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coast-lands from Adnlis (Anne,ley) nay sonthwards to Assab, 
with stations at Hawakil, Mader, ancl Ed; (3) territory placed 
under the absolute sovereignty of Italy-Assab and surrounclin]; 
district stretching for thirty-six miles 1.,etween Ras Dermah and 
Ras Sinthiar, and including the neighbouring islets, annexed in 

July 1882, Massowa, the centre of government, occt1pies a strong 
position on an island connected by an embankment with Tauh1cl, 
and defended by forts at Gherar and on the Abd-el-Kader 
peninsula. Since the Italian occ11pation it has been largely 
rebuilt in E11ropean style, and according to a rough census 
taken in September 1885 has a population of about 500::,. 
There are several mosques, a Catholic church attached to the 
French mission, and a meteorological observatory where obser
vations have been regularly recorded since May 1885. During 
this period the temperature has varied from 19°· 1 C. in January, 
to 42°·8 in August, with a mean of about 26°·4. 

DR. O TTO KRi.iMMELpubli,hes in the Ze-itschnft fiir w,:ssen
schajt/i'che Geographie, under the title of "The Relief of the 
Australian Mediterranean," i.e. the sea lying between Australia 
and the islanrls on the north, some valuahle data as to recent 
sonndings therein. They nre as follows :-

S. T.:;t, E. Lon'(. Depth in fathoms 
4° 45' 123· 40' 90 
4° 29' 123° 48' IIO 

4° 14' 123° 58' So 
3° 58' 124" ro' 55 
3° 45' 124° r8' bo 
3° 32' 1 z4' 34' 60 
3• 22' 124• 51' 75 
3° 12' I 2$

0 10' 90 
3° 3' 125° 22' 120 
2° 53' 125° 36' 105 
2° 45' 125° 48' 90 

On the other hand, Dr. Kriimmel recalls the fact that we have 
the neighbouring Banda Sea in a depth of 2000 to 3000 fathoms. 
These data seem to inrlicate that hctwcep Celebes m,ci Burn there 
exists a snb-oceanic ridge. \Ve cannot say whether it extends 
over Ceram to New Guinea, and so indicates an ancient land
bridge belwee!l Asia and Australia, for h<=Lwecn Ccram and New 
Guinea we have no soundings, and those on the borders of the 
strait between Buru and Cemm are from 1500 to 3000 fathoms. 

MR. W. GRIGGS has published a facsimile of the famous map 
of the world lent by Lhe Pope to the Colonial aod Indian Ex
hibition, and placed in the West Indian section. This map, 
which is a copy of the chart in which Pope Alexander drew the 
line dividing the possessions of Spain and Portugal in the New 
World, was hequeathed to the Pope by the last of the Borgias 
in r830, and has since then been preserved wi th much jealousy. 
It is drawn on a sheet of vellum seven feet long by three broad. 
The colours of lhe original are reproduced. 

ON RADIANT-MATTER SPECJ'ROSCOPY:
EXAMINATION OF THE RESIDUAL GLOW1 

II. 

IN the search for bodies giving discontinuous phosphorescent 
spectra I have submitted a great number of earths and com

binations to the electric discharge in vacuo, and have noted the 
resnlts. As the superficial phosphorescence apart from the 
composition of the emitted Jig-ht has formed the subject of 
several recen t µapcrs by my friend M. Lecoq de Boisbaudran, 
before the Academie des Sciences, it may be useful if I place 
on record some of the more striking facts which have thus come 
under my notice. The bodies are arranged alphal.,etically, and, 
unless otherwise explained, were tested in the radiant-matter 
tube in the form of ignited sulphates. 

Alumina, in any of the forms which give the crimson line 
(11.6942-6937), has a very persistent residual glow. In the 
phosphoroscope rubies shine with great brilliancy, This phos
phorescence of alumina has recently been the subject of a paper 
read before the Royal Society (Roy. Soc. Proc. vol. xlii., 1887, 
p. 25). 

Antimony oxide with 95 per cent. of lime (in the form of 
ignited sulphate),-White phosphorescence, Lhe spectrum show
ing a broad space in the yellow, cutting the red and orange off. 

' Paper read before the Royal Society by :\fr, William Crookes, I-', R. S., 
on February 17. Continued from p. +i8. 

in the phosphoroscopes the residual glow is very strong, and of 
a greenish colour. The spectrum of the residual light shows 
that the red and orange are entirely obliterated, leaving the 
green and blue very luminotts. Antimony oxide with 99 per 
cent. of lime gives a pale yellowish phosphorescence, which on 
heating turns red. In other respects it is like the 5 per cent. 
mixture. 

Arsenious acid with 99 per cent. of lime gives a greenish 
white phosphorescence like pure calcium sulphate. 

