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SoME interest attaches to the preparation of optically 
active hydrocarbons of the benzene series as described by 
Messrs. Klages and Sautter in the Berichte. A dextro
rotatory hexenylbenzene, C,H,.CH : CH.CH(CH,).C2 H 5 , 

having [a]n+50°·3, was prepared by condensing amyl iodide 
with benzaldehyde by Grignard 's magnesium method, and 
this was reduced to a hexylbenzene, 

C 6 H,.CH,.CH 2.CH(CH,).C2 H 5 , 

which gave [a]n+I7°·2. The latter compound behaves in a 
normal manner as a homologue of benzene, and it should, 
therefore, be possible to prepare from it optically active 
derivatives of all the most important types. 

THE additions to the Zoological Society's Gardens during 
the past week include a Snow Leopard (Felis uncia) from 
Tibet, presented by Major Cox; a Lesser White-nosed 
Monkey (Cercopithecus petaurista) from West Africa, pre
sented by Mrs. Gower; a Mozambique Monkey (Cerco
pithecus pygerythrus) from East Africa, a Yellow Baboon 
(Papio cynocephala) from Africa, a Green Monkey (Cerco
pithecus callitrichus) from West Africa, a Ring-tailed Lemur 
(Lemur catta) from Madagascar, a Common Rat Kangaroo 
(Potorotts tridactylus) from Australia, a Lesser Vasa Parrot 
(Coracopsis nigra) from Madagascar, a Blossom-headed 
Parrakeet (Palaeornis cyanocephala), two Larger Tree 
Ducks (Dendrocygna major) from India, deposited; two 
Himalayan Pheasants (Lophophorus impeyanus) from the 
Himalayas, purchased. 

OUR ASTRONOMICAL COLUMN. 
A SIX YEAR PERIOD FOR THE POLAR MoTION.-Writing to 

the Astronomische Nachrichten (No. 3932), Mr. H. Kimura, 
of the International Latitude Station, Mizsusawa, states 
that. he has found ·that the x and y curves of the polar 
motwn return to the same phase (not amplitude) every· six 
rears. This is shown very clearly on the curves accompany
mg the note. 

The lat;st maximum deviations of the instantaneous pole 
occurred m I89I and I897, whilst the minima deviations 
were in I894 and I900. 

The actual x and y curves obtained from the observations 
may be fairly represented by calculated curves derived from 
the of two periods of 438 days and 365 days 
respecttvely. 

. During his researches on this subject Mr. Kimura has 
dtscovered that there are important systematic variations of 
purely local character which are as yet unaccounted for. 

DOUBLE STAR 0BSERVATIONS.-During his absence on 
leave from the Hong Kong Observatory, Prof. Doberck has 
observed 280 double stars, mostly taken from the Struve 
c::talogues. The name, coordinates, position angle, and 
-dtstance of each pair are given in a list published in Nos. 
3830 and 383I of the Astronomische Nachrichten as a con
tinuation of the previous list which appeared in Nos. 386o 
and 3861. In cases where there are more than two com
ponents in any one system, the angles and distances 
between each pair are given. The observations were made 
at Copenhagen. 

CORRECTIONS TO THE BERLINER }AHRBUCH FUNDAMENTAL 
CATALOGUE.-ln Nos. 3927, 3928 and 3929 of the Astrono
mische Nachrichten, Dr. A. Auwers publishes the results of 
his discussion of the observations, made between I750 and 
I9oo, of the 622 stars of the Astronomische Gesellschaft 
Fundamental Catalogues, which were published in the 
Berliner Jahrbttch in I883. After a lengthy discussion of 
the r;duction of the observations, Dr. Auwers gives a table 
showm.g the total corrections to the places for I875, and 
then. dtscusses several multiple systems, for each of which 
he gtves the elements he has computed. In a second table 
he c<:rrections the hundred-year proper 
motions gtven m hts tables wtth those given by Boss, for 
each five degrees of declination and right ascension. 
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COOPERATION IN SOLAR 0BSERVATIONS.-In No. I (I904) 
of the M emorie della Societa degli Spettroscopisti Italiani 
Prof. Ricco discusses the modern methods of studying solar 
phenomena, and points out the vital importance of obtain
ing as full a record as possible of all the changes which 
take place in the sun. He also describes the results 
obtained by Prof. Hale with the spectroheliograph, and 
directs attention to the important connections which have 
recently been shown to exist between solar and meteor
ological changes. 

