Dutch metal
and Lhave got a packet of that to send you There .
is nothing else.

Have you heard of the new Snook apparatus

“for X rays? It kas a ring induction coil, a real ..
transformer with alternating primary and 2 ¢ota-
mutator in the 2ry. which is mechanicaily revers-
ed at the proper time. The voltage is 70,000 1o
10,000 & you can get up to 60 milliamperes,
perhaps more, but no tube will stand this for
more than § second: that is enough to take a photo-
thro the buman body. The 2 Kw-size is £140! &
the 4 Kwis £170. w

Now I must stop. My kindest regards to your
wife I hope you are all well and flourishing.

Yrsalways

W H Bragg

1
/

—
N,
N
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. Tie dare is established on _i:‘.ternal";:videné-eee.g. ahEhe fate oy
presence of Bo'll:woodEn‘bianchc:_ster.’_ﬁ . I T radmrr purcha e
1 2. Stark, 1909, o i,
3. Kaye, 1909. 5 Cohw S
‘4. Sadler, 1909. : " £y
5. Einstein, 1909. : R .
".%6: Bertram B. Boltwood (1870-1527), Assistant Pro® e

fessor of Physics at Yale College, and from 191
Professor of Radiochemistry. Boltwood spent the'.
: academic year 1909-1910-as a research fellow ima. -

VII Bragg to Madsen; ﬁ,d (March
ok Aprnl 1911).7

[T ——

Rutherford’s departmentat Manchester. SEgr o1,

7. Thomson, 1909, T YR o 2

8. W. A. Borodowsky on leave from the Univessity of. =~ - 5 " o4 B
Doroat, was preparing z thesis in Rutherford’s labora-+- _. 4 e University, Leeds.

. tory on ‘The Absorpton of  Radiation of Radtum
. @ 9.-Allen, 1909, B Gy
T, Bragg, 1510a. W D
7" 11 Thesé rémarkable results were never pubhshed

Mvdear Madsen i, ik
Iust a line to repost progress 1 have accepted
wuh Rutkerford’s approval, an offer fromr the-,
I+ . ‘12 Héke'Kamerlingh Onnes (1853-1026), Professor.gf»-. -Chininfabrik Braunschweig to_supply 10mmg .
¢ = .. 7. Experimesital Physics at Leiden University. Zarevcnow and20 in May, at £16.5. a mmg: It seemscam,.:
sndlen S absld 5 vt D e Cow ‘ awful price, but Rutherford says it is right=L:am
P : thinking of making a small cup, with two.diviz,, . =
sions in it, one to hold the 10 the other the 20;-&- -+
the: radmm must be:put- mzcs:%separate LECe Pyt
" “tacles which will fit into the cup side by side,.so
Bt e S0 il G B TP el that I can send you the 10 now in the cup —&.Jﬂts

k]

RosehgEE Y ' Macck 2 191432 the 20 follew. The activity is g&.aranteed 90%.:. i liea,
Grosvenor Road TRL W TN gs e
Leeds. B b e HB '

My dear Madsen E t
just a note to acknowledge the receipt ofithe s non * - : o
cheque. My word! you are a lucky chap. Fhave: »~ - Note: T g s
seen Rutherford abour it & he says,-as Ti~ - - L The dating is based on that established for Letter VIILT ¢ -
expected, that the only thing to do is to write to =~ ‘ .
(Giesel? which I will do at once. I will write you a
i letter about ﬁrays &c very soon. I am so glad

your work is going on well.

; My wife and I are so dreadfully sorry about '
: the litde baby that did not live. My wife was so - VIH Bragg to Madsen, 18 May

