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“W.H. Bragg and
o ‘P, V. Madsen: -
“‘Collaboration and
‘Correspondence,

. 1905-1911

R. W. Home*

> -Preserved in the Basser Library of the Australiansre -
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 dumg the years 19091911, we gain.an. -

intimate picture of the exciting developments

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

of those most closely involved. They shed new -

light, in particular, on the famous controversyin :-
which Bragg was then engaged with C. G. Backla.. .
over 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 too
little has been written—and especially 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 Eimself
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.:. ;..

"(Bragg, 1904a; Tomlin, 1976).._‘,After; giving.a  ©
competent and perceptive account of what .W.a.st-‘ ‘
then known:about ionisation (ciﬁing the workof, io-ws
,.among others, J. J. E. Durack, one of.the first of . =~
~many Austrahan physics graduates* 0 go.ato, »‘_;
+-Cambridge to work at the Cavéndish Laboga=r:oi o
tory), Bragg turned towards the end of his:fec-. =

~ture‘10 the question of the absorptxorz of Phee

.and B fays emitted by radioactive materials.:,
Drawing particularly on some results obrained -
by the Curies, he argued that an a-particle;. ..
should on account of its comparatively large mass

" pass - undeflected through any molecules= it -rx-
encountered;, being absorbed as a- result of.- -
energy losses sustained in ionising the medium -
rather than through deftections. 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

iraza

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 distances:——— -

of his ionisation chamber from' the.radioactive- 2
source, he was able to distinguish a-particles of .. «.
four different ranges (and therefore velocities of - -
emission) which he could correlate satisfactorily. .
with the four w-emission 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 a-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 u-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 Klseman

~ also began a more detailed study of the processes
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produced - ‘under various . circumstances:

1851 “Exhibition research " scholarship at “the™.-

another student, H. J. Priest, and then his col-

league .J. P. V. Madsen to assist him instead

(Bragg and Kleeman, 1905b; Bragg, 1906). -
Madsen had been appointed Lecturer. in

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
collaborzation, and this led in due course to the
correspondence which is the subject of ~this-
paper.

The current passing between the electrodes of
an icnisation chamber in which ions are being

formed. increasés- with the voltage applied until . .

eventually a ‘saturation’ value is reached when-
~all the ions formed in the chamber reach the

-electrodes. ‘At voltages lower than that required::=

t
i

for:saturation, some of the positive and negative:. .
ions recombine in the chamber, and thus do not
contribute to the current. Bragg and Kleeman

- had taken as their starting point in this phaseef - -
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their coilaboration the by then standard theory

" 'concerning this process of ionic recombination; ~ *

according to which the rate-of recombination .
should be simply proportional to the product of
the existing numbers of positive and negative
ions present per unit volume. Their results
indicated, however, that another 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
not on the numbers of ions present but oa 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 stili required in order
to obta:n 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

. .~-lower.voltage, he.had found;when:air wasforced:
. «aver Jhis .radioactive. source,zand ~then into &

:Kleeman, however, left for England durfdgether:.
» scourseof the investigation in order to takewrprane o~.dtself (Rutherford, 1899). Bragg.ard Kleemaniin.
* their initidl report.took ‘this as ‘confirmation of ...

-Cavendish Laboratory, and Bragg recruited:first.s - -

- precipitat d by some: ch:mgc -of: conditionsris it

* appointing,

separated ionisation chamber: afian: when dtire~
maned iy cotitact withrthelsorree in-the charaber! :

their-‘initial recombination’ hypothesis. Ruther--
ford’s result foilowed, they said, because in 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.

1t 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 unable to do,- and Bragg -int - -

reporting his results was reduced almos: tou”
bluster: ‘Itis. .. no essential feature of the initiat" ~*
recombination hypothesis’, he wrote, ‘that the..:

act of recombination should.:take: place within ::
any set time. The one important point is thaf*ﬂre' 5

- recombination takes place -between twor jons e
soriginally. forming parts :of -one :molecules Itts .oz

guite conceivable that for.a:certain timesthe

positive and. negative may remain ‘‘semi=

detached”, their recombination 1 suspense 'until

{Mr Madsen’s] results point.to a prolonged -

existence of these pairs’ (Bragg; 1906).
The' guestion was -clearly of considerable -=:

v ryue e
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~interest: as Bragg pointed out, if ‘semi-detached’

ion pairs really existed, they might be expected

. to play a role in other phenomena such as phos-
- phorescence. Madsen therefore embarked mpon .z -

a more extended investigation, eventually bring-

- ing his results together in the form of ‘@ D.Sc. - -

thesis which he submitted for examination in
1907. 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 to 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. Poliock, professors at the

gy
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-i-written at all: Bragg was away for the Christmas: +

T

cuniversities of “Melbourne :and Sydney- respecs
¢ ,ztxyely,,had no-hesitation in judging.it wosthyuf
-. the D.Sc.-degree. 2 D
It was this initial research of Madsen’s thats
~v«gave rise to the first of the letters published::

survived. The.date explains why the letter was:..

... .holidays, probably by the sea, where he. went ...

-each year with his family (Caroe, 1978). Madsen; - -

-~however, was still busily working away-in the. .
‘laboratory. The experimental arrangement e

. was ‘using was  subsequently described in-the: -
paper presented to the Royal Society of South.
Australia (Madsen, 1908a). . p

tion before testing it. In the first, a modification:
of Rutherford’s arrangement, gas was drawn
over the surface of some uranium oxide before:

- -~ . passing between the electrodes of an ionisation:

- =-chamber. In the second, the one with which:-

+-. Madsen is concerned in his letter to Bragg, an-

* ingenious arrangement of pendulum-actvared:.

-y semaphores and switches interposed a<ilead:.:

screen between a radium source and the jonisa-~
-tion chamber immediately before a potential
difference was applied to the chamber, after
which the charge collected on the insulated elec-
trode was measured with a quadrant electro-+
meter. The numerical data Madsen sets out in his
letter reveal the nature of his results in general:
when the screen is in place the electrometer
deflection changes very little with applied vol-
tage, indicating that saturation has already been’
reached at the lower voltage as found by
Rutherford. . g
During the same period as Madsen was pursu-
ing this investigation, Bragg was launching the.
first salvos in a campaign that was soon to domin-
ate both his own research and Madsen’s as well.
as their subsequent correspondence, and that~
was to become for a time a cause celébre among
physicists everywhere. In two papers read before
the Royal Society of South Australia on 7 May
and 4 June 1907, and subsequently published as a
single piece in the Philosophical Magazine for
Gctober of that year (Bragg, 19072, 1907b,
1907c), Bragg opposed the generally accepted
view that X-rays and y-rays were pulses of
electromagnetic radiation, and suggested that
they consisted instead of material corpuscles
‘neutral pairs’ made up of an electron in com-

=» bination with. a- positively charged: 'particleé"ofu

-~ below {Letter 1), one of only two from Madsen . -.-
to Bragg from this period that appear to-havern -

--Madsen in fact devised two dlfferent methodsw:»
of separating the gas from the source of ionisa-: -

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

ik

;some kind. Initially he suggested that the:posi- .

¢tive component might be an”u-particle;tiaters: =

~when he realised that this was too massive, he -

'v‘SngeSted that it might be ‘a p&sitive. counterpart il P

‘10 ‘the- neganve electron’ (Bragg and Mad i

~1908b).

- The pulse theory had initially been devcloped -
by G.G. Stokes in Cambridge and Emil .. =
. Wiechert in Kénigsberg shortly after X-rays‘“
were first discovered. The fundamental idea was - :

- simple enough: electrons presumably-sufferia -~ -
rapid deceleration when they strike the target.ofi. ... .
-an X-ray tube, and therefore, accoerding to classi=». .
cal electromagnetic theory, it is only to be
expected that they will emir independent pulses..

-of transverse electromagnetic radiation. These:zve:
" Stokes and Wiechert identified with Romven s @
mysterious rays. .
The concept was subsequently taken up and
extended by J.J. Thomson, who developed,

- theugh only tentatively at first, a typically vivid: an. -
physical picture of the radiation. This might, he.. . .-
proposed, consist of pulses: travelling “along 22
“specific tibes of force (‘Faraday tubes’) and thus:

- generating  a highly structured:distributionof =

energy in an advancing wave front. Thomson aiso ..

pointed out that if electromagnetic pulses-of the - **
kind proposed passed through matter they
should set the electrons in it vibrating and thus

cause them to re-radiate or ‘scatter’ secondary =~

pulses in all directions. This important sugges- .

tion was seized upon by C. G. Barkla, a former

student of Thomson’s at the Cavendish Labora-

tory, who prompily undertook a classic series of © " : -

experiments on the scattering of X-rays in

which, amongst other things, he obtained the

first clear- evidence that the rays could be

polarised. His work was generally seen as pro-

viding strong confirmation of Thomson’s ideas.

(These and subsequent developments are dis-

cussed in McCormmach, 1967; Stuewer, 1971,

1975; Wheaton, 1978; and Jenkin et. al., 1979.)

Bragg, however, was not persuaded. Coming

to the subject from an entirely ditferent point of

view, namely a comparison of the ionisaticn pro-

duced by various kinds of ionising radiation, he

emphasised properties of the rays which strongly

suggested a particle-like character, and which
seemed to him incompatible with any form of
electromagnetic radiation.

Bragg’s starting point was in fact the known
behaviour of y-rays, not X-rays, but from the
beginning he clearly regarded the two as closely

siptnytie ¢ o-
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-previously been brought against: a“ma;grx,a_l
,heery ‘was how to account for the great.pége:
tratingiipower; of. the radiation.. This, .B;:agu
i (thought, could in the light of recent: rcscamh be;
~'seen~to have been greatly -exaggerated. - The
.recognition that o-particles followed strajght-. .
line paths through matter showed that ‘an atom
.~ .- endowed with sufficient speed, can pass

retatedsspecies.: The difficulty that had alwdysas =

2

directly through another atom without appreci- +«
able deflection’. An ¢-particle lost energy chiefly . ©.

on account of the electrical charge it carried:how ..
much more penefrating, therefore, might. an
. uncharged pair be in similar circumstances! Its :

lack of'charge would also explain why 1t could-. -

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

 yiolent encounter which will resolve it into a-s

positive and a negative.... Of these the [
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 weaxnesses Bragg ocrccwed in the pulse

If the X-ray is an ether pulse i itis difficult to understand, =
* @s “I'hémson has shown ... why the spreading pulsc;

secondary cathode rays are ejected with a velocity which is
- dndependent of the intensity of the puise which weakensas.:
it spreads, and why it should be able 8 exercise mmsmg

i e

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

wrwhich the /1ays effectis of the samc;charactcrw

and y—fays buz of o’ s and [3 § as :wcl 5
. carguedithat ‘inall casesthe bulk.of the i 1omsarglqm

.and.consists in the displacement of slow-moymg,
~electrons . ....from the atoms of the gas or otlx,::r;- T
substance which they traverse’.  High-speed . ..
electrons are of course sometimes. produced

when cathode 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 ..

