Material. o

TFlint Glass
Crown ,,

Soda
Marble

Mahogany, Ilond.

Deal
160 sus

Paraflin Wax

V. Indiarubber...

”»

Graphite
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original memoirs. The elasticity of pure gmphi.te was deter-
mined specially by the author, and the velocity of 50}111d .
where not known has been calculated from E and p. The
conductivities of crystals though functions of elasticity are -
too complex to satisfy the above relations. :

Velocity of
Sound, V.
em.sec.. 1077
50, cal,
41, K.1,
54, K. L.
53, cal.
4-65, cal.
3:10, cal.

37, cal.

Ep X
1()—1]_

Elasticity,

1. 10~
6-8, K.L.

48, I.B.
73, L.B.
79, L.B.
525 1.
2:6, K.I.
-88, K.L.
9, K.L. 42, L.B.
28, K.T. 174, cal.
‘151, L.B. 130, L.B.

Density,

—
A

2-66, K.L.

2:9, K.L.
25, K.L.
28, K.L.
B,
‘_).'7, K.L.
62, K.

~
39

— L
°

ST

LT
— O TS =Ly

33

¢

Q
S
&

05, K.L. ‘07, K.L.

7. cal.

4R LB,

1-02, K.L.
005
024, K.L.  -0055, cal. 06013 00013

It was not to be expected that a quasi-solid such as
indiarubber should conform to the rule. Its welocity of
sound calculated from E and 2 is 0°7.10° centimetres a
second ; the observed value (K.L.) is 0:07.10°. In either
case the values of Ep or VZp? are of a lower order than the
conductivity observed by Lees, though the numeral is the
siwme.

The elasticity of cork calculated from the velocity of
sound is 0°0055. 10", Its value for steady stress is about
one half of this; Ep="00132. 10", or exactly one l)undredt}l
of Lees’ value 0°13. The cellular structure of cork malkes it.
difficult to say how far the vibrations are transmitted by the
walls or contained air. Baking the cork to a dark brown
softens it and improves its value as a heat insulator. ~The
cell-walls are then seen under the microscope to be slack and
collapsed, so that they undoubtedly have some part in the
transmission. On the other hand, pumice-stone has a con-
ductivity much the same as cork and has a more rigid
structure. _

The agreement between the values of k, Ep, and V?p?, for
substances of such different composition as quartz and wax,
indicates that there is some fundamental process, a conse-
«quence possibly of the electrical structure of matter, certainly
independent of molecular structure, beneath these phenomena
On the electron theory of matter mechanical forces ar

1 :spectrum ” with deflexions proportional to ‘.
mu
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-eventua_lly expressed in terms of electric charge or the move-
ment-of charge.  Resistance to compression is a repulsion
between the structural elements of matter possibly of the
nature of an electrostatic repulsion between electrons which
form the outer frame of atoms. The sudden compression of
 sound-wave then gives rise to electrostatic forces of recoil
and the velocity of sound is the rate of uniforn: transmission
of these throu.g.h a Joaded wther. On the other hand. the
hgut energy of irregular motion may be considered as’t]m‘t
of alternating atomic currents attracting and repelling at
r;ujut‘lo.m :nul.lsi) transmitting the motion eT(:ctronm;;'neticrlIy.

b 1s possible to exte is to a gener: siderati :
‘thermull conductivity bﬁil ltll)l:;]tx(zo;sée?:l'lﬂ ce(igzlt(ll'sxl d‘t‘:ﬂ\ %

| phen . The object of - s o Sione
. phenomenon e object of the present note is to direct
-attention to the above relations between /. I p, and 'V
which must be explained by any theory of con,duc,tim’] in non-
metallic solids. The chief practical qualification of a material

| as a heat insulator is that it should he light and inelastic.