Barium 5 per cent., calcium 95 per cent.-The sulphates 
phc;sphoresce green, with specks of yellow and violet. The 
spectrum is continuous, with slight concentration in the red, 
great concentration in the green, and in the orange a broad 
black band hazy at the cdgc5, 

Bismuth 15 per cent., calcium 85 per cent., phosphoresces of 
a bright reddish orange. The spectrum shows a tolernbly ,harp 
and broad dark band in the red and orange, and a strong con
centration of light in the green and blue; the spectrum being 
continuous and divided into two parts by a black hand in the 
yellow, as in the case of the antimony-calcium spectrum. In 
the phosphoroscope the reel and orange disappear and the green 
aud blue remain. Bismuth 7 per cent., calcium 93 per cent.
The action is similar to the I 5 per cent. mixtnre, except the 
colour of the phosphorescence, which is whiter. In the phos
phoroscope the red :we! orange below the dark band is cut off. 
\Vith 2 per cent. of bismuth the same phenomena occnr. With 
o ·5 bismuth fo e phosphorescence is greenish l.,lue and the spec
trum is continuou,, with strong concentrations in the orange 
and green. The µhusphoro cope cuts ufY the red and orange. 

Cadmium I percent., calcium 99percent.-Similano calcium 
sulphate, q. v. 

Calcimn sulphate was prepared from a colourless and trans
parent rhomb of Iceland spar which had been used for optical 
purposes, It was dissolved in nitric acid, the nitrate was 
decomposed with distilled sulphuric acid, and the ignited 
sulphate tested in the tube, The phospl10rescence is bright 
greenish hluc without bands or lines, In the phosphoroscope 
the colour is a rich green ; the spectrum shows the red and 
orange entirely cnt off, leaving the green and blue ; the blue is 
especially strong. 

Calcium sulphates prepared from Prof. Breithaupt's calcites 
(Phil. Trans., 1885, Part TT., p. 697) were re-examined. All 
phosphoresce wit11 the normnl greenish-blue glow of calcium, 
except No. II, which gi,•es a reddish glow. A minute trace of 
samarium was found in this calcite, but not enough to affect the 
colour of the glow. In the phosphoroscope all the specimens 
give a continuous spectrum beyond the yellow, the red and 
orange being cut off as usual. 

C!tro111i1&11t 5 per cent., calcium 95 per cent., as sulphates, 
give, a pale reddish phosphorescence. In the phosphoroscope 
the colour is green, and the red and orange are cut off. 1 per 
cent. of chromium with calcium phosphoresces green in the cold, 
and becomes a red when slightly heat ed. The behavionr of 
chromium with aluminium has already been described (Roy. Soc. 
Proc. vol. xiii. p. 28, d stq.) 

Copper sulphate with 9; per cent. calcium sulphate behaves 
like calcium sulphate. 

Dia11,,nd, phosphoresce of various colours. Those glowing 
pale blue have the longe,t residual glow, next come those 
phosphorescing yellow; I am unal.,le lo detect any residual glow 
in diamonds phosphorescing of a reddish colour. A large 
diamond of a greenish hue, very phosphorescent, shines almost 
as brightly ia the phosphoroscc,pe as out of it. 

G!ucina phosphoresces of a rich blue colour. There appears 
to be no residual glow with this earth in the phosphoroscope. 

Lant!tammz.-All the specimens of lanthanum sulphate I 
have examined in the radiant-matter tube phosphoresce of a 
reddish colour, and give a broad hazy band in the orange, with 
a sharp line-1/i\.2280-snperposed on it. This is identical with 
the line of G., one of the constituents of the samarium phos
phorescent spectrum. Calcium arlded to lanthanum changes the 
colour of the phosphorescence from red to yellowish, and brings 
out yttrium and samarium lines, these metals being present as 
impurities; the Go and Ga lim,s are also seen, but the space 
which should be occupied hy the G/3 green is now a dark space. 
I have shown that when (;Ii, Ga, anc! G/3 are present in very 
small quantities will, lime, the lines of Go and Ci:,; are intensified, 
while that of G,8 i;; weakened. This new result seems to show 
that if only a small trace of G/3 is present with lime and lan
tlrnnum, the green line is not only suppresse<l, but the quenching 
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action has actually extended so far as to neutralise that part of 
the continuous lime spectrum having the same refrangibility as 
the G/3 line, the result being a black space in the spectrum. In 
the phosphoroscoJ?e the line of Ge is visible at the lowest speed; 
G6 comes in at an interval of 0·0035 second, and the Ga line 
immediately afterwards. 

Lead sulphate, by itself, in the radiant-matter tube glows with 
a nearly white colour, giving a continuous spectrum. In the 
phosphoroscope the red and orange are cut off, leaving a strong 
concentration of light in the green and blue. 5 per cent. of 
lead added to calcium sulphate phosphoresces like lime. 

Magllesia phosphoresce3 pink. 5 per cent. with lime, as 
sulphates, give a greenish phosphorescence, with a tendency to 
turn red as the powder heats. The Oriental ruby containing 
about between I and 2 per cent. of magnesia, a mixture was 
prepared of acetate of alumina with 2 per cent. of magnesia, 
and tested after ignition. It gave no spectrum or lines. This 
was done to see if the crimson line of aluminium might be due 
to the presence of magnesia. 

Nickel added to calcium sulphate in the proportion of 5 per 
cent. makes no alteration in the usual phosphorescent phenomena 
of calcium. 

Potassium, 5 per cent., added to calcium sulphate gives a 
bright phosphorescence, and made the resirlual glow very 
persistent. 

Samarium. -The phosphorescent behaviour of this body, 
alone and mixed with other substances, has been folly described 
in my paper on samarium (Phil. Trans., 1885, Part IT., pp. 
709-21.) 

