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The LORD KELVIN, D.C.L., LL.D., President, followed by Sir
JOHN EVANS, K.C.B., D.C.L, LL.D., Vice-President and
Treasurer, in the Chair.

Professor Dmitri Ivanovitch Mendeleeff, who was elected a Foreign
Member in 1882, signed the obligation in the Charter Book and was
admitted into the Society.

Mr. Benjamin Neeve Peach (elected 1892) was admitted into the
Society.

A List of the Presents received was laid on the table, and thanks
ordered for them.

In pursuance of the Statutes, the names of the Candidates recom-
mended for election into the Society were read from the Chair as
follows :—

Bateson, William, M.A. Love, Augustus Edward Hough,

Boulenger, George Albert. M.A.

Bradford, John Rose, M.D. Lydekker, Richard, B.A.

Callendar, Professor Hugh Long- | Penrose, Francis Cranmer, M.A.,
bourne. F.R.A.S.

Cheyne, Professor William Wat- | Scott, Dukinfield Henry, M.A.,
son, M.B., F.R.C.S. F.LS.

Froude, Robert Edmund. Smith, Rev. Frederick John, M.A.

Hill, Professor M. J. M., M.A,, | Swan, Joseph Wilson, M.A.,
D.Sec. F.1.C.

Jones, Professor John Viriamu, | Veley, Victor Herbert, M.A.,
M.A., B.Sc. F.CS.
The following Papers were read : —

YOL. LYL. ®
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I. “The Composition of Atmospheres which Extinguish Flame.”
By Frank CrLowes, D.Sc., Lond., Professor of Chemistry,
University College, Nottingham. Communicated by Pro-
fessor ARMSTRONG, F.R.S. Received March 14, 1894.

1. Introductory Remarks.

A study of the experiments which have been made to determine
the composition of atmospheres, which act extinctively upon flame,
shows that in many cases the atmosphere under examination was in
contact with water. The solvent action of water on the carbon di-
oxide present seems in such cases likely to disturb the composition of
the mixtare. In other cases, only the proportion of oxygen in the
extinctive atmosphere was noted, and the nature of the diluent gas or
gases was not taken into consideration. Experiments were also
limited to the flames of a few combustible substances, or where a
wider range of different flames were tried, the results reported were
only of an approximate and relative nature.

The experimental work, the results of which are summarized in
this communication, was undertaken in order to supplement the
deficiencies referred to above, with the view of drawing further
generalisations, and of furnishing support to those already drawn
from previous experiments.

2. Method of Experimenting.

The mixtures of air with the extinctive gas were made in a glass
cylinder, which was closed by a ground glass plate.

A measured quantity of water, equal in volume to the percentage
of extinctive gas to be mixed with the air, was first poured into the
glass cylinder. The cylinder was then closed by the plate and in-
verted in a vessel of water. A light xylonite ball of known volume
was then passed up, and the extinctive gas was introduced in sufficient
quantity to fill the cylinder. The cylinder was then closed and its
contents were mixed by the movement of the ball.

In order to test the accuracy with which any desired mixture of
gases could be prepared by this method, two mixtures of air with
carbon dioxide were submitted to analysis. They furnished respec-
tively 9'8 instead of 10 per cent., and 69'7 instead of 70 per cent. of
carbon dioxide.

The experimental flames used were 0 75 in. in height and were
gradually lowered into the cylinder, the top of which was finally

covered by the plate. The gases were burnt from a platinum jet
1 mm. in diameter.
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The gaseous mixture was considered to be in extinctive proportions
if the flame was extinguished during its downward passage, or imme-
diately upon attaining its lowest position in the cylinder. The
mixture was considered to contain the minimum necessary quantity of
extinctive gas, when another mixture containing 1 per cent. less of
the extinctive gas allowed the flame to continue burning in it for a
few seconds only.

The limiting differences between the results of repeated trials
corresponded to 1 per cent. of the extinctive gas in the air.

This minimum mnecessary percentage of extinctive gas is recorded
below in tabulated form.

It was considered necessary to take the immediate extinction of the
flame as the criterion of extinctive power, since the composition
of the atmosphere was rapidly affected by the combustion of the
flame.

8. Imfluence of the Sisze of the Flame.

As a matter of convenience, the flames were, in all cases, set to a
height of 0'75 inch. But a series of experiments was undertaken
with the same flame of varying size, in order to ascertain if the pro-
portion of extinctive gas necessary to extinguish the flame varied with
the size of the flame. -

The results of these experiments with flames of hydrogen and
alcohol, varying from 04 in. to 1'5 in. in height, show that the vary-
ing dimensions of the flame, within the wide limits included in the
trials, are without influence on the proportion of carbon dioxide in the
air necessary to produce extinction.

4. Method of Preparation of Gases Used.

The carbon dioxide employed for the experiments was prepared in
the usual way by the action of diluted hydrochloric acid upon marble.
It was washed with water, and was proved to be practically free
from air.

The nitrogen was prepared by heating an aqueous solution contain-
ing potassium nitrite, ammonium chloride, and potassium dichromate.
An analysis of the resulting gas proved that it contained 997 per
cent. of nitrogen. ,

5 Results obtained by the Ezperiments.

In the following table the number entered is the average of
numerous closely concordant experimental results. The percentage
volaume of nitrogen in air is taken as 21. ‘
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Characteristic differences were observed between the behaviour of
wick-fed flames and that of gas-fed flames when they were introduced
into an atmosphere which extingumished them. The wick-fed flames
gradually diminished in size until they vanished. The gas-fed flames,
on the other hand, gradually increased in size, becoming pale and
apparently lower in temperature, and then suddenly expired. The
extinction of the flame is apparently due in both cases to the lower-
ing of its temperature. This primary cause, however, seems to
operate directly in the case of the gas-fed flame, whilst in the case of
the wick-fed flame it operates by gradually reducing the amount of
combustible gas and vapour produced, and leads ultimately to the
flame dying from lack of combustible material. The large expansion
of the gas-fed flame is evidently due to an attempt to obtain the

necessary supply of oxygen in the diluted atmosphere by increasing
its own surface.

6. Theoretical Considerations.

The following deductions seem to be warranted by the results
arrived at in these experiments :—

1. That the extinction of a flame is not determined only by the
proportion which the inert gas bears to the oxygen of the atmo-
sphere into which it is introduced, but that the nature of the
inert gas present also influences the result.

2. That carbon dioxide uniformly exerts a more powerful extinc-
tive effect upon flame than nitrogen does.

3. That there is & remarkable uniformity in the proportions of
inert gas which must be mingled with air in order to just
extinguish wick-fed flames.

4. That this uniformity does mnot apply to the flames of com-
bustible gases burnt from a jet.

5. That the flames of gases burnt from & jet show no simple
relation, as regards the proportion of oxygen present in the

* extinctive atmosphere, to the relative proportions of oxygen
required for their complete combustion.

With regard to the superior extinctive power of carbon dioxide
over that of nitrogen, it has been stated that the greater the density
of an inert gas which is introduced into air, the less will be the
quantity which saffices to arrest combustion. Waldie suggests that
this is due to the cooling effect produced upon the flame by the
rapidity of diffusion of its heated products increasing as the sur-
rounding atmosphere increases in density. But it is probable that
carbon dioxide also surpasses nitrogen in its extinctive effect upon
flame in virtue of its higher specific heat, and becaunse of its slower
movement owing to its high molecular weight and density. When
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. the heavy gas is mingled with the air, it adds to the density of the
mixture, and'renders the'atmosphere more sluggish in its movement
towards the flame to supply the necessary oxygen.

It had been anticipated that in the presence of the hydrogen
flame, and possibly of other flames, carbon dioxide would have
suffered partial deoxidation, as it is well known to do in the presence
of burning magnesium vapour. No such action appeared to oceur,
else the above relation between the extinctive powers of carbon
dioxide and nitrogen could not well exist.

The cause of the comparative uniformity of the proportion of
extinctive gas required for wick-fed flames has been already hinted
at. The flames are starved of combustible nutriment by the lowering
of the temperature of the flame. This cause seems to operate with
strikingly similar results upon the different solid and liquid com-
bustibles.

The cause of the want of conformity to theoretical considerations
in the case of the gaseous flames fed from jets is not at once
apparent.

It is of practical interest to note that the introduction of a mini-
mum of 15 per cent. of carbon dioxide into air is necessary to cause
it to extinguish ordinary wick-fed flames, the oxygen being reduced
by this admixture from the normal proportion of 21 per cent. to 18 per
cent. For the extinction of a coal-gas flame, however, the addition of
33 per cent. of carbon dioxide is necessary, and the oxygen being
thus reduced to 14 per cent. The hydrogen flame has far greater
vitality, requiring the admixture of 58 per cent. of carbon dioxide
with air, and the consequent reduction of the oxygen to 8:8 per cent.,
before it suffers extinction. This fact is of great importance, since it
shows that the hydrogen flame in the composite miner’s safety lamp
(*Roy. Soc. Proc.,’ vol. 52, p. 486) may be used as an auxiliary to
prevent the loss of flame when the lamp is being carried through
mine.air containing large proportions of carbon dioxide.

I have to thank one of my senior students, Martin E. Feilmann,
B.Se., for conducting much of the experimental work involved in this
research.

[April 28th, 1894.—Recent experiments seem to prove that a
rabbit can breathe with impunity, for at least an hour, air containing
25 per cent. of admixed carbon dioxide (J. R. Wilson, ¢ American
Journal of Pharmacy,’ 50, No. 12). If this is the case, the extinction
of an ordinary flame does not prove the surrounding atmosphere to
be irrespirable. The introduction of 15 per cent. of this gas ex-
tinguishes a flame, whilst the air seems to be still respirable, even
after it has been mingled with an additional 10 per cent. of carbon
dioxide.—F. C.]
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IL ¢ Preliminary Report on the Results obtained with the
Prismatic Camera during the Total Eclipse of the Sun,
April 16, 1893.” By J. NorMAN LOCKYER, C.B., F.R.S.
Received February 22, 1894.

(Abstract.)

During the total eclipse of 1871 observations were made by
Respighi and the author with a spectroscope deprived of its colli-
mator, and a series of rings was seen corresponding to the different
rays emitted by the corona and prominences. A similar instrument,
arranged for photography, was employed during several succeeding
cclipses, but the photographs were on so small a scale that none of
the results came up to the expectations raised by the observations of
1871. As the Solar Physics Committee is now in possession of a
prismatic camera of 6 inches aperture, the prism baving a refracting
angle of 45°, it was determined to employ it during the eclipse of
1893. The instrument was placed at the disposal of the Eclipse
Committee by the Solar Physics Committee, and was entrusted to
Mr. Fowler, who took the photographs at the African station.

