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6. It remains to discuss the roots of the equation Then we liave, from (1) and (2),

I(a) =0 cos au sin pa(h—a) 4 sin aa cog pa(h—a)=0.
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it is clear that there are infinite number of roal roots, and |

the position of the same can be determined. .
‘Also I'(a) is an odd function of z and the real roots may

be denoted by :
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By examining’ F'(«), it will be seen that these roots are
not repeated, -
- Also i is clear that I(2) has no pure imaginary root.
We have now to show that it has no roots of the forns E+ .
- Uonsider the functions U,, U, defined as lollows :— '
: Ui=sinaz, O<.ur<u

It Follows From (3), (1), and (3], that
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Thus I"(2)=0 cannot have imaginary roots of the form

where « is u root of I{x)=0, Etin.

and  o=K,/K,u, = (kfrs).

Then we have
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1 Iate XV.]

IS following paper is an account of some resulis

obtained by the analyses of gases by means of the
Positive Ray Spectrograph or, as it may be more con-
veniently termed, Mass-Spectrograph.  The prineiple of

Also Ui=0, whena=0. . . . . . .- ()

sponding functions, T 1% WAL Pl Mag, xxxviil, Dee, 1919, p. 707,

: ) the method by which a focussed spectrum is obtained
- ,JU._.} when w=w. . . . . (4) depending solely on the ratio of mass to charge has already -
K, de =K, o been described T, but for the sake of olliers experimenting.
5 in this ficld it is now proposed to give an account of the
- And U,=0, when w=b. . . . . . . (5) actual apparatus in some detail.
£l Let 8 be another root of I(a) =0, and V,, V, the corre- # Communicated by the Author.
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: The Discharge Tube.

Fig. 1 is a rough diagram of the present arrangement. :
The discharge-tube B is an ordinary X-ray bulb 20 ¢m, -
in diameter. The anode A is of aluminium wirec 3 mm.
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.- The concentric position of the neck is assured by three
small ears of brass not shown. The wax joint is kept cool
by circulating water through the copper pipe shown in
section at G.

Fig. 2.
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thick surrounded concentrically by an insulated aluminium
tube 7 mm. wide to protect the glass walls, as in the Lodge
valve. ;

The aluminium cathode C, 2'5 em. wide, is concave,
about 8 em. radins of curvature, and is placed just in
the neck of the bulb—this shape and position having
been adopted after a short preliminary rescarch*. In
order to protect the opposite end of the bulb, which would
be immediately melted by the very concentrated beam of
cathode rays, a silica bulb D about 12 mm. diameter is
mounted as indicated. The use of silica as an anticathode
was suggested by Prof. Lindemann, and has the great
advantage of cutting down the production of undesirable
X rays to a minimum.

The dizcharge is maintained by means of alarge induetion-
coil actuated by a mercury coal-gas break’; about 100 to
150 watts are passed through the primary, and the bulb is
arranged to take from 0-5 te 1 ‘milliumpere at potentials *
ranging from 20,000 to 50,000 volts. Owing to the par-
ticular shape and position of the electrodes, especially
those of the anode, the bulb acts perfectly as its own
rectifier. :

The method of mounting the cathode will be readily
seen from fig. 2, which shows part of the apparatus in
greater detail.  The neck of the bulb is ground off short
and cemented with wax to the flat brass collar I, which
forms the mouth of an anuular space between a wide
outer tube I and the inner tube carrying the cathode.

* LW, A, Proc. Camb, Phil. Soe. xix. p. 817,

[

The gas to be unalysed is admitted from the customary

-~ fine leak into the annular space and so to the discharge

by means of the side-tube attached to I shown in dotted
section at . DBxhaustion is perlormed by a Gaede

' mercury-pump through a similar tube on the opposite side.
- The reason for thix arrangement is that the space behind

the eathode is the only part of the discharge bulb in
which the gas is not raised to an extremely high potential.
It the inlet or outlet is anywhere in front of the ‘cathode,
failing special guards, the discharge is certain to strike
to the pump or the gas reservoir. Such special guards
have been made in the past by means of dummy cathodes
in the bore of the tubes, but, notwithstanding the fact
that the gas can only reach the bulb by diffusion, the
present arrangement 1s far more satisfactory and has the
additional advantage of enabling the bulb to be dismounted
by breaking one joint only.

The Slit System.

