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tirely unsecured to the University, and the progress of the
department under Mr. Balfour’s direction remained liable to
sudden check. Upon this representation the Senate unani-
monsly concurred in the report of the Council and established
the professorship.

EDINBURGH.—Dr. James Geikie, F.R.S., has been appointed
to the Murchison Chair of Geology and Mineralogy in succession
to Prof. Archibald Geikie, Director of the Geological Survey.
Dr. Geikie will not enter upon the duties of his class till
November next.

Dr, P. PHILLIPS BEDSON, F.C.S., Demonstrator and assistant
Lecturer on Chemistry in the Victoria University, Owens Col-
lege, has been elected to the Professorship of Chemistry in
the Durham University College of Physical Science, Newcastle-
on-Tyne.

SOCIETIES AND ACADEMIES
Lonpon

Royal Society, May 25.—¢*On the Cause of the Light
Border frequently noticed in Photographs just outside the Out-
line of a Dark Body seen against the Sky; with some Intro-
ductory Remarks on Phosphorescence.” By Prof. G. G. Stokes,
Sec. R.S.

An observation I made the other day with solar phosphori,
though not involving anything new in principle, suggested to me
an explanation of the above phenomenon which seems to me
very likely to be the true one.  On inquiring from Capt. Abney
whether it had already been explained, he wrote : ““ The usual
explanation of the phenomenon you describe is that the silver
solution on the part of the plate on which the dark objects fall
has nowhere to deposit, and hence the metallic silver is deposited
to the nearest part strongly acted upon by light.” As this
explanation seems to me to involve some difficulties, I venture to
offer another,

1. I will first mention the suggestive experiment, which is not
wholly uninteresting on its own account, as affording a pretty
illustration of what is already known, and furnishing an easy and
rapid mode of determining in a rough way the character of the
absorption of media for rays of low refrangibility,

The sun’s light is reflected horizontally into a darkened room,
and passed through a lens,! of considerable aperture for its focal
length. A phosphorus is taken, suppose sulphide of calcium
giving out a deep blue light,? and a position chosen for it which
may be varied at pleasure, but which I will suppose to be nearer
to the lens than its principal focus, at a place where a section of
the pencil passing through the lens by a plane perpendicular to
its axis shows the caustic surface well developed. A screen is
then placed to intercept the pencil passing through the lens, and
the phosphorus is exposed to sunlight or diffuse daylight, so as
to be uniformly luminous, and is then placed in position; the
screen is then removed for a very short time and then replaced,
and the effect on the phosphorus is observed.

Under the circumstances described there is seen a circular disk
of blue light, much brighter than the general ground, where the
excitement of the phosphorus has been refreshed. This is sepa-
rated by a dark halo from the general ground, which shines by
virtue of the original excitement, not having been touched by the
rays which came through the lens.

2. The halo is due to the action of the less refrangible rays,
which, as’is well known, discharge the phosphorescence. Their
first effect, as is also known, is, however, to cause the phosphorus
to give out light; and if the exposure were very brief, or else the
intensity of the discharging rays were sufficiently reduced, the
part where they acted was seen to glow with a greenish light,
which faded much more rapidly than the deep blue, so that after
a short time it became relatively dark.

3. This change of colour of the phosphorescent light can
hardly fail to have been noticed, but I have not seen mention of
it. In this respect the effect of the admission of the discharging
rays is quite different from that of warming the phosphorus,
which, as is known, causes the phospherus to be brighter for a
time, and then to cease phosphorescing till it is excited afresh.
The difference is one which it seems important to bear in mind

¥ The lens actually used was one of crown glass which I happened to
have ; a lens of flint glass would have been better, as giving more separation
of the caustic surfaces for the different colours.

“ The experiments were actually made, partly with a tablet painted with

Balmain’s luminous paint, partly with sulphide of calcium and other phos-
phori in powder.

in relation to theory. Warming the phosphorus seems to set the
molecules more free to execute vibrations of the same character
as those produced by the action of the rays of high refrangi-
bility. But the action of the discharging rays changes the
character of the molecular vibrations, converting them into others
having on the whole a lower refrangibility, and being much less
lasting,

4. Accordingly when the phosphorus is acted on simultaneously
by light containing rays of various refrangibilities, the tint of the
resulting phosphorescence, and its more or less lasting character,
depend materially upon the proportion between the exciting and
dischaiging rays emanating from the source of light. Thus day-
light gives a bluer and more lasting phosphorescence than gas-
light or lamplight. 1 took a tablet which had been exposed to
the evening light, and had got rather faiat, and, covering half of
it with a book, I exposed the other half 1o gaslight. On carrying
it into the dark, the freshly exposed half was seen to be much
the brighter, the light being, however, whitish, but after some
considerable time the unexposed half was the brighter of the
two.