Scandium, either in the form of earth or sulphate, phosphor
esces of a very faint blue colour, but the light is too feeble to 
enable a spectrum to be seen. Addition of lime does not bring 
out any lines. 

Sodium sulphate mixed with an excess of calcium sulphate 
gives a greenish tinge to the usual colour of the phosphorescence. 
The sodium line is visible in the spectrum. 

Strontia in the radiant-matter tube glows with a rich blue 
colour, showing in the spectroscope a contimtous spectrum with 
a great concentration of light in the blue and violet. In the 
phosp:1oroscope the colour of the glow is bright green, showing 
in the spectroscope a continuous spectrum, with the reel and blue 
ends cut off. A mixture of calcium sulphate with 5 per cent. of 
strontium sulphate behaves like calcium snlphate alone. 

Thorium, as oxide or sulphate, refuses to phosphoresce, and the 
tube rapidly becomes non-conducting. A tube with thoria at one 
end and a phosphorescent earth such as lime or ytrria at the other 
end, an<l furnished with a pair of poles near each end, at a 
particular exhaustion is non-conducting at the thoria end, while 
it conducts at the yttria end. If the wires of the induction coil 
are attached to the poles at the thoria end, no current will pass; 
rather than pass through the tube, the spark prefers to strike 
across the spark gauge-a striking distance of 37 mm.-showing 
an dectromotive force of 34,040 volts. \Vithout doing anything 
to affect the degree of exhaustion, on trao,ferring the wires of the 
induction coil from the thoria to the yttria end, the spark passes 
at once. To balance the spark in air the wires of the gauge 
must. be made to approach till they are only 7 mm. apart, 
equivalent to an electromotive force of 6440 volts ; the fact of 
whether thoria or yttria is under the poles making a difference of 
27,600 volts in the conductivity of the tube. The explanation of 
this action of thoria is not yet quite clear. From the great 
difference in the phosphorescence of the two earths, it is evident 
that the passage of the electricity through these lubes is not so 
much dependent on the degree of exhaustion as upon the phos
phorogenic property of the body opposite the poles. This view 
i, supportetl by the fact that the thoria may be replaced by a 
metal wire, when the same obstructive action will result. 

L\me docs not give phosphorescent properties to thoria, if this 
earth be pure, but it brings out the lines of yttrium and samarium 
which are almost always present in small qnantitics in thoria 
unless it has been specially purified. 

Tin with 95 per cent. of lime gives the lime phosphorescence 
only. 

Thulimn and erbium together phosphoresce with a green light, 
giving the erbium spectrum already described before this Society 
(Roy. Soc. Proc. vol. xi. p. 77, Fig. I, January 7, 1886). There 
is, jn addition, a faint blue line apparently double (see 
"Ytterbium"). The addition of lime causes the mixture to 
pho,phoresce of a pale blue colour. The spectrum now shows a 
!wight blue band, in the same position as the faint double blue 

band seen In the absence of lime. The blue line of Ga is also 
seen, and a faint line of Ga. The red line of G'l, 0ne of the 
constituents of the ordinary yttria spectrum, is prominent in this 
spectrum. 

Tungsten anrl ur,mium, each mixetl with 95 per cent. of lim,,, 
only give the lime spectrum. 

Ytte,·bium.-I have not yet succeeded in preparing this body 
of trustworthy purity; but through the kindness of Prof. Cleve, 
M. de Marignac, and Prof. Nilson, I have been enabled to 
experiment with specimens of ytterbia prepared by these chemists. 
Prof. Cleve's ylterbia, in the form of sulphate, gives in the 
radiant-matter tube a blue phosphorescence, the spectrum of 
which shows a strong double blue band, 1 together with traces of 
the G6 and the crbia green line3. The addition of lime hroadcns 
the blue band and makes it single. Prof. Cleve writes that this 
ytterbia may contain some traces of thulia, perhaps also of erbia, 
but scarcely any other impt1rities. Measurements in the spectro
scope give the following approximate results: -

Scale of 
speCLTO• 

!>COpe 
Remarks 

---- ----,---- -------------·---
8·63 

8·54 
8·45 
8·44 

8 ·40 

4574 
4524 
4518 

4475 

4673 

4780 
4885 
4898 

4994 

Commencement of first blt1e line. 
This edge is very hazy. 

Centre of the first h]ue line. 
End of first blue line. 
Centre of dark interval between 

the two blue lines. 
Centre of second blue line. This 

line is narrower than the first 
line. 

The following are measurements taken with the mixture of this 
ytterbia and lime :-

Scale of 
spectro-

1 

scope 
Remark~ 

---- ---- ---- ----------------
8·71 4674 4577 Up to this point there is the con-

tinuous spectrum of Ii-calcium. 
Here a black space commences. 

8·515 4555 4819 Commencement of a hazy blue 
band. 

8·475 4538 4855 End of hazy blue band. Thi, 
band is of consiu.~rable bril-
liancy. 

These blue hands are seen much fainter withottt lime, and are 
about as strona in the mixture of thulia and erbia with lime 
described abov~. I had ascribeu. them to yttcrhia, when Prof. 
Nilson kindly forwarded me a small specimen of ytterbia, con
sidered by him perfectly pure, aml used for his atomic weight 
determinations. This ytterbia gives absolutely no blue band,. 
The origin of these bands therefore remains uncertain. 

