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ON RADIANT MA TTER 1 

TO throw light on the title of this lecture I must go back more 
than sixty years-to 1816. Faraday, then a mere student 

and ardent experimentalist, was twenty-four years old, and at 
this early period of his career he delivered a series of lectures 
on the general properties of matter, and one of them bore the 
remarkable title, "On Radiant Matter. " The great philosopher's 
notes of this lecture are to be found in Dr. Bence Jones's "Life 
and Letters of Faraday," and I will here quote a passage in 
which he first employs the expression R adiant Matter:-

"If we conceive a change as far beyond vaporisation as that 
is above fluid ity, and then take into account also the proportional 
increased extent of alteration as the changes rise, we shall per
haps, if we can form any conception at all, not fail far short of 
radiant ma tter; and as in the last conversion many qualities were 
lost, so here also many more wonld disappear." 

Faraday was evidently engrossed with this far-reaching specu
lat ion, for three years later-in x8rg-we find him bringing 
fresh evidence and argument to strengthen his startling hypo
thesis. His notes are now more extended, and they show that 
in the intervening three years he had thought much and deeply 
on this higher form of matter. H e first points out that matter 
may be classed into four states-solid, liquid, gaseous, and 
rad iant-these modifications depending upon differences in their 
several essenti;cl properties. H e admi ts that the existence of 
radiant matter is as yet unproved, and then proceeds, in a series 
of ingenious analogical arguments, to show the probability of its 
existence. 2 

If, in the beginning of th is century, we had asked, What is a 
gas ? the answer then would have been that it is matter, ex
panded and rarefied to such an extent as to be impalpable, save 
when set in violent motion; invisible, incapable of assuming or 
of being reduced into any definite form li ke solids, or of form· 
ing drops like liquids ; always ready to expand where no resist
ance is offered, and to contract on being subjected to pressure. 
Sixty years ago such were the chief attributes assigned to gases. 
:Modern research, however, has greatly enlarged and modified 
our views on the constitution of these elastic fluids. Gases are 
now considered to be composed of an almost infinite number 
of small particles or molecules, which are constantly mov· 
ing in every direction with velocities of all conceivable mag
nitudes. As these molecules are exceedingly numerous, it fol
lows that no molecule can move far in any direction without 
coming in contact with some other molecule. But if we exhaust 
the air or gas contained in a closed vessel, the number of mole
cules becomes diminished, and the distance through which any 
one of them can move without coming in contact with another is 
increased, the length of the mean free path being inversely pro· 
portional to the number of molecules present. The further this 
process is carried the longer becomes the average distance a 
molecule can travel before entering into collision; or, in other 
words, the longer its mean free path the more the physical pro· 
perties of the gas or air are modified. Thus, at a certain point, 
the phenomena of the radiometer become possible, and on push· 
ing the rarefaction still further, i.e., decreasing the number of 

1 A lecture delivered to the British Association f or the Ad vancement of 
Science, a t Friday, Aug ust 22, r879, by William Crookes, F.R.S. 
• 

2 
• ' I may now notice a curious progression in physical properties accompany

m g changes of form, and which is perhaps sufficient to induce, in the inven
tive and sanguine philosopher, a considerable degree of belief in the asso

of the radia.1t form with the others in the set of changes I have 
men tiOned. 

u As we ascend from the solid to the flu id and gaseous· states physical 
propert ies diminish in number and variety, each s tate losing so me' of those 
w hich belonged to the precedmg sta te. When solids are con verted into 

a ll the V'ariet ies of ha rdness and softnt:ss are necessar ily lost. Crys
ta Ume and other shapes are destroyed. O paci ty and colour f requently give 
way to n <::olourless transparency, and a general mobility of particles is 
conferred. 