It also seemed desirable that a series of similar photographs
should be taken at another point on the line of totality, even though
an equally efficient instrument were not available. A spectroscope
with two 3-inch prismsa of 60°, used in conjunction with a siderostat,
accordingly formed part of the equipment of the expedition to Brasil,
and was placed in charge of Mr. Shackleton.

The present preliminary report is intended to indicate the kind of
results obtained, and some of the photographs are reproduced for the
information of those specially interested, as it will be some time
before the complete reductions are ready for publication.

At the African station 30 plates were exposed, 15 during totality,
and the remainder in the five minutes before and after totality. In
Brazil 17 plates were exposed during totality, and 7 out of totality.

The most conspicuous lines, or rather portions of circles, seen in
the photographs taken during totality, are the H and K lines of
calcium, and in these rays the images of the various prominences are
very clearly outlined.

The lines of hydrogen, extending far into the ultra violet, are also
very prominent, and numerous other lines are seen in addition.

Isochromatic plates were used for some of the exposures, and on
some of these the ring formed by the characteristic line of the coronal
spectrum (1474 K) is clearly depicted, especially in the Brazilian
photographs. A comparison with the photographic records of the
corona shows that the prismatic camera has picked out the brightest
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parts of the corona in this way. All the photographs show a bright
continuous spectium from the inner corona.

Some of the plates taken out of totality show numerous bright
lines at the cusps of the crescent of the sun then visible, chief among
them being the lines of hydrogen and the H and K lines of calcium ;
others, farther removed from the second and third conta.cta, show
only the Fraunhofer lines.

III. “Researches on Modern Explosives.—Preliminary Com-
munication.” By WiLLiaM Macnas, F.I.C, F.C.S,, and E.
RisTor1, Ass. M. Inst. C.E,, F.R.A.S. Commumcated by
Professor Rausay, F.R.S. Received February 28, 1894.

During the last two years we have carried out a long series of ex-
periments with explosive compounds for the purpose of studying
chemical reactions at high temperatures and pressures, and of eluci-
dating certain thermal constants relating chiefly to the specific heat
of gases under such conditions.

For these experiments we have principally used nitro-glycerin,
nitro-cellulose, and several combinations of these two bodies which
are used as smokeless gunpowders, for the reason that such modern
explosives offer the advantage of not only presenting comparatively
simple chemical reactions, owing to the absence of solid residue, but
also of enabling considerable variations to be made in their composition
80 as to vary the proportions of the elements reacting.

We also expected that the results which we obtained would make
a small contribution to the knowledge of explosives in general,
following up the lines indicated by the published work of Noble and
Abel, Berthelot, Sarran, Vieille, and others.

In this preliminary communication we propose chiefly to indicate
the results obtained in the measurement of the heat evolved by ex-
plosion, and of the quantity and composition of the gases produced by
this metamorphosis.

‘We have also made considerable progress towards the determina-
tion of the actual temperature of explosion, and we have succeeded in
recording these high temperatures by photographic means, but, as
this work is not yet completed, we shall not further refer to it in
this paper, but we hope it will make the subject of another commu-
nication at an early date.

These modern explosives, and especially the smokeless powders,
have assumed of late such importance that it may be of general inte-
rest to give here a brief sketch of their development.

About thirty years ago experiments were made in Austria with the
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object of using gun-cotton for the charges of rifle ammunition, but no
success was obtained, and the' matter dropped.

Other explosives, consisting principally of nitro-lignin or nitro-
cellulose, not gelatinised,and mixed with nitrates or other substances,
were afterwards invented and adopted for sporting guns successfully,
and have been largely sold in the market under different well-known
names. These explosives, however, were not found suitable for the
charges of rifles and guns.

Further development in the science of artillery, and a better know-
ledge of the action of explosives, encouraged further researches for
the production of new propelling agents for rifles and guns, and
these researches have been s0 far wuccessful that in a few years
several new powders have been produced, each one of which is far
superior to black gunpowder.

The new explosives now in use contain nitro-cellulose as one of
their principal elements; some of them contain also nitro-glycerin
in more or less proportion; the nitro-cellulose, by solution in nitro-
glycerin, acetone, or other suitable solvent, is gelatinised, and by
mechanical means the explosive compound is compressed and squirted
into cords, or rolled into sheets, and then cut into strips or grains
of suitable size for the different firearms.

The great secret of all these moderh explosives seems to be that by
the above means they are made into a solid substance, thus avoiding
any porosity, and it appears probable that by doing so even the most
powerful explosive can be mastored, so that, burning regularly from
the surface, the rate of combustion can be controlled so as to avoid
detonation.

This constitutes the most striking feature of the modern smokeless
gunpowders, especially of those containing nitro-glycerin. If cer-
tain sized cubes, strips or cords of such powders are fired in & certain
gun, and the length of this gun does not allow of sufficient time
during the travel of the shot, for the explosive to be entirely con-
sumed, the unburnt residue of the charge will be found to be of the
same shape, whether cubes, strips or cords, only reduced in size;
thus proving the most perfect surface combustion of these explosives.

It is thus possible to determine accurately what quantity of explo-
sive, and what surface of combustion for the same, will be required,
in order to obtain certain results in a certain gun, thus avoiding
waste of powder.

This property of modern smokeless powder was illustrated on the
occasion of a disastrous fire which occurred in May, 1890, at the
factory of Avigliana, Italy, where large quantities of the explosive
called ballistite were manufactured for the Government. In one
building twelve tons of this explosive were collected, and various
operations of manufacture were perforined. By accident some of it
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took fire, and the whole quantity was burnt in & few seconds.
Though/'this powder' 'was' made of such powerful explosives us
nitro-glycerin and nitro-cellulose, and . though the amount was so
large that, had it been black powder, it would have caused destruc-
tion for many miles around, still there was no explosion of any kind ;
none of the machinery was in any way damaged, and the wood was
barely charred.

The explosives used in these experiments can be divided into three
classes :— :

1. Those consisting of nitro-lignin or nitro-cellulose (not gelati-
nised), mixed, or impregnated with a suitable nitrate, and mixed with
colouring matters and some other substances for the purpose of re-
tarding the rate of combustion. We have taken as samples of this
class the EC and the SS powders now commonly used in sporting
guns (the EC consisting principally of nitro-cellulose mixed with
barium nitrate and & small proportion of camphor, the SS powder
consisting of nitro-lignin mixed with barium nitrate and nitro-ben-
zene).

2. Those consisting of purified nitro-lignin or nitro-cellulose gela-
tinised by a suitable process, and with or without the addition of
nitro-benzene or other suitable nitrates.

As sample of this class we have taken the BN powder manufac-
tured by the French Government, and also the Rifleite and the
Troisdorf powder, which are now commonly used for small arms
ammunition. (The BN consists mainly of gelatinised nitro-cellulose ;
the Troisdorf also consists of gelatinised nitro-cellulose, but is
coated with graphite. Rifleite is also made with gelatinised nitro-
cellulose, with the addition, however, of a certain proportion of nitro-
benzene).

3. Those consisting of nitro-cellulose combined with nitro-glycerin,
with the addition of aniline, camphor, vaseline, or other kindred sub-
stances. To this class belong cordite and ballistite.

Cordite contains 58 per cent. of nitro-glycerin, 37 per cent. of
gun-cotton, and 5 per cent. of vaseline.

Ballistite of Italian manufacture contains equal parts of nitro-
cellulose and nitro-glycerin, with thc addition of } per cent. of
aniline.

Ballistite of German manufacture contains a slightly higher per-
centage of nitro-cellulose, and is coated with graphite.

Besides, for the purpose of these experiments, a series of samples
of ballistite were specially made containing nitro-glycerin and
nitro-cellulose in various proportions.

The experiments were carried out in two closed vessels of different
dimensions and construction—a large one capable of standing high
pressures, and a small one for calorimetric work.
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The large one consists of a steel cylinder of great thickness, closed at
both ends'by conical screw-plags. One plug is provided with a crusher-
gauge of the well-known pattern by which the compression of a small
cylinder of copper serves to measure the pressure developed. The
other plug is provided with an insulated conical core, by means of
which an electric current can be passed for the purpose of firing the
charge. A small hole on the side of the cylinder, bushed with
iridium-platinam, and closed by a coned screw-plug, serves to control
the escape of the gases produced by the explosion.

The capacity of the chamber was carefully measured, and was
found to be 2476 c.c.

The small vessel is of the same pattern as used by Berthelot, and
was made by Golaz, of Paris. It has given great satisfaction, and is
in excellent order, although it has been used for more than two
hundred explosions.

This bomb, which is made of mild steel and is cylindrical in shape,
consists essentially of three parts—a bowl, a conical lid which is
accurately ground into the bowl, and a tightening cap which screws
on to the bowl over the lid.

There is a small hole in the lid provided with & delivery tube,
which can be opened and closed by means of a finely-threaded conical
plug. There is also an insulated platinum cone inserted from under-
neath in the lid, which admits of the charge in the bomb being fired
by a platinum wire heated to reduness by electricity.

From the lid depend platinum supports which carry a platinum
capsule, in which the explosive is placed and suspended in the middle
of the chamber.

The capacity of this bomb is 488 c.c., and the total weight, includ-
ing a small stand, when ready for immersion in the calorimeter, is
563328 grams.

The calorimeter is made of thin sheet brass, and a helicoidal
stirrer of the same metal (Berthelot’s pattern), driven by a small
electromotor during the experiment, serves to thoroughly mix the
water.

The calorimeter stood in the centre of an annular water-jacket
covered with felt. The quantity of water used in the calorimeter
each time was 2,500 grams, and the equivalent in water of the bomb,
stirrer, and calorimeter, due allowance having been made for the
different specific heats of the different metals, is 6234 grams.

The different thermometers employed were specially made by
Casella, capable of being read to 0005 of a degree centigrade, and
the weights of their stems, bulbs, and mercury were known.

Various experiments were made in the large vessel, especially for
the purpose of determining the pressure of the gases under different
densities of charge.
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These trials were carried out in a field, the bomb being lowered
into a'hole in'the ground before firing.

Various difficulties were encountered, and in one experiment con-
siderable damage was done by the heated gases effecting their escape
at the moment of explosion, and “washing away " part of the thread
of one of the screw plugs.

With a density of loading of A = 01, i.e,, with a charge of 24-76
grams, the average of the pressures measured was 6'3 tons per square
inch; with density A = 0'2 the pressure rose to 15 tons, and with
A = 03 the pressure increased to 25 tons. These results are very
similar to those published by Sir A. Noble, F.R.S.

. With the small bomb were ascertained the amount of heat geme-
rated by the explosion, the volume and composition of the permanent
gases resulting, and the quantity of aqueous vapour produced.