Ytterbia from Prof. Nilson, in the form of sulphate, refuses 
to phosphoresce without the · addition of lime. ·when lime is 
added it only brings out traces of the phosphorescent bands of 
Ge, G/3, and Ga. Evidently these are impurities. 

Ytterbia from M. de Marignac is identical with that from M. 
Cleve, as far as my examination can go. In sending me this 
ytterbia M. de Marignac warned me that he was very far from 
thinking it pure. 

Yttrimn.-During the fractionation of the higher fractions of 
yttria ( ·t-6, II8 and u9), a very sharp green line some.times 
makes its appearance, situated between G/3 and G-y (approximate 
position on the 1/71.2 scale, 325). It is very faint, and is not 
connected with the orange line of S6, although it is as sharp. 
The yttria showing these lines phosphoresces of a transparent 
golden-yellow colour, the fractions at the other end phos
phorescing yellowish green. 

I have previously described the action of a large number of 
1 This is the band spoken of in my Royal Society paper of June 9 last 

(Roy. Soc. Proc. vol. xl. 1886, p. 507), p1·ovisionally called S y, and ascribed to 
ytterUia. lfit is not due to ytterbia it is a new body. 
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bodies on the phosphorescence of samarium (" On Radiant-
1\'Iatter Spectroscopy; Part 2, Samarium," Phil. Trans., 
1885, Part II. pp. 7I0-22.) The experiments resulting in the 
following observations were tried at about the same time. I will 
describe them in alphabetical order. Unless otherwise men
tioned all the mixtures were in the form of anhydrous sulphates. 

Yttrium 5 per cent., aluminium 95 per cent., gives a good 
yttria spectrum ; the blue line of Ga is very distinct, and the 
double green of G/3 is well divided. In the phosphoroscope the 
G/3 and Ga lines first appear simultaneously, then the Go 
line. 

Yttrium 99·5 per cent., bismuth 0·5 per cent.-The spectrum 
is bright, and on close examination a trace of samarium green, 
G-y, is to be detected forming a wing to the Go line. In the 
phosphoroscope the citron line of Go entirely disappears and the 
samarium double green line, which out of the phosphoroscope is 
almost obscured by the great brightness of Go, now appears 
distinctly, together with the green G/3 line. Yttrium 95 per 
cent., bismuth 5 per cent., gives the usual yttria spectrum. No 
Go line appears in the phosphoroscope at any speed. At first 
only the G/3 line is seen, and next the Ga line appears, as in 
yttria. On gradually increasing the percentage of bismuth the 
spectrum of yttria grows fainter, until with 95 per cent. of 
bismuth the phosphorescence is bad and the spectrum faint. 

Yttrium 5 per cent., cadmiun 95 per cent., gives a brilliant 
phosphorescence, but the spectrum is almost continuous. In the 
phosphoroscope a faint concentration of light is seen in the 
green, which becomes sharper as the speed increases. 

The action of calcium on the phosphorescence of yttrium has 
already beet:i described. 

Yttrium and cerium.-Cerium has the effect of deadening the 
brilliancy of the yttrium spectrum in proportion to the quantity 
added. All the bands remain of their normal sharpness. 

Yttrium 5 per cent., copper 95 per cent., phosphoresces very 
feebly. 

Yttrium 90 per cent., didymium IO per cent.-This mixture 
gives a good yttria spectrum. Yttrium 70 per cent., didymium 
30 per cent., phosphoresces very fairly, and gives all the usual 
lines. 

Yttrium 50 per cent., didymium 50 per cent., refuses to 
phosphoresce. The tube is either too full of gas to allow the 
phosphorescence to be seen or it becomes non-conducting. 
,vhen the mixture is illuminated by the glowing gas the absorp
tion-lines of didymium in the green are seen. With higher 
proportions of didymium the same results are produced. On 
adding 25 per cent. of lime to the mixture containing 50 per 
cent. of didymium the yttria spectrum is brought out very well. 
Lime added to a mixture of IO per cent. yttria and 90 per cent. 
didymium brings out the yttrium spectmm fairly, but the tube 
soon becomes non-conducting. 

Yttrium 5 per cent. and g,ucinum 95 per cent. gives a bright 
phosphorescence, but the definition of the spectrum lines of 
yttria is bad. 

Yttrium 5 per cent., thallium 95 per cent.-No spectrum is 
given by this mixture ; it turns black and refuses to phosphoresce. 

Yttrium 5 per cent., tin 95 per cent., phosphoresces faintly, 
the lines being very indistinct. 

Yttrium 5 per cent., titanium 95 per cent., acts like thoria, 
and the tube becomes non-conducting. 

Yttrium 5 per cent., tungsten 95 per cent.-This phosphoresces 
of a bright yellow colour, the spectrum is brilliant, but the lines 
are not sharply defined. In the phosphoroscope the colour 
becomes greenish, and the spectrum shows only the green lines 
of G/3. 