" P assing onward to the gaseous state , still more of the evident characters 
of b odies are annihilated. The immense d ifferences in their <Yeicrht almost 
disappear ; the remains of difference in colour tha t were left are iost. Trans
parency becomes universal , and they are all e last ic. They n ow form but 
one set of. substances, and the varieties of d ensity, ha rdness, opacity, cJlour, 
elastici ty, and f orm, which render the number of solids and ftuids almost 
in fi nite, a re now supplied by a few sligh t var ia tions in weight, and some 
unin'!Portan t shades of colour. 

''To those, theref01·e, who admit th e radiant form of matter, no difficulty 
.exists in the simplicity of the properties it possesses, bu t rather an argument 
m their favour. These persons show yon a grad ua l resig nation of properties 
in the matter •ve can apprecia te a s the ma tter ascends in the scale of forms 
and they would be suprised if tha t effect were to cease :tt the gaseous sta re: 
T hey point cut lhc.grea tc r exe r t_ions na ture a t each step:of 
the chaugc, and th mk tha t, cons1.stentfy, 1;, to be. greatest in the pas
:sag:c_ fro m the t!J tlu.: radm•1 t fv1m. - L,fe and Letters o_/ J•a raday, 
vol. 1. p. 3oll. 

molecules in a given space and lengthening their mean free path, 
the experimental results are obtainable to which I am now ab:mt 
to call your attention. So distinct are these phenomena from 
anything which occurs in air or gas at the ordinary tension, that 
we are led to assume that we are here brought face to face with 
matter in a fourth state or condition, a condition as far removed 
from the state of gas as a gas is from a liquid. 

l/{ean Path. .Radiant Matter 
I have lrlllg believed that a well-known appearance observed .. 

in vacuum tubes is closely related to the phenomena of the mean 
free path of the molecules. When the negative pole is examined 
while the discharge from an induction-coil is passing through an 
exhausted tube, a dark space is seen to surround it. This dark 
space is found to increase and d iminish as the vacuum is vatied, 
in the same way that the mean free path of the molecules 
lengthens and contracts. As the one is perceived by the mind's 
eye to get greater, so the other is seen by the bodily eye to in· . 
crease in size ; and if the vacuum is insufficient to permit much: 
play of the molecules before they enter into collision, the pas· 
sage of electricity shows that the "dark space " has shrunk to 
small di mensions. We naturally infer that the dark space is the 
mean free path of the molecules of the residual gas, an inference 
confirmed by experiment. 

I will endeavour to render this "dark space " visible to all 
present. H ere is a tube (Fig. I) having a p ole in the centre in 

FIG. I. 

the form of a metal disk, and other poles at each end. The 
centre pole is made negative, and the two end poles connected' 
together are made the positive terminal. The dark space will be 
in the centre. When the exhaustion is not very great the dark 
space extends only a little on each side of the negative pole in 
the centre. When the exhaustion is good, as in the tube before 
you, and I turn on the coil, the dark space is seen to extend for 
about an inch on each side of the pole. 

Here, then, we see the induction spark actually illuminating, 
the Jines of molecular pressure caused by the excitement of the 
negative pole. The thickness of this dark space is the measure 
of the mean free path between success ive collisions of the 
molecules of the residual gas. The extra velocity with which the 
negatively electrified molecules rebound from the excited pole,. 
keeps back the more slowly moving molecules which are 
advancing towards that pole. A conflict occurs at the boundary 
of the dark space, where the luminous margin bears witness l\> 
the energy of the discharge. 

Therefore the residual gas-or, as I prefer to call it, the 
gaseous residue-within the dark space, is in an entirely different 
state to that of the residual gas in vessels at a lower degree of 
exbaustion. T o quote the words of our last year's President, in 
his address at Dublin:-

"In the exhausted column we have a vehicle for electricity not 
constant like an ordinary conductor, but itself modified by the
passage of the di scharge, and perhaps subject to laws differing 
materially from those which it obeys at atmospheric pressure." 