The centre of the cathode is pierced with a 3 mm. hole,
the baclk of which is coned out to fit one of the standard
slits 8,*. The back of the cathode is turned a gas-light fit
in the brass tube 2 em. diameter carrying it, the other end
of which bears the brass plug H which is also coned and
fitted with the second slit S,. The two slits, which are
05 mm. wide by 2 mm. long, can be accurately adjusted
parallel by means ol their diffraction patterns. The space
between the slits, which are about 10 em. apart, is kept
exhausted to the highest degree by the charcoal tube I;.

# T W, A., Phil. Mag. xxxviii, Dee, 1919, p. 714,
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‘By this avrangement it will be seen that not only is loss of

rays by collision and neutralization reduced to w minimum,
but any serious leak of gas from the bull to the camera-is
eliminated altogether. :

The Electric Field.

The spreading of the heterogencous ribbon of rays formed
by the slits into an electrie spectrum takes place between
two parallel flat brass surluces, Jy, Jo, 5 cm Jong, held
2:8 mm. apart by glass distance-pieces, the whole system

heing wedged immovably- in the brass containing-tube:

in the position shown. The lower surface is cut from a
solid exlinder fitting the tube and connected to it and

earth. The upper surlace is o thick hrass plate, which can
be raised to the desired potential by means of a set of small:

storage-cells.  In order to have the plates as near together
as possible, they are sloped at Lin 20—, ., halt the angle
of slope of the mean ray of the part ol the spectram which
is to be selected by the diaphragms.  OF these there are
two : one, X, an oblong aperture in a elean brass plate, is
fixed just in front of the second movable one, IX,, which
is mounted in the bore ol a carefully ground stopcock L.
The function of the first diaphragm is to prevent any
possibility of charged rays striking the greasy surluce of
the plug of the stopcock when the latter is in any working
position.  The variable dinphragm is in effect two square

apertures sliding past each other as the plug of the stopeock

is turned, the fact that they are not in the same plane being
irrelevani.  When the stopeock is fully open as sketehed in
fig. 2, the angle of rays pussing is a maximum, and may be
stopped down to any desived extent by rotation of the plug,
becoming zero before any greasy surfuce is exposed to the
rays.  Incidentally the stopeock serves another and very

convenient use, which is to cut off’ the camera from the

discharge-tube, so that the latter need not be filled with air
each time the former is opened to change the plate.

The Magnetic Iield.,

After leaving the diaphragms the rays pass hetween the
pole-pieces M of a large Du Bois magnet of 2500 turns,
i 3 . s : L2 i
The faces of these are circular, § ¢m. diameter, and held !

3 mm. apart by brass distance-picees.  The eylindrical

pole-pieces themselves are soldered into a brass tube O,
which forms part of the camera N. When the latter is®

built into position, the pole-picces are drawn by screwed

1]{[(.\'.\'*:\‘}“(_‘"’.1'1‘1’. f:;' Chemical Mlewds, G15

Ill(‘llts into thc‘:armﬁ of the magnet, and so Form n structure
of great weight and rigidity and provide an admirable
lmmdnl.it_)n for the whole apparatus.  Current For the
:mlgnct I3 pr'm'iflnd by a special set of large accumulators.
(J)fh){. ‘ll:z.-l(}l}icl..ge:Tm]i{m:nariflsl I_J.l'()l.lgllf. on to the plnte'nt about
02 a , and crease to 5 amperes, which gives
practical saturation, only just brings the singly-charged
merenry lines into view. The discharge is pl'u?octml from

& the strong field of Iltlm magnet by the usual soft iron plates,

not shown.

The Camera.

) The main body of the camera N is made of stout hrass tube
64 cm., diameter, shaped to fit on to the transverse tube O
containing the pole-pieces. The construction of the plate-
holder is indicated by the side view in fig. 1 and an end-on
viewin fig. 3. The rays after being II]:iEﬂCticil“}' deflected

4

.