Again, on exposing a tablet, in one part covered with a glass
vessel containing a solution of ammonio-sulphate of copper, to
the radiation from a gas flame, the covered part was seen to be
decidedly bluer than the rest, the phosphoresceice of which was
whitish.  Toe former part, usually brighter at first than the rest,
was sure to be so after a very little time. The reason of this is
plain after what precedes.

A solution of chromate of potash is particularly well suited
for a ray filter when the object is to discharge the phosphores-
cence of sulphide of calcium. When it stops the exciting rays,
it is transparent for nearly the whole of the discharging rays.
The phosphorescence is accordingly a good deal more quickly
discharged under such a solution than under red glass, which,
along with the exciting rays, absorbs also a much larger propor-
tion than the chromate of the discharging rays.

5. I will mention only one instance of the application of this
arrangement to the study of absorption. On placing before
excited sulphide of calcium a plate of ebonite given me by Mr.
Preece as a specimen of the transparent kind for certain rays of
low refrangibility, and then removing the intercepting screen
from the lens, the transmission of a radiation through the ebonite
was immediately shown by the production of the greenish light
above-mentioned. Of course, after a sufficient time the part
acted on bzcame dark.

6. I will mention two more observations, as leading on to the
explanation of the photographic phenomenon which I have to
suggest.

In a dark room, an image of the flame of a paraffin lamp was
thrown by a lens on to a phosphorescent tablet, On intercept-
ing the incident rays after no great exposure of the tablet, the
place of the image was naturally seen to be luminous, with a
bluish light. On forming in a similar manner an image of an
aperture in the window shutter, illuminated by the light of an
overcast sky reflected horizontally by a looking-glass outside,
this image of course was luminous ; it was brighter than the
other. On now allowing both lights to act simultaneously on
the tablet, the image of the flame being arranged to fall in the
middle of the larger image of the aperture, and after a suitable
exposure cutting off both lights simultaneously, the place of the
image of the aperture on which the image of the lamp had
fallen was seen to be Zess luminous than the remainder, which
had been excited by daylight alone. The reason is plain, The
proportion of rays of lower to rays of higher refrangibility is
much greater in lamplight than in the light of the sky ; so that
the addition of the lamplight did more harm by the action of
the discharging rays which it contained on the phosphorescence
produced by the daylight, than it could do good by its own
contribution to the phosphorescence.

7. The other observation was as follows :—The same tablet
was laid horizontally on a lawn on a bright day towards evening,
when the sun was moderately low, and a pole was stuck in the
grass in front of it, so as to cast a shadow on the tablet. After
a brief exposure, the tablet was covered with a dark cloth, and
carried jnto a dark room for examination,

It was found that the place of the skadow was &righter than
the general ground, and also a deeper blue. For a short dis-
tance on both sides of the shadow the phosphorescence was a
little feebler than at a greater distance.

This shows that, though the direct rays of the sun by them-
selves alone would have strongly excited the phosphorus, yet
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acting along with the diffused light from all parts of the sky,
they did more harm than good. They behaved, in fact, like the
rays from the lamp in the experiment of Section 6. The slightly
inferior luminosity of the parts to some little distance on both
sides of that on which the shadow fell, shows that the loss of
the diffuse light corresponding to the portion of the sky cut off
by the pole was quite sensible when that portion lay very near
the sun.

All this falls in very well with what we know of the nature of
the direct sunlight and the light from the sky. In passing
through the atmosphere, the direct rays of the sun get ob-
structed by very minute particles of dust, globules of water
forming a haze too tenuous to be noticed, &c. The veil is
virtually coarser for blue than for red light, so that in the unim-
peded light the proportion of the rays of low to those of high
refrangibility goes on continunally increasing, the effect by the
time the rays reach the earth increasing as the sun gets lower,
and has accordingly a greater stretch of air to get through, Of
the light falling upon the obstructing particles, a portion might
be absorbed in the case of particles of very opaque substances,
but usually there would be little loss this way, and the greater
part would be diffused by reflection and diffraction, This dif-
fused light, in which there is a predominance of the rays of
higher refrangibility, would naturally be strongest in directions
not very far from that of the direct light ; and the loss accord-
ingly of a portion of it where it is strongest, in consequence of
interception by the pole in front of the tablet, accounts for the
fact that the borders of the place of the shadow were seen to be
a little less luminous that the parts at a distance.