In the vessels with the lower de"'ree of exhaustion, the length 
of the mean free path of the is exceedingly small . as 
compared with the dimensions of the bulb, and the 
belonging to the ordinary gaseous state of dependmg upo11> 
constant collisions can be observed. Bttt m the phenomena 
now a!Jont to be e:aminctl, so high is the exhaustio11 carried that 
the dar k spncP. around the negative pole has widened out till it 
entirely fills the tube. By great rarefactJOn the mean free path 
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has become so lona that the hits in a given time in comparison to 
the misses may be and the avera;;e is now 
allowed to obey its own mot10ns or laws wrthout mterference. 
The mean free path, in fact, is comparable to the dimensions of 
the vessel and we have no longer to deal with a continuous 
portion ol matter, as would be the case were the tubes less highly 
exhausted, but we here contemplate the molecules indivi
dually. In these highly exhausted vessels the molecules of the 
gaseous are able to _da;t across the tube wi_th compara
tively few colhsrons, and radiatmg from the pole with enormous 
velocity, they assume properties so novel and so characteristic as 
to entirely justify the application of the term borrowed from 
Faraday, that of Radiant Matter. 

Radiant J1:fatter exerts poweiful Phosphorogenic Action where it 
strikes 

I have mentioned that the radiant matter within the dark space 
excites luminosity where its velocity is arrested by residual gas 
outside the dai·k space. But if no residual gas is left, the 
molecules will have their velocity arrested by the sides of the 
glass; and here we come to the first and one of the most note
worthy properties of radiant matter discharged from the negative 
pole-its power of exciting phosphorescence when it strikes 

agai.nst solid The number of bodies which respond 
lunun_ously to tillS molecular bombardment is very great, and the 

colours are of every variety. Glass, for instance, is 
highly phosphorescent when exposed to a stream of radiant 
matter. H_ere (F!g. z) are three J:lnlbs composed of different 
glass : one IS nranmm 15lass (a), which phosphoresces of a dark 
green colour; another Is glass. (b), which phosphoresces 
of a blue colour; and the thu·d (c) ts soft German glass-of 
which most of the apparatus before you is made-which phos
phoresces of a bright apple-green. 
. My earlier experiments almost entirely carried on by the 

aid of the phosphorescence whtch glass takes up when it is under 
the influence of the radiant discharge ; bnt many other substances 
possess this power in a still higher degree than 

For mstance, rs some of the luminous sulphide of 
calcmm prepared_ acc?rdmg to M. E_d. Becqnerel's description. 
When the sulphide IS e':posed t? hght:-even candle-light-it 
phosphoresces for hours with a blmsh·white colour. It is, how
ever, much more strongly phosphorescent to the molecular dis
charge in a good vacuum, as you will see when I pass the 
discharge through this tube. 

Other substances besides English, German, and uranium glass, 
and Becquerel's luminous sulphides, are also phosphorescent. 

fl'IG. 

The rare phenakite (aluminate of glucinum) phosphoresces 
blue ; the mineral spodumene (a silicate of aluminium and 
lithium) phosphoresces a rich golden yellow; the emerald gives 
out a crimson light. But without exception, the diamond is the 
most sensitive substance I have yet met for ready and brilliant 
phosphorescence. Here is a very curious fluorescent diamond, 

FJG. 3· 

green by daylight, colourless by candle·light. It is mounted in 
the centre of an exhausted bulb (Fig. 3), and the molecular 
discharo-e will be directed on it from below upwards. On 

the room you see the diamond shines with as much 
light as a candle, phosphorescing of a bright green. 

Next to the diamond the: ruby is one of the most remarkable 
stones for phosphorescing. In this tube (Fig. 4) is a fine collec
tion of ruby pebbles. As soon as ;the induction-spark is turned 
on you will see these rubies shining with a brilliant rich red tone, 
as if they were glowing hot. It scarcely matters what colour the 
ruby is, to begin with. In this tube of natural rubies there are 
stones of all colours-the deep red and also the pale pink ruby. 
There are some so pale as to be almost colourless, and some of 
the highly-prized tint of pigeon's blood; but nuder the impact of 
radiant matter they all phosphoresce with about the same colour. 