LXXIV. .t 1)051://6'1:(: Ruy Spectrograph.
M.A., D.Se., Clerk Mazwell Stident
- Cambridye®.

By I'. W. Asron,
of the University of
[Plate IX.
rPHE analysis of positive rays by electric and magnetic

fields giving deflexions at right angles to each other has

been very completely worked out by Prof. Sir J. J. Thomsont.
Alternative methods have been suggested by Dempsterf and
-others. Dempster’s arrangement depends on the knowledge
of the potential through which the rays have fallen in the
,dlscharge-tu'be, and is therefore only practicable in the case

f low velocity rays. )

Positive rays obtained from an ordinary discharge-bulbh

| vary both in mass and velocity. An electrie field will spread

hem into an ¢ electric spectrum’ with deflexions proportional

e . ;
to o2 @ magnetic field will spread them into a ¢ magnetic

In Thomson’s

method of crossed deflexions, in which both fields are applied

: v Q o 3 e 1 3
multaneously, rays having constant < will lie on parabolas§
m

* Communicated by the Author.

T ‘ Rays of Positive Electricity, p. 7 et seq.
I Phys. Review, vol. xi. p. 316 (1918).

§ Locop. 12,




- masses and velocities, has objections as a method of precisio

“to the width of the gap. The increase of intensity woul
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so that masses can be compared by measuring the ordinates.
This method, though almost ideal for a general survey of
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Possibilities of focussing positive rays.
m )
g %ltledvely great accuracy attained in the spectrometry of
10 s laroely Cae i oli
t31] epends largely on the fuct that a considerable solid
7 ) O ave Fe o
ltmg ¢ of divergent rays from a powmt source can be brought
o o ) , s
to a 1)_011}2 image by means of a lens. It is of importance to.
1}1(]111.1@ IL any such convergence can be applied to rays of
c 13{ged particles by any electric or magnetic device.
S . ()-l v -} o ! 1 a1~ v, o
e elels?cljlgslthf? ordinary lens the problem appears rather
: lenp. . a,bu electric or magnetic analogucs of the cylindrical
'fhcan e made theoretically in several ways.
: tus mz.LgnetlcuH): homogeneous rays diverging from u
point or slit source S (fig. 1) will be brought to a first-order

many rays are lost by collision in the narrow canal-ray tub
the mean pressure in which must be at least half that in the
discharge-bulb ; very fine tubes silt np* by disintegration
under bombardment ; the total energy availuble for photo
graphy falls off’ as the fourth power of the diameter of the
canal-ray tube. T

The first two can be overcome, as will be described below,.
by replacing the brass or copper tube by fine apertures mad
in aluminium, a metal which appears to suffer no appreciable
disintegration, and bg exhausting the space between these
apertures to the highest degree by means of a subsidiary
charcoal tube or pump. The falling off in intensity of the
parabolas as:one attempts to make them finer is a very
serious difficulty, as the accuracy and resolving power depend
on the ratio of the thickness to the total magnetic deflexiony
and if we increase the latter the electric deflexion must be
increased to correspond and the parabolas are drawn out
resulting again in loss of intensity. :

focus It if the integrated intensity ol the field traversed b
imy S?ll;e ray 1s proportional to its angular distance from thz
sxel:;?;i:)n,, e. 4. by the use of parallel pole-pieces of wedge-shaped
- Such a ¢ magnetic lens’ is not of much immediate value
as the magnetic spectrum of positive rays is very complex
The e]ectrlg spectrum, on the other hand, possesses one very
lmportant simplicity, namely, that the distribution of intensitv
In1bisa property of the discharge rather than of the particle)s
- curying it, and is to a great extent the same for all particles:
in other words, the value of 1? giving the brightest result for

F::Z]C]l_es of one mass will in general give the brightest result

Methods of increasing the intensity oy the spot.