: distressed when I told her abeut it. Do tell her- 1911 : 4 bk
how sorry we are about it: my wife says only a.
i woman can realise what it means. 3 it 8 o ; ‘
- ~Ehope the rest of the family is well & happy.*~~= *“The University, Leeds. -+ May 18. ["1'91l?J.l'fW‘"—w
Kindest regards My dear Madsen SR T
0 o Yrsalways ===+ - The radium for you has been posted and £ Al
! Mragg : 474 hope will arrive safely. It was registered:tand 1. I .
, : would have insured it but there are no insurance v...: .
N | wzll write agam as soon as I hear from Gzesel T - terms to Australia. I do hope you will find-itail-+ o -
; shall be delighted 10 see Dixsor.? - satisfactory. EOVPE
3 BEE. B T : - I had rather a bother with the cup. The R 1
s omE s wm owg xow . of the radium (Chininfabrik Brauvaschweighr :
Notes: ) refused to have anything to do with the cup: and
i 1. The dating of this and zhe succeeding letter is based ox I had to make it here. I did not know the dimen- -
that established for Letter VIIL - .
| 2. Friedrich Otte Giesel {1852-1927), the chief chemist at sions very well, but I calculated that if 30 mmg
a quinine factory in Braunschweig, produced purified were spread cver 1 cm? or thereabouts your self
: radium bromide for sale as something of a hobby. absorption of [ rays would be 15% which I

22
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5 “syuse, thought afair. compromise. So I had a.platingm;
£up made.in the town here and firted into ahrass.
¢ :Standdn my own shop: making the whole; ihg

:-rather big and loose so that the radium ;gégpl"e-

would sead them o

: might pack it to suit. But they returaed it:Iithin Yow:The ouparticle is like thisiminas | Fegds AT T
i .. they do not like putting it in such an arrangemen ey T s :

T ‘;__:and I am not sorry myself that it should EQDUEtam "t Lo e .

e Australia in a glass tube, Unpack it carefubly, the .

s S , : i o

Y glass tube is nor likely to crack, but suppose it- « . o NN
-, ~m GidL] think you might undo the last litte STUITE v sesiinpasts 3 Shtkomns pove. H N
. = box on a clean sheet of glass so that if there had
~ been an accident by any chance you would.-have: ... . ... . . SN

“ s 00 @VETYThing in the one spot. I made the cup-fldt..-. .the shorter paths are of a particles that are motin: . - e
.l .. because the radium would be arranged. moze. .. the.-plane  of .the .cell & have hit the walls F... .
. economically that way: and I am sendingitonin. . suppose. They are beautifully defined. The X
i the hope you will be able to use it or alter it. 1 ray one is “rather an effort” as my schoolboy Bob
: dare say you -could—get it made 2 lirtle says.® It is like this e s
- shallower—ir is platinum of course. Rhemilido o . L. L L - ‘ : @ '
< . = _ How are you gerting on? How do you-ike . . _ ... . - - -, “
. -~ Rutherford’s new atom?? The situation istrather. ~ \ I R .
: =  funny now. Crowther & Barkia were Jusp,now. o5& L. c e g
= arguingin the Phil. Mag. about the X ray scatter~ . .. .. . o M T e

_ ingin its relation to J.J.’s theory:?and Rutherford 2 an e : : ; e
brings forward a theory which cuts the-ground”© - cap’t be anything else but the track of.the .

" .o - from under the feet of-all of them if it isaggerrl. © gathode rays in the gas! The ¥ rays have notbeen:
- ne -Rutherford’s theory touches your B-sayiavork:- ~* photographed: but 1 the eye CTR says-they:
oY very nearly: and indeed the law of-scattering of . show fine delicate straight lines right acress the: . oo
30 e o the Poparticle is very much to be determined.in - -.chamber which are o doubt-the ( rays from:the.r ..
- order to test his theory. Knowing that yourwete” © walls. -
. working away at this and having your last-letrer . lam reading a paper at the RS next week:Tjust 0.
.. .explaining what you had got I thought it best 1o - explaining the transformation of energy of the ¥
. .Show it to Rutherford. I thougt if he went at it rays: trying to account for the expenditure. in ..
hard he would with all his opportunities get- secondary and in cathode rays. It has been
: ahead of you: he is a Very generous chap.and - awfully hard, because it is quantitative and there .~
4o - . always ready to give everyone all he can. Se I is so much 1o be taken account of-It is-onty—=-. -
thought that if I told Rutherford exactly what approximate now, but I think it breaks the ice.
- You were doing and had done, he would take you - - Sommerfeld has just carcfully worked ot —
in 50 to speak: your results agree with his theory /' (Bavarian Academy),” what sort of 2 ¥ ray the
very well, and you will see in his paper that he electromagnetic theory gives from the starting of - .7 .
bas made special reference to what you have 2 P ray of different speeds.® He gets lots of dis-
published.* If you have anything more, now-orin . symmeiry for he finds that suppose the B ray
_ . thefuture, I should write to him direct or at least goes off from RaC with a speed of 9/10% of light :.....
3 through me if you prefer, and I know he would the ¥ ray goes out practically in a hollow: cone,
- Hike to hear from you and build in anything you the dotted curve shows the mtensity
had 1o give. ’ e ————
You may have seen that C. T. R. Wilson: has - ,"
given a paper af the R.S. on a method of making - -
7 visible the tracks of ionising particles.’ He is Very 7 =
._ -~ excited about it: has been wOrKing at it two years e - -
& and just been successful. He flashes the rays (@ e
Y or X) through the gas and takes an instantan- \ ™ -
eous picture of the fog caused, by a simultaneous ™~ .
expansion. The jons have not had time to spread ™~ ~ N\