A STUDY OF THE RADIO-ACTIVITY OF 
CERTAIN MINERALS AND MINERAL 
WATERS. 1 

PART I. 

A CONSIDERABLE number of minerals are known in 
varying degrees to be radio-active. Lists have been 

given by M. and Madame Curie (" These presentee a Ia 
Faculte des Sciences," Paris, p. I9) and by Sir W. Crookes 
(Roy. Soc. Proc., vol. lxvi. p. 4II). Except in the case of 
pitchblende, little has been done to determine the nature 
of the radio-active constituents, or to decide whether any 
hitherto unknown radio-active body is present. 

To obtain complete information on these subjects, the 
only method available would be completely to analyse the 
mineral, and examine every precipitate and filtrate for radio
activity. This process is, of course, very tedious, and the 
results have to be interpreted with care, since traces of 
radio-active elements may often be carried down in the 
groups to which they do not properly belong, and thus 
cause confusion. A much easier method is to heat the crude 
mineral, and to examine the rate of decay of the emanation 
which it gives off. Each emanation has a characteristic 
time constant of decay, and by determining this we can 
identify it. 

The method is, of course, useless for testing the presence 
or absence of radio-active elements such as uranium 2 

which do not give off a chara.cteristic emanation. But the 
great facility with which it may be applied to a small 
quantity of material, and the definiteness of the results, are 
great merits. 

In any case when a material suspected to contain radium 
is obtainable in abundance, it is better to test for the 
presence of emanation than to look for activity in the 
solid. For but little of the solid material can be advan
tageously used in the test. Thick layers give no larger 
effect than thin ones, since the upper layers absorb the 
radiation from the lower. But the emanation can be ex
tracted from any desired bulk of material, and the effect 
proportionately increased. If· carbonic acid or any other 
gas is evolved at the same time in inconven·ient quantities, 
it can be absorbed with a suitable reagent, and the eman
ation contained in it thereby concentrated. 

The present paper gives the results of an examination of 
coortain radio-active materials by this method. 

No new emanation has been recognised. The results 
have in all cases been attributable to thorium and radium. 

If any emanation decidedly more permanent than that of 
radium existed in the evolved gas, the method could not 
fail to detect it. For in every case the· activity of the gas 
was watched until it became comparable with the very 
small activity due to the walls of the vessel. If a more 
durable emanation had been present even in small quanti
ties, the proportion of it present would have increased 
relatively to the radium emanation, and its presence would 
have become apparent towards the end by a diminished 
rate of decay. 

Small quantities of an emanation less durable than that 
of radium might have escaped detection. For they would 
have been masked by the much greater quantity of the 
latter. 

By measuring the rate of leak due to the accumulated 

l By Hon. R. J. Strutt, Fellow of Trinity College, Cambridge. Read 
before the Royal Society, 1\larch io. 

2 I have found a di .. tinct, though feeble, emanation from re('ry1tallised 
uranium nitrate, having a rare of decay equal to that of the radium 
emanation. Whether this is really due to uranium, or to traces of radium, 
which the uranium still contains, must be left for the present an open 
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emanation from a weighed amount, the proportion of 
radium present may be estimated. A comparison with the 
leak due to the emanation of a known weight of radium 
must of course be made. For this purpose it would be 
best to weigh out, say, a milligramme of radium bromide, 
dissolve it in a litre of water, and evaporate a small 
measured quantity of the solution in a suitable tube. In 
this way the effect due to a standard quantity could be 
determined. 

The metl:wd of experimenting was as follows :-
The powdered mineral was placed in a hard glass com

bustion tube, drawn out and sealed at one end, connected 
to a mercury gas-holder at the other. The mineral was 

· heated to redness, and the gaseous products collected in the 
ga_s-holder. When the evolution of gas had ceased, the 
potnt was broken off, and air drawn into the gas-holder up 
to a standard volume. 