The concentration of the stream of positive rays down the
axis of the discharge-bulb is very marked, but there is good
evidence for assuming that the intense part of the stream
occupies a [airly cousiderable solid angle. This suggests th
possibility of an increase of intensity by means of a devic
which should select the rays aimed at a particular spot on
the plate whatever direction they come from. Ifor example
a thin gap between two coaxial equiangular cones woul
allow the rays to be concentrated at the vertex. Th
dimensions of the patch formed would be roughly those o
one given by a cylindrical canal-ray tube of diameter equa

therefore be considerable; but the method is not easy to pu
into practice, und, in the case of deflexions through large:
.angles, would necessitate a curved photographic surface.
Clearly the simplest way of increasing the intensity of th
spot without increasing its dimensions, at any rate in on

£ -

direction, is to use two parallel straight slits.  In the cas

of the method of crossed deflexions this device would only

be of use in a special case such as the resolution of a clos

double, as the parabolas will enly be sharp at points where:

they are parallel to the slit. g :
* L.e.p. 21

A variety of electrical analoc » eylindrics

possible. %n fig. 2 diverrre‘tlltozues b oylindrical lons
through the field betwcenbtwo c
are two concentric coaxial r
brought to a focus

are
ays of constant myp? passing
harged plates whose sections
rectangular hyperbolas will be
on the line passing through the source
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* gnd the centre of the hyperbolic system. For the field
{between plates of this forn is such that ifs intensiby varigs
directly as the distance from this line. '
¥ Again in fHg. 3 a beam of such rays generated by the use

-1,
-
i
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eléctrie specirum by means of the parallel plates Py, .
Alfter emerging from the electric field the rays may be taken,
to a first order of approximation, as radiating from a virtual
source Z halfway through the field on the line S;8z. A group
of these rays is now selected by means of the stop or dia-
phragm D, and allowed to pass between the parallel poles of
w magnet. For simplicity the poles are taken as circular,
Cthe field between them uniform and of such sign as to bend
;}:hc rays in the oppesite direction to the foregoing electric
ield. .
If 8 and ¢ be the angles (taken algebraically) through
‘which the selected beam of rays is bent by passing through
fields of strength X and H, then

of a point source and an annolar slit, if passed hetween two
charged concentric spherical surfaces, x}?l]l travel in gres
eireles and come to a focus on the axis of the system.

0 v € ; : :
67=IX-" (1), and ¢:-=LH£ (2),

DPrinciple of the Spectrograph. ‘where {, L are the lengths of the paths of the rays in the

fields. Equation (1) is only true for small angles, but exact
nough for practice,” It follows that over the small range of
-4 selected by the diaphragm 8v* and ¢r are constant for all
rays of given efin, therefore

The above devices will give hright spectra of the rays i

4}
" T s - . &
terms either of =" or = ; what is actually required is an
o [

; . e s .68 | 2 ;
and, at least over a small range, independent of v, Thisi - + -_S}-J =0, and 8¢ + o =0,
«done in the present apparatus as dlagrammatically indicated v b B

: s0 that 60 _ 284
T B0

6 ¢

when the velocity vavies in a group of rays of given e/m.

- In order to illustrate in the simplest possible way Low this
relation may be used to obtain focussing, let us suppose the
angles (exaggerated in the diagram) small and the magnetic
field acting as if concentrated at the centre O of the pole-
pieces. If the length Z0=b, the group selected will be

spread out to a breadth 788 at 0, and at a further distance »
the breadth will he

D30+ #(86+ 5¢) or 3€[b+a-(l+ _—f;)] . (:'3).