As most of the explosives contained no mineral matter beyond &
trifling percentage of “ash,” it has been possible to analyse them in
this way, the products of explosion when calculated from the analysis
and volume of permanent gas and aqueous vapour agreeing closely
with the weight of matter in the bomb before firing.

A few of the explosives left a carbonaceous or mineral residue;
but these will be specially noticed further on in connexion with the
tables of the results.

The heat evolved was measared by placing the bomb containing
the charge of explosive in the calorimeter containing 2500 grams of
water, and it was arranged that the temperature of the air, the water
jacket, and the calorimeter closely approximated each other. The
stirrer was set in motion, and the thermometer in the calorimeter
was read with a kathetometer. Observations of the temperatures
were made every minute for the five minutes preceding the firing of
the charge, and contirued at intervals of & minute until the maximum
was reached, and for five minutes longer. The correction for loss of
heat due to radiation of heat during the experiments amounted in
general to about 0'01 of a degree. The increase in temperature varied
from about 1° to 2}° C. according to the charge and explosive
used.

The gas generated by the explosion was passed through weighed
drying tubes connected with the valve on the lid of the vessel, and
then collected and measured in a calibrated glass cylinder over
mercury. The reading of the barometer and thermometer was noted,
and the volume reduced to 0° C. and 760 mm.

The water was determined by immersing the bomb in a vessel
containing boiling water. A three-way glass stop-cock intervened
between the valve of the bomb and the drying tubes, and the other
end of the drying apparatus was connected with & water vacuum
pump.
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The other branch of the three-way tap was connected with a
separate drying apparatus. “When the water surrounding the bomb
was boiling, by starting the vacaum pump the steam and water were
drawn into the absorbing apparatus; after a good vacuum had been
made in the bomb the three-way tap was turned so that dry air
rushed in, then connexion was made with the drying apparatus, the
bomb again exhausted, and so on, alternately, until (as experience
showed) all the water had been removed from the bomb and collected
in the drying tabes, which were then weighed. The weights of water
thus obtained were calculated for comparison into volumes of H,0
gas at 0° C. and 760 mm.

The analyses of gas were carried out in duplicate in Dittmar’s
apparatus a8 improved by Lennox.

In most of the experiments the bomb, previous to firing, was ex-
bausted, and the amount of residmal pressure, varying from 24 to
40 mm., noted on closing it. The amount of air corresponding to
theee pressures left in the bomb has the effect of increasing the heat
generated by a small quantity amounting to 5 to 7 calories. This
quantity being within the limits of error of the calorimetric observa-
tion no correction was made for the same, but the quantity of
residual air was taken into account when comparing the weights of
the products found with the weight of the explosive nsed. Thus in
Tables I and II the volumes of gas of the given composition and
of aqueous vapour were obtained from the given weight of ex-
plosive increased by the weight of the air corresponding to the
vacuum indicated.

When firing in an exhansted bomb it was found necessary to have
the explosive surrounding the firing wire in comparatively small
pieces in order to ensure ignition of the whole charge.

Table I gives the principal results obtained with the several
gunpowders above mentioned, Tables II and III give the results
obtained with samples of ballistite made with different proportions
of the component parts, Table IV indicates the effect of firing
different weights of the same explosive in a closed vessel from which
the air has not been exhausted, and Table V gives the original elemen-
tary composition of several explosives compared with the products of
combustion, both being represented as weights.

With the exception of the results given in Table IV, all the others
werc obtained from the firing of 4 grams of the explosive.

In Tables I and II we have expressed the results of firing some
powders now in use as well as certain specially prepared powders, so
as to show the quantity of heat and the volumes and analyses of
the gases produced, and have in the column headed “ Coefficient of
potential energy,” given figures which serve as a measure of com-
parison of the power of the several explosives. These figures are
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the products.of the number of calories by the volumes of gas, the .
last three' figures being suppressed in order to simplify the results.

In the case of EC and S8 a certain amount of mineral residue
was left, but this was not determined. )

Troisdorf leaves a slight, and Rifleite and BN a considerable,
carbonaceous residue, part of it adhering so tenaciously to the bomb
that an exact determination was not made.

In the other experiments recorded in Tables I and II the degree of
accurucy of the results may be gauged by the fact that the average
weight of the products of explosion, calculated from the results found,
amounts to 99'7 per cent. of the weight of the explosive fired, the
extreme limits being 100'5 and 989 per cent.

In Table II the comparison of the pairs of results from explosives
made with lower and more highly nitrated nitro-cellulose shows that
the use of the highly nitrated cellulose increases the quantity of
heat developed, and diminishes the volume of gas. The composition

Table III.—Showing the Heat developed by Explosives containing
" Nitro-glycerin and Nitro-cellulose in different proportions.

Composition of explosives.
Calories per
gram.
Nitro-cellulose (N = 18'3 per cent.) Nitro-glycerin.
100 per cent. i pulp) 0o 1061
100 ,, ,, (gelatinised) 0 922
90 ,, 10 per cent. 1044
80 ” ” ” ” 1159
7 , 80 , ., 1267
w ” ” w ” ” 1847
m ” ”» 50 ” ” l‘lo
m ” ” 60 ”» ” lm
0, » 0 ,, ,, 1652
Nitro-cellulose (N = 12:24 per cent.) Nitro-glycerin.
80 per oent. 20 per cent. 1062
n » 40 ,, 1288
w ”» ”» m ” ” 1349
w ” ”» 60 ” ” 14“
Nitrwellnlo‘::n (tg = 1383Per| Vaseline. | Nitro-glyoerin.
55 per cent. 6 per cent. 40 per cent. 1184
35 ”» ” 5 ” » w » ” lm
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of the permanent gases is also altered, as might be expected, there
being an increase m carbonic acid and decrease in carbonic oxide
and hydrogen.

The similarity in the volumes of gas produced and the composition
of the permanent gases in the case of experiments F and G is worthy
of note when the great difference in the original component ingre-
dients of the explosives is borne in mind.

Table III shows clearly the increase of heat due to increased per-
centage of nitro-glycerin, as well as the difference of heat evolved
from explosives containing nitro-cellulose of different degrees of
nitration. ,

The diminution in quantity of heat (about 200 calories) which the
replacement of 5 per cent. of nitro-cellulose by vaseline makes is also
very striking.

Table IV.—Showing the Heat developed and the Analysis of the
Permanent Gas produced in a closed Vessel from which the Air
has not been exhausted—the Explosive being in every case

Ballistite of Italian Manufacture.
Analysis of the permanent gas.
Charge. Calories per —— .

| CO,. Cco. H. N.

2grams......c000.nen 1687 870 176 3-2 42°2
- 1485 364 220 46 870
4, cieeiieecienee 1446 362 24°6 6°1 33-1
L 1415 86 -2 26°0 72 306
6 , ........ T 1880 36°3 270 7-9 286

Traces of CH, were found, but in this series of experiments the quantity of this
gas was not determined.

Table IV shows the part played by the oxygen of the air in the
bomb; when a smaller proportion of explosive in comparison with
the air is present the combustion is more complete, and the heat
evolved is greater, and the composition of the gases is correspond-
ingly modified.

In Table V the elementary percentage composition of some of the
explosives, along with the percentage composition of the products of
explosion by weight, is given.

The composition of the samples has been calculated from the
“bomb” analyses; as an enmple, one of the explosives and its
decomposition may be represented approximately by the following
equation.

‘We have assumed the nitro-cellulose to consist of a mixture of di-

YOL. LVI ©
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and tri-nitro-cellulose in proportion corresponding to the nitrogen as
found'by analysis!
The equation for Experiment C may be taken as follows :—

50 per cent. 50 ;-r ocent. nitro-cellulose
nitro-glycerin. (N = 123 per cent.).

6[C.Hy(NO,)s] +2[ CeH:(N0s):0,] +3[CHy(N0,);0,] =
25C0,+23C0 +8H + 30N +30H,0.

The composition of this explosive, calculated from the foregoing
formula and found by analysis, is as follows :—

Fornula. Analysis.
C....... erececscscs 21-2 2115
O ivvviieiinnnen, 608 6067
= e 25 2:67
N........ sreseses . 155 15-58
1000 10007

These are some of the principal features noticeable in a preliminary
survey of these experiments. We are continuning our investigations
on the lines indicated in the paper, and are especially endeavouring
to measure the actual temperature of explosion under varying con-
ditions, and it is hoped that the results obtained will throw some
light on the chemical and physical properties of many gases at high
temperatures and under considerable pressures, and, at the same
time, be useful in the practical application of explosives.

IV. “On the Leicester Earthquake of August 4, 1893.” By
CHARLES DavisoN, M.A., Mathematical Master at King
Edward’s' High School, Birmingham. Communicated by
Professor J. H. PoYNTING, F.R.S. Received February 28,
1894.

(Abstract.)

On August 4, 1893, at 6.41 p.M., an earthquake of intensity nearly
equal to 6 (according to the Rossi-Forel scale) was felt over the
whole of Leicestershire and Rutland and in parts of all the adjoining
counties. The disturbed area was 58 miles long, 46 miles broad, and
contained an area of about 2066 square miles. The direction of the
longer axis (about W. 40° N. and E. 40° S.) and the relative position
of the isoseismal lines show that the originating fault, if the earth-
quake were due to fault-slipping, must run in about the direction indi-
cated, passing between Woodhouse Eaves and Markfield, and heading

c2
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towards the north-east. The anticlinal fault of Charnwood Forest,
so far'ay'known; satisfies these conditions, and it is highly probable
that the earthquake was caused by a slip of this fault.

The beginning of the sound preceded that of the shock in all parts of
the disturbed area ; the end of the sound followed that of the shock in
the central district and in the neighbourhood of the minor axis, but
preceded it near the end of the major axis. Thus the sound ap-
parently outraced the shock in the direction of the major axis, but
not in that of the minor axis. These time-relations of the sound and
shock can be readily explained if the area over which the fault-slip
took place were several miles in length, for the sound in all prob.
ability is due to small and rapid vibrations proceeding chiefly from
the margins of that area.

The intensity was greatest at and near Woodhouse Eaves, and it is
probable that the fault-slip began in the neighbourhood of this
place, gradually diminishing in amount in either direction, rather
rapidly towards the north-west, and much more slowly towards the
south-east ; the rate at which theslipping advanced being greater than
the velocity of the earth-wave. The total length of the faunlt-slip may
have been as much as 12 miles or even more, and there can be little
doubt that it was continued for some distance under the Triassic
rocks on which Leicester is built.

V. “The Total Solar Eclipse of 16th April, 1893. Report on
Results obtained with the Slit Spectroscopes.” By E. H.
Hiers, Capt. R.E. Communicated by the Joint Solar
Eclipse Committee. Received March 7, 1894.