© pass between two vertical brass plates Z, 7 about 3 mm,

apart, and finally reach the photographic plate through a
- narrow slot 2 mm. wide, 11-§ e long, cut in the hm'iy:nr't‘l
- metal plate X, X, The three brass plates f.().!'lllilll L'l

T-shaped girder are adjusted and locked in positiongbl\’
-u set of three levelling-serews at each end : the 1‘i_tr|1t._ha|-.r'1
cupper one is omitted in fig. 3. The plates Z, % serve to
- protect the rays completely from any stray ::I‘m:trié ﬁ-c‘ld

even that caused by the IJIIF}tUgI‘:lle‘IJ]JI:ltL"itFL‘]f becoming

- charged, until within a few millimetres of thejy point of

impact.
The. photographic plate W, which is a 2 em. strip cut
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two narrow transverse rails which raise it just clear of
the plate X X. Normally it lies to the right of the slot
as indicated, and to make an exposure it is moved parallel

tongs carrying wire claws which bracket the ends of the
plate as shown. This mechanism, which is not shown in
detail, is operated by means of a torque rod V working
through a ground glass joint. Y is a small willemite
Screen.

The adjustment of the plate-holder so that the sensitized

different magnetic fields on a large plate placed in the
empty camera at a small inclination to the vertical. On
developing this, the actual track of the rays could be seen

mined. The final adjustment was made by trial and error
and was exceedingly tedious, as air had to be admitted and

the levelling-serews,

Lizperimental procedure,

night, the whole apparatus is exhausted as completely as
possible by the pump with the stopeock L open. I, and I,

in liquid air for an hour or so.” The electric field, which
may range from 200 to 500 volts, is then applied and

to bring the bright hydrogen molecule spot on to the
willemite screen Y, where it ecan be inspected through
the plate-glass back of the cap P. In the meantime the

into the desired state.

As soon as this is obtained and has become steady, J, is
earthed to prevent any rays reaching the camera when the
plate is moved over the slot to its first position, which is
jndged by inspection through P with a non-actinic lamp.
The magnet current having been set to the particular value
desired and the diaphragm adjusted, the coil is momentarily
interrupted while J is raised to the desired potential, after
which the exposure starts. During this, preferably both at
the beginning and the end, light from a lamp T is‘admitted

lengthwise from a 5 x4 plate, is supported at its onds on @
to itself over the slot by means of a sort of double lazy- - -
surface should be at the best focal plane was done by taking .
a series ol exposures of the bright hydrogen lines with .

and the locus of points of maximum concentration deter- ;

a new plate inserted after each tentative small alteration of _

The plate having been dried in a high vacuum over-

are then cut off from the pump by stopcocks and immersed E

a small current passed through the magnet suflicient -

leak, pump, and coil have all been started to get the- bulb -

for a few seconds down the tube R (fig. 1) the ends of
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~which are pierced with two tiny circular holes. The lower
‘hole is very close to the plate, =o that a cireular dot or
_register spot ix formed from which the measurements of the
lines may be made.

The exposures may range from 20 seconds in the ease
cof hydrogen lines to 30 minutes or more,. 15 minutes
being usually enough. As soon us it is complete the
above procedure is repeated, and the plate moved into
‘the sccond position. In this way as many as six spoectra
can he taken on one plate, after which T, is'shut, T, warmod
ap, and air admitted to the eamera.  The ceap D, which
Jis on a ground joini, can now he removed, and the axposed
[plate scized and taken out with a special pair of [oreeps.
‘A fresh plate is now immediately put in, P replaced, and
the camera again exhausted, in which state it is left till the
next operation. '

Lorm of the Spectrum Lines.

As has been shown (Phil. Mag. Dec. 1919, plate ix.), the
‘shape of the spot formed when undeflecied rays from such a
slit system strike a photograph surface novmally, is somewhat

8 ns indicated at « (fig. 4).  When they strike the plate obliquely
‘the image would be spread out in one direction, as m b.

This would be the actual form in the apparatus, if the

deflexions of the mean and extreme rays (i. e., the rays
forming the centre and the tips) were identical. This is
true of the magnetic field since each cuts the same number
of lines of force ; hut it is not so in the cuse of the electric
deflexion.  Since the form of the plates, and therefore
roughly of the Loundaries of the 'fi(}hi, is reetangular, the
extreme rays passing diagonally will be deflected more than
the mean rays and the spot bent into the form shown at .

iThe convex side will be in the direction of the magnetic

deflexion, as this is opposed to the deflexion causing the

e Phil, Mag. S. 6. Vol. 39. No. 233. Jay 1920, 28
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bend.  The image on the plate will therefore be the part
of this figure falling on the narvow slot in N, X ; and as
the apparatus is not exactly symmetrical, its shape in the
spectra is the figure lying between the lines N, X in
fig. 4, c.