Now the ruby is nothing but crystallised alumina with a little 

FrG. + 

colouring-matter. In a paper by Ed. Becquerel,l published 
twenty years ago, he describes the appearance of alumina 
:;lowing with a rich red colour in the phosphoroscope. Here IS 
some precipitated alumina prepared in the most careful manner. 
It has been heated to whiteness, and you see it also glows under 
the molecula1· discharge wlth the same rich red colour. . . 

The spectrum of the red light emitted by these vanetres of 
alumina is the same as described by Becquerel twenty ag?· 
There is one intense red line, a little below the fixed lme B m 

1 Amtales de- Cldm:·e et de Physiqui!, 3rd series, val. I vii., P· so, I85g.]] 
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the spectrum, having a wave-length 'of about 6895. There is 
a contLnuous spectrum beginning at about B, and a few fainter 
lines beyond it, but they are so faint in comparison with this red 
Ene that they may be neglected. This line is easily seen by 
examining with a smaU pocket spectroscope the light reflected 
from a good mby. 

There is one particnlar degree of exhaustion more favourable 
than any other for the development of the properties of radiant 
matter which are now under examination. Roughly speaking, 
it may be put at the millionth of an atmosphere. I At this degree 
of exhaustion the phosphorescence is very strong, and after that 
it begins to diminish until the spark refuses to pass. 2 

I have here a tube (Fig. 5) which will serve to illustrate the 

c 

Fro.s. 

dependence of the phosphorescence or the glass on the degree 
of exhanstion. The two poles are at a and b, and at the end (c) 
i.s a small snpplementary tube, connected with the other by a 
narrow aperture, and containing solid caustic potash. The tube 
has been exhausted to a very high point, and the potash heated 
so as to drive off moisture and injure the vacuum. Exhaustion 
has then been recommenced, and the alternate heating and ex
haustion repeated until the tube has been brought to the state in 
which it now appears before you. When the induction-spark is 
first turned on nothing is visible-the vacunm is so high that the 
tube is non·conducting. I now warm the potash slightly, and 
!!berate a trace of aqueous vaponr. Instantly conduction com· 
mences, and the green phosphorescence flashes out along the 
Length of the tube. I continue the heat, so as to drive off more 
gas from the potash. The green gets fainter, and now a wave 
of cloudy luminosity sweeps over the tube, and stratifications 
appear, which rapidly get narrower, until the spark passes along 
the tube in the form of a narrow purple line. I take the lamp 
away, and allow the potash :,to aool; as it cools, the aqueous 
vapour, which the l1eat had driven off, is re-absorbed. The 
purple line broadens out, and breaks up into fine stratifications; 
t!lese get wider, and travel towards· the· potash tube. Now a 
wave of green light appears on the glass at the other end, sweep
ing on and driving the last pale stratification into the potash; 

r·o mi!li-:mth of an at!1losphere 
13I5'789 millionths of an atmosphere 

o'ooo76 rnillim. 
x·omillim. 

76o·o millims. 
, , = I atmosphere. 

:2 Too yea;s ago 1-fr. Wm. :Morgan communicated to the Royal 
·Sociely a paper entitled "Electrical Experiments made to ascertain the 
NOn-conducting Power of a Perfect Vacuum, &c." The following extracts 
from this paper, which was published in the Phil. Tra,s. for 1785 (vol. lxxv. 
p. 272), will be read with interest:- · 