and so you see the tracks. The photos I beljeve ~

23
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energy will be corf =ned alsor between two sﬁ&é

cal. surfaces, which are not qmte Conceftr:

Thus.the y ray is like a spreadingiring, t@eﬁﬁ ray,,_,

lags behind of course. -

The / semi- " « of the

cone is 15° fora 9/10% velr &
57 if the f ray gets up to 99%.

But this while it gives dissymmetry gives Ao chuge

atall a$ to how v ray energy, which is everwidens=

ing gets back inte one electron again. T have

written.to ask him & he is bound to reply, I think;..

that the y ray has a trigger action, or else that

there is a storing of energy. - Bt s
I do_hope you are all well. I am so glad o gf:t

sofmething off to the RS: because it hasbeensticly= =417, Wilmslow Road,
. Withington.

a long job & the result seems so small for the
labour which is great. Still it is a start in this Hne:
& the X ray apparatus is now so good that con=
accunx,: readings differ by less than 3%:.it has, .
come on real well.  have got quite a lot mhand 1
had a Royal Institution discourse,’ & I havedoge,, .
the RS-paper &-a long paper for Armstrong for-- -
Science Progress.'® Then I have a book (200
pages) to do for Macmillan who asked me-sofEs==2:
months ago,'! & I have promised to write the
article on radioactivity for Thorpe’s new edition
of his dictionary."? We are all well: summeF hag
come in beautifully & the country is gorgeous.
May it keep so! My very kindest regards to you
old chap. & remember me to your wife & the
University  people  Pollock  Woolnough
Vonwiller'? & so on & Warren

Yrs truly

W. H. Bragg

I'will pay for the cup & send
" back the rest of the money.

© Lambridge.

~about.your work on the large scattering of fi par

s Bragg, 1992 ~py : T
12: Tharpe, 1912——13 Braggs axtrcle,a, ‘Radiodctivil
hppeared in Vol. IV, pp. 534-544. -
14. ‘Ostar Ulrich Vonmlle:r (1882-1972), assistant leciu
- ef and’later (1923-46) professor of physics at the
"';"Umver)snyofSydney S AR DT

-

IX. Rutherford to Madsen, 8 March
1911,

Original: ~ Rutherford Papers, University [Library,: . .

March 8th. 1911 -

Dear Mr. Madsen, ;
I saw Bragg yesterday and he was telling me-

ticles for different materials.! ‘As I have been-

-working at this protblem theoretically for the-past.. .o

few menths, it may be of interest to you to give.- .. kf

an account of the reilations that should hold

“experimentally on the theory: S
In the first place, the theory of small scattering: - - -

as developed by J. J. Thomson is fairly correct as

far as it goes; but it takes no-account of targe

scatterings which we know from your work, and

that of Geiger and Marsden on the a particles,?

must always be present. The model atom of -

LJ.T. only admits of comparatively small scatrer-

ing, so I have made calculations on an @rom

which consists of 2 central point charge; either -

positive or negative, surrounded by a uniform

spherical distribution of electricity opposite in

sign. One may suppose provisionaily that—this — - -

sphere has a diameter of the same order as that of

A sl

* the atom as ordinarily understood, I will give in

W - - wrmham s
Notes:

1. The dating is based on internal evidence, in particulag-. -
the fact that C. T. R. Wilson read his paper to which..
Bragg refers to the Royal Society in April 1911.