8. The observations on phosphorescence just described have
now prepared the way for the explanation I have to cuggest of
the photographic phenomenon,

It is known, that with certain preparations, if a plate be ex-
posed for a very short time to diffuse daylight, and be then
exposed to a pure spectrum in a dark room, on subsequently
developing the image it is found, that while the more refrangible
rays have acted positively, that is, in the manner of light in
general, a certain portion of the less refrangible have acted in
an opposite way, having undone the action of the diffuse daylight
to which the plate was exposed in the first instance.

It appears then that in photography, as in phosphorescence,
there may in certain cases be an antagonistic action between the
more and less refrangible rays, so that it stands to reason that
the withdrawal of the latter might promote the effect of the
former.

Now the objective of a photographic camera is ordinarily
chemically corrected ; that is to say, the minimnm focal length
is made to lie, not in the brightest part of the spectrum, as in a
telescope, but in the part which has strongest chemical action.
What this is, depends more or less on the particular substance
acted on ; but taking the preparations most usually employed, it
may be said to lie about the indigo or violet. Such an objective
would be much under-corrected for the red, which accordingly
would be much out of focus, and the ultra-red still more so.

When such a camera is directed to a uniform bright object,
such as a portion of overcast sky, the proportion of the rays of
different refrangibilities to one another is just the same as if all
the colours were in focus together ; but it is otherwise near the
edge of a dark object on a light ground. As regards the rays in
focus, there is a sharp transition from light to dark; but as
regards rays out of focus, the transition from light to dark,
though rapid, is continuous. It is, of course, more nearly
abrupt the more nearly the rays are in focus. Just at the out-
line of the object there would be half illumination as regards the
rays out of focus. On receding from the outline on the bright
side, the illumination would go on increasing, until on getting
to a distance equal to the radius of the circle of diffusion (from
being out of focus) of the particular colour under consideration,
the full intensity would be reached, Suppose, now, that on the
sensitive plate the rays of low refrangibility tend to oppose the
action of those of high refrangibility, or say act negatively, then
just outside the outline the active rays, being sharply in focus,
are in full force, but the negative rays have not yet acquired
their full intensity. At an equal distance from the outline on
the dark side, the positive rays are absent, and the negative rays
have nothing to oppose, and therefore simply do nothing.

9. Iam well aware that this explanation has need of being
confronted with experiment. But not being myself used to
photographic manipulation, I was unwilling to spend time in
attempting to do what could so much better be done by others.

I will, therefore, merely indicate briefly what the theory would
lead us to expect.

We might expect, therefore, that the formation of the fringe
of extra brightness would depend :—

(1) Very materially upon the chemical preparation employed.
Those which most strongly exhibit the negative effect on exposure
to a spectrum aftera brief exposure to diffuse light might be
expected to show it most strongly.

(2) Upon the character of the light. If the light of the bright
ground be somewhat yellowish, indicating a deficiency in the
more refrangible rays, the antagonistic effect would seem likely
to be more strongly developed, and, therefore, the phenomenon
might be expected to be more pronounced.

(3) To a certain extent on the correction of the objective of
the camera, An objective which was strictly chemically cor-
rected might be expected to show the effect better thaa one in
which the chemical and optical foci were made to coincide, and
much better than one which was corrected for the visual rays.

It is needless to say that on any theory the light must not be
too bright, or the exposure too long ; for we cannot have the
exhibition (in the positive) of a brighter border to a ground
which is white already.

P.S.—Before presenting theabove paper to the Royal Society
I submitted it to Capt. Abney, as one of the highest authorities
in scientific photography, asking whether he knew of anything
to disprove the suggested explanation. He replied that he
thought the explanation a possible one, encouraged me to present
the paper, and kindly expressed the intention of submitting the
question to the test of experiment.