11 A mercurial gage about rs inches long, carefully and accurately boired 
till every particle of air was expelled from the inside, was coated with tin-foil 
5 inches down frOm its sealed end, and being inverted into mercury through 
a perforatbn in the Urass cap which covered the mouth of the cistern; the 
whole cemented together, and the air wa'> exhausted from the inside of 
the cistern through a "valve in brass cap, which. producinrr a perfect 
vacuum in the gage, formed an instrul!'l2nt. peculiarly well adapt;d f or ex
periments of tJus kind. Things being thus adjusted (a small wire having 
been previously fixed on the inside of the cistern t o fvrm a communication 
between the brass cap and the mercury, into which the gage was inverted) 
the coa ted end was applied to the conductor of an electrical machine, and 
notwithstanding every effort, neither the smallest ray of light, nor the 
slightest charge, could ever be procured in. this exhausted 

" If. the mercury in the gage be imperfectly boiled, the experiment will 
uot succeed ; but the colour of the electric light, which, in air rarefied by an 
exhauster, is always violet or purple, appears in this case of. a be::c.utifulgreen, 

is very curious, the degree of the air's rarefaction may be nearly 
dctermmed_by this means; for I have known instances, during the course of 
th ese where a small of. air, 'having found its way into 
the tube, the elec tric light became visible, and, as usual, of a green colour; 
b nt the charge being often repeated, the gage has a t leng th cracked at its 
scaled end, and in c:msequence the external air, by being admitted in to the 
inside, h:1s g radually produced a change_ in the electric ·ligh t front g"rcen to 
·blue, fro m blue to indigo, and so on to vrolet and purple, till the medium has 
a t length become so dense as no Jonger to be a conductor of electricity. I 
think there can be little doubt, from the above experiments, of the non-con. 
ducting power of a perfect vacuum." 

seems to prove that there is a limit even in the rarefaction :of air 
which sets bounds to its conducting power; or, in ·other words, that 
particles of a ir may be so far separated from each other as no longer to be 
able to transmit the electric fluid; and if they are brought within a certain 
distance rJf each other their conducting power begins, and continually increases 
till their approach also arrives at .its }tmit.'' 

and now the· tube glows over its whole length with the green 
phosphorescence. I might keep it before you, and show the 
green growing fainter and the vacuum becoming non-conducting, 
but I should detain yon too long, as time is reqnired for the ab
sorption of the last traces of vapour by the potash, and I must 
pass on to the next subject. 

Radiant .Matter proceeds in straight Lines 
The radiant matter whose impact on the glass causes an evo

lution of light, absolutely refuses to turn a corner. Here is a 
V-shaped tube (Fig. 6), a pole being at each extremity. The 
pole at the right side (a) being negative, you see that the whole 
of the right arm is flooded with green light, but at the bottom it 
stops sharply and will not turn the corner to get into the left. 
side. When I reverse the current and make the left pole nega
tive, the green changes to the left side, always following the 
negative pole _and leaving the positive side with scarcely any 
luminosity. 

In the ordinary phenomena exhibited by vacuum tubes-phe
nomena with which we are all familiar-it is customary, in order 
to bring out the striking contrasts of colour, to bend the tubes 
into very elaborate des!gns, The luminosity caused by the phos-
phorescence of the res1dual gas follows a!! the convolutions into 
which skilfnl glass-blowers can manage to twist the glass. The 

Fro, 6. 

negative pole being at one end and the positive pole at the other, 
the luminous phenomena seem to depend more on the positive 
than on the negative at the ordinary exhaustion hitherto used to 
get the best phenomena of vacuum tubes.. But at a very high 
exhaustion the phenomena noticed in ordinary vacuum ·tubes 
whel1 .the induction spark passes through them-,.an appearance 
of cloudy luminosity and of stratifications-disappear entirely. 
No cloud or fog whatever is seen in the body of the . tube, and 
with. such a vacuum as I am working with in these experiments, 
the only light observed is that from the phosphorescent surface 
of the glass. I have here two bulbs (Fig. 7), alike in shape and 
position of poles, the only difference being that one is at an ex
haustion equal to a few millimetres of mercury-such a moderate 
exhaustion as will give the ordinary luminous phenomena-whilst 
the other is exhausted to about the millionth of an atmosphere. 
I will first connect the moderately exhausted bulb (A.) with the 
induction-coil, and retaining the pole at one side (a) . always 
negative, I will put the positive wire successively to the other 
poles with ·which the bulb is furnished. You see. that ::s I 
change the position of the positive pole, the line of vwlet 
joining the two poles changes, the electric current a!ways ch9osmg 
the shor test path between the two p_oles, and movmg about the 
bulb as I alter the position of the wues. . . 