Now as the eleciric and  magnetic deflexions are in opposite
dlrectlrons, @ 1s a ne{_;atwc:. angle. Say 8=—¢. Then if
+¢ > 20", the quantity (3) will vanish at 2 value of » given by
r(p—20" =1 . 2¢",

which equation appears correct within practical limits for
darge circular pole-pieces.

in fig. 4. The rays after arriving at the cathode face pass
-through two very narrow parallel slits of special construction
8, 8;, and the resulting thin ribbon is spread out into an




-brightest part of the electric spectrum to be used which, as’
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Reforred to axes OX, OY the focus is at »cos (p—28"),.
rsin(p—28"), or 2, b.26";s0 that toa ﬁl‘s_t-.order approximation, _
whatever the fields, so long as the position of .t-he Lrll;l‘phl‘{lglll
1s fixed, the foci will all lie on the struight‘lme Zl Qruwn:
through Z parallel to 0X. For purposes of construction G .
the image of Z in OY isa convenient reference point, & being
here equal to 46", It is clearthat a Ph(.Jtogrul}lllc plate, indi
cated by the thick line, will be in fair focus for \’uluo‘:s of e/m. :
over a range large cnough for aceurate comparison of
masses. : 2 5 %

The arrangement, which has a distinct 1‘esemhl:mc§ to i‘Ehl(,..
ordinary quartz spectrograph, gives very complete control,
The field between the plutes can be adjusted to allow the.

has been shown, is in general the saume for all normal rays.
under steady discharge, and the values of e/m can be com-2
pared very accurately from the positions of their lines relativ e
to those of standard elements which can be brought to any :
desired position on the plate by varying the magnetic field
strength.

|
|

Preliminary results.

In order to test the method before making the somewhat:
elaborate camera, « temporary apparatus was set up using an:
existing camera, the plate being in the position indicated by
the dotted line AB. TUnder these conditions the focus can .
only be good at or near the point B. The results so far:
obtained are exceedingly promising, and show that as far as
intensity and sharpness of the lines are concerned no serious -
difficulty need be apprehended. 'PIute IX. fig. 1 is a photo- :
graph taken with an electric field but with no current
?nsaing through the magnet. It shows‘s the undeflected spot -
as a sharp bright line—with a patch of fog above it duc to :
some internally reflected light—and the electric spectrum
of the positive rays spread out belqw. In_hg.'2 the magnet:
has been turned on, other conditions hemg 1den‘i.1cai w1th~_.
fig. 1. Tt will be seen that although there is no dlaphrfzgm )
in this apparatus and therefore practically the Wlmlf,f of the
clectric spectrum is in use, yet the rays corresponding ‘ro
the hydrogen molecule are concentrated as a sharp. bright
line 1-4 em. above the undeflected spot and displaced a little
to the right as the maygnetic ]'mle-pmces are not set tl'}lly_'
vertical. Ifig. 3 was taken with a smaller field, showing *
the hydrogen atom near tl.w focal point and the molecule
Lelow it very much out of focus. 3

Plate IX. fig. 4 was taken with a much larger magnetic:

v the first three cases and 8 minutes at
. i the fourth.

L il {'{lcll.‘é-‘ili]g :u‘r:mgemenl‘-.

-atmospheric. Neon—element o
: work) and several other problems I:

- that second-order corrections in foer
| varying the section or even the f;

-debtedness to many friends for their
- In particular as regards the mathem

-are suggested,

ieylindrical lenses for focussing positive
B possible.

Lositive Ray Spectrograph. 713

- field, the bright line with its four fainter companions is due
to carbon and its compounds CH, ('H,, CH,, CH,. Lines
corresponding to still heavier particles are seen as in.
distinet patches which would come up in turn to the focal
. point if the magnetic field wero stjl] further inereased.
These results were obtained with residual gas from charcoal,
-~ the slits were 05 mm. wide, and the current in the main
- discharge-tube roughly of the order of one milliampero at
30,000 volts. The duration ol exposure was 2 minutes in
a rather lower current

These remarkably short ex

posures indieate clearly the great
advantage obtained by the ¢

ombined use of a slit system and

The other purts necessary to complete an apparatus suitalle
| for a gencral mvestigation of the relative masses of positive

rays are now heing constructed, with which it is hoped to
obtuin results comparable in accuracy with those determined
chemically.  For masses not too great or widely separated an
-aceuracy of one tenth per cent. is by no meuns impossible.
If anything like this order is obtained, the composition of
isotopic mixture—will be
one of the prime reasons for this
uid open to direct attack.
of future developments,
15 are clearly possible by
gure of the pole-pieces
proposed to employ these
difficulties as small stray
by the rays themselves have

settled beyond dispute (

It is as well to point out in view

and electrie plates; but it is not
refinements until such incidental
fields due to electrification
heen successtully overconie.