5

power when its energy is distributed over so wide a 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 to be a neutral pair which has ogly a-
local action, #.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 -
bypothesis by making appropriate assumptions -
about the way in which rotating pairs would be
generated, and would subsequently interact with -
matter. After some initial 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

E

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 a

-sists of high-speed secondary rays ..
-investigation cf the secondary radiation ~was»- -

producing slow-moving electrons in the, gas. .

. sthrough which they passed. ‘It cannet be sup-. .-
posed’, he said, ‘that the bulk of the:ionisation .
which is caused in the ionisation-chamber con-

-7 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. .

. wesulgs obtaiped by H. W. Schmidt which showed:ze no. 2
that in the case of B-rays striking alumininm this
consisted of scattered primary-rays (Bragg,s:=d «
1907¢; Schmidt, 1907a). A
‘ooon axtcrw ds Bragg and Madgen reported\ 9 ﬁ-;; -

“ifle ‘results” of theh own mvcstlgatmn of 'the =

secondary B radiation. Their by now highly-
dpvbloped understanding of the way, an ionisar.iva .
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 technique; but
it did not in fact vield results substantially differ-
ent from those that had been obtained by other
workers. They found that the penetrating power - -
of the secondary radiation (and hence, they
inferred, irs average velocity) varied with-the
atomic weight of the target, the radiation pro-
duced from substances of lower atomic weight -
being less penetrating. This, they said, was ‘in-
general accordance with other experiments and
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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r, thwes The appearance of the October 1907 isstiiofar s
the, Lhilosophical- Magazine containing Bragg’s:
2 Paper setting out his neutral-pair idea prompted-::
- -.an immediate response from Barkla, in the form
> Ofcasletter.in the issue of Nazurefor 31 Qétoberict - wrote; ‘that there is no escape-from the comieli. 152 o
«{Barkla, 1907). Barkla criticised Bragg’s¥iskws. sion thatthey rays are not aether pulses’. Onthe= 5. =
and presented. new data on the intensity ofe.- icontrary, ‘all our experimentsiso far show*that;”
~ ... .scattered X-rays in different directions with:« - on the whole, the Kathode radiations from 2

~<this: In'practice; however, sthey found afgreatr “wuce
want of symmertry: the ‘emérgérce’ radiation” -«
produced considerably miore fonisation thas that:
on the ‘incidence’ side. ‘It seems to us’y they

~odu- e -Lespect to the primary beam. These he regarded « - .given stratum of matter traversed by ¥y wdysciratun
) _:,q‘»_;,v .. .28 strongly confirming the pulse theory-while . possess momentum in the original direction of ...
‘ being at the same time .incompatible with the” *~ mation of the rays, and this shows that the rays -
-+~ - -neutral-pair hypothesis. Bragg, howeveryin his 7 : = are material’, to wit, neutral paizsm. - S
; _ reply did not accept this, pointing out that = What happened in the target, they suggested,
- . Barkla’s calculations with respect to the neutral~ -... was that the positive component-ef the neutral
'~ - . . pair. theory were based on an unjustified dud = pairs was stripped off while the negative-com- .. -
i intrinsically implausible assumption; hence ‘the. - ponent, or B particle, continued on its way with
;- pireso - eXperiment has,no value as a-critical test’ (Bragg; = its speed virtually -unaltered: Such a process s T
, 1908a). , - : would naturally give rise to an asymmetry 'in the ™"
o In this same response to Barkla, Bragg als6 . forward direction. Furthermore, the emergence
' gave the first news of an important new series.of: radiation would not then be expected to show-the ~
i experiments upon which he and Madsen had usual relationship between the amount of sec—
Cme e -been.engaged. These experiments, which-wereg:s - ondary ionisation and the atomic weight of ‘the =«
=i, .. subsequently reported more fully to the Physicak:r ‘target which they had discussed in their previous i .
‘s . .Society and published in the Philosophical - paper, but-would give the same results forzgll =" .
- -4 ... Magazine a few months later stil] (Bragg~and > - - materials.Fhe incidence radiation, on the othér~ *.
<t o - Madsen, 1908a), yielded - results which:tim>. -hand, should follaw the ustial- law. -This; téo, T .0
N Bragg’s opinion utterly confounded the pulse they were able to confirm. a™ Tt
- .- - .theory. e © ke R During the next few months, Bragg- and -
y In their new experiments, Bragg and Madsen, ©  Madsen sought to extend ard 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
. 1 the harder rays gave the stmplest results ‘for the some length the theoretical implications of these
g obvious reason that such rays ignore atomic (Bragg and Madsen, 1908b). Once again“they
; 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
i 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
-y~ - 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 properties 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
i an atom by a passing wave or pulse, it should produced when y-rays from radium are allowed
-‘s according to well known principles be distribus- to strike a thin target, a preliminary report of
i ed symmetrically about a plane passing through which he presented to the Royal Society of South
4 the atom perpendicular to the direction of Australia in July of the same year {Madsen,
X motion of the pulse: ‘If we speak of the primary 1908b). As with the secondary (-radiation he had
5 pulse as going forwards, the secondary radiation studied with Bragg, he found a marked asym-
i is just as likely to go backwards as forwards’, And metry in intensity between the incidence and
i they cited Thomson himself as their authority on emergence radiations, and also in some cases a
4
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A homogencous bundle of hard y rays ..
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 mayv be due ecither to a:
change in its speed or to a change in moment of the y pair,

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 readﬂy back-scattered than their-
_-harder companions. y v

Whlle 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 $-radiation produced by X-rays tothat
. which ke and Madsen had found with y’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,
1908c, 1908d). Eventually, however, after
allowing the controversy to 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 y-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 investi-
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 to physics than in our columns.

v another student, J. L Glassdirzin
= - tibriparallel to Madsen’s in which howevers theyw:
. studied not y-rays but the distzibution-of second-.
.~ ary X-rays excited by primary X-rays strikinga: :

target. Here, too, the expected asyminetry-was 1% .r: h

. in passing-

-Bragg, ‘meanwhile, had. enlrsted *be a1di‘0L

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 secondaryy
rays’ (Bragg and Glasscn, 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 alsc left
to take up a post as Lecturer 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 Mutialh i "2
too brief flowering, physics in Adelaide reverted -
" to the much more leisurely pace of earlier days. - -

- The first of the letters from Bragg to Madsen ;13
published below (Letter II) was written shortly-. &

after his return to England, and reports in.
Bragg’s usual lively manner the meeting of the

- appointed Professor of Physics at Leeds, and:he-- - =7+

Physical Society of London, held on 23-April-® 7. -
1909, at which he presented in person before. .-

some of the leading figures in British physics the-
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-
quential numerology from C. A. Sadler, Barkla’s
collaborator in his X-ray experiments. And even
Sadier had admitted to him afterwards that the

- old-style pulse theory could no longer be main-"-

tained. Thanks in part to Bragg’s onslaught, its
inability to account for various well known

PN

features of the ionisation process was now widely - .

recognised. ‘J. J.” had therefore been driven to
develop in much more detail his earlier sugges-
tion that the pulses were confined to particular
Faraday twubes. It was, however, difficuit 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. Working
under Thomson’s supervision at the Cavendish

N faey
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few: months, done_ some imporfant resedtch on

« muich. in pulse-theory terms. Now, howevers

- said_for it. On the other hand, Bragg is careful .-

wurs o 20Ot.to say that Kleeman actually accepts thews-
. . ... material theory. Almost certainly, in fact, he was

one of those Bragg had in mind as he summfed up*

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

- :..-1s_po general assent to the material theory, there -

is no general opposition to it: on the other hand

- found, and that the material theory may be:the::
... rightone’.
Mail took several weeks to reach Australia;
Madsen’s reply to Bragg (which we do not have)

e was. dated 10 June, so it must have been written. ..

-almost as soon as Bragg’s letter arrived. .The -
-anissing letter evidently gave news of-.how

on 1 August (Letter III). More importantly, he

v also sent news of the latest work on B-ray scatters: :

ing, the subject to which, twelve months éarlier, v
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

- strengthening 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

:« ~Bragg is able to report that Kleeman, 100 Sagrees. =
=s:that ‘the old pulise theory is dead and thar the' .-
~-neutral-pair or material theory has much:to be ..~

- :Madsen was settling in following his move-to -

Laboratory, Kleeman had-du_ring the precedingisTy,
secondary.y-rays which he had interpretedivery:s -

L3

“'concerned with only*a single “tollision ‘of! amy:*

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

Brparticte ~suffering *multiplesseollisioms ARG
remote: “It would appear’; Madsen. coneluded.,
‘that’ while : the: ratio -remains *onstant wetfareiis

B-particle, that as the screex is-further thickened
it-becomes possible for a B particlé to suffermore™
than one collision before emerging.. > -~ =
- These results were obtained while Bragg.and® "=- .

U

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

.« = ~for Madsen’s benefit the attitude he had én- ;%7 .

.ooe s there ds a feeling thatsome new theory has-to be -~ :. °

presented a preliminary report concerning them-. .= .
at the same Brisbane meeting of the Australasian - -
Association for the Advancement of Science.atl.. :¢
which Bragg delivered his farewell address to” .
Australian science. Madsen’s formal repdrt-was: -
subsequemtly published in the Transactions:of -
the Royal Society of-South Australia“before
being reprinted after some delay:in the Decemz:i at
ber 1909 issue of -the Philosophical Magazing:
(Madsen, 1909). Their significance became.
apparent only later, however, following the pub-
lication of J. J. Thomson’s theory of B-ray scat-
tering early in 1910 (Thomson;-1919), for:this.oin »

‘was predicated upon the assumption that the '~ -

+ multiple-scattering phenomenon, that is;:that it -
. ..8ydney, and Bragg responded promptly:in kind, ......

deflection of a stream - of P-particles -was a.

ey

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 «

assumption. R
At first Madsen’s paper attracted little atten- :

tion in Cambridge. Bragg, however, had con-+%.

fidence in his- friend’s rtesults 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 filins” (¢f.