The parties in Brazil and Africa were both supplied with these

instraments, two being sent to each station. The instruments were
arranged to take onme photograph only during the eclipse with an
exposare as long as possible. It was considered that the amount of
light available would not allow of more than one successful exposure
being made. Of the four resulting photographs, one of those taken
in Brazil was unfortunately not finished before the sun reappeared,
whilst the other shows & faint corona spectrum with & strong sky
spectrum on both sides, and a considerable amount of general fog
over the plate.
. I have been able to detect nothing of interest in this photograph,
for the Fraunhofer lines overlap the corona spectrnm to such a
degree that it is impossible to distinguish any bright lines with
certainty.

The instrument employed in Africa consisted of two spectroscopes,
on one equatorial mounting. The first spectroscope had two prisms,
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each 1:75 in. height and 2:5,in. in base, with refracting angles of 62°,
and the second spectroscope had one prism 2:6 in. both in height
and base.

Condensing lenses, 35 in. aperture and 17°5 in. focus, and of 3 in.
aperture and 14-5 in. focus, were used with the two instruments re-
spectively. .

Both spectroscopes were fixed on stout mahogany base-boards, and
were completely adjusted before leaving England.

To attach them to the mounting, a mahogany tube, about 6 in.
square and 2 ft. long, was bolted to the top of the declination axis,
and the base-boards of the spectroscopes were screwed on either side
of it.

A small telescope of 2} in. aperture was attached on the other side
of the tube to act as a finder and for purposes of adjustment. The
mounting was one that was made for the eclipse of 1886. It con-
sisted of a tripod stand composed of pieces of angle iron with the
polar and declination axes, and circles of the Corbett equatorial. It
-was found to be easy to set up and rigid.

On arrival at Fundium, a site was selected, and a concrete base
was formed. On this the instrument was set up, and no trouble was

experienced in getting it into adjustment. The slits of the two
smpectroscopes were placed parallel to each other and tangential to a
«ircle of declination, and were adjusted so that they cut across oppo-
site limbs of the sun, that of the two-prism spectroscope being
across the upper or western limb, and that of the one-prism spectro-
mcope across the eastern limb. For several days before the eclipse,
rial plates were taken, in order to obtain reference spectra, and for
&etting the focus as perfect as possible, as well as for the sake of
Jpractising the development of the plates. )

The plates used were Cadett’s most rapid make, and various de-
welopers were tried, but no special peculiarities of behaviour were
moticed ; pyrogallic acid was used for the eclipse plates. Before leaving
XEngland the plates were backed with a solution of asphalt in benzole,
For the purpose of destroying the halation or reflection from the back
surface of the glass.

At the eclipse the shutters of the two cameras were opened about
ten seconds after the commencement of totality, and closed about ten

seconds before the end, giving a total exposure of three minutes
fifty seconds. During the progress of the eclipse I observed the
corona and the upper or western limb of the sun through the small
telescope with a magnifying power of 40. The corona in this region
showed very faint radial markings and several rosy-pink prominences
were seen. The largest of these was one at the W.N.W. limb, which
is the one. of which a strong spectrum was obtained with the two-
prism spectroscope. The plates were developed the same evening on



22 Capt. E. H. Hills. [May 10,

board,  the | f$-Alecto.” The resulting photograph in the case of the
two-prism spectroscope shows a prominence spectrum on both sides
of the dark body of the moon, and outside these a corona spectrum
with a faint solar (dark line) spectrum on its extreme edge. The
H, K and some other lines extend over the dark moon and on both
sides beyond the limits of the corona spectrum. That of the one-
prism spectroscope shows the same general character, but there is a
prominence spectrum on one side only. Both these photographs were
over-exposed, better results would have been obtained if two or even
three exposures had been made in the same time.

Measurement of the Photographs.

The following is the method of measurement adopted. A very
accurate micrometer by Hilger, reading to 0001 mm., was employed
throughout.

The large number of bright lines in the prominence spectrum
rendered the use of the reference spectra unnece

The hydrogen series, together with the lines at wave-lengths 4215-3,
44712, and the b group gave a sufficient number of fixed points through
which to draw an interpolation curve. The micrometer readings of
these lines having been taken with the greatest possible acouracy, an
interpolation curve was constructed on & large scale, two curves being
drawn for each photograph as a check on each other. The micro-
meter readings of the remaining prominence lines were then deter-
mined and their wave-lengths taken from the curves.

The micrometer readings of the corona lines were next taken. It
was impossible to get both sides of the photograph in the field of the
microscope at the same time, 8o each side was taken separately, thus.
getting four series of scale-readings representing possible coronal
lines.

The wave-lengths corresponding to these scale-readings were then
determined from the interpolation curves, and lists were made—first,
of lines common to both photographs; second, of lines occurring on
both sides of one photograph ; third, of lines which had been ob-

served in previous eclipses. :

New measurements of the pbotogra.phs were again made, with the
same care as the first, and all lines in the lists were struck out which
were not plainly visible in this second scratiny.

It is possible that this final list may contain some wave-lengths of
lines due to accidental marks; this must be rare, however, as any
mark so treated must have been parallel to the lines.

A comparison of the measurements of the two photographs will
give a good idea of the limits of accuracy of these results.
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The | Prominence Spectrum.

This list gives the wave-lengths of all the lines in one prominence
from each photograph. The second prominence on the two-prism
spectroscope plate is of a similar character to the one given, but
contains fewer lines.

The intensities of the lines are given approximately by the numbers
from 1 to 6.

The most interesting feature of this spectrum is the extended .
hydrogen series. There seems no reason to doubt that the lines at
wave-lengths 3692-5, 3687, 3682, 3678, 3675, 3672, 3669'5, and
3667 are members of it.

M. Deslandres has obtained a photograph showing five hydrogen
lines beyond the one at wave-length 3699 ; this photograph carries the
series three lines further. The line at 3680 is the iron line, whose
wave-length is given by Cornu as 3680'3, and by Hartley as 3679-5.
The new notation for the hydrogen series has been used as con-
venient. HB is F, Hy the line near G, and so on, consecatively.

The Corona Spectrum.

This is the final adopted list, as described above. It is almost
impossible to estimate the intensity of these feeble lines by eye, so
no attempt has been made to do so; but in the column headed
* intensity ” is placed the number of occurrences of the line in the
two photographs, the maximum number being four, viz.,, on each
side of both photographs.

Opposite each line in the table is placed the corresponding line that
has been noted in previous eclipses. For a complete list of the ob-
served corona spectrum, see Dr. Schuster’s report on the eclipse of
1886 (* Phil. Trans.,” vol. 180 A, p. 385).

It will be observed that the 1474 K, or so-called corona line, is
placed in the prominence and not in the corona spectrum. This'
line is shown very faintly on the extreme limit of one photograph, in
which it certainly appears to belong to the prominence. It is trme
that it extends into the corona, but at the same time it also extends
in the opposite direction, over the dark body of the moon. Its appear-
ance is somewhat similar to that of the strong hydrogen lines, whose
apparent extension into the corona spectrum is probably due to atmo-.
spheric haze.

This region of the spectrum has never been specially photographed
with the slit spectroscope during an eclipse, and I think a serious:
attack on it should most certainly be made at the first opportunity, by.
using plates which can now be prepared, which are specially sensitive
to this region of the spectrum.
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Prominence Spectrum from Slit Spectroscope Photographs.

Intensity.
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Prominence Spectrum from Slit Spectroscope Photographs
(continued).
“. Intensity. 2-prism 1-prism Reference.
‘ spectroscope. | spectroscope.
‘ 2 38986 -9
' 3 4026 -6 4028°5
[ 4047 6
| s 40782 4078-4 | Ca (Lockyer, 4078'2)
1 4092 ‘6
I 6 4101-2 4101 -3 H3
| 8 42153 42153 Ca (Thalén, 4215°8)
1 42270 42265 Ca (Huggins, 4227 ; Thalén, 4226'8) |
6 43400 43400 Hy
4 44712 44712 ﬁ
6 4860 7 48607 B
3 5015 0
;1 51691 . By
P 51786 . by
tog 5184 -2 4
\ 1 63160 . 1474 K

Corona Spectrum from Slit Spectroscope Photographs.

|

. —————— —

E
10 89 1 10 69 10 10 B 60 1O 1O NO =4 20 €0 10 63 B0 BO 1O I~ O 10 €0 1O ’ g

Corresponding lmelsl observed in
2.prism 1-prism previous eclipses.
troscope. | spectroscope.
pee P B 1886. 1888. 1882,

89776 89770
30826 3983 -0
8986 4 . 3986 -0 8986
8988 -8
3990 -0 . 8990 -0
30925 3098 -2 . . 3992
3994 -2 8995 ‘0
3998 -8 8998 -2 8998-4 | ° 8998
4012 -6 40119
40156 40156 8 . 4016 4016
40220 40220
40230 4023 '8 .
4081 6 . 40297 4031
4039 8 4040:0 . 1 4087
40640 4054°7 4054 ‘8 4056 4067
40675 4067 -8 4067 -7 4064 4067
40705 40710 40710 4071
41445 . 4144 -3 4144
4167-2 . 4166 -0

o 4169°0 41697 4169 4168
41760 41740 4173°6 . 4178
4181 -2 4182-0 41835 4185 4179
41910 4190°3 4189 -2 4192 4196
42021 4201 -8

. 42044 4208 5
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Corona Spectram from Slit Spectroscope Photographs (continued).

Corresponding lines observed in
Py L-pri previous eclipses.
Intensity. -pemwommpe : speJhompmpe
. 1886, 1888. 1882,

2 42185 | 42122 42118 4213 4212

2 e 4924 °4 42236 4227 4224

2 42675 42692 42686 . 4267
| 2 42797 42806 42806 4279

2 . 42950 42953 42989 4291

2 42905 4298 7 4301°0

2 43283

1 . 43815 433321 4330

8 4858°0 4362 7 48547 4353

3 43662 43649 4365°4 | 4363 (+3)

4 43721 4372°4 43722 4370 4370

1 4878 . 4878°1 4377

) 43867 4386 5 43876
i 8 43895 43902 43890
I 8 4395 '3 43944 4395 '8 4305
: 2 4475 . 4458 4449

2 44547 44558 44529

4 44654 44657 . 4465

s 4468 ‘8 4469°0 4468 5

3 44840 44948 4493°4 4490

8 45160 45168 4515 6 4518

2 45302 4580 -0 4630 0

2 4536 0 . 45361

2 4560°0 . 4560 -0 4546

1 45643 . 4557°2 | 4665 (+38)

2 . 5020 0 (+2)

VL. “The Stresses and Strains in Isotropic Elastic Solid Ellip-
soids in Equilibrium under Bodily Forces derivable from a
Potential of the Second Degree.” By C. CHREE, M.A,,
Fellow of King’s College, Cambridge, Superintendent of
Kew Observatory. Communicated by Professor W. G.
Apams, F.R.S. Received March 2, 1894.