G185

Measurement of the Lines,

The plates are measured against a standard Zeiss scale on.
a comparator designed by the lute Dr. Keith Luecas and.
kindly lent by the Physiological Department. Some of
the very faint lines, although easily visible to the unaided.
eye, were lost even with the lowest power ecyepieces:
obtainable.  To meastre these, an eyepiece giving a.
magnification of about 2} was designed by Dr. Tlartridge
of King’s College. _ ’ . i

The general mothod of dedneing muass from position has
already been deseribed  (Phil. Mag. April 1920, p. 453). _
Owing to some geometrieal cause (probably analogous
to u caustic in opties), the more deflected edge of the line
is always the brighter and sharper, and it is the distance”
of this from fhe register xpot which ix found to give the,
most relinble values.  For the highest aceuracy, owing to
halation, one must only compars lines of approximately
oqual intonsity, s this edge is uulortunately not at right -
angles to the speetrum, measurements can never bo regarded:.

as ab=olute, unlesx extreme care is taken in the levelling of = %
So although theoretically "
one line to determine

the spectrum on the comparator.
it 1s suflicient to know the mass of
(with the correction curve) those of all others, in practice

every effort is made to brackef any unknown line by |
reference lines, and only to trust comparative measure-

ments when the lines are fairly close together. Under these

conditions the accuracy elaimed for the instrument is about

one part in a thousand.

Order of Resulls and Nomenclature,

The varions elements studied will be considered as fap:
as possible in the order in which the experiments wer
pertormed.  This order is of considerable importance, as
in most cases it was impossible to eliminate any element:
used before the following one was introduced.  Ivacnation.
and washing have litfle cffect, as the gases appear to get:
embedded in the sarface of the discharge-bnlb and are only:
released very gradually by subsequent <hsuhm:ge. :

“The problem of nomeneclature became serious when

the:
very complex nature of the heavy elements was apparent

- and refer to the lines given by singly, doubly, and

fatoms and compound molecules of the

Cvery recent results give indications that in certain ex-
@l coptional cases it may break down, so that inferencos made

cfrom it must not be taken as being absolutely conclusive.

is naturally selected.
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After several possible systems had been discussed it wis
decided, for the present, to adopt the rather clumsy but

- definite and elastic one of using the chemical symbol of
~the mixed element with an index corresponding to its mass :
q g, Ne®, 1005, i '
i fact that the masses of

This system is made reasonable by the
constituents of mixed elements
have all so far proved whole numbers on the scale used.

In cases of particles carrying more than one charge
it will be convenient to borrow the nomenclature of optics
multiply
as lines of the first, second,
molecule of oxygen gives a
atom first and second order

charged particles respectively
and higher orders. Thus the
first order line at 32, and its

lines at 16 and 8.

The empirical rule that molecules only give first order
lines (J. J. Thomson, ‘Rays of Positive Electricity,” p. 54)
is very uselul in helping to differentiate between clementary
sanie mass.  Some

Oxvaex (At Wt. 16:00) and Carsox (At. Wt 12-00).

- On a mass-spectrum all measurenients are relative, and so

rany known element could be taken as a standard.  Oxygen
Its molecule, singly-charged atom,
and doubly-charged atom give reference lines at 32, 10,
and 8 respectively. The extremely oxuct integral relation
between the atomic weights of oxygen and carbon is itself
strong evidence that both are © pure™ elements, and so
far no evidence appears to have arisen to throw any douht,
on thiy point. Direct comparison of the (! line (12)
and the CO line (287 with the above standards shows that
ithe expected whole number relation and additive law hold
‘to the Limit of acecu acy, ¢.oe. one part in a thousand :
‘and this provides standards C*+ (), ! (12), ('O (28), and
COy (44). In" a similar manner, hydrocarbons give the

il C, and O, gronps already mentioned (Phil. Mag. April 1920,

-[pp. 452, 453) ; so that a Fairly complete scale of reference

is immediately available,

NEoN (At Wt. 20-20).

The results obtained with this gas have already been fully
dealt with (Phil. Mag. April 1920, p- 449). It has been
shown to consist of two isotopos of masses 20 and 22 re-
‘spectively, with the faint po:sibi]it_y of a third of mass 21,

28 2
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Spectrnm T, on PL XV, shows the singly-charged lines of . &
neon, to the left of the Cy group. It is reproduced here to
show the condition of the discharge-tube immediately before
compounds of chlorine were introduced.