This then is the kind of phenomenon we get m orchnary 
exhausttons. 'r will now try the same experiment with a bulb (B) 
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that is very highly exhausted, and as befm:e, will the side j connect it ':Vith the side pole {c). The green patch from the 
pole (a') the negative, the top pole (b) bemg positive. Notice 'divergent focus is there still. I now make the lowest 
how widely different is the from that shown by the pole (d) positive,_ and patch remains where it was at 
last bulb. The negative pole IS ll1 the _form of a shallow cup. fi r;t, unchanged 111 positiOn or mtensity. 
The molecular rays from the cup cross '': the _centre of the bulb, \Ve have prope:ty of radiant matter. In the low 
and thence diverging fall on the opposite s1de and produce a the J?OSitlon of the pole is of every importance, 
circular· patch of. green phosphorescent l1ght. As I turn the whtlst m a lugh vacuum the pos1t10n of the positive pole scarcely 
bulb round you w1ll all be able to see patch on the at all; the phenome.na seem to. depend entirely on the· 
glass. Now observe, I remove the posttrve wire from the top, negative pole, If the negative pole p :nnts m the direction of the 

FIG. 7· 

pos1t1ve, all very well, but if the negative pole is entirely in the 
opposite direction it is of little consequence : the radiant matter 
darts all the same in a straight line from the negative. 

If, instead of a flat disk, a hemi-cylinder is u;ed for the nega· 
tive pole, the matter still radiates normal to its surface. The 
tube before you (Fig. 8) illustrates this property. It contains, 
as a negative pole, a hemi-cylinder (a) of polished aluminium. 
This is connected with a fine copper wire, b, ending at the 
platinum terminal, c. At the upper end of the tube is another 
terminal, d. The induction-coil is connected so that the hemi
cylinder is negative and the upper pole positive, and when 
exhausted to a sufficient extent the projection of the molecular 
rays to a focus is very beautifully shown. The rays of matter 
being driven from the hemi-cylinder in a direction normal to its 
surface, come to a focus and then diverge, tracing their path in 
brilliimi green phosphorescence on the surface of the glass. 

Instead of receiving the molecular rays on the glass, I will 
show you another tube in which the focus falls on a phosphorescent 
screen. See how brilliantly the lines of discharge shine out, 
and how intensely the focal point is illuminated, lighting up the 

table. 'I 

Radiant Matter when interctjted by Solid Matter casts a Shadow 

Radiant matter comes from the pole in straight lines, and does 
nGl merely permeate all parts of the tube and fill it with light, 
as would be the case were the exhaustion les; good. Where 
there is nothing in the way the rays strike the screen and prodnce 
phcsphorescence, and where solid matter intervenes they are 
obstructed by it, and a shadow is thrown on the screen. In this 
pear-shaped bulb (Fig. 9) the negative pole (a) is at the pointed 
end. In the middle a cross (b) cut out of sheet alnminium, so 
that the rays from the negative pole projected along the tube will 
J;e partly intercepted by the aluminium cross, and will project an 
Image of it on the hemispherical end of the tube which is phos
phorescent. I turn on the coil, and you will all see the black 

FIG, s. 

shadow of the cross on the luminous end of the bulb (c, d]. 
N ow, the radiant matter from the negative pole has been passing 
by the side of the aluminium cross to produce the shadow ; the 
glass has been hammered and bombarded till it is appreciably 
warm, and at the same time another effect has been produced on 
the glass-its sensibility has been deadened . The gla;s has got 
tired, if I may use the expression, by the enforced phosphor
escence. A change has been produced by this molecttlar bom· 