(Abstract.)

If a system of bodily forces whose values per unit mass are derived
from the potential

V =} (P#*+Qy*+ Rz’ +28yz+2Tez +2Uxy)

acts on an ellipsoid
2a*+ b2+ =1,
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whose density| piis uniform; the statical resultant reduces to a couple
whose components about the axes of 2, y, z are respectively

4m7abe (b*—¢?) pS[16, 4mabe (*—a?) pT/15, and 4mabe (a*—d*) pU/16.

These components vanish in the case of a sphere, but in an
ordinary ellipsoid equilibrium will not exist unless S, T, U all
vanish.

The problem solved in the present memoir, viz., that of an isotropic
elastic solid ellipsoid under the action of bodily forces derived from a

potential
$(P=*+Qy*+RsY),

is thus, for an ordinary ellipsoid, the most general case of equilibrium
under forces derived from a potential of the second degree. The above
potential covers forces arising from mutual gravitation or from rota-
tion about a principal axis in an ellipsoid of any shape.

The method of solution reverses the usual order of procedure, the
stresses being first determined and then the strains and displace-
ments. The solution obtained satisfies without limitation or assump-
tion of any kind' all the elastic solid equations. Unless the ratios
a:b:c are assigned definite numerical values, the constant coeffi-
cients in the expressions for the stresses and strains are of course
somewhat cumbrous ; but for any specified case, whether of gravita-
tion or rotation, or both combined, the solution becomes easily
manageable. It enables the variation in the effects of gravitation and
rotation with the change of shape of the ellipsoid to be completely
traced.

The comprehensweness of the problem solved forbids more than a
brief consideration of the general solution with illustrations of its
application to a few of the more interesting special forms of ellipsoid.
The results obtained for the very oblate and very oblong forms seem
to show that in many cases of bodily forces the assumptions usually
made in the treatment of thin plates and long rods would not be
justified.

By comparison with the anthor’s previous researches, a close
similarity is shown to exist between the phenomena in rotating flat
ellipsoids and thin elliptic discs on the one hand, and rotating
elongated ellipsoids and long elliptic cylinders on the other.

Various results confirmatory of the accuracy of the present solution
are obtained by the application of the general formule for the mean
strains in elastic solids. It is also shown that some of the results
may be arrived at by the use of approximate but simple methods.

The Society adjourned over the Whitsuntide Recess to Thursday,
May 24.



28 Presents. [May 10,

Presents, May 10, 1894.
Transactions.
Baltimore :—Johns  Hopkins University. Studies in Historical
and Political Science. Series 12. No. 3. 8vo. Baltimore 1894.
The University.
Berlin :—Gesellschaft fiir Erdkunde. Verbandlungen. Bd. XXI.
No. 4. 8vo. Berlin 1894; Zeitschrift. Bd. XXIX. No. 1.

8vo. London 1894. The Society.
Boston :—American Academy of Arts and Sciences. Proceedings.
Vol. XXVIII. 8vo. DBoston 1893. The Academy.
Chapel Hill :—Elisha Mitchell Scientific Society. Journal. Vol. X.
Part 1. 8vo. Raleigh, N.C. 1893. The Society.
Cracow :—Académie des Sciences. Bulletin International. Mars,
1894. "8vo. Cracovis. The Academy.

Hertfordshire :—Hertfordshire Natural History Society and Field
Club. Transactions. Vol. VII. Parts 8—9. 8vo. London
1894. The Club.

London :—British Astronomical Association. Journal. Vol. IV.
No. 5. 8vo. London 1824; Memoirs. Vol. III. Part 1.

8vo. ZLondon 1894. The Association.
Geological Society. Quarterly Journal. Vol. L. Part 2. 8vo.
London 1894. The Society.
Institute of Brewing. Transactions. Vol. VII. No. 6. 8vo.
London 1894. The Institute.
Mathematical Society. Proceedings. Vol. XXV. Nos. 475—
480. 8vo. London [1894]. The Society.
Photographic Society. Journal and Transactions. Vol. XVIII,
No. 8. 8vo. London 1894. The Society.

Royal Medical and Chirargical Society. Medico-Chirurgical
Transactions. Vol. LXXVI, 8vo. London 1893 ; Catalogue
of the Library. Supplement 7. 8vo. London 1893.

The Society.

Royal Microscopical Society. Journal. 1894. Part 2. 8vo.
London 1894. The Society.

Royal United Service Institution. Jomrnmal. Vol. XXXVIII.
No. 194. 8vo. London 1894. The Institution.

Society of Biblical Archeeology. Proceedings. Vol. XVI. Parts
5—6. 8vo. London 1894. The Society.

Zoological Society. Transactions. Vol. XIII. Part 8. 4to.
London 1894 ; Proceedings. 1893. Part 4. 8vo. London
1894, The Society.

Lyons :—TUniversité. Annales. Tome III. Fasc. 1—2. Tome VI.
Fasc. 4. 8vo. Paris 1892-94., The University.



1894.] Presents. 29

Transactions (continued).
Mexico'\“Sociedad - Cientifica * Antonio Alzate.” Memorias y
Revista. Tomo VII. Nos. 7—10. 8vo. Mézico 1894.
The Society.
Naples :—Reale Accademia di Archeolog'la, Lettere e Belle Arti.
Atti. Vol. XV1. 4to. Napoli 1894 ; Rendiconto. Anno VII—
VIII. Gennaio e Febbraio. 8vo. Napoli 1893-94.
The Academy.
Newecastle-upon-Tyne :—North of Eugland Institute of Mining and
Mechanical Engineers. Transactions. Vol. XLIII. Part 4.
8vo. Newcastle-upon-Tyne 1893; An Aecount of the Strata of
Northumberland and Durham as proved by Borings and
Sinkings. L-R, S-T. 8vo. Newcastle-upon-Tyne 1887-94.
The Institute.
New York :—American Museum of Natural History. Bulletin.
Vol. VI. Pp. 81—96. 8vo. [New York] 1894.
The Museum,
Philadelphia:—Geographical Club. Bulletin. Vol. I. No. 2.
8vo. Philadelphia 1894 ; Charter, By-Laws, List of Members.

8vo. Philadelphia 1894. The Club.
Santiago :—Sociedad Nacional de Mineria. Boletin. Afio XI.
No. 64. 4to. Santiago de Chile 1894, The Society.
Stockholm :—Kongl. Vetenskaps Akademie. Ofversigt. Arg.LIL
Nos. 2—3. 8vo. Stookholm 1894. The Academy.
Toulouse :—Faculté des Sciences. Annales. Tome VIII. Fasc. 1.
4to. Paris 1894. The Faculty.

Utrecht :—Physiologisch Laboratoritm der Hoogeschool. Onder-
zoekingen. Deel III. Afl. 1. 8vo. Utrecht 1894. .
The Laboratory.
Vienna :—Kais. Akademie der Wissenschaften. Sitzungsberichte
(Math.-Naturw. Classe). Bd. CII. Abth. 3. Heft 8—10. 8vo.
Wien 1893; Sitzungsberichte (Phil.-Hist. Classe). Bd.
CXXIX. 8vo. Wien 1893 ; Denkschriften. Bd. XLII. 4to.
Wien 1893; Almanach. 1893. 8vo. Wien; Mittheilungen
der Prahistorischen Commission. Bd.I. No.3. 4to. Wien
1893. The Academy.
K.K. Geologische Reichsanstalt. Abhandlungen. Bd. VL
Hilfte 2. Bd. XV. Heft 6. 4to. Wien 1893; Jahrbuch.
Bd. XLIII. Heft 3—4. 8vo. Wien 1894; Verhandlungen.
1894. Nos. 1—4. 8vo. Wien. The Institute.
Zurich :—Naturforachende  Gesellschaft. Vierteljahrsschrift.
Jahrg. XXXIX. Heft 1. 8vo. Ziirich 1894.
The Society.




30 Presents. [May 10,

Observations and Reports. ,
Calcutts :-=Meteorological Department, Government of India.
Meteorological Observations recorded at Seven Stations in
India. November, 1893. 4to. Monthly Weather Review.

November, 1893. 4to. Calcutta 1894. The Department.
Edinburgh :—Royal Observatory. Circular. No. 42. 4to. [Sheet.]
1894. The Observatory.

India :—Archeological Survey Circle, North.-Western Provinces
and Oudh. Annual Progress Report. 1893. Folio. Roorkee.
The Survey.
Geological Sarvey. Palmontologia Indica. Series IX. Vol. II.
Part 1. Folio. Calcutta 1893; Records. Vol. XXVII.
Part 1. 8vo. Calcutta 1894; a Manual of the Geology of
India. Second edition. 8vo. Caloutta 1893.
The Survey.
London :—Meteorological Office. Daily Weather Reports. July—
December, 1892.  January—June, 1893. 4to. [London
1892-98]; Meteorological Observations at Stations of the
Second Order. 1889. 4to. London 1898. ‘The Office.
Sydney :—Department of Agriculture. Plant Diseases and their
Remedies, by N.A. Cobb. Diseases of the Sugar-Cane. 8vo.
Sydney 1893. Dr. Cobb.
Washington :—U.S. Coast and Geodetic Survey. Report of the
Superintendent. 1891. Part 2. 8vo. Washington 1892.
The Survey.
U.8. Department of Agriculture. Report of the Ohio Weather
and Crop Service. February, 1894. 8vo. Norwalk, Ohio

1894. The Department.

Journals.
Agricultural Gazette of New South Wales. Vol. V. Part 3.
8vo. Sydney 1894. Department of Agriculture, Sydney.
Boletin de Minas Industria y Construcciones. Afio X. No. 2. 4to.
Lima 1894. Escuela Especial de Ingenieros, Lima.

Horological Journal. Vol. XXXVI. No. 429. 8vo. London 1894.

British Horological Institute.

Morphologisches Jahrbuch. Bd. XXI. Heft 2. 8vo. Leipzig

1894. *  Prof. Gegenbaur, For Mem. R.S.
Nature Notes. Vol. V. No. 53. 8vo. London 1894.

Selborne Society.

Revue Médico-pharmaceutique. Année VII. No. 3. 4to. Oon-

stantinople 1894, The Editor.