. Rutherford, 1911.

. Barkla, 1911,

. Rutherford, 1911; p. 685.

C.T.R. Wilson, 1911.

- Brapgg’s younger son, Robert Charles Bragg (born
1891 )awas killed at Gallipoli in 1915.

7. Bragg and Porter, 1911. Bragg read the papcs 0 the
Society on 25 May 1911.
8. Sommerfeld, 1911.
¢. Bragg, 191 la. Bragg read his paper at a Weekly Even-
ing Meeting on Friday 27 January 1911.
16. Bragg, 1911b.
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the accompanying abstract the main deductions™
from the theory which I find, as far as experiz™ -
ment has gone, fits in well with the observed
facts. I find that the large scatzerings due to the
central charge really control the scattering
phenomena, although a small scattering becomes
important when the probability of a defiexion
through any given angle is greater than one half-

I gave an account of my paper yesterday to the
Manchester Lirerary and Philosophicai Society,
and wili publish it shostly in the Philosophical
Magazine®* Dr. Geiger is testing for me the
correctness of the main assumptions, using the ot
rays and by the scintillation meihod.® As far as he
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unit_charges; the magnitude of the charge s

wDasgone, he.has found-an extremely.goodggseess.
- menibetweenthe expeimental and: theoreticaly,
f;’;;,s_}:gib_ugion.pi;.t;ga_:[jglqs;,f,gg;_;hjnm_e;t s, aud:
= it$eems 1o. me probable that the-theory.i Aairky
correct-expression. of-the facts; -at:any ratesfor-.
small thicknesses- of -matter, where the :probe- -
“ability of a given large deflexion is comparativelyr.- -
“small.On the theory, the laws of the scattering
are.independent of the sign of the central charge, . -
“and I have not so far been able to settle this qnes—: .. .
tion with certainty. I have calculated approxi-
mately.the magnitude of the central charge and.,
it corgesponds for the atom of gold to abour. 100...

proportional to the atomic weight, at any rate for
_substances fieavier than aluminium. At the same

_..Hme, it is quite possible that the charge may

ultimately be found to be twice as great as that .-
_Imentioned,

~ It 1s.interesting to note that the main concly- -

sions deduced by Crowthers [flor small scatter-

- ing.can be.explained equally well on my theory of_ -
large scattering, and in facr, 1 am confidentThat. .
his resnlts are mainly due to this effect, I also feel - .
sure-that his curve for aluminium of variation-of -

. Scatiering with thickness is wrong in the.initiale _—

parts.-The curve should be much more
Straightline. o ——
" I'mdy mention that the theory of large scarter-
ing will hold equally well if instead of one large
central charge one supposed the atom to consist
of a very large number of smaller charges distri-
buted -throughout the atom. It can be shown,
however, that on this view the small scattering
should be much greater than that experimentally
observed. It is consequently simplest to consider
the effect of a single point charge. _ L
I'understood from Bragg that you have found
some interesting relations between the scartering
for different materials. You will see from the
theory, on the assumption that the central charge
is proportional to the atomic weight, that the
fraction of u particles deflected through an angle
phi is proportional to nA? where n is the number
of atoms per unit volume, and A the atomic
weight, This ought to hold for very small thick-
Gesses; but I can easily see thar this relation will
be somewhat departed from for thicknesses
where the probability of a large deflexion
exceeds 1. It is evident in such cases that the
theory. must be modified, probably by a mixture
of the theory of large and smalt scattering.
Iam writing thus fully as I had intended to test
my theory by experiments with Brays along very

niearly a
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WerHy Bragg and 3. P. V. Madsen

similasdines:to That:which-Lunderstand you are .
~doing,+I.shall. be, gladizhoweverszto leave the.

materto yowdf yowwill besablestosger through:

“the work in-reasonable. time. Lshall be very glad-
‘tohear from you how your.resuits are going, -