Madsen, 1909, p. 913), at the same time letting .

him know- that Rutherford’s student Williami °

Wilson was also getting some unexpected results

with $-rays. Though Bragg evidently did 66t 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 absorpton of B-rays foliowed an -

exponentiai law, and set the stage for Thomsen’s

reconsideration of the general theory of

B-particle scattering (Wilson, 1909). Bragg also

made a point of telling Rutherford of Madsen’s .

results and, in addition, in a lengthy paper of his'+ -

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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" atom, “Pased o= 3 belief in' the’ importance, of x
single “rather than multiple scattering. (These -

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

2

zb"'q in: car v 19’ 1 ‘of ‘his puclcar theory of ‘Ieh

events are described in detail in [Heilbron,
1967]).

In his letters to Madsen, Bragg included rego-
lar réports 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 letrer of. 1 .

August set out for Madsen’s benefit his latest
thoughts as to Bow 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
thlosophzcal Magazme (Bragg, 1910b PpP- 391

- 415)."

Bragg also took great delight in tellmg Madsen

“ §f Ruthérford’s sympathetic response’ to the-
material theory, and of the general scepticism—
‘which” in his enthusiasm' he perhaps oyer- .

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
OCctober 1909 (Letter IV). Nevertheless,
coupled with Bragg’s evident satisfaction with
the successes his theory had achieved there may
be discerned in his letters a growing recognition
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 absolutely true’,
he wrote on 12 December 1909 (Letter V), ‘but I
think nearly everyone thinks that its promulga-
tion was absolutely justifiable a2t 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

» . in the grime and poverty of an mdusmal city, put
Bragg’s enthusiastic involvement in his work is

: he himself pubhshed very lhittle durmg his furst,. )
year or two in Leeds, there is no. s:gn m hxs

1978) sterablc his wife may mxtxaily have been L. o

readily apparent, as 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 1aboratory
properly organised, he nevertheless reports in
serial fashion some research 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 Porter
1911). s

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, ,.; -
Madsen had proposed and acknowledged his =
request for belp in obtaining ultra-thin mcm,lJ -
foils to use as his absorbers. The problem of
obtaining suitable thin foils in Australia was one

.

TES4 &2

"“that Bragg himself had commented upon in an -

°arher pubhcauon (Bragg and I\leeman, 1905a)
meantime however, for in his next letter Bragg _
reponed Lhat even after a diligent search, he‘v_
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 1911,.. ...
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 Bragg (the.
detzils 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 Dixson, 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
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- dam writing thus fully as'T had inténtied 10 test my tig6ty
2 experiments with B rays along very,similar lines to'thats
+. Which I ‘understand you ‘are doing.. I shall be wlad,
" however, 1o leave the matter to you'if'y

“OrRutherford’s advice, Bragg made theop
"Chase from Friedrich Giesel’s famous eidiuin
- extraction works attached to the quinine factory -

o1t will be able'to
gert through the work in reasonable time. I-shall be.very. .

i« s Braunschweig (Letter VI and VII):2SGie: s “glad 10 hear from you how your result§ are'going. . . 52 ™ 20 1z 1oy
years later, when Madsen no longer ncededthez” = -~ @ - - SR e y
~ *radium Giesel supplied, it was transferteéd to * "Rutherford’s forbearance here is remarkable proses: 5
- u.Sydney’s Prince-Alfred Hespital, to be usedfor - : * because, as Heilbron has shownsin:his.account -of:.
.~ v :therapeutic purposes (Prince Alfred Hospitals -~ the-reception -of Rutherford’sideas, onevres-sm7 .
w s Gazelte, 27 July'1917, p. 25). fag: ¢ iponse to the paper was to accept Rutherford’sa, v
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 lafest?..~ ‘but to retain Thomson’s idea of multiple scatter-s -~ =+ 2
scientific news, and this Madsen must on. this . ing when it came to the scattering of- B’S E
- ocgasion have found exceptionally interesting: - (Heilbron, 1967,~pp: 302-303). -Nevertheless;
To begin wigh, Bragg sent news of C.-T.-R. - - Madsen did not succeed 1n taking advantage of =« .-
Wilson’s beautiful pictures of the tracks of Rutherford’s generosity. Though in his reply to .
< »ionising radiation taken with his famous“cloud --.*Rutherford (Letter X)-he was roptimistitathat: =
. ..chamber. The X-ray tracks-were especiaﬁy‘sig.. * with the new~batch of radmm._he had received
= -~ nificant: ‘can’t be anything else but the track of from Pragg he would quickly be able to complete 2 .
the cathode rays in the gas! as Bragg remarked, his investigation, he afterwards found that his -~
and the pattern these formed_was clearly not ... results did mot fall into place as easily. as he had -.. ...
'[* " whatone would-expect if the X-ray weres pulse~ ~ expected. He was still strugghing-to resolve thew 4~
; spreading out as it crossed the chamber. Bragg.. matter when he wrote to Bragg.in the following -
= ~rightlytook the track as evidence in favourof his- - November {Letrer XI), the fmal letter to have Py
- == :material theory. On the other hand;#re-réported - x~ - survived from this fascinating correspondentces s T
77+ . that Sommerfeld’s reworking of the pulse‘théory™ ' cannot settle Rutherford’s point:from the-scat - :
1 . (Sommerfeld, 1911) had produced ‘lots of dis-" tering on the front side but hepe to, by-con-
* =~ -symmetry’; he remained unconvinced, howevetrs ‘sidering the ratio of scattered rays in a ferward: ‘& «
+that the theory could account satisfactorily for and backward direction for thin sheets’. In the =~ :
the by now notorious localisation of energy in a end, the problem defeated him, and he did not~ -
Y-ray. - - publish anything. 2 e
From Madsen’s point of view, a still more Indeed, whether through disappointmert -at - -
~ significant feature of Bragg’s letter would have this turn of events or on account of other
been his reference to Rutherford’s recently pub- developments in his career, Madsen seems to
-~ lished paper setting out his nuclear theory of the have abandened research at this time, and never.~ .
atom. In this justly famous work Rutherford had again did he make original contributions to
referred explicitly at ome—point to Madsen’s knowledge. Soon after writing the letter to Bragg . -
paper on B-ray scattering, and; asBragg hasten- from which we.have Just quoted,.he was pro--
ed to point out to his friend, further investiga- rnotc.:d to Asgstant Prof.essor in  Electrical
tions in this area were now urgently required in Engincering in his university, the first
order to test the new theory. Knowing that professorial-level appeintment in  electrical
Madsen had bé€ii” working on precisely this engineering in any Australian umversity, and
subject for some time, Bragg had told Ruther- doubtless his adrnmxgrauve respon'smzhtx_cs
ford what he was doing in an effort to forestall 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 university
and soon afterwards, in 1920, was promoted

his being cut out by a speedy resolution 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- again, this time to full Professor. Thereafter for
pect of being beaten into print by others. many years he played a leading role in the
Rutherford, while offering to stand aside in promotion of Australian physics and engireer-
Madsen’s favour, put the matter very clearly: ing.
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4t esdudeshds often-been said that-distancetimpiodes .s:reeachit, he discussed points of:diffienltybymail &5
S B speclal hand-ﬁps on-those undcrﬁakmg scientificz <2 with his oppositeé number in.Sydney, Richard-
w2 vesearch i Awstralia. The nature'of thosexhandis s Threlfall (Moyal 1975): 8o farasdirect persenals

=% idapsthas, however, been insufficiently explm-ed , " 2 contact went, however; apart:frem the yearky, or+

N .4‘r*Ii’iC"iCVCntS:diSCUSSC.d. above aliow us.to bé some~=.  «two-yearly meetings of the Australasian Associa-t

“i.y . < what'more specific. The successes.achieved by~ : - tion for the Advancement -ofsSciehce and the .

< Bragg and Madsen in Adelaide in the firstryears: - perhaps once-a-decade year’s leave travelling -« .z~
; of this century show that even in the abstract overseas, the group in Adelaide was very muc h
i sciences it was possible for Australian workers to on its own. (Bragg had but one year’s lcave, n
1 - reach and remain at the very forefront of~world 1897, during his twenty-three years im-his -, =+
research, despite their remoteness from- the Bdclaldc post.) -
=« :.- major.centres of western Europe. Though:Bragg . -And a very tiny group there was in Adela.de poane
’ occasionally complained that ‘new works often Throughout the period with which we are con-
‘take some time to reach us here’ (Bragg,:1968b):: - cerned, Madsen was Bragg’s only colleague on ~:: --:
and though he and Glasson at one point acknow-- the lecturing staff of mathematics and physics at
ledged the possibility that in their work on- the University. Sir Charles Todd, the Govern=- - -
X-rays they were out of ignorance merely dupli- ment Astronomer, was Bragg’s friend as well as
cating work that Barkla had already done (Bragg his father-in-law, and was no doubt used as.a.= _
and Glasson, 1908), the five or six weeks it took sounding-board on countless occasions. His figld - *
--mail to travel between Britain and Australia ‘was of scientific expertise was far removed, how==us
in fact no insuperable obstacle. Furthermore, ever, from that in which Bragg was doing his
* ‘+Bragg’s references in the. articles he wrote:in -+ - research. From time to time Bragg calledzupon:. :
" 'Adelaide make it clear that he had good if* - his colleagues in the University’s Chemistry=
“necessarily shightly delayed access to-all the - Department for assistance, but this seems to-=*- -
+>.o.majorrjournals in the field, including the: con-i. .. have ‘been limited to.preparing samples:of var=z; o
. <tinental ones, and to major new English-language . - .. icus. gases. for Bragg’s .experiments .om- there. ‘o
books soon after they appeared. stopping power of different substances. He may
The fact that Adelaide was still in Some‘: also have discussed his work from time fo time = - -
-arespects a frontier outpost did mean that some. .. . with R. W. Chapman, some-time lecturer ander 7", =
items of equipment were not easily procured: We Bragg in mathematics and physics who in 1900+
.- have noted already how, early in his research,” . had transferred to a lectureship in the univer—z-ru
Bragg found suitable thin metal foils difficult to sity’s engineering department and had then in
obtain; we have also seen, however, that soon- 1907 been appointed to the Chair of engineerimg~~ -
afterwards virtually the same range of thin foils Finally, there was a handful of advanced
. - was available in Adelaide as Bragg was.able to. students. Bragg acknowledges the help of.only
’ obtain in Leeds. More generally, Bragg and his three, Priest, Glasson and, above all, Kieeman,-
collaborators seem to have had access to work- during the five years in which he was active in...
shop facilities good enough to make up $ome research in Adelaide; and since he would almost . .
quite complicated apparatus. The real problem certainly have set all his advanced students to
- in this regard lay with highly specialisedpieces=* - work on his project, it seems that Lhesc t‘lree’ e
4 of equipment: when Bragg decided to purchase were the only ones he had. o
one of the new Dolezalek electrometers it took ' - At the time he left Adeiaide, Bragg~w357~ o
very long time to arrive (Bragg and Kleeman, ~ reported as saying that his only reason for going’ -
- "1904), and the high-vacuum facilities evidently was his interest in research (Caroe, 1978, p. 50).
left a great deal to be desired when compared to His letters to Madsen make abundantly. clear -
: those -available to Bragg once he got to Leeds. what it was he hoped to gain by going to Leeds.
(see Letter IV below). Almost at once he was surrounded by a:sub- -
- Remoteness had its effect in more subtle ways stantial group of researchers whom he could
i than these, chiefly, it appears, in engendering a direct to questions bearing immediately on his
feeling of intellectual isolation. Melbourne was own principal concerns. Loandon and the Royal’
L the nearest city to Adelaide where other physi- Society were within easy reach, and only a few
cists were to be found, and it was over 450 miles miles away in Manchester was Rutherford. The
away. During Bragg’s early years in Adelaide’ opportunities for discussion were legion. The
; when he was teaching himself physics in order to contrast with conditions in Australia, where
10
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:Madsen was now more intellectually iddtated: -
than ever, was complete. Though a gifted re- 2
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 researchy his
research output ceased entirely. While our story -
shows that continued front-rank research in.
physics was indeed possible 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 betweén:
Madsen and Rutherford