For measuring the electrical effects an electroscope was 
used. This was exhausted, and the gas extracted from the 
mineral, together with the air, which had been used to 
make up its volume to a sufficient amount, was admitted. 
After a few hours, enough for the deposited activity to 
attain its full value, the rate of leak was read. The day 
and hour were noted, and the gas was pumped out into a 
test-tube and stored over mercury. After a sufficient time 
had elapsed it was again introduced into the apparatus by 
means of a syphon gas pipette 1 and the rate of leak again 
measured. In the meantime the apparatus had been avail
able for making measurements with other gases. 
. In some cases the emanation was initially so strong that 
tt could not be conveniently investigated. In such cases 
a portion of the gas was diluted with air for measuring 
the rate of decay at first. The concentrated material was 
kept until, by lapse of time, it had .become weak enough 
to be conveniently used. Its activitv was followed until 
it had become too small for 

With this preface the results for the various minerals 
tried may be given in the form of a The rates of 
leak are given in scale divisions per hour. When air alone 
filled the apparatus, the rate of leak was 2·25 sc. div. per 
hour. This was in each case subtracted. 

" ..!t • -" 
" - s g E «..,c..._-

Mineral ,.,s - s . 0 
Locality ..... Q) u o:s ·g o ..... n -

v " " 
v t:' c 0 ell 

"" p. 
P. E;:§ "-0' -o- _. ..... 

Samarskite N. Carolina, U.S.A. • 20 2o16oo J03,000 3'48 F i te Norway? 4,280 6t,ooo 3'8o 
Pitchblende C'ornwnll . , . 40 It,gou 2g,8oo 3'so 
Malacone. Hitteroe, Norway 20 1,440 7-200 3'81 
Monazite. Norway . . . . 5I 2,o6o 4,ooo 3'50 

N. Carolina . 82 37 45 3'81 ., Brazi.l. 54 II 24 3'8o 
Zircou. N. Carolina. 6o 4' 4'05 

All the minerals give radium emanation, though in very 
varying quantity. 

Thes.e tests were not started quickly enough to give in
formatwn as to the presence of a very quickly decaying 
emanation. This was tested for independently. 

The mineral malacone is of peculiar interest, because it 
has been found to contain argon as well as helium (Ramsay 
:md Travers, Roy. Soc. Proc., val. lxiv. p. 131). Helium 
ts formed by the degeneration of radium, and it is reason
able to assume that the other kindred gases have had a 
similar origin. It was hoped, therefore, that malacone 
might contain some ne:w radio-active elemeri.t. It is still 
possible that it does so, but, if so, this substance· gives no 
emanation distinct from that of radium. 

The meteorite of Augusta, co. Virginia, has also been 
found to contain argon and helium. But no emanation at 
all could be obtained from 20 grammes of it. 

The minerals were all tested for thorium emanation by 
drawing air over them in the· cold ; the only one in the 
above list that gives it is the Norwegian monazite, and 

1 methods of manipulation used in storing and transferring the 
loss were those described in Dr. 'lravers's book;" The Study 
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even this does not yield it very abundantly. A crystal of 
thorite, however, kindly lent me by Prof. Lewis, was found 
to give torrents of thorium emanation. Air drawn over it 
in the cold possesses strong discharging power. It was not 
permissible to heat the specimen, which might have injured 
it, so that the pr,esence or absence of radium emanation in 
thorite could be investigated. 

There can be no doubt that the other specimens of mona
zite contained thorium, for they were given me by the late 
Mr. W. Shapleigh, who was connected with the thorium 
industry, and used these varieties of monazite for preparing 
thoria. They were, moreover, markedly radio-active, while 
the amount of radium emanation obtained from them was 
so small that their activity could not be mainly due to 
radium. They probably contain the thorium in what 
Rutherford and Soddy call the de-emanated condition, that 
is, the thorium emanation, though formed, is not able to 
escape. 