1894.] Presents. 31

Chauveau (A.), For, Mem. R.S. La Vie et 1'Energie chez I’Animal.
8vo.'' 'Paris'1894. The Author.
Clark (A. P.) [Nine Excerpts. 8vo. 1887-98.] The Author.
Dane (L. W.) Customary Law of the Main Tribes in the Gurdas-
pur District. 8vo. Lahore 1893. India Office.
Ferree (B.) The Chronology of the Cathedral Churches of France.
8vo. New York 1894. The Author.
[Hermite (C.), For. Mem. R.8.] Jubilé de M. Hermite. 1822—1892
(24 Décembre). 8vo. Paris 1893. Comité Hermite.
Hooker (Sir J. D.), F.R.S. The Flora of British India. Part 20.
8vo. London 1894. India Office.
Macfarlane (A.) The Principles of Elhpho a.nd Hyperbolic Analysis.
8vo. Boston, Mass. 1894. The Author.
Maumené (E.J.) Extrait d'une Etude de I’Acide tétrafhique (tar-
trique) et de ses Composés Salins. 8vo. COhateaurouz 1894,
The Author.
Riccd (A.) La Lava Incandescente nel Cratere Centrale dell’ Etna e
Fenomeni Geodinamici concomitanti. Folio. Roma 1894; [and
Six other Excerpts. 8vo. and 4to.] The Author.
Vallin (A. F.) Discursos leidos ante la Real Academia de Ciencias ,
Exactas, Fisicas y Naturales en la Recepcién Pidblica de A. F.

Vallin. 8vo. Madrid 1893. Sr. D. Vallin.
Wolf (R.) Astronomische Mitteilungen. No. 83. 8vo. [Ziirich]
1894, The Author.

Bronze Copy of the Medal strack in honour of the 70th Birthday of
M. Charles Hermite, For. Mem. R.S, Comité Hermite.



32  Prof. Threlfall and Messrs. Brearley and Allen. [May 24,

May 24, 1894,
The LORD KELVIN, D.C.L., LL.D., President, in the Chair.

Professor Elenthére Elie Nicolas Mascart, who was elected a
Foreign Member in 1882, signed the Obligation in the Charter Book,
and was admitted into the Society.

A List of the Presents received was laid on the table, and thanks
ordered for them.

The following Papers were read :—

I. “ Researches on the Electrical Properties of Pure Sub-
stances. No. I. The Electrical Properties of Pure Sulphur.”
By *RicHARD THRELFALL, M.A., Professor of Physics in
the University of Sydney; JosePH HENRY DRAPIER
BREARLEY, Deas-Thomson Scholar in the University of
Sydney, and J. B. ALLEN, Exhibition Commissioners’
Scholar of the University of Adelaide, South Australia.
Communicated by Professor J. J. TromsoN, F.R.S. Re-
ceived April 19, 1894.

(Abstract.)

Since there appears to be no definite information as to the elec-
trical properties of pure elemental substances which are not metals,
an attempt has been made to provide the necessary data in the case
of sulphur. This element was chosen as being capable of easy puri-
fication, and because it can exist in a variety of forms, from the
comparison of the electrical behaviour of which some information
was expected to be obtained. The experimental work was begun in
1886, and some preliminary results were published by one of the
anthors and Mr. J. A. Pollock in the ¢ Philosophical Magazine’ for
1890. These results referred to the construction of galvanometers
for high resistance measurements, the reliability of the Clark cell as
a source of small constant currents, and a method of using the gal-
vanometer in resistance measurements in such a way that mno
galvanometer law of current measurement needs to be assumed.

# Part I by Professor Threlfall and Mr. Brearley. Part II by Professor Threl-
fall and Mr. Allen.
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This method consists in observing the galvanometer indication of a
current’ passing-‘through' 'the 'substance of high resistance under a
known voltage, and subsequently causing the galvanometer to give
the same deflection, by supplying it with a known fraction of the
voltage of & Clark cell, and allowing this to act on the galvanometer
when the latter is in series with a wire megohm standard. The dis-
cussion of this method, depending as it does on the behaviour of
Clark cells from which currents are being taken, shows that it is
reliable; but it is not intended here to go over the preliminary
ground covered by the papers referred to. A considerable portion of
the investigation of which the paper is an account, and which
extends from 1889 to the present time (October, 1893), was made
conjointly with Mr. Pollock.

The first part of the paper deals with the purification of sulphur
as obtained from several sources, with the result that, in the end,
the following method was exclusively adopted. This method is
based on the use of sulphur recovered by the Chance proeess, which
comes into commerce as pure to at least one part in ten thousand,
and results from burning hydrogen sulphide from alkali waste with
insufficient air for complete combustion. The commercial product is
melted, and filtered through glass wool and platinum gaunze. It is
then twice distilled, in such a manner as to be free from exposure to
dust: and sometimes it was subsequently freed from gas, by heating
in & vacuum to near the boiling point. The purity of the resulting
sulpbur is tested by the following criteria. It must be free from
smell. It must leave no residue on evaporation from a platinum
dish. When cooled suddenly from a high temperature, it must
remain of a clear yellow colour: when perfectly crystalline it must
be absolutely soluble in carbon bisulphide. The absence of arsenic
and selenium from the sulphur employed, was proved to about one
part in & million by burning the sulphur to trioxide and applying the
appropriate tests. The reaction by sulphur dioxide test for selen-
iam, when properly carried out, is more delicate than the Marsh’s
test for arsenic, even when the smell of the hydrogen is adopted as a
criterion. If a perceptible mirror of arsenic is to be accepted as a
criterion, the arsenic test is still less delicate.

A number of experiments are described, tending to show that
neither arsenic nor selenium can possibly exist to any appreciable
extent in alkali waste produced in the Leblanc process, so that the
Chance sulphur is probably more free from these impurities than the
limit we can reach by analysis. All other known impurities are got
rid of by distillation and exhaustion in vacuo.

Section 3 of the paper deals with a discussion of various methods
of measuring high resistances, and gives the detail of the method
adopted by us for rapidly effecting alternate measurements of

VOL. LVI. A
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resistance and capacity. The method of producing films of pure
salphar between-‘alumininm 'electrodes is also explained. It is neces-
sary to perform the melting, &c., in a gold vessel.

Section 4 of the paper deals with the method of constructing gal-
vanometers of high sensitiveness and resistance. In order to observe
as small carrents as possible, advantage was taken of every circum-
stance, both of observation and oconstruction, likely to lead to
enhanced sensitiveness. For instance, instead of observing the
steady deflection, we habitually observed the throw of the needle on
reversal of the current through the galvanometer. The steady de— :
flection was only observed as a check.

The highest degree of sensitiveness we ever - found it necessary to
use, was such that the throw on reversal was 1 micrometer division
for a current of 15x13~" ampéres, with a period of vibration of
about 25 seconds. 1 micrometer division is divisible into five parts,
so that the sensitiveness for least observable throw on reversal is
3%x10~* ampéres. This sensitiveness, however, cannot be taken ad-
vantage of, except with very elaborate contact keys, and under rare
conditions of magnetic steadiness. We adopted the Kelvin type of
instrument. We consider that the problem of semsitive galvano.
meter building has not hitherto been approached in the proper
manner. Almost any first-rate instrument will give enormous sensi-
tiveness on occasion: but this sensitiveness is, in general, accom-
panied by instability, and is useless in practice, on account of zero
changes. The really important matter is to ensure the presence of
high sensitiveness with ease and certainty, not after hours of adjust-
ing, but immediately on the necessity arising; in this we have been
perfectly successful. Success in this matter depends entirely on a
large number of details, for a discussion of which the paper must be
consulted. Exact drawings are also provided, both of the instrament
as a whole, and of the more important subsidiary parts. The follow-
ing notes must suffice here.

1. It is essential that the coils shall be adjustable to the magnetio
system after the latter is mounted.

2. Astaticism of sufficient perfection can only be secured by the
simultaneous magnetisation of all the members of the magnetic
syslem when they occupy their final relative positions. This necessi-
tates special appliances.

3. If copper wire is used for the coils, no other metal must be
included in the circuit or connections of the instrument, otherwise
thermo-electric effects cannot be avoided.

4. The instrument has four tiers of coils and magnets, whereby
improved electromagnetic conditions are obtained.

5. The most important part of the instrument is that which
belongs to the adjusting of the magmetic control. This must be
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exceedingly |stiff and owell jmade, supported quite independently of
the astatic system, and capable of the finest adjustment.

6. Stability of zero depends chiefly on the uniformity of the con-
trolling field all over the suspended system ; this is, perhaps, best
obtained by using very large and symmetrically disposed magnets
above and below the suspended system.

7. When this is attended to, there is no advantage in using a
“¢ tail ” magnet.

8. The chief remaining difficulty is found to be due to continual
small changes taking place in the direction of the earth’s horizontal
field. This is best overcome by attending to the astaticism of the
wmagnets, and using a fairly strong uniform controlling field opposed
to that of the earth.

9. It is essential that the instrument be entirely surrounded by
massive iron screens.

10. A novel method of illamination has been worked out, ensuring
uniformity of brightness of the scale images, without any appre-
ciable heating of the galvanometer. The transparent divisions of an
opaque scale are caused to give rise to interference fringes, which
are then observed in a telescope with a micrometer scale in the eye-
piece. Readings of the position of the magnetic system to one
second of arc can be easily and certainly made.

11. The most important improvements we have made relate to the
insulation of the instrument, the minute adjustment of the con-
trolling field, the recognition of the necessary conditions for high
sensitiveness combined with stability, and the method of optical
magnification. The instroment can now be used at the sensitiveness

mentioned with all the ease and certainty which is generally attained
with a millionfold less sensitiveness.

12. Further improvements can be made by using some material of
greater strength than glass for the mirror, and by improved magnetic
screening. Our screens were of cast iron, and weighed about 300
pounds ; the screening was net nearly sufficiently perfect.

Section 5 contains an account of a large number of experiments
extending over three years on the phenomena of conduction in
sulphur—of which the following are the chief results.

Crystalline sulphur, whether monoclinic or * aged *’ monoclinic—
(which we have ventured to distinguish as a distinct variety, since it
Preserves the melting point, but is divested of the crystallographic
Properties of fresh monoclinic sulphur) has a specific resistance of
10* 0G.S. units as a minimum. By exposure to the air of a room
the sulphur condenses moisture, which reduces its apparent specific

Tesistance, but not nearly so much as in the parallel case of glass.

The total residual charge is either absent, or less than four parts in

ten thousand of the original charge, when a film of sulphur about =
) LA
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quarter of & millimeter, thick is charged for ten minutes with about
300 volts. By very careful drying we have succeeded in reducing
the residual charge with a film of mics 0°2 mm. thick to about 1 per
cent. of the original charge under similar circumstances.