Yttrium 5 per cent., zinc 95 per cent.-The phosphorescence 
is of a pale yellowish-white, and the spectrum is very brilliant, 
being equal to that shown by 30 per cent. of yttrium with 
barium, calcium, magnesium, or strontium. In the phosphoro
scope the colour becomes reddish, and the G/3 green line is the 
first to come. No citron line is seen. If the yttrium contains 
a trace of samarium, the samarium spectrum, which is scarcely 
seen under ordinary circumstances, now comes out distinctly. 

Zinc sulphate mixed with 95 per cent. of calcium sulphate 
phosphoresces a bright bluish-green colour; the spectrum contains 
no bands or lines. 

Zinc sulphide {Sidot's hexagonal blende, Comptes rendus, 
vol. !xii., 1886, pp. 999-1co1; vol. !xiii., 1886, pp. 188-89).
This is the most brilliant phosphorescent body I have yet met 
with. In the vacuum tube it begins to phosphoresce at an 
exhaustion of several inches below a vacuum. At first only a 

green glow can be seen; as the exhaustion gets better a little 
blue phosphorescence comes round the edges. At a high 
exhaustion, on passing the current the green and blue glows are 
about .equal in brightness, but the blue glow vanishes imme
diately the current stops, while the green glow lasts for an hour 
or more. In the phosphoroscope the blue glow is only seen at 
a very high speed, but the green glow is seen at the slowest 
speed, and the body is almost as bright in the instrument as out 
of it. Some parts of a crystalline mass of blcnde which, under 
the action of radiant matter, leave a glow with a bright blue 
colour, leave a green residual light when the current ceases; 
other parts which glow blue become instantly dark on stopping 
the current. 

The different action of calcium, barium, and strontium on the 
constituents of yttrium is an additional proof, if confirmation be 
needed, that the bodies I have provisionally called Ga, G/3, Go, 
&c. (Roy. Soc. Proc. vol. xi. 1886, p. 502), are separate 
entities. It may be as well here to collect together the evi
dence on which I rely to support this view. I will take the 
bodies seriatim :-

Ga. -An earth phosphorescing with a blue light, and showing 
in the spectroscope a deep blue line, of a mean wave-length 
482. This earth occurs in different proportions in purified 
yttria from different minerals. Samarskite, gadolinite, hiel
mite, monazite, xenotime, euxenite, and arrhenite contain most 
Ga, whilst fluocerite and cerite contained notably less of thi& 
constituent. The addition of lime brings out the phosphor
escence in Ga in advance of that of the other constituents. The 
behaviour in the phosphoroscope of Ga when mixed with the 
alkaline earths also points to a difference between it and its 
associates. With lime the blue phosphorescent band of Ga 
comes into view at a very low speed, the order of appearance 
with a small quantity of lime being G/3, Ga, Go, and with a 
large quantity of lime, Go, Ga, G/3. Employing strontia 
instead of lime, the order of appearance in the phosphoroscope 
when the quantity of strontia is small is G/3, Ga, G,i, and when 
the quantity of strontia is in excess, Ga, G,i, G/3. Baryta in 
small quantity brings out the lines in the phosphoroscope in the 
following order, G/3, Ga, G,i,; but when the baryta is in excess 
the order is G/3, G,i, Ga. The chemical position taken up by 
Ga in the fractionation scheme precludes it from being due to 
the bodies I have called G/3, G-y, G,, G(, S-y, or So. It closely 
accompanies Go (the earth giving the citron line), concentrating at 
the least basic end, and I have not yet succeeded in effecting a sepa
ration of the two. If, therefore, Ga is not a separate entity, its 
blue line must be due to the citron-band-forming body called 
Go. The difference between Ga and Go is brought out in a 
marked manner by the phosphoroscope when baryta or strontia 
is present ; the citron line of Go being entirely suppressed, while 
the blue line of Ga is brought out with enhanced brilliancy. For 
these reasons I am inclined to regard Ga as a separate body, 
although the evidence in favour of this view is not so strong as 
in the case of some of its other associates. 

G/3.-An earth phosphorescing with green light, and showing 
in the spectroscope a close pair of greenish-blue lines of a mean 
wave-length of 545. This earth can be separated by chemical 
fractionation from the other constituents of yttrium. It con
centrates at the most basic end, and is present in the samarium 
which invariably makes its appearance at this end of the frac
tionation of yttrium. It is one of the prominent lines in Va, 
where also it accompanies some of the samarium lines. G/3, 
however, is not a constituent of samarium, for it is easy to 
purify samarium by chemical means so that it does not show a 
trace of the G/3 green lines, although it is very difficult to get 
G/3 free from some of the samarium lines. The residual phosphor
escence of G/3 is very considerable, and its green lines show first 
in the phosphoroscope when only yttrium is present. The addi
tion of lime keeps back the glow of G/3, and brings forward 
that of Go. Strontium and barium act on G/3 very differently 
to lime. A small quantity of strontiuru brings forward the 
residual glow of G/3, whilst in large quantities strontium keeps 
the phosphorescence of G/3 back to the last. 

G-y.-An earth phosphorescing with a green colour, and 
showing in the spectroscope a green line having a wave-length 
of 564. This is one of the least definite of all the supposed 
new bodies. It appears to be a constituent of samarium, occur
ring in the fractionation of yttrium ~mong the most basic consti
tuents connecting yttrium and samarium. Its point of maximum 
intensity is, chemically, very well marked, and is at a d\fferent 
part of the fractionation scheme to those of the other Imes of 
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samarium, especially Ge. On dilution with lime, the phosphor
escent line of G-y vanishes before that of Ge. 