————

Except where otherwise stated, originals:arez -:. -,

located in the Rasser Library, Australiant

Academy of Science. The various items are.pubso-. :: ..

lished with the permission, as appropriate, of the:

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

Academy of Science, the Royal Institution, ands..

the Syndics of the Cambridge University

Library. . s
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W. H. Bragg and §. P. V. Madsen & P -
L. Madsen to Bragg, 28 Decembef & © o Bepisl re
i SRR Chamber about d.cms
tution, Loadon. , . Rays cut off
#Emelieg, e C T~ Raysacting before the field
. S G AR BRI A5 -« Volts  whilefieldison isappliedvui..
AT The Unidversity, 0 0 e 'Dec.'28;‘06‘2.‘:-1 @ B T g T
Adelaide s 400 1620 130 490 107 -
Dear Professor! p_—— 50 1070 123 447 100
© o e~ Just-aline as I promised, to say how work wdsr — i @
1 going on—the first trouble which cropped- up. - 4(5)8 Tt Zgé i:g
__ was due to the rise of potential in the system - o
which had afterwards to be connected to the 400 2275 145 502 121
- electrometer, while the field was on—FHowever ... . 50, 1305 145 465 116 .
TTTTT T o thiscanbe got over readily enough by usingra-r X " T
SRR ---sliding condenser, and as long as I use not more -~  Shkeetof mica over radium
. 400 298 137
than 400 or 500 volts on a 4 cms chamber its 50 200 137
Y ._effect can be eliminated for preliminary . ——
experiments. z 400 267 120 -
But a more serious difficuity which has arisen, - 50 262 115
7 T TTTisthatinorder to get a large enough electrometer 00 0 e — ws
: deflection the density of the ions must be very 50 e 195 99
—we e great.and from some experiments which [ kaver o :
- e just completed, with the field on while the rays: . -as above with Ethyl Chloride and Air - =~ -
1 - are acting, and pulling different thicknesses of . ** 400 453 199 312 - 156 -
' __L " mica over the radium—I find that with the frelds A 403 187 L ik o
1777 7'strengths  available initial recombinatiomrist < L .. . - : “h e
R " with'air only :
N ] obscured by general[.] To get over this the best I . 400 oo 203 101
‘ can think of is reduce the chamber to between 50 e 196 105
one & two cms width, and to use instead of.a - :
circular -aperture in the bottom plate of the It seems rather cruel sending you this sort of -~ -
| lonization chamber as at present a long rect- stuff while you are on holiday so I hope you - -
2 angular slit with the radium spread along a cor- won’t take it too seriously.
responding parallel groovel. ]2 Wishing you a happy new year with kind
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 ions
from recombining, which are just on the point of
doing so, at the instant when the field is applied.
However I do not feel at all sure that
Kleeman’s objection is quite sound when you Notes: Weder s
’ consider Langevin’s result “that the rate of 1. The work described in this letter eventuaily yielded
' recombination is indcpendent of the field results that were incorporated in (Madst.:n, 1908a)._
B applied.’”” 2. Madsen.fmally settled on a chamber width of 18 cm.,
s . but retained the circular aperture. Fora full description
; I am giving you below 2 list of some of the of his apparatus, see (Madsen, 1908a), pp. 27--30.
e | results in terms of the first throw of the needlel[.] 3. Langevin, 1903.
ol
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_sible comment. He said that what was:now.
' warnted’ was greater precision: some absolute

o | Brago to Madsen, 29 Aprll 1909??»*«»

April 297 19095+ -
" Leeds el
M ¥ dear Madsen

““but theére was hardly any argument. There wasiare
good attendance, and Lees? made the onlysen-.: .

staridard of hard and soft. Of course I agreed:like:. «
anythmg and said that I thought the determina-=:
_tion of the speed of the cathode ray which each:Xi':
Tay gave rise to was the first and most 1mportantr :
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 fo Saic
the absorpnon by two tin foils the figures =2 3w

. Sn Cu Fe Al
... Emergence’ 176 = 140 . 39  FI185-,. ..
‘Thcidence ™ 122 119 . _ 15  T-60:
& four tin foils T B B
" Emergence Fon okl
Incidence

May 7. T had to stop here last week-and.was too . -
late for the mail: now I can go on. ——~—==x

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 out?] that several of -
the figures had constant differences e.g:
140119 =21, 39-15=24 and some moré fronmr
the figures for the four tin foils & hinted that
either I had got a constant error of-addition to the -
emergence, or else there-wxs-seme-new 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 thé-
old form of the pulse theory has gone and that
JJ’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 bere a fortnight ago
and spent a day or two. He says no theory

15

. I told you I would write after the meet‘xﬁg of. -‘.wc pretty well agreed right through— In:fact: =

””ihe Phiysical Society.! Well, I went upsarmed:-.
_,.Wwith every weapon I thought mlght be needed;'.

“whilst there is no general assent to the material:»
" theory, there is no general opposition to itron the s

- which he finds that the ptimary X rays do-all the:- :‘;7 2

thelr 10msmg effect should be lost, theéréfore:
thcy do not ionise at all. After all a thin siream of

. wrong. Of_cousse the

W. H. Bragg and §. P. V. Madsen:

explains:; cverythmgiso ‘wellHas the -materidls .cver
Ihcory and he also says that the old form ofpulse 2au e
theory has passed away. He has gohecto hos -
Manchester to work .now: and wants to i:cmé:'
here in the summer, ifhe cad fmd a scholarship.

to come on.? Kleeman & I talked thmgs.haxd.and

other hand there is a feeling that someinew: .. &

’theory has to be found and that the matenal i

N

‘_theorymay bé the right one. ~" ™ = sy AT

Crowther has a paper in the Proc Roy Soc’* inwin. s

‘ionisation in a gas, and the secoridary cathode. .= .. .

_ rays do nothing: but I think he has not taken = - ..
"tsufficient account of the forward direction of the:: oo

~ cathode rays after their production. I dor’t think. .. ..

the rays would hit the walls of his chamber.to ap -
appreciable extent, and he is wrong in saying that. * -
because they ought to and therefore some of‘

cathode Tays can be tracéd for long distances 1+

air at low pressure and show sharp sides,and I
think the ionisation and illumination go togetheh;: LR
Those Dublin people have a paper I see’but 7. .. =
they really are rather duffers, aren’t: they?...~
Where they use the precautions we did, theyget .- . -
the right result, & where they don’t they go -
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 agamst th°
material theory, . WY - W % B

The people here are very good to me. Tuey

“ 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-already starung on research, but we must‘ %
getour cells. I will write again soon. &
Yrs always The Ra arrived safely
W H Bragg

Notes:

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).
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E1. Bragg to Madsen, 1 August
1909.

+ . - o, s

Boiton Abbey

~ Wharfedale )

My dear Madsen -
1 was glad to have your )olly letter of June: .

é 3l

. . 10th. Isn’t Roseville on the same line .as Turra:. :»
: murra; I was out there two or three times to my -
<. oo g prother’s-house?-I am glad you are settledznd ..
are all well. Doesn’t it take a long time rearrang- -
ing all the work and getting-things going one’s'« 1.,
. own way> I like your idea of the camets[ i3

. experiment and with your assent I will use itin as
pubhc lecture if I can. ;

- egperiment, I want you to get those results-ent
soon. There is 2 man at Manchester, W. Wilson

working_ at § rays also:2 I know he is getting -5
unorthodox results which will rather run con-~ *

trary to H W Schmidt & others.? I 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

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

wife came. We have quarters in a jolly old farim .+

house overlooking Bolton woods and with the
moors at the back: a glorious place altogether.
We have enjoyed it awfully even though it has
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 I talked
bard, culminating on the last evening: when we
both got excited and stamped about the room at

Avg. L. 1909. -

-1 hope you are getting on with your B ray:ss,

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

: ’ﬁ'roke-but with conviction “The old ﬁhété‘b thémj}f
(pause, .), the old pulse theory, Bragg, is as dgad==.
as mutton!” And he won’t believe in ].J.’s energy

. blobs:* no one does, I think. H. A. Wilson® satd10..

me that J.J. ought to be stopped by somebody_.ﬂ.
-.. Rutherford quite understands now allout potims:. i:
“TWe talked a lot about Barkla’s recent work,s
which of course is awfully good. It-is really
simple.on the whole, and seems just ripe fomamiz va ©

. explanation. We both agreed that it was some-".-*
-« thing jolly simple if only we could hit it: and 1old . ..
~ e to hurry up or he would be having a shot

hnnself He was really awfully interested -about=<f +:

it..The point is that each metal, at any rate from ..