In view of the want of homogeneity in the crystalline sulphur
film this freedom from residual effect i8 noteworthy, and is perhaps
to be explained by the entire absence of conductivity.

Crystalline sulphur has an electric strength which is more than
enough to support 33,000 volts per centimeter—how mnch more we
do not know. At 75° O the specific resistance with 285 volts per
quarter millimeter falls to about 6:8x10® C.G.S. The specific
inductive capacity increases slightly as the temperature rises. As
the temperature of the sulphur rises the conductivity increases
slightly up to the melting point, when there is an enormous increase.

When a film containing about 5 per cent. of insoluble sulphur pro-
duced by cooling rapidly from & temperature above 170° C is
examined, it is found to have a sensible conductivity which is not
due to surface action, for it is not altered by fusing quartz rods into
the exposed part of the surface, nor by blowing air saturated with
water vapour against the surface. The conductivity depends on the
exact composition of the mixture of soluble and insoluble sulphur,
but may be taken at from 10* to 10* C.G.S. units for a film contain-
ing from three to six per cent. of amorphous unstable sulphur at
ordinary temperatures. This conductivity is always greater when
the voltage of about 300 volis on a film a quarter of a millimeter
thick is first applied, or reversed. It is established that the in-
creased conductivity occurs after the sulphur has rested—whether
the voltage is applied for the first time, or whether it has been
applied before in either direction. When the voltage is reversed
this effect is more strongly marked, and the conductivity only settles
to a steady value after a considerable time. The conduction, either-
when the current is steady, or when it commences or is reversed,
does not obey Ohm’s law either for small voltages (say eight voltsd»
or large ones (say 300) when the film is 025 mm. thick. The==
deviation is, however, greater at high voltages, and greater wher—m
the *commencing” or “reversing” effects are taking place thammm
when the conduction is steady. The deviation is always in the a
direction of making the conduction at high electromotive intensitie ==
greater than at low. The specific inductive capacity of a mixture oe—»
soluble and inzoluble sulphur is markedly higher than that of purel- E
crystalline sulphur. We have some evidence that the changes occumm—.
ring during the first fow days after the film is made lead to a——m
increase of specific inductive capacity. The temperature coefficiensmm
of the specific inductive capacity is positive, and of the order 2x 10—
per degree between 20° and 70° C.



1894.] On the Electrical Properties of Pure Substances. 817

The residual charge is larger than when the sulphur is purely
soluble, 'and’ with-about '400 volts per millimeter is gbout 187 per
cent. of the initial charge after 10 minutes’ charge; the condenser
being discharged for a fraction of a second and left for 10 minutes.
At lower electromotive intensities it is rather greater in comparison
with the initial.charge, sufficiently so to be distinctly noticeable.

On heating the sulphur the conduction increases from about 50° C,
in fact whenever the process of annealing takes place. When the
annealing change (destruction of amorphous sulphur, and formation
of soluble salphur) is taking place rapidly the conduction is consider-
able. Many attempts made for the purpose of deciding whether the
increase of conductivity depends on the mere proportion of insoluble
sulphur present, or whether it depends on the rate at which the
conversion process is taking place, yielded no absolutely certain
results, but the evidence, such as it is, points to the latter as being
probably the most important—but we do not consider that it can
explain the conductivity at low temperatures. This conductivity is
essentially discontinuous, and in this resembles the conduction throngh
moisture films condensed on glass, ebonite, and sulphur itself.

Several of the above-mentioned peculiarities of sulphur conduction
were observed by Quincke in the case of insulating liquids, and were
ascribed, in part at all events, to the action of dust motes in the
liquids. There is no doubt, however, that in the case of sulphur
these effects are inherent to the process of conduction, for they were
as strongly marked in what we consider to have been our purest film
(as tested by the colour) as in the least pure one. There is some evi-
dence that mixtures of insoluble and soluble sulphur show a maxi-
mum conductivity when the sulphur contact is between 5 and 3 per
cent. All the phenomena of conduction are also noticed—the specific
resistance being about the same—when we examine films containing
88 per cent. of insoluble sulphur, produced by applying enormous
pressures in a testing machine to the insoluble sulphur formed on
suddenly cooling sulphur from & high temperature. The sulphur,
which was originally plastic, was exhausted with carbon bisulphide,
and the residue treated with sulphur chloride to obtain stability. A
pressure equal to the weight of 100,000 pounds on an area of say
25 square inches, causes about 12 per cent. of the insoluble sulphur
to become soluble, whether it has been treated with sulphur chloride
or not. Check experiments on soluble sulphur showed that the very
Ppure benzene used to moisten the sulphur for the purpose of com-
pression produces no subsequent change in the conductivity. The
‘pressures were applied for from five to 10 minutes.

No change in the conductivity of mixed films was produced by
stressing in alternate directions with a frequency of, say, five per
second, and a voltage of from 100 to 200 volts per quarter millimeter.
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A very large quantity of exact numerical data referring to these
points\is/contained. in)the paper.

Part II of the paper is interposed as the facts disclosed bear on
the general argument. This part of the paper bea.rs on several corre-
lated questions.

Section 1 deals with the contact force in air between purely soluble
sulphur and mixtures of insoluble and soluble sulphur containing
about 10 per cent. of the former.

The result of some rather interesting work on this point by the
electrometer needle method, shows that when soluble and mixed
sulphur is in contact (produced by melting the parts together), there
is a contact force of the order of from one to two volts between them.
The positive charge is on the insoluble sulphur. These experiments
were made by using a double sulphur needle over metallic semicircles,
and also by using the ordinary metallic electrometer needle over
sulphur quadrants. The latter gives the best results. The phe-
nomens are very complicated, and require to be carefully sifted ; for
an account of the very comsiderable difficulties the paper must be
consulted.

Section 2 deals with the question as to whether light has any
effect on the conductivity of sulphur. Monckman (‘ Roy. Soc. Proc.,’
vol. 46, 1890) considers that he has discovered such an effect. A
very large number of experiments, however, on mixed and crystal-
line sulphur cells, failed to indicate to us any such peculiarity, and
we consider that Monckman must have been mistaken in this
matter.

Section 3 deals with the qualitative phenomena of conduction in
sulphur cells containing from 5 per cent. to 20 per cent. of insoluble
sulphur. The general results agree with those already described,
although the methods of preparing and quenching the viscous
sulphur were different. The electrodes were also of platinum wire
instead of alamininum plates. The temperatare resistance changes
are treated rather fully in this section, and bring into prominence
the enormous influence of the annealing process.

Section 4 deals with a determination of the specific inductive
capacity of sulphur by the method of weighing, and contains an
account of the different sources of error to which we discovered the
method was subject. Several ways of obtaining the required
potential difference were investigated, with the result that the most
satisfactory is by the use of an alternator giving a frequency of about
sixty, and an induction coil used as a transformer. This avoids the
difficulty which occurs when the sulphur plates get charged in virtue
of their conductivity, and is noticed whenever (1) a continuously
directed P.D., or (2) an unequal alternating one (as by a coil with
hammer or mercury break) is used.
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Part I is then continued. § 6 deals with an investigation of the
specific inductive capacity of various kinds of sulphur by the method
of weighing, advantage being taken of the laborious investigation
of the method dealt with in Part II. Various other matters came to
light, and we furnish a drawing of suitable apparatus and describe
the necessary course of procedure to make the method accurate and
satisfactory ; in particular the proper way of preparing plates of
crystalline and friable substances. The results for the specific induc-
tive capacities are as follows, at a temperature of 14° C.

“ Aged " monoclinic sulphur ........... . K=3162

Ditto with 1°43 per cent. insoluble unstable
sulphur.c..coeevive eeveieieenesess K=3510

Ditto with 3 per cent. insoluble unstable
salphur..c.c.ccveveecnenns veeeeeeess K=375

An experiment on purely amorphous sulphur is not yet ready for
publication ; but the above results will go a long way to clear up the
great differences in the hitherto published values of this constant
for sulphur. They also serve as a check on our observations on thin
films, and show that our measurements of film thickness—a grave
difficulty—were moderately successful. i

A number of experiments bearing on a theory of conduction which
we venture to suggest are also included in this part of the paper.

This is followed by an account of the theory to which our experi-
ments led us, and which is briefly as follows. Sulphur in either of
the extreme conditions does not conduct; we can only examine the
purely soluble state, for the other is not sufficiently stable for a
satisfactory investigation; however, we may say that changing the
content of amorphous unstable sulphur from 3 per cent. to 88 per
cent., produces little or no change in the conductivity. Taking this
and other facts into consideration, we believe that what we have
‘called mixtures of the two kinds of suiphur are really compounds,
and that the conduction is electrolytic.

We have framed what we believe to be a novel theory of electro-
lysis, which explains all the facts which we have observed, and which
has the peculiarity of introducing the idea of an electrolytic con-
vection current, in connection with which the resulting changes of
specific inductive capacity allow of all the phenomena of conduction
observed taking place, though the charges may never really reach
the electrodes. It will be seen that the effects of fatigne-reversal
and the phenomena of discontinaous conduction are well accounted
for by this theory. The only objections we have to it are that it is
based on a molecular theory of matter, which we are persuaded requires
to be remodelled, if it is to afford any real explanation of things as they
are. A theory of residual effect based on the theory of conduction is
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also proposed.., This differs from Maxwell’s theory in that the latter
merely postulates changes of specific resistance and specific induc-
tive capacity from point to point of the dielectric, while our theoryis .
distinctly chemical. We consider that our results on mixed films are
best explained by the theory we propose, though the difficulty of dis-
proving Maxwell’s theory is almost equal to the difficulty of establish-
ing it, and we do not wish to imply that some sort of explanation on
this theory may not be constructed to fit in with our observations.
This is a point, however, on which we are still engaged. The matter
may, perhaps, be best summed up in the statement that the evidence
we have against Maxwell’s theory is nearly worthless; but that we

do not consider this theory necessary if our theory of comduction be
accepted.

II. “On the Dynamical Theory of Incompressible Viscous
Fluids and the Determination of the Criterion.” By
OsBORNE REYNOLDS, F.R.S., &. Received April 25, 1894.

(Abstract.)
]

The equations of motion of viscous fluid (obtained by grafting on
certain terms to the abstract equations of the Eulerian form so as to
adapt theso equations to the case of fluids subject to stresses depend-
ing in some hypothetical manner on the rates of distortion, which
equations Navier* seems to have first introduced in 1822, and which
were much studied by Cauchyt and Poisson}) were finally shown
by St. Venant§ and Sir Gabriel Stokes,|| in 1845, to involve no other
assumption than that the stresses, other than that of pressure uniform
in all directions, are linear functions of the rates of distortion with a
co-efficient depending on the physical state of the fluid.