In conclusion the author wishes to :wknowlcrlge his in-

kind advice and help,
atical analysis of some of
ed which led up to the one
rnment Grant Committee
aying the cost of parts of the

the more complex systems consider
finally adopted. Also to the Gove
of the Royal Society for defr

~apparatus used in the practical investigation.

Summary. )
Preoeis 1 ] f‘ It v
“reeision methods of positive

ray analysis are discussed
and means of'mmprowng the brigh

tness of the heam analysed
Theoretical electrical and magnetic analogues of optical
rays are shown to be
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A form of positive ray spectrograph giving a Eocu.sse_d-
spectrum depending solely on ratio of mass to charge is.
dez}::tll;?[]-Iﬂ'lotogl':lphic results obfained with a pmhmm‘z‘l{:‘l}r

= ! : appul‘ntus iare Subl'ﬂitted‘ S}Jq“’%l]g the gl'eat accuracy .l)USS!II r(}'_
s by the method with which it is hoped to compare masses to-
: one tenth per cent.

College, Cambridge ®.
e, i

Cavendish Laboratory.
August 1819.

APPENDIX.
The Construction of the Skt System.

The very fine slits used in this apparains were made witl |
Ei comparative ease as follows :—A cylinder of pure 111111111.1}111111
about 10 mm. long by 5 mm. wide is carelully bored with
hole 1 mm. dinmeter. The resulting thick-walled tube 1s
then eleaned and crushed with a 11:11111{1(31‘ on an :lll\'l“l until
the circular hole becomes a slit about -3 mm. wide. (,ontml .
uation of this treatment would result in a slit as ﬁn}a :1.‘Ea_
| required giving the maximum resistance to the pafsage of -
: gas, but its great depth would make the lining up of a pairy
a matter of extreme difficulty. The 'crushed tube is therefore
now placed between two V-shaped picces of steel and Iu1.-l.:h.e1 :
crushed between the points of the V’s at about its muldlej-
i point until the required fineness is attained. Practice shows?
| " that the hest way of doing thisis to crush until the walls.
- just touch, and then to open the slit to the 1‘c?qu11'ed wn]ltl} bdy-
& Judicious tapping at right angles to that pr_evlo.l_ls-iybemp 'CP elzl
| With a litble care it is possible to make slits with beauti ully
parallel sides to almost any degree of fineness, *01 mm. being
easily attainable. At this stage the irregularly shaped piece-
of aluminium is not suited to accurate gas-tight fitting ; itis.
therefore filled ‘with hard paraffin to protect it from 511_1&11-
particles of metal &c., which if entering cannot be dlslod;{ﬁfg;
owing to its shape, and turned up taper to fit th(} st-alnldnll
mountings. These in the present apparatus are Lape1.~ 10] e
in the back of the cathode and in a corresponding brass p |}1g
at the ends of a wide tube 10 em. long. When turned, the
paraffin is easily removed by heat and solvents.

uch u definition would he import

definitions offered either implicity

# Communicated by the Authors,

Cduetion.
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LXXY. On Some A spects of the 1leory of P
Dororny Wrixcn, Lecturer at University College, London,
and HaroLp Juvvrevs, .4, D.Se., Fellow of St. Joln's:

L The Nature of Probability.