" Yours sincerely, :
E. Rutherford, _ . oomr"" ..
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Give my remembrance§ to.Proféssor Pollock. I
i 5 L e P w

am hoping fo wisit Australasia atithe time of the

BA meeting.¢ T

Abstract of theory

Ne. ="central charge on atom

- = charge on scattered particle
its mass
s velocity
thickness of matrer ™ .
number of atoms pet unit volume
angle of defiexion S0
perpendicular distance” from centre of
© 2tom on-direction of* motion” of catering
= particle. Eeas "o

pae = T

B ‘-ﬁu

ITRRTRRT

Il

VOB gy

If we suppose the central charge positive, an o
particle” directed ‘straight to the céntre of the
2NeE.

atom will be turned back at a distance b = P!

b is an important constant. ‘

It can easily be shown that ia order to suffer a
large deflexion an ordinary c.or [3 particle should
approach within 10! or 102 cms of the central
charge. In this region, the forces may be
supposed to be entirely due to the central
charge, and to vary inversely as the square of the
distance. The path of the particle is consequently
a hyperbola, and the value of the deflexion @ can

be shown to be cot9/2 = 259.

Since the chance of a large deflexion is propor-
tional to the number of atoms traversed, the
chance of passing within 2 distance p of the
centre isK pAn.t. .

From this it follows that-the fraction of the
particles scattered through the angles between o
and ¢ + dg¢isequal .

;—t bZn.t cot /2 cosec?g/2 d(ﬁ

The fraction scattered through an angle greater
than ¢ is equal to

gbzntco:‘*ﬁﬂ (1)

o sarene
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.. o Ne s proportional to

~~fraction of particles scattered is proportional 15

F.H Brzgzend 7. P V. Madsen

The general data available shows that the vilue .
the a,tomigﬂ.g*gg%f{
Tconsequently seen from the formuta (1) thaf e

=

{mu#
Leaving out the small part of the cross section -

of the atom where farge deflexions are produced; ™

the average angle of scattering due to my atom is

(1) thickness, supposed small (2) n&? {3)

%LI? or three times that due ro ]-J.TL5s_atQm_s with -

corresponding constants,
For heavy atoms like gold, the corpusclu]lar
scattering is small compared with that due 1o the—
electric field of the atom. It can easily be shown
that the fraction of ¢ particles fafling on a unit
area of a screen at a constant distance from the
centre of the scattering material- varies as -

cosect g where ¢ is the angle of deflexion of the

particle. Geiger finds this relation to hold quite
closely for thin foils over the range examined,
viz. from 30° to 150°, where the number of par-
ticles varies over a range of nearly 300-times. -
Ithink there is no doubt that the large scatter-
ing is proportional to thickness. The proofof this
will show conclusively that large scattering
cannot {be] due to accumulative small scatteripg.
ER.

Notes:

. Madsen, 1909,

- Geiger and Marsden, 1909,

. Rutherford, 1911,

. Geiger, 1912,

. Crowther, 1910.

- It had been decided a few months before to hold the
1914 meeting of the Brirish Association for the
Advancement of Science in Australja.

AN W) e

X. Madsen to Rutherford, 9 July o
1911. o
Original:  Rutherford
Cambridge.

Papers, University_ Library,

The University of Sydney Tuly9 11

..__M\Dea: Professor Rutherford

T Trwag very good of you to let me know what
you were deing on the scattering of rays & I can
hardly thank you sufficiently for your kindness
in delaying the B ray peition of the work. I must
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>- Ra which Prof.

able to send you

* ‘thought it best not to pubiish them without

apologise for not having replied

immediately to,
¥our letter, but

I understood. that portion of the
Bragg was procuring for me
woild be sent out immediately & T hioped to be =

some results. However the
730’mg Has just come to hand in site lot &Iam
now ready to go straight ahead. I have already

‘Been over the ground with 3 very weak sample
but as the results are so poor guantitatively I

veri-
fication. The polar diag. of distriburion for Al
Au & C plates need correction for the effect of
the plate before one can get at thHe probable dis-
tribution around an atom, and I should now be
able to do this.

With regard to what you say with regard to the
initial portion of the curve obtained by Crowther
I'think it is probably due to the comparatively
large area of his active plate. I have experienced
considerable difficulty in this respect owing to
rays, which previously did not get into the ion-
1zation chamber, being brought in by scattering
when the screen was in position near the Ra,

When the screen is further away from the Ra
these oblique rays do not fall on i,

I hope I may be able to run over the work & let
you have complete details before long now that

- my main difficulty has been overcome.