CuromiNe (At Wt. 35-16).

Spectra indicating that this clement was a mixture of
isotopes wore first obtained by the use of Lydrochlorie acid
- gas, bub us this was objectionable on necount of its action
on mercury, phosgene (COCly) was substituted.  Spectra 11,
ITL., and 1V, are reproduced from one ol the plates talken
with this gas. It will be seen that chlorine is eharacterized:
by the appearance of four very definite lines in the previously-
unoccupied space to the right of O, (32): measurement shows
these lines to correspond exactly to masses 35, 36, 37, and 38.
There is no indication whatever of « line at « point corresponding:
with the aceepled atomicweight 3516, On Spectrum IL., taken
with a small magnetic field, faint lines will be seen at 17°5
and 185, These only appeared when chlorine was intro-
duced, and are certainly second order lines corresponding to
33 and 37, These figures seem to leave no possible escape-
from the conclusion that ehlorine is a mixture of isotopes and
that two of these have masses 35 and 37, It might be argued
that 36 and 38 are also elementary lines and at present there
is no evidence to deny this, but it is mneh more probable that
they are the hydrochlorie acids HO and HOP, Tho line 18!
is no indication of an element 36, as it is doubtless due to OH,.
Corroborative evidence that (1% and C1% are the main if not
the only constituents is given by the strong lines 63 and 65!
(Spectrum IV.) probably due to COUI» and COCIH, If
chemical atomic weight is regarded as a statistical average,’
any lines due to CI*¥ or its compounds should he considerably -
stronger than the corresponding ones %lue to G137, This is
actually found to be the case. In all speetra taken withi
chlorine present a Laint line is distinguishable corresponding’

to 39, It is just possible that this is a third isotope ;!

The unquestionable aceuracy of its combining weight on!
the one hand and the striking whole-number masses given
on its mass-spectra by its individual particles on the other
leave little doubt that chlorine is & mixed element, but much
critical work will be necessary belore its constituents and '3
their relative proportions are decided with certainty.

Arcox (At Wt 39-88 Ramsay, 39:91 Leduc).

At the close of the experiments with Iihosgt:*ne the discharge~
tube broke down and had to be cleaned and partially rebuilt,:
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so that by the time it had reached suitable working conditions
again, all traces of chlorine had disappeared.  The tube was
run with a mixture of COp and ClI,, and then about 20 por
cent. of argon added. The main eonstituent of the element was
at once evident from a very strong line at 40 (Spectrum V1.)
reproduced in the second and thivd orders at 20 and 13-33
(Spectrum V). The (hivd order line is exceedingly well
placed for measurement, and from it the mass of the singly-
chargod atom is found to he 40:00 402, AL first this was
thought to be the only constituent, hut laier a faint companion
was seen at 36, which further spectra showed to bear a very
definite intensity relation to the 40 line.

Muss-Spectra of Chemical Flements.

No evidence drawn
from multiple charges is available ini this ease owing to the
probable presence of OIl, and (!; but the above intensity
relation and the absence of the line from spectra taken just
before argon was introduced, make it extremely likely that it
is o true isotope.  The presence of about 3 per eent. would
account for the fractional atomic weight determined from
density.

NitroGeN (At Wt. 14-01).

This element shows no abnormal characteristies @ its alom
cannot be distingunizhed, on the present appuratus, from CH,
nor its molecule from (!0,  Tis second order line on eareful
measurement appears to be exuctly 7, so it s evidently a
pure element, as its chemical combining weight would lead
one to expect,

Hyproces (At Wt 1008) and Heroy (At Wt 3:99).

The determination of masses so Far removed as these from
the reference lines offers peculiar difliculties, hut, as the lines
were expected toapproximaie to the termsof the geometrical
progression 1, 2, 4, 8, ete. the higher terms ol which are

© known, a special method was adopted by which a two to one
relation could be tosted with some exaciness.
accumulators were selected, each giving very nearly the sume
' potential of about 250 volts.