FIG. 9· 

bardment which will prevent the glass from responding easily to 
additional excitement; but the part that the shadow has _fallen 
on is not tired-it has not been phosphorescing at all and IS 
fectly fresh; therefore if I throw down this cro.ss-I can easily 
do so by giving the apparatus a slight jerk, for h_as been most 
ingeniously constructed with a hinge by Mr. G1m1_ngham-and 
so allow the rays from the negative pole to fall unmterruptedly 
on to' the end , f the bulb, you will suddenly see the black cross 



© 1879 Nature Publishing Group

August 28, I879] NATURE 

(c, d, Fig. 10) change to a luminous one (e,.f), because the back· 
ground is now only capable of faintly phosphorescing, whilst the 
part wh[ch had the black shadow on it retains its full phos
phorescent power. The stencilled image of the luminous cross 
unfortunately soon dies out. After a period of rest the glass 
partly its power of phosphorescing, but it is never so 
good as 1t was at first. 

Here, therefore, is another important property of radiant 
matter. It is projected with great velocity from the negative 
pole! and not only strikes the glass in such a way as to cause it 

and become temporarily luminous while the discharge 
1s gomg on, but the molecnles hammer away with sufficient 
energy to produce a permanent impression upon the glass. 

(To be continued.) 

NOTES 
IN accordance-with the resolution come to at the recent In. 

ternational Congress of .Meteorology, the International Com
mittee ·have issued circulars for a special Conference at the 
Deutsche Seewarte at Hamburg, on October r, to consider the 
schen:ie' of Count Wilczek and Lieut. Weyprecht for the estab
lishinent of circumpolar observing stations. The Conference 
will consider specially the points :-I. The number of 
observatories and the most convenient places at which to establish 
them. The decision will depend on the number of co-operating 
states and the sums which they are willing to devote to this purpose. 
Count Wilczek and Lieut. Weyprecht have the fol
lowing places :-In the Northern Hemisphere: north coasts of 
Spitzbergen and of Novaya Zemlya, the neighbonrhoo<l of the 
North Cape, the mouth of the Lena, New Siberia, Point 
Barrow, on the north-east of Behring Strait, west coast of Green
land, east coast of Greenland, about 75o N. lat. In the Southern 
Hemisphere: the neighbourhood of Cape Horn, Kerguelen or 
Macdonald Islands, one of the groups south of the Auckland 
Islands. 2. There will bP. considered th exact epoch of the 
observations and their maximum duration. 3· Uniform instruc
tion fo1· observations, which will have to fix especially: (a) The 
minimum of elements to be observed at each station, both for 
meteorological phenomena and for those of terrestrial mag
netism, as well as for other phenomena of terrestrial physics con-· 
nected with them. (b) The minimum number of daily observa. 
tions for the different elements. (c) The first meridian which 
will serve as basis for simultaneous observations. (d} Methods 
of observation for the different elements and methods of reduc
tion. (e) Instrnments of observation and their arrangement, as 
far as they may influence the comparability of the results. 

AT a recent meeting of the Committee of the Iron and Steel 
Institute in Liverpool if was arranged that this year's meeting 
should be held in Liverpool on September 24, 25, and 26, The 
uoe of St. George's Hall has been granted by the Corporation, 
and nnmerous places for inspection and excursion have been 
partly arranged for, including Messrs. Blnndell's collieries, near 
Wigan, and the Tubular Bridge at Menai Straits. In addition 
to papers on .the manufacture and application of steel and iron, 
paperson subjects of work more immediately connected with 
Liverpool have been promised. 

M.'Janssen, weare glad to see, has been appointed to represent 
the Paris Academy of Sciences, at the inauguration of the statue 
to Arago, at Perpignan. 