: ’Gr=to Zn has a special secondary hemogeneous

radiation and that this can be excited by~ the -~

. radiation from any heavier atom-andmot by:that::

..from a lighter. You will have read it of course..1 ...

.. don’t mind telling you the theory.I.am testing::1.

s am trying to find whether there isany connection

wia between the velocity of the-eathode say-andsthe -

_ _ power it has of exciting X rays in a given metsl.

~ Suppose for. example that the rays-that best = ..
excite;,X- rays in Cu are faster than ‘those. that» & =

" excite X rays in Fe, & that when they get too

slow they don’t have much effect. Then e.g. y0U s
" 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 ceriain now that this

happens) until they get to the right speed for Cu:-..

then off come the characteristic rays in quantity, = .

and an all directions and unpolarised. But of

course the Cu rays cannot excue X1 mys in Zn;*

+ "because the cathode rays cannot 7ise i speed." In™

" other word’s Barkla’s homogeneous secondary is

really tertiary. But I have to test this theory and.

I am only telling you: it may come to nothmg of

- ¢ourse, A man called Thirkill” of Clare College -

. Cambridge is coming here to work for a few: - °
weeks and I am going to tackle it with him.

(eiger at Manchester has pretty well cleaned: .o.
up the o 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 ccvatomic wt.
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Sating s 3 T Bd® IS W. H. Bragg and §. P. V. Madsen

rkput one.of my demonstrators on the questioms ¢z
T'was last domg in Adelaide, viz the cathodesrays:s
i mademby primary X rays. He: got the wholexthing

‘were about played out—at Camb ,'dgg urme
revived it all. T
Myvnfe sends her regards 0 you & yours

in working order after great labour, and thenshad: >~ ‘W H Bragg. i S
to go to London without getting out much: I... . -
+* started-in next-day and got the results atwomcej i :':Ll:have not too much time: for-long letters newy 2ot o
- reaped the fruit of his labour! But of course Lwill .. . with all the racket of rearrangements. Would you. L.
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 carhode 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 o 02
* number to the absorption of the X rays, and that- == not"realiy worked it out at all. He is going tosr

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 you keep

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

other readings as (atios to the standard you get 1. Bragg's younger brother, James W. Bragg, was ...
marvellously consistent resunits even when the engaged for many years in a successful 1mport/export
coil is not behaving. S business between England and Australia (Caroeyvs:

1978).
2. Wilson, 1909. The importance of Wilson’s results i3
emphasised in (Heilbron, 1967).
. Schmidt, 1907, o
. Thomson, 1907; cf. McCormmach, 1967. PR
. Harold Albert ston F.R.S. (1874-1964), professor:..
of physics at King’s College, University of London,:
and shortly to succeed to Ritherford’s Chair at::
McGill University, Montreal.” WA

Dr R.T. Beatty is working in my lab this
summer.'® He is trying to find the velocity of the
cathode rays due to the secondary Cu rays by-a
direct magnetic method: so as to check Glasson’s
result.’ He uses his quadrant electroscope, you
remember it. He uses my big coil, 20" spatk.&a .. .
great X ray bulb. Kleeman is also here doing a-

Vi W

diffusion of ions experiment.!? Another of my - 6. Barkla, 1909; Barkla and Sadler, 1908, 1909a, 1909b.=
demonstrators is proving the absurdity of HW 7. Henry Thu’kl]' (1886-1971), a Rcsearch Scholar and..
Schmidt’s “reflection” effect.'? in fact has- done later Fellow at Clare College, had obtained First Class: :

¥ % - Honours in Part II of the Cambridge Natural Sciencé:
so. I see you have .had a shot at l.t long ?‘g°> but tripos in 1908. He subsequently became University
the methods are different: & he is tackling 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. 1 ; Vice-Chancellor 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'll put him on to yet.!s 9. Bragg and Porter, 1911,
My senior demonstrator Shorter is doing initial 16, R.T. Beatty (1882-1941), a Research Scholar at the —

Cavendish Laboratory, later a member of the

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

I have got a very nice house in Leeds now, (cf. also Letzer 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 me . g“ls“”bcd i (Blea“g: 19102 . i

« . 17 18 . asson’s result €re referred 1o, appears to nave
very kindly to my friends, Davx_d and'}’ollock rematncdunpublished.
Woolnough'® and Warren®, Maiden?, if you see 12. Cf. Letter II above. The experiment did not work; see
him. And write to me. I am trying to keep you Letter IV below.

13. Schmidr, 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 2 ( blishedy.. Bv th 1 from 1918, professor of experimental physics at that

send me one paper u’npu ishe ) ¥ the way o o N

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

very carefully: apparatus is nearty 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.
togethcr' I td} you, we made pcople look into 18. James Arthur Pollock (1865-1922), professor of
things again: Kleeman says they thought X rays physics at the University of Sydney (F.R.S., 1916).

17
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- -;IV Bragg to Madsen, 6 0ctober A
: 1909.

i

cathode, 2nd cathode due to X. Kaye is tryingto, }

T do the second of these: you are doing the ﬁrs ; ,_;
Do ' very likely we shall do the third here. And the - ¥
Tléeds, : OCt 6 1909." - comparison ought to show something! By thebye- - - 4
'Mydf-ar Madsen s T wone, B '; + one of my demonstrators, Keene, who has goge, ..
-+ T'aot your letter yesterday and am answermgqt 2y 10, Blrmmvham Univ. wrote askmg Me 10 SUZEESL, ;. o, vrist

* -arom. You don’t say ‘whether you are-using yor.{} .wblle 1 should think. Kaye quite.sees allour 7. .-

W. M. Bragg and §. P. V. Madsen

gcology, Umv::rmyof Sydnc} Sty o R
i 20 ,\dham T'Ien .;.Warreu f1352—!926‘ sinc

scﬂight For then R should become enorimous
when the layer.is very, thin, since: thc’ _
; Mmore reathode #particles going iorwards gmp:
 RREE L © - -« = &« . . : backwards in a thin sheet. In fact does a pair, get-
stripped in its ﬂlght without the - losing its
« direction, and a —< pigk up a positive only i the'iom 1o
act of turning? We want to settle this: andﬂwg;
- ought to find the distribution or “polar diagram”,; v 1.
TEFGE ¢athode rays due to cathode rays, X due to-+

< e

o 0w el CANA w3 ST

b
e

~atonce. Besides I want to tell you how things are ' 2 ]ob and I told him to try the second of the
“going ~generally. First I will take the contents

your letter. You say you are trying to “derwe a

..--above, the same as you are undergamng This.was «
before your letter came of course. But don’t
worry: his ‘method is quite different; he is farst- b

2ie 30

i

v

_Prays™ Quite right: what is wanted is a- poialw makmg ‘his K rays from X rays, you make thess...
dlagram” for every sort of ray and every sort, of- =~ direct and he has not started yet and won tfora. -,

+ggHe Primary rays, but it would be-valuable in. - . -points: he says the resemblance. hetween the.. ~oo

either case. By the way, talking of the mtensxty scattering of cathode rays and of X rays “is ‘get-
of emergence and incidence [ rays produced by _ting exciting” “So far as one could judge in the
- 9’s: The ratio of emergence to incidence should: -. - thin leaf experiments”-he writes to-me “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 largc " any variation of R for the Xrays. You could .
values I know. But could the point be made quite . generally tell from the look of the tube whether
clear, for it stands somewhat in contrast t¢ 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 letter. 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 toc - wrong term here: he means distribution, . and

1.8

the incidence X rays is generally >land 523 .. kot he found wasthat B ( emergence . . for . ..
“fot ‘#liminium. His paper is coming out im:the : incidence

" “Camb. Phil. Soc. Proc: I have seen ‘the proof. 1~ secondary v rays was considerable. I think Lam. s
-« --asked Kaye to send you a copy. Kaye was here - .. right: he never touched polarisation in Ba:kla,’s_ e s
* half a day lately, and we got on splendidly _ sense. 2 '

" together. I think this expcnmcnt converted him -. * Dr. Beatty® has just left me to go back to £
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 explainitonthe - wassorryto leave it. Still he got out some resuits... ;.- .
‘pulse theory. ‘Sometimes he starts with one foil & - -I asked him when he came to confirm Glasson’s oy .
then goes on To two and three and so on: but he - results by finding the velocity of the cathode zays-. .- <.
has not done many experiments altogether. He due to the various homogencous radiations,
finds that R (emergence/incidence) grows a using a magnet. It turned out to be a very diffi-
little 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 turns into the cathode ray at the moment of due to the magnet. he had a little set of slits over

12
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Wiperaahisan 2

v Was:down to less than ! cm
--..--of Hg: Also he got to draw-
7o~ sdngi-a number of curves

,;ﬂf}-~thosc .due to Ag sec’ but he did not gerigood:

> rng e ssomeAu foil & tried to turn the cathode raysito-s fax

= one side. Finally it appeared that the effectonly
-was:plain when the pressure -

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

.- and then found that they
- «.showed him the penetration
-~ »of  the various radiations in
. =« the chamber. They seem to

- of crossing only a few cm of air. He showed that

<+ -Cu.rayssactually do produce K rays in ‘Ag: ‘an® s

effect which I think Sadler is trying to show is -
impossible. He wants to prove that X rays.only.>..
-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- =

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

el

-.ing;-and he is getting on very nicely. He finds the: ~« - .

‘ionisations in different gases due to the effects of -

the soft secondaries obtained in this way follow . ..
- nearly the values for o f or y rays.* S

Vegard has been testing _I_

the polarisation.’ He uses an ==

apparatus which I designed e 5

to show the effect securely & O =

it has four ionisation cham- Feaaiin

bers symmetrically placed, =N

and the whole thing can be T

turned round of course. I wanted him to see .