It is a remarkable fact that these varieties of monazite, 
though they contain practically no radium, yield helium in 
fair quantity. There are several explanations possible
The radium originally present may have almost completely 
decayed into helium, and any other products which it may 
yield; or it may be that thorium, as well as radium, yields 
helium by its decomposition; or, lastly, the helium may 
not, in this instance, have been generated by radio-active 

at all. 
It is interesting to know whether the minerals retain alf 

the radium emanation which they .generate when heat is 
not used to expel it. Two cases were exarnined. One 
hundred and fourteen grammes of powdered samarskite were 
kept for three weeks in a sealed glass tube. The air was 
pumped out and tested. It was found to contain about 
1/ 15oth part of the emanation, which could have been ex
tracted by heat. 

A similar experiment with malacone showed that about 
one-fiftieth of its emanation was able to escape in the cold. 

It appears, therefore, that these minerals retain nearly 
all their emanation. The same is probably true of the 
helium produced by the emanation. Samarskite which had 
been heated to redness was found to retain its emanation 
in the cold about as well as before. 

PART II. 

I happened to possess a small sample of a red deposit, 
coloured by iron, which is left by the water of the King's 
Spring, at Bath. It occurred to me that ,it might be worth 
while to test this for radio-activity. The result was to 
show that the deposit was markedly active. On leaving it 
in the testing vessel (which was closed airtight) for a few 
days, the activity was found to increase to several times its 
initial value. This shows that the deposit gives off an 
emanation freely, even without heat. 

Experiments were then made to test the rate of decay of 
this emanation. It proved to be identical with the rate of 
decay of the emanation of radium.' The activity is wholly 
due to that element. 

This deposit was collected inside the King's Well itself, 
where the hot water issues from the ground. Other deposits 
are left in the tanks and pipes. They are less active than 
that collected near the source. 

Deposits from another of the hot springs at Bath, that 
known as the Old Royal Spring, have also been tested. 
These were found to be active also. In this case there was 
no opportunity of collecting the deposit at the well head 
itself, but it was found that the deposit left in the channel 
near the source was more active than that in the tanks 
further from it. 

It was interesting to determine whether the water itself 
contained any radium in solution. There could be little 
doubt that there must be traces left in solution, after the 
deposit had settled out. But, since the Bath water contains· 

1 In the first experiment made, I obtained a small residual leak when the 
radium emanation had decayed. 'This was auribmed to a new emanation, 
uf grea1er durability. But I have failed to repeat the experiment, and am 
forced to cOnclude that the leak was due to a failure of the quartz insula
tion, owing to the presence of moisture. It is very difficult to understand 
how this can have happened, for the gas was passed through drying 
When the rate of le .. k was tested with air in the appara:tus, it had always a 
perfectly definite and constant small value. 
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abundance of sulphates, and since radium sulphate is one 
of the most insoluble salts known, there could not be more 
than the merest traces present. The sulphate of barium 
is very much less soluble than that of strontium, and pre
sumably the sulphate of radium is much less soluble still. 
Barium sulphate requirys half a million times its weight 
of water to dissolve it ; radium sulphate perhaps several 
hundred million times its own weight. 

About Io litres of the Bath water were evaporated to dry
ness. The resulting saline residue was sealed up in a hard 
glass tube, and left for about a fortnight to generate a 
stock of emanation. On heating, a distinct emanation was 
obtained, giving several times the rate of leak that air did. 
A deposit, similar to that from the Bath water, but black 
in colour, can be collected from the source of the hot springs 
of Buxton. It has been analysed by Dr. J. C. Thresh 
(Proc. Chern. Soc., January I7, 1882), a nd I am indebted 
to his kindness for a specimen of it. This deposit was found 
to contain radium also, the proportion present being not 
very different from what was found in the case of some of 
the Bath deposits. 

The following table gives the quantitative data for these 
emanations from these deposits. The rates of leak are on 
thP. same scale as those in the preceding table. 

Material 

King's SpTing, Bath
Deposit from inside of well 

, ,, tank ... 
Saline residue from water . 