Go.-An earth phosphorescing with a citron coloured light, 
and showing in the spectroscope a citron line having a wave
length of 574. Go is one of the least basic of all the bodies 
associated in yttrium, occurring almost at one extremity of the 
fractionation. It is not very d,fricult to separate chemically Go 
from all the other accompanying bodies except the one which I 
have called Ga (giving the deep blue line). Not only cart Go 
be obtained free from the other fou r consti tuents of yttiium, 
but the body called by M. de Marignac Va is a proof that the 
other four components of yttrium can be obtained quite free from 
Go. Lime intensifies the phosphorescence of Go, and deadens 
that of G,B, while strontium has the opposite action. The 
behaviour of Go in the phosphoroscope, when mixed with lime, 
strontia, or baryta, also affords a striking evidence of individual
ity, lime enhancing the residual glow, while strontia or baryta 
altogether suppress it. 

Ge.-An earth phosphorescing with a yellow colour, and, in 
the spectroscope, showing a sharp yellow line having a wave
length of 597. It is seen in the samarium spectrum as a sharp 
yellow line superposed on a hazy double band. As I have 
already pointed out, Ge fractionates out high up among the most 
basic earths, and generally accompanies lanthanum. In the phos
phorescent sp~ctrum of lanthanum the line Ge is seen quite free 
from the lines of other bodies. 

G{.-An earth phosphorescing with a reel light, showing in 
the spectroscope a red line of wave-length 619. This body is 
always more plentiful in yttrium obtained from samarskite and 
cerite than from gadolinite, hielmite, and euxenite, and is almost 
absent in yttrium from xenotime. G( is of about intermediate 
basicity. Working with samarski:e yttria, G( becomes most 

brilliant after the line of G'l has completely disappeared. Further 
fracti onation causes the line of G( to fade out, and th e citron and 
blue lines are then left. 

The phosphorescence of G( is developed to a different extent 
accOl'ding to the metal with which the yttria is mixed. The 
order (beginning with the substance having the greatest action) 
is zirconium, tin, aluminium, bismuth, glucinum. 

G!],-An earth phosphorescing with a deep red light, and 
showing in the spectroscope a red line having a wave-length of 
647. Like its fellow red constituent, G'l occurs most plentifully 
in samarskite yttrium, and scarcely at all in yttrium from hielmite, 
e•1Xenite , and cerite. It is the first of the strictly yttrium con
stituents to separate out, on fractionation, at the most basic 
extremity, leaving Ga, G,B, Gli, and G(. In almost all samples 
of yttria, except when very highly purified, G'l is seen very 
brilliantly, and by its side can be detected the fain t red band of 
samarium. In the phosphoroscope the line of G'l is the last to 
appear when yttria alone is being observed ; strontia and baryta 
enhance the residual glow of G'l, strontia in moderate quantities 
bringing it out before that of G,B, while baryta brings it out 
after G,B. 

Sli.-An earth giving in the spectroscope when phosphoresc
ing a very sharp orange line of wave-length 609. I have already 
(Roy. Soc. Proc. vol. xi. 1886, p. 504) discussed th~ claims of 
this earth to be considered a separate entity. It is not present 
in the rare earths from gadolinite, xenotime, monazite, hielmite, 
euxenite, and arrhenite; it is present in small quantity in cerite, 
and so mewhat more plentifully in samarskite. In samarskite 
yttrium it concentrates at a definite part of the fractionation. Its 
sharp orange line is not strong enough to be seen in the phos
phoroscope. A little calcium entirely suppresses the orange line, 
while samarium or yttrium seems to intensify it. 

FIG, 5. 

In addition to the above earths, it is not improbable tha '. the 

sharp green line (-/:, 325) mentioned under the heading 

" Yttrium" may be caused by still another earth. 
The brilliant and characteristic spark spectra yielded when 

certain elements are volatilised and rendered incandescent by the 
spark from a powerful induction coil are relied on by chemists 
cas an indisputable proof of the identity of such elements. Bear
ing this in ·mind I have endeavoured to ascertain how these 
yttrium ~constituents would behave in respect to the spark 
spectrum. Do the definite system of lines in the old yttrium 
spark spectrum belong to one constituent only, or are the 
yttrium lines broken up and distributed among the different 
bodies I have designated as Ga, G.B, &c. ? Also do the other 
constituents possess special spark spectra of their own? Very 
careful and long-continued experiments have shown me that 
neither of these hypothetical cases occt1r. 

The spark spectrum given by old yttrium is shown in the 
drawing (Fig. 5). It is chiefly characterised by two very strong 
groups of lines in the red and orange. I now take the earth 
Go. This occurs near one end of the fractioning, and not only 
differs from the parent yttrium in its phosphorescent spectrum, 
but by virtue of the process adopted for its isolation it must 
likewise differ in its chemical properties. On examining its 
spark spectrum I see absolutely no difference between this 
spectrum and the one given by old yttrium. 