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 had 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

i9

+" much the same as for y rays, only they riseither © - 3
" quickly for the heavy atoms. I think Ethes"is - - -

- however that he has a little soft X radiationwith.r ;a2
<i*a range of only a few cm in addition ftohiss 4
@ wew - cathode rays, and this may heighten the Bri&:L ... -.
e~ -~ indicate a very soft X radiation from gold capable” - -+

-of the X rays in that substance; & showingithe s ... 3
" proportionality which éxists ‘pretty‘completeiyd:
* think. I want to include Br & Fif I can ger st
*.able films: ¥ am not sure I can,‘but'] have gotr As™» @
--and can-get Sb. I can practically’show I think that <" .
“Br does preduce clouds of cathode-particles: Fam -

- made In the ethyl bromide in his chamber & the: i

i 3 Adelaide, only the argon. '

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

%iKleeman ‘has been-and is: doing the reldfivemar =

‘ionisations- of different gases®bythe cathode = i
* “rays.* He passes X rays into a chamber thrigh 4%
¢ ~>Au, ¢ard screen: then from ofitside he reversesii it -,
- itto—>card; Au. The increase in i

the latter-case'is.
due to softradiation from the Au. He gets fignres

1.23, C,H,Br is 1.70 and CH,I is 3.00. I.think -

figures:You will see though that the figures are ~ " =
not enormous as for X rays, & fit in very nicely *-
with the idesthat the Br & I are great maniifac-~ i« :
turers of cathode rays: & that is where the big -
ionisations come from. - RN

apaew e

-~ For myself I am trying to collect figures con-7 s s

necting ‘the amount of cathode rays produced "t <
from each metal or substance with the absorption - = o.:

also finding the absorption of all the cathoderays: .
by Al foils.” : oy g,
Crowther® must have had lot$ of soft radiation -t

reason why in spite of this his ionisation was Pro---. .-,
portional to the pressure mustfind some other-- :
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:¢on- -
stants by a rays.® I never did it properly in .

B PTUNES F s N

Now I think I have told you most of the doings
here. You would see W. Wilson’s paper on B rays.
in the Roy. Soc. Proc.!* also Eve’s in the Phil. ™

- Mag.”? on y rays confirming our resuls. I have

not heard of anything more particular. I believe
J I had a paper at Winnipeg in which he used the
neutral pair idea to explain some vacuum tube
phenomena.t? Sw
What cells have you got? I got 500 from
Klingelfuss in Basie (Switzerland). They are test~
tube cells, pasted, with Ist. class porcelain .
insulation. They are small but doing well. I have
a glorious air pump: Gaede’s double rotary. A
rotary oil does the lst pumping down to about
01 mm of Hg: & a rotary Hg pump completes the
job: all driven by a little motor. You just switch




W. H. Bragg and . P. V. Madsen . b
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{77 Tthe'tube is ready 1find that X ray exp® aréiquites -
- -easy if only you use a separate -stzndard: tonisa<

g.l'.,

certain time, & the main one 172 then the curteat .
*1s Called” 172/ 110'=1.56. I don’t use a watchﬂ;uSI %
read the Zeros turn on the current a convenient

time & turt it off again. Beatty’s electroscope 4 7

R &

“yery-sensitivey but tricky.” For many exp™-fuse:
=7 . theiord electroscope: not even the tilted oxe: An
inch each way is quite big enough: & allows the
«-«..u8€ of a less special microscope. If you wantia
sealed chamber to hold a vacuum & casiby:take .
~down; try thisi— i
Pour in melted it rosin &
“beeswax round the joint. It is
~quite -airtight. To take off
warm With a flame, it is very
quxc&ly done. s
I'was called in as an expert last week to adjudi-
"iliit catélontheclaims of 'a man for a fellowship az -
- Frinity College; Cambridge. 1 felt such aidwke,” -
" Soddy is going to'stay a night with me week after:. -
> :next. Now I must stop: -this letter is allsshop,~- -
.5 Legvmeant to telliyou what is.deing so far as I knowail~
will write 2 more human one presently. Kindest -
regards to yourself & Mrs. Madsen '
- Yrsalways. <& - - . o Teaaad
W H Bragg g v R

I will see about the foils

{ .. - Notes: .

i . Kaye,1909. - . . B

. Kleeman, 1909. } . u oy

. See Letter 1l above. ) ‘ e

. Kleeman, 1910. i s

. Vegard, 1910. B

. Kleeman, 1910. .

. This work appears not tc have led to a publication.” 1

. Crowther, 1909. :

. Seé” Letter I11, note 7 above. The project appears not.

oy O Ml to haveded to'a publlca'mn 7

T *10. Utipublished. ’ o

11. W. Wilson, 1909.

. Eve, 1908. % i

13. Thomson’s paper was not published in the Repoit of
the Winnipeg meeting of the British Association, but
an account of his address subsequently appeared in
Engineering, 88, 1909, 374.
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Torithe-curtény & gooff & do someth‘ng elstugtl; o7 ¥
71909,

. _ ard Ve 2
~tiofi:chamber all the time & work by COMPATIS6n’1ne:
‘with it.'E.g. the standard chamber.gives 1 Kitina ¥' 5,

'.'Le'e'dsvi,' I

sl

.gmg and that it has led to several discoveriesand:
“encouraged several successful regearches, which:
it alone.prompted. Some, including Rutherford.:

Bra«vg* w ﬁiﬁésm S ”’Decemﬁez:??? t ;
~ "3?275 i

My dearo;d\_hap LB oLt

- I*have been 2 round-of labsnlét;a}y., and havcw s

- seen many people, pretty welkall the men who.s&w ¥

names we have discussed so-often, so [ guess: I~

@ Iay-as Well write to you abom: 11‘7 all wh1lst 30 I8 £7a &

-~ fresh. - ¢ .. Jrommboaomo T Ereng .
.{he points we used to talk about are ve*y wanse

much to the fore and for your’satisfaction-and:" ~ -
r-umine I may as well
-ialwdys been on the right track.so.far- asalscan
-judge. This is for your private edr! The neutral 3
i+ pair theory may or may not be dbsolutelytrueses =
- but I think nearly everyone: thinks that its <=~

.say at once.that wezhavel

- promulgdtion was abolutelywjustifiable at:thebsazinn

“have a¢tually saidsas much 16 meyvely positivedy::
and wherever-I go I find the-theory and all.our.. ..
experiments treated with great respect. Alsothe - - -

+» newest work still fits in, and indeed=strengthens: =- i -

our arguments. You would see Stark’s work nmomess
the Phys. Zeit. of Nov. 22 (? I think, or therés .. Ji:
abouts)? in which he finds the X rays frema C °
plate struck by cathode rays to be much more ~ -
intense, and much more penetrating in the -for-

ward than in the backward direction. I spoke:t
you before about Kaye’s work in the Camb. Phil;
Soc. Proc: which covered part of the -same
ground.® You would also see Sadler’s letter ina =~
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 29 X radiations-Catise= .3
~ cathode radiations from various screens; the-el:
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.::». =
He says there 1s littie of it from a screen in which - - -

.the radiator is unable to excite the 29 Xurad®: oy

which is characteristic of the screen: but there' -~ -~ -
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
thought that if the ionisation between two plates
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“ducts:He-is such a nice fellow.:Geiger hasibeen M i
thodoing the timing of the g particles: he hasisome

wh & B was.propitfo] distance . .. ..

AB,:then:thererwas no-cath- g -

torpoderadtfrom A or B. What . 4 4 2wemanation between two fludrescent screenswvery
. .it.means is.that the plate A X-raygs - close together like this, so that wheén ap. atom

i trop.contributesas much cathode . - . | o ~ goes: off its o particle is bound:to-hit:one-ofathe
4 e -..radiation tfo] the space be- Al - T two small-portions of the screen which are in»
i e tween A &.B as would a ty «view of the. two microscopes. The' observers +
{- _ - block of air below A, the B ~-register by keys pressing on the paper of:the-
» sfwn Tierscreen Abeing taken away. - wiTean & cosamethronograph. Then they don’t get flashes:s
© 77~ wewrensiddined in hall-at Trinity with J.]. the other dayz.co 1 anyhow, but in‘a sort of sequencenwith-actimume:. 1o
w ) but we did not talk much science. Only I asked -~ eman® I believe they - C -
T | him as we walked home what he thoughtiofithe ' *gettwo close together, Bl B 5 o RN
s Ty “light quantum” of the Germans, and of_their-.- amd one a little later <{ = Ok }) & 2
“practically abandoning thesether for the COrpus=. . .  like.this,: St s CHAL 20y,
, - cular theory of Newton (Einstein & Stark i[n] the S5 BB By em o am o .
1 ... recent Phys. Zeit).” He said it would not work at . The Morse code, they call it! Isn’t it extra-.. .
- iieew all. How could one explain reflection and refrag-.. .. -ordinary? Curiously enough they don’t geluit: ¢ .
Tro:c . tonvat the same surface? /' When I+told: - with Th.B & C. which you would rather expecti!t n.g -
4 - - Boltwood® this he said he did not think Jwould- . .. I have not got many results to chronicii..~
= .~ have:much worry in explaining it if he wanted it myself. I have been so busy getting things
¢+ s for-his theories! J.J. has a-new theory.every . ....-straight. Bur as opportunities served I have:been: ;. 4
- oo week.y/ For myself I cannot see how they-dre - ©*._going on with the conversion of X rays’ into e~ s

L. :g0ing 1o explain.the unique velocity of lightin:: o cathode rays, and my results dre-becoming more.. 1. .
. .space. J.]. is. much puzzled over a fact thathe hasf, consistent. I want to measure also the absorpras.. !