rj“HE theory of probubility suffersut the present time from
- the existence of several different points of view, whose
-elations to onc unother have apparently never beenadequately
discussed. On the one hund some authorities follow de Morgan
md Jovons in regarding probubility as a concept compre-
1ensible without any definition, and perhaps indefinable,.
satisfylng certain definite laws the logical basis of which is
Inot yet clear. On the other lund, attempts have been made
0 give definitions of probability in terms of {requency of
occurrence; of these one is due to Laplace, who wus largely
ollowed Ly Boole, and another to Venu. ;
ccurrence being u well-understood mathem

T Lhévrie analytipue des probabilités, troisieme

robability. By

I‘l'crll-lcncy of

atical concept,.
ant if it could be carried
ut; for then the undefined notion of probability would be.
xpressed in terms of others that are better understood, and
its laws, if true, would become demonstrable theorems in
pure mathematics instead of postulates.
would acquire the certainty of any other
mathematics and it would be unnecessary
foundations independently. It appears, lowever, as we hope
to show in the first part of the present paper, that the
involve the very notion
they are meant to avoid, or clse make assumptions which are
actually erroncous. We thercfore consider it best to regard
probability as a primitive notion not requiring definition.

- Laplace detines probability t as the ratio of the number of
avourable cases to that of all possible cases, and then goes
on to say “but that supposes the various cases - equally
- possible,” so that to understand this definition it is necessary
| to examine what Laplace meant by equally possible. The.
[ oexpression is meaningless as it stands, {or
relative to a set of data is always either
' possible ; there can be no degrees of possibility. He
| indicates later that if a coin is unsymmetric
of throwing a head may he greater than that of throwing a
< tail, though the difference may be small;

Thus the subject
portion of pure
to investigate its.

u proposition

possible or im-

il the probability

yet both are

édilion, p. T of intro--
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terraces of Barbados were examined chemically and microscopically,
in order to ascertain the composition, nature, and origin of their

extraneous mineral contents. A special method was used, whereby
the extrancous mineral matters were separated, practically with-."
out alteration, from large quantities of the limestones. Chemical
analyses of the residua were made, and the results of these and of .
the microscopical examinations are tabulated in the paper. The -
extraneous minerals present were found to be apparently-fresh and -
largely-unaltered fragments of wind-borne voleanic minerals
and glass. It was found that the voleanic minerals enclosed in
the reef-corals on which they fell have been protected from change;
those in the clastic limestone or bed-rock show signs of detrition
and weathering prior to the consolidation of the limestone,
Similar minerals separated from clay normally formed and
accumulated in a pothole in the limestone supply evidence of
weathering changes after being set free from the rock. It is
shown that the composition of the sedentary residual soils on the
higher limestone-terrnces of Barbades corresponds in its essential
parts with the residua separated, either naturally or artificially, from
the limestone.

The proportions of magnesium carbonate present in the coral-
rock are briefly discussed, and complete analyses of the high-level
and the low-level limestones are given. A note on the proportions
of titanium oxide in the Barbados Oceanic clays and in some of

. the Challenger and Buccaneer decp-sea dredgings is appended to
the paper.

LXXX. Intelligence and Miscellaneous Articles.
ON A NEW FORM OF CATENARY.

To the Editors of the Philosophical Mugazine.
DEar Sirs,—

Bg AY I be permitted through you to express to Mr. McLeod
my sincere apologies for having unintentionally published = %

my paper “ On a New ¥orm of Catenary ” when the subjeet had ¥
already been dealt with by him, )

1 wns requested to undertake the investigation during the
summer of 1917, and a summary of it was incorporated in a
monthly report of the R.N.A.S. Establishment, Cranwell, early in =
1918. #

This was a highly confidential document and was never published;
and since then the paper has been lying by awaiting permission
for open publication, which was only granted this summer.

I may add that I was quite unaware of Mr., McLeod’s worlk
until I read his letter in your November issue.

Yours faithfully,

College of Technology, J. HoLniNewonr.
Manchester,

Nov. 10th, 1919.

Astox.

Phil. Mag. Ser. 6, Vol. 38. PI, |X.

T, 1

16, 2,

I'1a, 3

Frei A,