Two sets of

The potentials were then made
exaclly equal by means of a subsidiary cell mid a current-

- divider, the equality being tested to well within 1 in 1000 by
means ol a null instrument.
¢ potentials applied to the electric plates first in parallel and
- thenin series, the magnetic fieldbeing kept constant,allmasses
having an exaet two to one relation will be brought into coin-
cidence on the plate {Phil. Mag. April 1920, p. 453). Such

1Eexposures are made with such
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coincidences cannot he detected on the same spectrum photo-
graphically ; but it we first add and then subtract a small
potential From one of the large potentials, two lines will be
obtained which closely bracket the third. To take an actual
instance—with a constant current in the magnet of 02 ]
ampere, three exposures were made with a gas containing
hydrogen and helium at potentials of 250, 500+12, and .
300 =12 volts respeetively.  The hydrogen molecule line was
found symmetrically Iracketed by a pair of atomic ‘]mcs
(Spectrum VI « and ¢), showing that the mass of the
molecule is exactly double the mass of the atom within
experimental error.  When after a suitable increuse of the
magnetic field the same procedure was applied to the helium
line and that of the hydrogen molecule, the bracket was no
longer symmetrical (Spectrum VTI.5), nor was it when the’
hydrogen molecule was bracketed by two helium lines (d)-
Both resulis show in an unmistalkable manner that the mass of
He is Tess than twice that of Hyo T the same way He was
compared with O**, and Hj, obtained from KO by SirdJ.d. -
Themson’s bombardment method, with Ct+, :

The method has some definite advantages and some dis- -
advanlages. Tt is not proposed Lo discuss these in detail "t
present.  The values obtained by its use can be checlied‘m_
the ordinary way by comparing He with C+* and H; with':
He, these pairs being close enough together for the purpose.
The following table gives the range of values obtained from
the most reliable plales :--

Line Method,  Dass assumed, Bass deduced.

[ brackel ...... ott=g 3:904—3906
L diveet ...... C+t= 0 +005—4:010

Il

3025—3-027

1 bracket ...... Ct¥= ¢
2 { direct ...... He = 4 o021—3:030
I, ......... bracket ... He = 4

2:012—2018

I'vom these figures it is safe to conclude that hydrogen is ¢
a “pure” clement and that its atomic weight, determined:
with such consistency and accuracy by chemieal methods
(1-008), is the true mass of its atom. g
Tho above results incidentally appear to setile the nature
of the molecule IT; hoyond doubt, '

i
{

. generally heneficial to the smooth running of the discharge)
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Knyrrox (At. Wt 82:92) and Xuxox (At. Wt. 130-2).

The results with these elements were particularly inter-
esting. The only source available, for which the author is
indebted to Sir J. J. Thomson, was the remains of two small

3

- samples of gas from evaporated liquid air kindly supplied by

Sir James Dewar some yvears ngo for examination by the
“ parabola ™ method.  Both samples contained nitrogen,

- oxygen, argon, and krypton, but xenon was only detected in
| one and its percentage in that must have been quite minute.
8 Krypton is characterized by a remarkable group of five strong

\lines at 80, 82, 83, 84, 86, and a faint sixth at 78, This group

ov cluster of isotopes is beauntifully reproduced with the same
relative values of intensity in the second, and fainter still in

| the third order. These multilnl‘)-'-ch:trgml clusters give most
- reliable values of mass, as the second order can be compared
- with A (40) and the third with CO or N, (28) with the highest
¢ aceurney. It will be noted that one member of cach group
¢ is obliterated by the reference line, bhut not the same one.
. The singly and doubly charged krypton clusters can be seen
¢ to the right and left of Spectrum VIII It will be noticed
* that krypton is the first element examined which shows
+ unmistakable ixotopes differing by one unit only.

On the krypton plates taken with the greatest magnetic

- field Faint, but unmistakable indieations of lines in the region
- oF 130 could just be deteeted. The richest snmplewas therefore
- fractionated over lquid air, and the last fraction, a lew cubic

millimetres, wus just suflicient to produce the xenon lines in

- an unmistakable manner. These can be seen on Spectrum IX.,
B but are somewhat fuzzy owing to the wide diaphragm used to

- geb maximum intensity.  They are apparently five in number
and appear to Follow the integer rule.  Unfil pure xenon is
- available no final figures can be given, but the values may
~ be tuken provisionally as 125, 130, 131, 133, and 135.

Mercunry (At. Wt. 200°6).