With many thanks for your kind consideration

Believe me ’

Yours faithfully

JPV Madsen

X1. Madsen to Bragg, 7 November
1911
Original:
Cambridge.

Rutherford Papers, Universify Library,

At the top of the first page of this letter, there is o
note in Bragg’s hand as Jollows, addressed pre-
sumably to Rutkerford:

“I'meant to pus this with my letter of this morning.
WHE. >

The Universiry of Sydney Nov. 71911

- My dear Prof.

The figures you ask for are -

2200
1560
1400

960

(1} for softyrays
(2) " hard -
with 1.6 cm Pb plug
” about 10~ ~

T e e i - e

=3 #
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g; Rave
-measured for thin foil of ¢ AL Ag. Au:izhe:

[™

scattered Brays on the far side of thin sheets:&.- g

-am just about ready to tackle the near side: On: o
the emergent side the curves shewing the relas--
tion between the rays scattered, and the mass-per- - -
unit area of the screen appear quite similar.for gl

- these materials so that by plotting mass pr: unig: -

tion is not quite so simple as [ at first thoughr it:s 1

At wt,

Acorve K = /atwi passes exactly thro’ A&
butitis about 15% above Al & C. T .55 G
I cannot settle Rutherfords peint from’ the:--:
scattering on the front side but hope to, by co~ ..
nsidering the ratio of scattered-rays in a forward:: ::

Agr

¥

ST

& backward direction for thin sheets.! S
I have just seen Kleeman—on his way to-
" Adelaide[.]. He tells me he is busy-writing a.
book.?
We had Cox from Montreal over here a short
tme ago;? he is a most interesting chap & gave.
me quite a long account of his experiences with

Rutherford. S

Radcliffe is to come to Sydney permanently:’
after Xmas to take charge of the Ra. Co’s works4-
He was across last week & brought up some of

" the RaBr he had extracted. It was abour 1% :-
purity but he says the final purification s -

the specimens from Mawson’s new-find,’ Th
are much richer than the Olary, some seem 1o be
almost pure Uranium compounds, so you may
hear of Aus. becoming a big-Ra producer before
long. I am looking forward to seeing your book ..
when it comes out.® With kind regards to Mrs.
Bragg & yourself i
Yours sincerely,
J.P. V. Madsen

-

I am sending Rutherford a copy of my results as

27

A .area x K the curves all agree. These K'siseem ¥ 5.
. closely related to the atomic weights but the rélaz ———

i i o

‘straight forward. I have just been testing some of -
ey .. .

e LT Yo

W. H. Bragg and J. P, V. Madsen

iSoonas I ger thefirst parttogether: T hopestorgo: 1+
son afierwards.-with -fine powdersudeposited won0s i
foils, & obtain the detail of the “K». SAtwty
ruarvell . o o oons Ll B

S [AT R S STERNRL W

"~ Notes:

1. Madsen’s hopes were apparentlyfnor.tea-liscd, sincé the. °
- workhe discusses here never led to a publication.
2. Kleeman, 1920,

1.

3. John Cox (1851-1923, pi:ofé'ssfér" of .;.Ilyéics at McGilla s § .y -
University, Moneseal, 18901909, % mEwE g
.77 4. Sydney Radcliff, Principal of the School of Mines atv o

Bairnsdale, Vicroria, developed a process for extracting -
radium from carnotite ore mined by the Radium Hill+~ — -- .-
Co. NL.L. at Olary, South Australia. [n 191) he resigned - :
from the school in orde’r?_.tgg develop his :‘pmcess 0.2
commercigl -scale. The Company begani commercial.:
Extraction of radium, using his process; in 1912, arive.

" “Hunter’s Hill, New South Wales, In 1916; however,#it+

# ~ became insolvent, i

5. Douglas Mawson (1882-1958),

=

g o
the celebrated -Ant
ﬁfﬁfft‘:"’éi:"p‘l"o’fér‘,”‘le‘ctﬁ'fer“i'ﬁ"m‘ineralogy aid peétroldgy . ¢
and later {1920~1952) professor of geology at the Unis., .. .
versity of Adelaide, For Mawson’s discovery, seer
¢ o Melbourne Argus, 22 Movember 1919, p. 5. 5

, 8 Bragg, 1912
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