Lo recently discovered: he finds the velocity of the! . ..-tions .of cathode rays of various speeds, and to.. ;
~ .. - canal rays to be independent of the potential-én - :- trace'the exact connection between the speed ofi - v
. L. ... .the tube; its value is 3 x 10 cm/sec. the sameasy . . the particle in the X ray tube and that of the 2ry. ... .
j-;;fil;;;, » »raysz-and he imagines,-I think, that the.atomr. . cathode ray. I am getting a new.workshop; andis ::
7encc emits a doublet which subsequently breaksup: - - have taken a man from the Cambridge Scientific:. »
| into 4ve & —ve and that it is a sort of trigger  Inmst. Co. Ve g B
&7 .. - action.” I don’t know exactly how he explainsall .  Dec. 17. Just heard that my man can’t come
. the X ray things: Glasson says he heard him say. for family reasoms: what a nuisance! I have 3. ¢
i ata lecture that the X rays store up energy in the second string in the shape of 2 Dutchman from
54 atom until the emission of the cathode ray takes Kamerlingh Onnes’s Iab. in Leyden.2 S
4.~ place, but as you know there is any amount of *. - - I have been much concerned to find you anye:
i argument against this theory. : .thing new in the way of feils, but I can get noth-
] Kaye is a great friend: he took me all round-the - ing which we did not have-in Adelaide. The only =
i Cavendish explaining everything. Beatty is con- thing is I can get real copper foil not Dutch metal
| tinuing an experiment begun in Leeds: which is and Lhave got a packet of that to send vou. There .
4 much the same as Sadler’s. J.J. himself is at these is nothing else.
j canal .rays: most of the others were on experi- . - Have you heard of the new Snook apparatus
; . ments which do not closely concern us. At “for X rays? It has a ring induction coil, a real ..
> Manchester they were all on radioactive work., _ transformer with alternating primary and 2 ¢ot-
f There was a Russian® trying to find whether the mutator in the 2ry. which is mechanicaily revers-
¢ absorption by B rays depends on constitutive ed at the proper time. The voltage is 70,000 to
1’ influences of the molecule. Of course he gets the 10,000 & you can get up to 60 milliamperes,
: negative: some of my own students have found perhaps more, but no tube will stand this for
- . : . 1 . ]
3 the same; I cannot think what big mistake S, J. more than ; second: that is enough to take a photo
; Allen has made in the Physical Review. I am thro the buman body. The 2 Kw-size is £140!' &
; sending a letter to the Review.!° Some one else is the 4 Kwis £170. SR
i trying to measure the absorptions of § rays of Now I must stop. My kindest regards to your
! different speeds, if I remember right: but he was wife I hope you are all well and flourishing.
j only starting. Boltwood is at the Quantities of Yrs always
“i helium from all the different radioactive pro- W H Bragg
21
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. “The dete is established on r‘temar tvxdence g thc_*-
presence of Boltwood in Mancbcstcr

2. Stark, 1909. B ¢
. Kaye, 1909, g Tonw
. Sadler, 1909. : .

. Einstein, 1909. ; e

6. Bertram B. Boltwood (1870-1927), Assistant Bro?
fessor of Physics at Yale College, and from 191
Professor of Radiochémistry. Boltwood spent thé:

- academic year 1909-1910 as a research feliow in-
Rutherford’s departmentat Manchester. LN

f"oxj ‘_April 1911).7

7. Thomson, 1909. Gl 3 T ,.'.‘:

8. W. A. Borodowsky on leave from the Umve_.s.ty ofl .
Dorpat, was preparing a thesis in Rutherford’s labora-»~ |
. tory on ‘TheAbsotpuon of B Radiation of Radrum

. S.-Allen, 1909, %

) Bragg, 1510a. 3
7 11 Thesa remarkable results were aever pubhshed

12, Heike Karmerkingh Onnes (1853-1926), Ptoﬂ’ssor of

.~ Experinietital Physics at Leiden University.

“Rosehurst “
~Grosvenor Road
Leeds.

My dear Madsen

just a note to acknowledge the receipt ofithes ws. *

cheque. My word! you are a lucky chap. Ihave: *~
seen Rutherford about itt & he says,
expected, that the only thing to do is to write to
Giesel® which I will do at once. I will write you a
letter about Brays &c very soon. I am so glad
your work is going on well.
My wife and I are so dreadfully sorry about
the litide baby that did not live. My wife was so -
distressed when ! told her about it. Do tell her-
how sorry we are about it: my wife says only a.

woman can realise what it means. 3 o
—~Fhope the rest of the family is well & happy
Kindest regards
= Yrs-always’ )
M:agg : i ]

R wzll write agmn as soon as I hear from G:esel )

shall be delighted to see Dixson.?

sa W

Notes: ~

1. The dating of this and the succeeding letter is based o
that established for Letter VIIL

2. Friedrich Otto Giesel (1852-1927), the chief chemist at
a quinine factory in Braunschweig, produced purified
radium bramide for sale as something of a hobby.
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-now and20 in May, at £16.5. a mmg: It seemswan

" “tacles which will fit into the cup side by side,.so

W

sias Terpeees

“The University, Leeds.

_hope will arrive safely. It was registered:*and L

The University, Leeds.
Mv dear Madsen AN
}ust a line to repost progress I have accep{ed 2
wuh Rutherford’s approval, an offer fromr:the-.io.: -
.Chininfabrik Braunschweig to _supply 10mmg ..

awful price, but Rutherford says it is right.<[:a ;.
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- mms)Zaseparate receps.

that I can send you the 10 now in the cup & let,
the 20 follew. The activity is gx.arantecd 90%.. ¢
Yrs

WHB

- MNote: r . ENPIRR
" 1. The dating is based on that established for Letter VIIL: ¢ -

VIII. Bragg to Madsen, 18 May
1911, sesd

N'av 18 [19 1}‘"* e
My dear Madsen Shommn B2 L w
The radium for you has been posted and } el

would have insured it but there are no insurance .

- terms to Australia. I do hope you will find=itail- = o -

satisfaciory. b wh .
T had rather a bother with the cup. The makem :
of the radium (Chininfabrik Braunschweig)
refused to have anything to do with the cup: and
I had to make it here. I did not know the dimen- -
swons very well, but I calculated that if 30 mmg
were spread over 1 cm? or thereabouts your self
absorption of B rays would be 15% which I

P ot Saauaneel L



. ﬂ_) -3¢ - Ahe B particle is very much to be determined, iq -

s, thought acfair.compromise. So I had a. platinum: .
#p made-in the town here and firted into azhrass<
-Standin my own shop: making the wholethi)
1-:.rather big and loose so that the radivm e

3 P
might pack it to suit. But they returned it:;bthink
they do not like putting it in such an arrangemen

M .and I am not sorry myself that it should gaputitery ~
~ .. Australia in a glass tube. Unpack it carefully, the ..

‘glass tube is not likely to crack, but suppose. it., .

" box on a clean sheet of glass so that if there had

economically that way: and I am sending it on in.
the hope you will be able to use it or alter it. I
dare say you -could-ger it made a-, little
shallower—it is platinum of course. Fhemiiiho
. How are you gerting on? How do you.like .
- Rutherford’s new atom?? The situation istrather:.
"funny now. Crowther & Barkla were just,now.
arguing in the Phil. Mag. about the X Iay scatters

£
=

_ ing in its relation to J.J.’s theory:? and Rutherford - ...« -
brings forward a theory which cuts .the.'g'-round"*_ o

from. under the feet of-all of them if it isrnes

very nearly: and indeed the law of-scattering of.

order to test his theory. Knowing that you-were"
- working away at this and having your last-letrer=="

—. . explaining what you had got I thought it best 10

. .show it to Rutherford. I thought if he went at it
hard he would with all his opportunities get-
ahead of you: he is a very generous chap.and -

- always ready to give everyone all he ean. Se¢ 1.
thought that if I told Rutherford exactly whit

. you were doing and had done, he would take you = -
in so to speak: your results agree with his theory
very well, and you will see in his paper that he
has made special reference to what you have
published.* If you have anything more, now-or in

. the future, I should write to him direct or at least

i through me if you prefer, and I know he would

- like to hear from you and build in anything you
had o give.

You may have seen that C. T. R. Wilson- has
given a paper at the R.S. on a method of making
visible the tracks of ionising particles.’ He is very

~ excited about it: has been working at it two years
and just been successful. He flashes the rays (@
Y or X) through the gas and takes an instantan-
eous picture of the fog caused, by a simultaneous
expansion. The ions have not had time to spread
and so you see the tracks. The photos I believe
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.. “Rutherford has just now or I w

did!I think you might undo the last little SAUBTE s sprommes

been an accident by any chance you would.have: ... . . .
- o everything in the one spot. I made the cupsfldtos..

i we..because the radium would be arranged. more. ... the.-plane - of -the -cell & have hit the walls ... ..

_-:R;it_herford’s theory touches your B-zaytwork: o

~chamber which are no doubt:the

W. H. Braggand §. P. V. Madien

are-nvtasie as the real thing:which theyisays:
gorgeous;especially for the:particles. Myibo
has'seen them. CTR sent. fne- two:photosswhich:

vould send them'to -
you:The'a particle is like this:~ a5

1 ey
Nu

TErTeRaaliua s 4

.the sﬁc;ftex: paths are of apaftiéieé that areznot:iﬁ;: -
suppose. They are beautifully defined, The X

ray one is “rather an effort” ag my schoolboy Bob
says.® It is like this ot s

\ = -
SRR T O
N \ . N Ty
L ’
B
P \ ‘ vr ‘-.h ; ) ) -~
T v e

can’t be anything else but the track of..the:
cathode rays in the gas! The Y rays-have notbeen:
‘photographed: but 1o the eye CTR saysvthey:
show fine delicate straight lines right acress the b
Brays fromsthe: ..

walls, .

Tamreading a paper at the RS next week:Zjust .
explaining the transformation of energy of the ¥
rays: trying to account for the expenditure.in ...".
secondary and in cathode rays. It has been
awfully hard, because it is quantitative and there .
is so much o be taken accoust of: It is-onhy=c.
approximate now, but I think it breaks the ice.

Sommerfeld has just carefully worked “out.-~
/" (Bavarian Academy),/ what sort of 2 Y ray the
electromagnetic theory gives from the startiag of ©...7 .
2 B ray of different speeds.® He gets lots of dis-
symmetry for he finds that suppose the B ray
goes off from RaC with a speed of 9/1 0 of light . :
the y ray goes out practically in a hoilow cone, -
the dotted curve shows the intensity
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bcgan & ended in 2 certain smali {time mr:a}g

energy will be confined also bet=wen two sphe
cal surfaces, which are not qurze concentr.
Thus.the y ray is like a spreadingiring, tgeﬁfi ray it
lags behind of course. »

The /7 semi- <« of the
cone is 15° fora 9/10% velv &
57 if the 3 ray gets up to 95%.

But this while it gives dissymmetrygives o chags

atall as to how v ray energy, which is ever-widens=

ing gets back inte one electron again. 1 have

written.to ask him & he is bound to reply, 1 thmic, 5

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

there is a storing of energy. o e g
I do_hope you are all well. I am so glad to gct

something off to the RS: because it hasbeenstcly= =217, Wilmslow Road,
. Withington.

a long job & the result seems so small for the
labour which is great. Still it is a start in this line:
& the X ray apparatus is now so good that con=
accunxf: readings differ by less than 3%:.it has. .
comeé on real well. I have got quite a lot mhand i
had a Royal Institution discourse,’ & I havedone,. .
the R§-paper &-a long paper for Armstrong for-- -
Science Progress.’® Then I have a book (200
pages) to do for Macmillan who asked me-somiese=%
months ago,!! & I have promised to write the
article on radioactivity for Thorpe’s new edition
of his dictionary.’? We are all well: summéF has"
come in beautifully & the country is gorgeous.
May it keep sol 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.