I now pass to the other end of the fractionation of yttrium, 
where occurs a concentration of a body giving a totally different 
phosphorescent spectrum from the one at the first end. And it 
al so differs chemically from old yttrium, and in a more marked 
manner from its brother, Go, at the other extremity of the frac
tionation. Here again its spark spectrum is perfectly identical 
both with old yttrium and with Gli, and however closely I 

examine these three spectra in my laboratory, the whole system 
of lines is still identical. 

Respecting the theoretical considerations involved in these 
results, I see two possible explanations of the facts brought 
forward, According to one hypothesis, research has somewhat 
enlarged the field lying between the indications given by ordinary 
coarse chemistry and the searching scrutiny of the prism. Our 
notions of a chemical element have expanded. Hitherto, the 
molecule has been regarded as an aggregate of two or more 
atoms, and no account has been taken of the architectural design 
on which these atoms have been joined. We may consider that 
the structure of a chemical element is more complicated than 
has hitherto been supposed. Between the molecules we are 
accustomed to deal with in chemical reactions and the ultimate 
atoms, come smaller molecules or aggregates of physical atoms ; 
these sub-molecules differ one from the other, according to the 
position they occupier! in the yttrium edifice. 

An alternative theory commends itself to chemists, to the 
effect that the various bodies discussed above are new chemical 
elements differing from yttrium and samarium in basic powers 
and several other chemical and physical properties, but not 
sufficiently to enable us to effect any but a slight separation. 
One of these bodies, Go, gives the phosphorescent citron line, 
and also the brilliant electric spectrum. The other seven do 
not give electric spectra which can be recognised in the presence 
of a small quantity of Gli, whilst the electric spectrum of Go is 
so sensitive that it shines out in undiminished brilliancy even 
when the quantity present is extremely minute. In the process 
of fractionation, Ga, G,B, Go, &c., are spread out and more or 
less separated from one another, yet the separation is imperfect 
at the best, and at any part there is enough Go to reveal its 
presence by the sensitive electric spark test. The arguments in 
favour of each theory are strong and pretty evenly balanced. 
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The compound molecule explanation is a good working hypo
thesis, which I think may account for the facts, while it does 
not postulate the rather heroic alternative of calling into exist
ence eight or nine new clements to explain the phenomena. 
However, I submit it only as an hypothesis. If further research 
shows the new element theory is more reasonable, I shall be the 
first person to accept it. 

Neither of these theories agrees with that of M. Lecoq rle 
Roisbandran, who also has worked on these earths for some 
time. He considers that what I have called old yttrium is a 
true element, giving a characteristic spark spectrum, but not 
giving a phosphorescent spectrum in varno. The bodies giving 
the phosphorescent spectra he considers to be impurities in 
yttrium. These he says are two in number, and he has pro
visionally named them Za: and Z{J. By a method of his own, 
differing from mine, M. de Boisbaudran obtains fluorescent 
spectra of these bodies ; but their fluorescent bands are extremely 
hazy and faint, rendering identification difficult. Some of them 
fall near lines in the spectra of my G/3 and Go. Al first sight it 
might appear that his and my spectra were due to the same 
bodies, bnt according to M. de Boisbaudran the chemical pro
pcrtie, of the earths producing them are widely distinct. Those 
giving phosphorescent lines by my method occur at the yttrium 
extremity of the fractionation, where his fluorescent bands are 
scarcely shown at all ; whilst his fluorescent phenomena are at 
their maximum quite at the terbium end of the fractionation, 
where no yttrium can be detected even by the direct spark, and 
where my phosphorescent lines are almost absent. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

CAMBRIDGE.-Girton College has withdrawn from the ar
rangement by which it was hoped that a united scholarship for 
men and women might be established in geology and palreonto
logy out of the Harkness fond. The council of Girton do not 
consider that the scheme proposed fulfils the essential condition 
of placing students of Girton and Newnham on the same terms 
as members of the University. A scheme has consequently 
been propounded for men alone, open to B.A.'s of not more 
than four years' standing. The electors arc. to be the Vice
Chnncellor, the \Voodwardian Professor, the Examiners in 
Geology in the Natural Sciences Tripos for the current and the 
preceding year, and an additional elected examiner. The 
electors are to take any steps fhey think desirable to ascertain 
the qualifications of candidates, and in making the award they 
are to have regard to proficiency in geology and pal::eontology, 
and to promise of future work. One scholar is to be elected 
annually ; but in case no person shall be deemed worthy of 
election, the income for the year is to go to a reserve fund, to be 
given, when advisable, to scholars to aid them in prosecuting 
geological or palceontological researches. 

The acceptance of the John Lucas Walker Studentship 
for the furtherance of original research in pathology, which 
has been offered to the University by the Attorney-General, 
is to be voted on in the Senate to-day. The amended 
regulations provide that the studentship shall be usually 
tenable for three years, witb power of further prolongation 
for two years more when exceptionally valuable work has 
been done by the student. The fund, consisting of abcntt 
8300!. 4 per cent. debentures, is to be managed by the Professor 
of Pathology for the time being, the Professors of Physic and 
Physiology, and the President of the London College of Phy
sicians. The studentship is not to be awarded by competitive ex
amination, but any other mode of ascertaining qualifications may 
be taken. After full annouuccment of a vacancy, the Professor of 
Pathology is to nominate the. best qualified candidate, but the 
other electors may overrule the nomination if they are unanimous 
in favour of some other candidate. The student shall not 
necessarily be a member of Cambridge ·University, and may 
he of either sex. No occupation interfering with patho
logical research may be followed by the student, who is 
also to vacate his studentship if elected to a professorship 
or fellowship. At least three terms of study are to be 
pursued at Cambridge. Exhibitions or prizes not exceeding 
50!. may from time to time be awarded by the managers to any 
person, except the student for the time being, in respect of any 
essay, discovery, or meritorious service connected with or con
ducing to the science of pathology, and grants may be made 
for the furtherance of original research in the science. 