Old Royal Spring, Bath
Deposit from channel near well 

" , bottom of tank . 
Hard deposit from sides of tank 
Buxton dt'posit 

1 0 

12 

18 

IO 

IS 
25 
26 

It will be seen that the richest of the deposits is some 
thirty-six times more active than the salt obtained by 
evaporating the water. 

Although the agreement in the rate of decay of the 
emanation seemed sufficient to prove 
that the activity was really due to 
radium, yet it was thought desirable to 
show that the chemical properties of 
the active constituent were in agree
ment with this conclusion. Two hun
dred grammes of the richest deposit 
were treated with dilute sulphuric acid. 
The activity was all in the insoluble 
residue, which was dirty white in 
colour, and amounted to about half 
the entire quantity of deposit. The 
residue was boiled with strong sodium 
carbonate solution. This was washed 
away, and the mass extracted with 
hydrochloric acid. The hydrochloric 
acid solution gave a slight precipitate 
with sulphuric acid. This precipitate 
was ·collected, and found to be strongly 
active, so that there is every reason 
.to conclude that the activity .of the de
posit is due to the presence of radium. 

The presence of radium in the Bath 
water and deposits is of special inter.est 
because of the occurrence of helium in 
the gas which rises with the spring 
(Rayleigh, Roy. Soc. Proc., voi. lx. p. 
s6). There can be little doubt that the 
helium owes its origin to the same 
store of radium that supplies the water. 

It is interesting to estimate the 
quantity of radium annually delivered 
by the spring. Part of this is in the 
deposit, part in the water. But the annual yield of de
posit does not exceed a few hundredweight at the most ; 
and although it is much richer in radium than the dis
solved salt, the quantity of the latter is so enormously 
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greater that the deposit may be neglected. According to 
the estimate of Sir A. C. Ramsay, the late director of the 
Geological Survey, the salt annually delivered by the spring 
would be equivalent in volume to a column 9 feet in diameter 
and 140 feet high. Taking the density to be twice that of 
water, this would weigh about soo,ooo kilogrammes. 

Now the saline residue gives about I/ 1500th part of the 
quantity of emanation that samarskite gives. Let us assume 
thar the latter contains one-millionth part of radium, which 
is, I think, an outside estimate. At that rate, the annual 
delivery of radium by the spring amounts to about one-third 
gramme. The volume of gas which the spring delivered 
is about 100 cubic feet per day (Williamson, British 
Association Reports, 1865, p. 380). About I/ wooth part of 
this is helium, so that about 3 litres of helium are given off 
daily, or about Iuoo litres per annum. The proportion of 
helium to radium thus indicated is of the same order as in 
thP radio-active minerals, though somewhat larger. This 
is in accordance with the view that the spring draws its 
supplies from the disintegration of such minerals. 

In obtaining the various materials from the Bath springs, 
I have had the great advantage of Mr. Sydenham's help. 
His knowledge of everything connected with the springs 
has been of great assistance. 

In addition to the Bath and Buxton waters I have ex
amined .several others. 

A sample of the Cheltenham saline water, and also a 
dt'posit left in the pipes, was kindly sent me by Mr. G. 
Ballinger. But no emanation could be obtained, either 
from the dissolved salts or from the deposit. 

The boiler crust from a domestic hot water pipe, Terling, 
Essex, was examined, but the result was again negative. 

THE MINING OF NON-METALLIC 
MINERALS.' 

THE four Cantor lectures delivered before the Society 
of Arts last year by Mr. Brough, and now published 

as a pamphlet, form a fitting sequel to the course which 
he gave in I900 upon metalliferous deposits. The title 
" non-metallic minerals " must be taken in the popular and 
not in the strictly scientific sense, and is intended to include 
all the useful minerals whkh are not employed as sources 
of the common metals. Mr. Brough classifies these minerals 

FIG. I.-Magnesite Quarry, Salem, India. 

into four groups, viz. coal and bitumens, salts, stone and 
precious stones. 

I By Mr. Bennett H. Brough. Pp. 48 and 15 figures. (Journal of the 
Society of Arts, December 25, 1903, January x, a, IS , 1904.) 
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