Linnean Society, May 24.—Anniversary Meeting.—Sir
John Lubbock, Bart.,, F.R.S., president, in the chair.—Mr,
H. T. Stainton, on behalf of the Audit Committee, read the
statement of receipts and payments for the year, and the
Treasurer, Mr. Frank Crisp, followed with a detailed ex-
planation of the various items, showing that the Society was
in a very sound financial condition ; besides investments
of about 4000/, the balance at bankers’ being 649/ 2s. 5d.
Afterwards the secretary, Mr. B. D. Jackson, read his
annual report. Since the last anniversary, fifteen Fellows of
the Society, 2 Foreign Members, and 1 Associate, had died,
and 7 Fellows had withdrawn; while 40 new Fellows had
been elected. Between purchase, exchange, and donations, 383
vols. and 348 separate parts had been added to the Library.—
The President then delivered his anniversary address, comment-
ing generally on the events of the past year with especial refer-
ence to their bearing upon the Society ; he also made allusions
to the removal of the Botanical Department of the British
Museum to South Kensington, and to the additions of Miss
North’s oil paintings, &ec., to Kew Gardens ; this was followed
by reports on the various botanical and zoological publications
published during the last twelvemonth. The obituary notices
of deceased Fellows was read by the Secretary, the Society
having to deplore the loss of Charles Darwin, Professor
Rolleston, Sir C. Wyville Thomson, and their late treasurer,
Mr. Frederick Currey, who had been in office above twenty
years. The scrutineers having examined the ballot, then
reported that Mr. H. W, Bates. T. S. Cobbold, Prof. P. M
Duncan, E. M. Holmes, and Sir J. D. Hooker had been elected
into the Council, in the room of Prof. Allman, Rev. J. M,
Crombie, W. S. Dallas, A. Grote, and Prof. Lankester, who
retired ; and for officers, Sir J. Lubbock as president, Frank
Crisp as treasurer, and B. D. Jackson and G. J. Romanes,

MANCHESTER

Literary and Philosophical Society, March 13.—Alfred
Brothers, F.R.A.S., in the chair.—Mr., Marcus M. Hartog,
F.I.S., made a communication upon water-fleas,—On Cyprea
guttata (Gmel.), by J. Cosmo Melvill, F.L.S.—Lepidoptera of
the Shetland Islands, by Hastings C. Dent, C.E.—Notes on
the Giant Dragon’s-blood tree at Orotava, by Mr. John Plant,
F.G.S.—Mr. R. D. Darbishire, B.A., F.G.S., exhibited a fine
series of Ceylonese land and freshwater shells, procured through
the instrumentality of Mr. M. M. Hartog, F.L.S.

April 17.—Annual Meeting.—Mr. Boyd remarked upon
the discovery of the egg-cases of Pediculis capitis in the
crevices in an African chief’s head stool in the possession of a
friend of his,—Mr, Plant stated that he had endeavoured to
obtain larger specimens of the Dreissena noted at the last meet-
ing, but without success.—Dr. Alcock concluded his notes on
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frog tadpoles by describing the three remaining periods into
which their life-bistory may be divided.

BERLIN

Physical Society, May 12.—Prof. Du Bois-Reymound in
the chair,—Dr. Herz spoke on hardness, The methods hitherto
used to determine the hardness of bodies have all been merely
comparative estimates, ¢.g. in mineralogy it has been stated by
what other substances the material in question is scratched, and
what it can scratch, and so its position in the scale of hardness is
skown to be between these others. Or it has been ascertained
by some physicists to what depth in the substance 2 steel cone is
pressed by a given force, and this depth gives a measure of the
hardness., Herr Herz has sought a more absolute method ; and
he has confined himself, on account of the complexity of the
question, to consideration of isotropic elastic substances. In
these the hardness may be determined by the pressure which
must be exerted on a round surface, to exceed, by the deformation
produced, the limit of elasticity. In the case of plate-glass, e.g.
it was found by experiment, that at a pressure of 136 kg. per
square mm., the limit was passed, and a circular crack was
produced ; 136, accordingly, expresses the degree of hardness of
the glass. Every isotropic body which has exceeded its limit of
elasticity under greater or less pressure, is, respectively, harder or
less hard. The advantage of this method lies in the fact that no
second substance is needed, but only two balls or lenses of the
substance examined.—Prof. Christiani then showed, as samples
of a new method of preservation a series of organic bodies coated
galvanoplastically ; a mulberry leaf, a crab, a butterfly, a beetle,
the brain of a rabbit, a rosebud, and other objects, were silver-,
gold-, or copper-plated, and showed all details of their outer
form, down to the finest shadings, very well preserved. As to
the process (which is patented by the inventor), it was -stated
that the objects to be preserved, being put, living or dead, into
a solution of silver nitrate in alcohol, then dried, and treated
with sulphuretted and phosphuretted hydrogen, form good con-
ductors, which, brought in the usual way into the galvanoplastic
bath, can be coated with any desired thickness of a metallic
deposit.

GOTTINGEN

Royal Society of Sciences, January 7.—Contribution to
the theory of surfaces, with special reference to minimal surfaces,
by A. Enneper.

February 4.—Report on the Polyclinic for ear diseases, by
K. Burkner.—Completion of Steiner’s elementary geometrical
proofs of the proposition that the circle has a gleater surface-
content than any other plane figure of equal circumference, by
F. Edler.