The amended regulations for the Mechanical Sciences T1ipos 
also come to a vote to-day. 

The Senate has accepted the subscription of 500/. offered 
through Prof. Newton to enable the University to become a 
Governor of the Marine Biological Association. 

The followingncw appointments of electors to various Profes
sorships have been made: Botany, Mr, Thiselton Dyer; Political 
Economy, Right Hon. A. J. Balfour, M.P.; Experimental 
Physics, Dr. D. MacAlister; Downing Professorship of Medicine, 
Dr. A. Macalister ; Mental Philosophy and Logic, Prof. A. 
Marshall ; Surgery, Dr. A, Macalister. The remaining appoint
ments are re-elections. 

SCIENTIFIC SERIALS 
American J'ourna! of Science, February.-Kilauea after the 

eruption of March 1886. Under this general heading are 
grouped three separate papers, disposed in chronological order, 
describing the appearance of the volcano at different times since 
the great outburst of last March. The first is a communication 
to Prof. \V. D. Alexander, Surveyor-General of the Hawaiian 
Islands, by J. S. Emerson, assistant in the Survey, dated August 
27, ancl embodying a series of observations ranging from March 
24 to April 14. This paper is.illustrated bya plate showing the 
crater and new lake drawn to a scale of I : 20,000. The second, 
by L. L. Van Slyke, Professor of Chemistry, Honolulu, de
scribes the general appearance of the volcanic district during 
the month of J nly, when considerable changes ha,1 already oc
curred, including a general \1phe:wal in the centre of Halema'u
ma'u, and the reappearance of liquid lava in three ,Jifferenl 
places. The third comprises a report to Prof. Alexander by 
Mr. Frank S. Dodge, on the survey of Kilauea in the last 
week of September and the first of October, with a plate of the 
crater on a scale of I : 6000, This observer expects that perhaps 
in a few months the great central pit will again fill up and over
flow, as it did prior to the last eruption.-Volcanic action, by 
James D. Dana. The general question of igneous disturbances 
is discussed in connection with the recent emptions of Kilauea, 
Vesuvius, and Tarawera. The author's conclusions on the 
causes of these phenomena, as summed up in his '' Manual of 
Geology" ( 1863), arc mainly confirmed, being attributed to the 
hydrostatic pressure of the column of lava; the pressnre of 
vapours escaping in nndergro1111d regions from the lavas, or pro
duced by contact with them, acting either quietly or catastro
phically ; and the pressure of the subsiding crush of the crust 
forcing up the lavas in the conrluit.-On the Coahuilameteorites, 
by Oliver Whipple Huntington. It is shown that the assumed 
new meteorite discovered near Fort Duncan, Maverick County, 
Texas, and recently described by Mr. \V. E. Hidden, is really 
one of the "Coahuila irons," described by J. Lawrence Smith, 
and supposed to belong to one fall, alt bough found on the oppo
site side of the Rio Grande from :Maverick County.-A new 
rhizostomatous Medusa from New England, by J. Walter Fewkcs. 
This is a large acraspedote jelly fish, not only new to New 
England, but also unlike any yet captured on the Atlantic coast 
of North America. It was captured in September 1886 in New 
Haven harbour, and is allied to a common species found on the 
west European seaboard, Pilana (Rhizostoma, auth.) octopus, 
Haeck., and to P. pu!mo of the Mediterranean.-A short study of 
the atmosphere of fl Lyrre, by Orrny T. Sherman. The author's 
observations lead to the conclusion that in stars known to possess 
a spectrum comprisin:::- bright lines, these lines, while persistent in 
place, are not persistent in intensity. Comparing Loekyer's 
result in the study of the atmosphere with his own, he draws a 
general conclusion regarding the condition of the stellar atmo
sphere, describing it as consisting of an outer layer of hydrogen 
positively electrified, an inner layer of oxygen negatively electri
fied, and between them a layer of carbon mingling on its edge 
with the hydrogen. The electric spark passing through the 
mixture forms the hydrocarbon compound, whose molecular 
weight carries it into the oxygen region where combustion ensues 
with the formation of carbonic acid and aqueous vapour, both of 
which descending under the inllnences of their molecular weight 
ar~ again dissociated by internal heat, and return again to their 
original positi:ms.-Phenacite from Colorado, by Samuel L. 
Pentield, with notes on the locality of Topaz Butte, by Walter 
B. Smith. Some interesting facts are communicated with regard 
to the crystallisation of this remarkable mineral, the occurrence 
of which in the United States (Pike's Peak, El Paso County, 
Colorado), was determined by Messrs. Cross and Hillebrand. 
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