© €ambridge.

~about.your work on the large scattering of £ Bpar

‘egperimentally on the theory: R

- Bragg, 1942; ey, - < A
12: Thorpe, 1912~13 Bragg ] an:rcle,aq Radxoacmn'

appeared i Vol. IV, pp. 534-544. .
14. ‘Ostar Ulrich Vonv.xilcr (1882-1972); assistant lectu
ef and’later (1923-46) professor of physics at the
Wgiversity of Sydney. -~ - . 2, s

—

- IX. Rutherford to Madsen, 8 March
1911,

Original:  Rutherford Papers, University Librazy,. .-,

March 8th. 19115 -

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

ticles for different materials’ ‘S 1 have been
-working at this problem theoretically for the.past..
few menths, it may be of interest to you to give ..
an account of the relations that should hold &

In the first place, the theory of small scattering - G

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

far as it goes; but it takes no-account of large
scatierings which we know from your work, and

that of Geiger and Marsden on the a particles,?

must always be present. The model atom of -
1.J.T. only admits of comparatively small scatter-

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 provisionatly that—this- — - -
sphere has a diameter of the same order as that of

~ the atom as ordinarily understood. I will give in

& Z -

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, 1811.

. Rutherford, 1911; p. 685.

C.T.R. Wilson, 1911.

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

. Bragg and Porter, 1911. Bragg read the pape: o the
Society on 25 May 1911.

8. Sommerfeld, 1911.
9. Bragg, 1911a. Bragg read his paper at a Weekly Even-
ing Meeting on Friday 27 January 1911.
10. Bragg, 1911b.

- B NP
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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 thart the large scatterings due to the
central charge really control the scattering
pbenomena, although a small scattering becomes
important when the probability of a deflexion
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 will publish it shortly in the Philosophical
Magazine® Dr. Geiger is testing for me the
correctness of the main assumptions, using the o
rays and by the scintillation method.* As far as he
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_.Hme 1t is quite possible that the charge -may -

~doing;+I:shall be . glad;- howeverssto leave the,

ory.issafairky .. - the work in-reasonable time. Lshall-be very glad-
-cextect expression; of-the facts; at-any ratesfor,. . tohear from yor how your.results are going. -
small thicknesses- of -matter, where :the ;prob~-- - Yours sincerely, : § o,
"ability of a given large deflexion is comparatively- - - E. Rutherford. ;
“small..On the theory, the laws of the scattering g e ————
are.independent of the sign of the centralcharge, - Give my remembrances, to.Proféssor Pollock. I
“and ] have not so far been able to settle this.ques-: .. .. am hoeping to visit H‘u.:étrg—'iasig*ﬁmhe time of the
tion with certainty. I have calculated approxi- BAmeetingt T~ ™
mately.the magnitude of the central charge;and. . . . , R s
1t;gpr£§§gonc{s for the atom of gold to ,ale!ngQ:-.\. A‘bstr act of theory
ot charges; the magnitude of the charge js. e ssmes g % i G P
~ proportional to the atomic weight, at any rate for .NOMENCLATURE - . s .

substances fieavier than alumininm. At the same ,
SUDSTALEES o Ne. ="central charge on atom

his results are mainly due to this effect. I also feel - -

ultimately be found to be twice as great as that . charge on scatter?d particle
_ ,j,I_t__i_‘s;interesting to note that the main conclu- -~ = - l;:.vg;cm.} s i % -
sions deduced by Crowthers [flor small scatter- k i thic b CSSfO Watier, .
- ing.can be-explained equally well on my theoryof . = 2 - - nun!x mf:o “EOmS PET; g }f(})lumﬁe_}
large scattering, and in fact, I am confidenTTHat, ¢ = angleo flgﬂcmoq T
P ‘ P = perpendicular distance from centre of

sure-that his curve for aluminium of variation-of - N alom on-direc umptf monon Of enter.mg.
__ scattering .with thickness is. wrong in thesdnitial- ... _ .
parts..The curve should be much more nearly a

If we suppose the central charge positive, an g

Straightline. . et e, el s et S CHETEC DORITIve, ¢
I mdy mention that the theory of large scatter- particle directed straight to the centre ;) Nope
ing will hold equally well if instead of one large atom will be turned back at a distance b = ..NeZE 3
central charge one supposed the atom to consist b is an important constant. ma ‘
of a very large number of smaller charges distri- It can easily be shown that in order to suffer 2
* buted throughout the atom. It can be shown, large deflexion an ordinary c.or B particle should
however, that on this view the small scattering approach within 107! or 10712 cms of the central
should be much greater than that experimentally charge. In this region, the forces may be
observed. It is consequently simplest to consider supposed to be entirely due to the central
the effect of a single point charge.__ L charge, and to vary inversely as the square of the
T'understood from Bragg that you have found distance. The path of the particle is consequently
some interesting relations between the scattering a hyperbola, and the value of the deflexion @ can

for different materials. You will see from the

2p
. '] B = a
theory,on the assumption that the central charge be Sh.OWI Tebecatp/2 b

is proportional to the atomic weight, that the Since the chance of alarge deflexion is propor-
fraction of a particles deflected through an angle tional to the number of atoms traversed, the
phi is propertional to nA? where n is the number chance of passing within a distance p of the
of atoms per unit volume, and A the atomic centre isg pAn.t. .

weight, This ought to hold for very small thick- From this it follows that-the fraction of the
nesses; but I can easily see that this relation will particles scattered through the angles between ¢
be somewhat departed from for thicknesses and ¢ + dg is equal

where the probability of a large deflexion T, B
exceeds 1. It is evident in such cases that the 4 B Cotg/2 cosec?p/2 dg.
theory must be modified, probably by a mixture The fraction scattered through an angle greater

of the theory of large and small scattering. than ¢ is equal to
Tam writing thus fully as I had intended to test %bz ntcot2p/2 (1)

my theory by experiments with Brays along very
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= particle.. .. . . LN

ines:to that: which:I understand you are - -
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The general data available shows that the vilue .
. _ofNe is proportional to the atomic weight A; 1

~ consequently seen from the formula{5) fﬁ;ﬁ}h?.

~~fraction of particles scattered is proportional 1o

apologise for not having replied immediately 1o,
your letter, but I understood that portion of the
- Ra which Prof. Bragg was procuring for me
woild be sent out immediately & T hoped to be -

e b e

—leir

om0 e

SO S .

: - 203y — =" able to send you some results. However the
(1) thickness, supposed small(2) n&*(3) (MU =30’ mg has just cotie’ to hand in ofte lot & | am

Leaving out the small part of the cross section

the average angle of scattering due to my atom is

-‘Z%b or three times that due ro ].J,’If;'s_atgms with -

corresponding constants,
For heavy atoms like gold, the corpusclu]lar

scattering is small compared with that due tothe~

electric field of the atom. It can easily be shown
that the fraction of q particles falling 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. -

I think there is no doubt that the large scatter-
ing is proportional to thickness. The proof of this_

will show conclusively that large scattering -

b

of the atom where large deflexions are produced;™

now ready to go straight ahead. I have already
‘B5e€n over the ground with 3 very weak sample
but as the results are so poor quantitatively I

- 'thought it best not to pubiish them without veri-

cannot [be} due to accumulative small scattering.
E.R.

fication. The polar diag. of distribution for Al
Au & C plates need correction for the effect of
the plate before one can get at the 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-
ization 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 it

I hope T 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
Notes: Yours faithfully
1. Madsen, 1909, JPV Madsen ) )
2. Geiger and Marsden, 1909,
3. Rutherford, 1911.
4. Geiger, 1912.
5. Crowther, 1910.
6. It had been decided a few months before to hold the XI1. Madsen to Bragg’ 7 November

1914 meeting of the Brirsh Association for the
Advancement of Science in Australia. .

X. Madsen to Rutherfoid, 9 July e

1911
Original:
Cambridge.

Rutherford Papers, Universi;y Library,

At the top of the firs: page of this letter, there is g
note in Bragg’s hand as Jollows, addressed pre-

1911, - Sumably to Rutherford:

£< ». . . .
Original:  Rutherford Papers,  University _ Library, [VI m;aft t? purthiswith iy Leizer of this e,
Cambridge. HB.

The University of Sydney July9 11

,.\Dea.r Professor Rutherford

The Universiry of Sydney Nov.7 1911
- My dear Prof.

The figures you ask for are

. oages

T Itwag very good of you to let me know what (1) for softyrays 2200
you were dsing on the scattering of rays & I can (2) " hard - 1560
hardly thank you sufficiently for your kindness with 1.6 cm Pb plug 1400
in delaying the ﬁray’psx;zifm of the work. I must ” about 10 = - 960
26
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- Adelaide[.]. He tells me he is b

- the RaBr he had extracted. It was abouit 1% -

%: uin the ¢hamber.. ;

Tthis last-figure would be:probably a fair méasure.
ofssundry scattered radiation & natural ionization:
- 1 am going on steadily at the scattering; Rawe
- measured for thin foil of C Al Ag. Auzahe

o

‘scattered frays on the far side of thin sheets:&:.- sy

-am just about ready to tackle the near side: On:
the emergent side the curves shewing the- rela=.

tion between the rays scattered, and the mass-per-- -
- unit area of the screen appear quite similar.for atl
- these materials so that by plotting mass_pr:-unie: -
area x K the curves all agree. These Ksseem ¥ (0.
. closely related to the atomic weights but the rélaz ~——

tion is.not quite so simple as I at first thoughtitss s+

SR

At. wt,

Acarve K = atwi passes exactly thro’ Aw.&:
butitis about 15% above Al & C. § ;
I cannot settle Rutherfords point from’ the:- =

scattering on the front side but hope to, by co~ ..
nsidering the ratjo of scattered-rays in a forward.; :

Ag: 3

ERTONN B

& backward direction for thin sheets. ! B 8

I have just seen Kleeman—on his way to-
usy--writing a,
book.? ' :

We had Cox from Montreal over here a short
time ago;? he is a most interesting chap & gave.
me quite a long account of his experiences with
Rutherford. . st

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

purity but he says the final purification is -
‘straight forward. I have just been testing some of* =~ -
the specimens from Mawson’s new-find,’> They ..
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. T 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
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1soon:as I ger thefirst part-together: T hopestorgo: ¥
ifoils, & obtain

i
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