March 4.—On functions which remain unchanged by linear
substitutions, by L. Fuchs.—Measurement of the earth’s mag-
netic horizontal intensity by means of bifilar suspension of a
magnet, by F. Kohlrausch.—Contribution to the theory of sur-
faces, &c. {(continued), by A. Enneper.—On cryolith, pachno-
lith, and thomsonolith, by C. Klein.—Communications on
Giordano Bruno, by P. de Lagarde.—-Report on Beneke prize.

PARIS

Academy of Sciences, May 29.—M. Blanchard in the chair,
—The following papers were read :—Separation of gallium, by
M. Lecoq de Boisbaudran.—On the cycle of reasoning ; its use
for formulating and strengthening the fundamental hypotheses
and propositions of all science ; application to mechanics, by M.
Ledieu. The cycle includes four operations: (1) observation
and, if necessary, experimentation a przori; (2) induction ; (3)
deduction ; (4) experimentation and, at least, observation a gos-
teriori. A fundamental hypothesis or law is more or less
rational when, on submitting it to the cycle, one can more or
less close this cycle. The author illustrates this.—Report on a
memoir of M. Bouquet de la Grye entitled, ¢ Study on Waves
of Long Period in the Phenomena of Tides.” In this memoir
the author extends the work of Laplace. It is also proved, infer
alia, that the greatest elevation of the water at Brest occurs, not
with west but with south winds, The density of the water is
found to explain the unexpected fact revealed by Bourdaloue,
that the mean level of the ocean at Brest is higher by 1°02 m.
than that of the Mediterranean :at Marseilles. From 1834 to
1878 the mean level of the ocean bas sunk, at Brest, or the
ground has risen (the fact subsists, after allowing for variation of
temperature and saltness). The relative rise of ground has been

about 1 mm, a year.—Measurement of the volume of blood con-
tained in the system of a live mammal, by MM. Gréhant and
Quinquaud. The method used dependson carbonic oxide giving an
oxycarbonised haemoglobin, a more fixed combination than oxy-
genated haemoglobin (the carbonic oxide being substituted for the
oxygen volume for volume). An animal is made to breathe gas
containing a known amount of CO. The volume of CO remaining
is noted, say, in a quarter of an hour, and this gives the amount
fixed, On the other hand, the blood is analysed to find the CO
fixed in a given volume. In this way it was found that the total
weight of blood is between 1-12th and 1-13th of the body-
weight. In the normal state there are no great variations.—
Obervations to serve in the study of phylloxera, by M. Boiteau.
—On a proposition relative to linear equations, by M. Darboux,
—Demonstration of a theorem relative to the function E (x), by
M. Bouniakowski.—Two means of having = in the game of head
or tail, by M. Barbier.—On a mode of transformation of figures
in space, by M. Vanecek.—On a potential with four variables,
which renders almost intuitive the integration of the equation of
sound, and the demonstration of the formula of Poisson concern-
ing the inverse potential with three variables, by M. Boussinesq.
—On the actinic transparence of optical glasses, by M. de Char-
donnet. A species of glass only allows passage (even with thin
plates, and with long exposure) to wave-lengths exceeding a
certain minimum, characteristic of the material. Another cha-
racteristic is the thickness beyond which elective absorption
diminishes no further. With these limits, the shortening of
the spectrum seems sensibly proportional to the thickness of the
medium. The actinic absorption (measuring the shortening
of the spectrum in the scale of wave-lengths) for a given
optical system is comprised between the absorption of the
least transparent glass and the sum of proportional shorten-
ings due to all the glasses of the apparatus.—Action
of sulphydrate of ammonia on sulphide of tin, by M. Ditte.—
Influence of the tension of sulphuretted hydrogen in presence of
a neutral solution of sulphate of nickel, by M. Baubigny.—On
the transformations of cuproso-cupric sulphites, by M. Etard,.—
Determination of glycerine in fatty matters, by M. David. He
saponifies 100 gr. of tallow with baryta.—On the ligneous for-
mations produced in the pith of cattings, by M. Prillieux.—On
the trite situation of the mouth of the Shiré, and on the canal of
communication connecting this river with the Zambesi, by M.
Guyot. Correcting the notion that the Shiré; after entering the
lake of Lydia, resumes its course and joins the Zambesi near the
foot of Chamouara, herepresents that the lake is really connected
with the Zambesi by a canal called Zio-Zio ; running first W.S. W.
to E.N.E., then nearly east, which conveys wa:er from the
Zambesi and is a larger feeder of the lake than the Shiré (the
latter at its entrance into the Jake is only about 670 feet wide
and 3 to 4 feet deep, with little current).
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