THE prizes instituted by Prof. Schafli (Lausanne) for scientific 
works on Switzerland will now be awarded not only to Swiss 
naturalists, as hitherto, but also to foreign, a resolution in this 
sense having been accepted at the last meeting of Swiss 
naturalists. 

WE regret to hear of the death of Mr. Edward Edwards, late 
of Menai Bridge, Anglesey, at the age of seventy-five. For 
upwards of twenty years he had studied the habits and characters 

of marine animals in their native hs.unts, and his contrivance of 
the "dark chamber tank " was the first by which these animal, 
could be kept alive and healthy for an indefinite period in con
finement, and the principle of which was afterwards carefully 
recognised in the construction of the Crystal Palace and other 
aquariums. 

THE Times Geneva correspondent writes, under date August 
22 :-"On the evening of August 5, six persons who were 
standing in the gallery of a chdlet in the Jura, St. Cergues, 
witnessed an atmospheric phenomenon equally rare and curious. 
The aspect of the sky was dark ancl st<;>rmy. The air was thick 
with clouds, out of which darted at intervals bright flashes of 
lightning. At length one of these clouds, seemipg to break loose 
from the mountains between· Nyon and the Dole, advanced in 
the direction of a storm which had, meanwhile, broken out over 
Morges. The sun was hidden and the conntry covered with 
thick darkness. At this moment the pine forest round St. 
Cergues was suddenly illuminated and shone with a light bearing 
a striking resemblance to the phosphorescence of the sea as seen 
in the tropics. The light disappeared with every clap of thunder, 
but only to re-appear with increased intensity until thesubsidence 
of the· tempest. M. Raoul Pictet, the eminent chemist, who was 
one of the witnesses of the phenomenon, thus explains it in the 
last number of the Archives des Sciences Physiques et :
'Before the appearance of this fire or' St. Elmo, which covered 
the whole of the forest, it had rained several minutes durilig the 
first part of the storm. The rain had converted the trees into 
conductors of electricity. . Then, when the . cloud, strongly 
charged with the electric fluid, passed over this multitude of 
points, tf.e ·discharges were sufficiently vivid to give rise tci the 
luminous appearance. The effect was produced by the action of 
the electricity of the atmosphere on the electricity of the earth, 
an effect. which, on the occasion in question, was considerably 
increased by the height of the locality, the proximity of a storm
eland, and the action of the rain, which turned all the trees of 
the forest into conductors.' " 

A youNG female gorilla is now being exhibited at the Crystal 
Palace. 

AT the last meeting of the Swiss Naturalists, Prof. 
Kollmann (Basel) presented a report of the Anthropological 
and Statistical Commission, appointed by the Swiss Natural 
History Society for the investigation of the distribution of 
the light-coloured and dark-coloured population in Switzer
land. Thanks to the collaboration of many schoolmasters, 
no less than 25o,oco children in twenty-one cantons were 
described as to the colour of the eyes, hair, and skin, and 
a very rich and reliable material was collected. It is proved that 
in Switzerland, as well as in all middle Europe, the light-coloured 
population decreases from north to south, while the dark-coloured 
increases, and that it re£ches its greatest quantity in the Grau
bunden, sending a rather dense branch to the south-west. It 
may be concluded that a dark-coloured population immigrated 
in Switzerland from the south, having also a side-branch which 
followed the direction from the Rhone to the Rhine. 

WE are glad to learn that the great undertaking of printing 
and publishing a catalogue of the Advocates' Library, Edinburgh, 
which has been in progress for many yean:, is now approaching 
completion. The Library of the Faculty of Advocates ranks 
next to the British Mmeum and the Bodleian among the libraries 
of the United Kingdom. It contains about 262,oco printecl 
volumes, besides manuscripts of great interest and importance. 
It has had (nuder the Copyright Act) since the reign of Queen 
Anne the right of receiving a copy of every book published in 
the United Kingdom. Last year there were added to the Library 
4, oo7 volttmes of books, besides periodicals, pamphlets, and 
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