Owing to the presence of mercury vaponr (which is

the multiply-charged particles of this element appear on

s nearly all the platos taken. They appear as a scries of
E blurred clusters of decreasing intensity around points cor-
- responding to 200, 100, 666, 50 ... ¢cte., some of which
- are indicated in the spectra reproduced. [t may he stated
- provisionally thai they indicate a strong componoent 202, a

.

- weak one 204, and a strong band from 197 to 200 containing

three or four more unresolvable at present.
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Minimum

Iilement, Atomice Atomic  number of Mass of isotopes
number, weight, isotopes, in order of intensity.

& 1 1-0u8 1 1-008

He s 2 309 1 4

2 6 12-00 1 12

N e 7 1401 1 I

L6 T 8 16-00 1 16

Ne ......... iy 20020 2 20, 22, (21)

16 S 30406 2 33, 37, (39)

A .. 18 390 (2) 40, (36)

Ke o.ovensin 36 82-02 6 84, 86, 82, 83, 80, 78
. SR . 54 1302 5 (123,131, 130, 133, 135)
He i 80 2006 ()] (197-200, 202, 204)

[Numbers in brackets provisional only.]

The Whele-muwmber Rule.

The most important generulization yielded by these experi-
ments is the remarkable fact that (with the exception of Hj,
H.,, and Hy) all masses atomic or molecular, element or
compound, so far measured are whole numbers within the
acenracy of experiment. It is naturally premature to state
that this relation is true for all elements, but the number and
variety of those already exhibiting it makes the probability -
of this extremely ligh. '

On the other hand, it must not be supposed that this would
imply that the whole-number rule holds with mathematical
exactness, but only that the approximation is of a higher
order than that exhibited hy the ordinary chemical com-

. bining weights and is quite close enough to allow of a theory
of atomic structure far simpler than those put forward in the
past 5 Lor such theories were forced to attempt the explana-
tion of [ractions which now appear to be merely fortuitous
statistical effects due to the relative quantitics of the isotopic
constituents, :

Thus one may now suppose that an elementary atom of
mass m may be changed to one of mass m + 1 by the addition
of a positive particle and an electron. It both enter the
nucleus an isotope results, for the nuclear charge is unaltered.
IE the positive particle only entors the nucleus, an element of
next higher atomic number is formed. In cases where both -
forms of addition give n stable configuration, the two clements
will be isobares, 2l

The electromagnetic theory of mass asserts that massisnot
genorally additive but only becomes so when the charges

=R LILE o e P

NP o
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are relatively distant from each other.  This is cerainly the
case when the molecules H, and 114 aro formed from 11, so
that their masses will be two and three times the mass of
with gre-t exactness. (It must be remembored here that the
masses given by tliese experiments are those of positively
charged particles, 1, being presumably a single particle of
positive electricity itself; and that the mass of an electron on
the seale used is -00054 and too small to alfect the results.)

In the case of helium, the standard oxygen, and all other
elements, this is no longor the case; for the nuelei of these
are composed of particles and clectrons preked exceedingly
close together. The mass of these structures will not be
oxactly the sum ol the masses of their constituents hut
probably less, so that the unit of mass on the seale chosen
will be less than that of a single hydrogen atom.

The Heavier Elements,

The results hold out the probability of great complexity
in clements of high atomic number, which has already been
proved by entirely different methods in the case of lead. The
present apparatus has a resolution factor too low to deal
adequately with these; so attention is being given to
elements within its scope and to which the analysis can
be applied. Results are steadily accumulating, which will
be published in due course,

In conclusion the author wishes to express his indebtedness
to the Government Grant Commitice of the Royal Society
for defraying the cost of some of the apparatus employed.

Smmry.

A positive ray spectrograph capable of giving a focussed
mass-spectrum is fully deseribed 1 detail and its technique
explained.

The results of a provisional analysis of cleven chemical
clements—H, He, C, N, O, Ne, C1, A, Kr, X, Hg—ure given,
showing that of these the first five only are “ pure,” the others
being apparently composed of various numbers of isotopic
constitnents, krypton containing no less than six,

With the exception of thoese due to 11, H,, and g, all
masses measured, allowing for multiple charges, are exactly
whole numbers within the error of experiment (0=16).

The lines due to hydrogen indicate that the mass of the
atom of this clement is greater than unity on this scale and
in good ngreement with the chemical value 1:008.  Rensons
tor this are suggested.

Cavendish Lahoratory,

Maveh 1620,
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