By obtaining a singular solution of these equations as applied to
the case of pendulums in steady periodic motion Sir G. Stokes¥ was
able to compare the theoretical resnlts with the numerous experi-
ments that had been recorded, with the result that the theoretical
calculations agreed so closely with the experimental determinations
as seemingly to prove the truth of the assumption involved. This was
also the result of comparing the flow of water through uniform tubes
with the flow calculated from a singular solution of the equations so
long as the tubes were small and the velocities slow. On the other

® ¢ Mém. de I'Académie,’ t. vi, p. 389.

+ ¢ Mém. des Savants Etrangers,’ t. 1, p. 40.
1 ¢ Mém. de I'’Académie,’ t. x, p. 845.

§ ¢ B.A. Report,” 1846.

J| ¢ Cambridge Trans.,” 1845.

9 ¢ Cambridge Trans.,’ vol. ix, 1857.
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band, these results, both theoretical and practical, were directly at
variance with common experience as to the resistance encountered by
larger bodies moving with higher velocities throngh water, or by
water moving with greater velocities through larger tubes. This dis-
crepancy Sir G. Stokes considered as probably resulting from eddies
which rendered the actual motion other than that to which the sin-
gular solution referred and not as disproving the assumption. ’

In 1850, after Joule's discovery of the Mechanical Equivalent of
Heat, Stokes showed, by transforming the equations of motion—with
arbitrary stresses—so as to obtain the equation of (*“Vis-viva ")
energy, that this equation contained a definite function, which repre-
sented the difference between the work dome on the flaid by the
stresses and the rate of increase of the energy per unit of volume,
which function, he concladed, must, according to Joule, represent the
Vis-viva converted into heat.

This conclusion was obtained from the equations irrespective of any
particalar relation between the stresses and the rates of distortion.
Sir G. Stokes, however, translated the function into an expression in
terms of the rates of distortion, which expression has since been
named by Lord Rayleigh the Dissipation Function.

In 1883 the aunthor succeeded in proving, by means of experiments
with colour bands—the results of which were communicated to the
Society®*—that when water is caused by pressare to flow through a
uniform smooth pipe, the motion of the water is direct, t.e., parallel to
the sides of the pipe, or sinuons, i.e., crossing and recrossing the pipe,
according as U., the mean velocity of the water, as measured by
dividing @, the discharge by A, the aren of the section of the pipe, is
below or above & certain value given by Ku/Dp, where D is the
diameter of the pipe, p the density of the water, and K a numerical
constant, the value of which according to the anthor’s experiments
and, a8 he was able to show, to all the experiments by Poiseuille and
Darcy, is for pipes of circular section between

1,900 and 2,000,

or, in other words, steady direct motion in round tubes is stable or
unstable according as

pDPUn 21900 or >2000
M

the number K being thus a criterion of the possible maintenance of
sinuous or eddying motion.

The experiments also showed that K was equally a criterion of
the law of the resistance to be overcome—which changes from a

¢ ¢ Phil, Trans.,’ 1883, Part III, p. 985.
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resistance pruportional to the velocity and in exact acoordance with
the theoretical results obtained from the singular solution of the
equation, when direct motion changes to sinuous, .e., when

In the same paper it was pointed out that the existence of this
sudden change in the law of motion of fluids between solid surfaces
when

DUu=—

proved the dependence of the manner of motion of the fluid on a
relation between the product of the dimensions of the pipe multiplied
by the velocity of the fluid and the product of the molecular dimen-

" sions multiplied by the molecalar velocities which determine the
value of u for the fluid, also that the equations of motion for viscous
fluid contained evidence of this relation.

These experimental results completely removed the discrepancy
previously noticed, showing that, whatever may be the cause, in those
cages in which the experimental results do not accord with thoso
obtained by the singular solution of the equatiouns, the actual motions
of the water are different. But in this there is only a partial
explanation, for there remains the mechanical or physical significance
of the existence of the criterion to be explained.

In the present paper the author applies the dynamical theory to
the motion of incompressible viscous fluids to show—

(a.) That the adoption of the conclusion arrived at by Sir Gsbrlel
Stokes, that the dissipation function represents the rate at which
heat is produced, adds a definition to the meaning of u, v, w—the
components of -mean or fluid velocity—which was previously—
wanting ;

(b.) That as the result of this definition the equations are true,and -
are only true, as applied to fluid in which the mean-motions of thes—
matter, excluding the heat motions, are steady ;

(c.) That the evidence of the possible existence of such steadr
mean-motions, while at the same timo the conversion of the energy of—
these mean-motions into heat is going on, proves the existence of ™
some discriminative cause by which the periods in space and time of ™
the mean-motion are prevented from approximating in magnitude to—
the corresponding periods of the heat motions; and also proves the—
existence of some general action by which the energy of mean-motion
is continually {ransformed into the emergy of heat-motion without
passing through any intermediate stage;

(d.) That as applied to fluid in unsteady mean-motion (excluding-
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the heat-motions), however steady the mean integral flow may be,
the equations are approximately true in a degree which increases
with the ratios of the magnitudes of the periods, in time and space, of
the mean-motion to the magnitude of the corresponding periods of
the heat-motions ;

(e.) That if the discriminative cause and the action of transformation
are the result of general properties of matter, and not of properties
which affect only the ultimate motions, there must exist evidence of
similar actions as between mean-mean-motion, in directions of mean
flow, and the periodic mean-motions taken relative to the mean-mean-
motion but excluding heat-motions. And that such evidence must
be of a general and important kind, such as the anexplained laws of
the resistance of fluid motions, the law of the universal dissipation of
energy and the second law of thermodynamics ;

(f.) That the generality of the effects of the properties on which
the action of transformation depends is proved by the evidence that
resistance, other than proportional to the velocity, is caused by the
relative (eddying) mean-motion.

(9.) That the existence of the discriminative cause is directly proved
by the existence of the criterion, the dependence of which on circum-
stances which limit the magnitudes of the periods of relative-mean-
motion, ns compared with the heat motion, also proves the generality
of the effects of the properties on which it depends.

(h.) That the proof of the gemnerality of the effects of the proper-
ties on which the discriminative cause and the action of transforma-
tion depend, shows that—if in the equations of motion the mean-mean-.
motion is distingnished from the relative-mean-motion in the same
way as the mean-motion is distinguished from the heat-motions—
(1) the equations must contain expressions for the transformation of
the energy of mean-mean-motion to energy of relative-mean-motion ;
and (2) that the equation, when integrated over a complete system,
mast show that the possibility of relative-mean-motion depends on
the ratio of the possible magnitudes of the periods of relative-mean-
motion, a8 compared with the corresponding magnitude of the periods.
of the heat-motions.

(3.) That when the equations are transformed so as to distinguish.
between the mean-mean-motions of infinite periods and the relative-
mean-motion of finite periods, there result two distinct systems of
equations, one system for mean-mean-motion, as affected by relative-
mean-motions and heat-motion, the other system for relative-mean.
motion as affected by mean-mean-motion and heat-motions.

(j.) That the equation of energy of mean-mean-motion, as ob-
tained from the first system, shows that the rate of increace of energy
is diminished by conversion into heat, and by transformation of
energy of mean-mean-motion in consequence of the relative-mean-
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motion, which transformation is expressed by & function identical in
form' with ' that-which' expresses the conversion into heat; and that
the equation of energy of relative-mean-motion, obtained from the
second system, shows that this energy is increased only by transform-
ation of energy from mean-mean-motion expressed by the same
function, and diminished only by the conversion of energy of relative-
mean-motion into heat.

(k.) That the difference of the two rates (1) transformation of
energy of mean-mean-motion into energy of relative-mean-motion as
expressed by the tramsformation function, (2) the conversion of
energy of relative-mean-motion into heat, as expressed by the func-
tion expressing dissipation of the energy of relative-mean-motion,
affords a discriminating equation as to the conditions under which
relative-mean-motion can be maintained.

(1.) That this discriminating equation is independent of the energy
of relative-mean-motion, and expresses a relation between variations
-of mean-mean-motion of the first order, the space periods of relative-
mean-motion and u/p such that any circamstances which determine
the maximum periods of the relative-mean-motion determine the
<conditions of mean-mean-motion under which relative mean-motion
will be maintained—determine the criterion :

(m.) That as applied to water in steady mean flow between parallel
plane surfaces, the boundary conditions and the equmation of con-
tinnity impose limits to the maximum space periods of relative-
mean-motion such that the discriminating equation affords definite
proof that when an indefinitely small sinuous or relative disturbance
exists it must fade away if

DU
P.___.
fod
is less than a certain number, which depends on the shape of the
section of the boundaries and is constant as long as there is geo-
metrical similarity. While for greater values of this function, in so
far as the discriminating equation shows, the energy of sinuous
motion may increase until it reaches to a definite limit, and rules the
1esistance.

(n.) That besides thus affording a mechanical explanation of the
-existence of the criterion K, the discriminating equation shows the
purely geometrical circamstances on which the value of K depends,
and although these circumstances mast satisfy geometrical conditions
required for steady mean-motion other than those imposed by the
-conservations of mean energy and momentum, the theory admits of
the determination of an inferior limit to the value of K under any
definite boundary conditions, which, as determined for the particular
<case, is

517.
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This is below the experimental value for round pipes, and is about
half what might be expected to be the experimental value for a flat
pipe, which leaves a margin to meet the other kinematical conditions
for steady mean-mean-motion.

(0.) That the discriminating equation also affords a definite ex-
pression for the resistance, which proves that, with smooth fixed
boundaries, the conditions of dynamical similarity under any geo-
metrical similar circumstances depend only on the value of

4 d}_’ 3
’dmb’

where J is one of the lateral dimensions of the pipe; and that the
expression for this resistance is complex, but shows that above the.
critical velocity the relative-mean-motion is limited, and that the
resistances increase as a power of the velocity higher than the first,

III. ¢ On certain Functions connected with Tesseral Harmonics,
with Applications.” By A. H. LEARY, M.A,, late Fellow of’
Pembroke College, Cambridge, Professor of Mathematics
at Firth College, Sheffield. Communicated by Professor
W. M. Hicks, F.R.S. Received March 24, 1894,

(Abstract.)

The transformation of a zonal harmonic referred to a pole on a
sphere to another pole on the same sphere, and its expression in &
series containing the 2741 harmonics of the same order referred
to this new pole, is an operation frequently employed in physical
research. The purpose of this paper is the investigation of certain
functions of the angular distance between the poles which occur when
a general tesseral harmonic is transformed from one pole and plane
to another pole and another plane of reference. If the coordinates
of any point on the sphere when referred to the first pole are 8’'and «';
B denoting the colatitude, and &' the longitude; and if the co-
ordinates of the same point when referred to the second pole are &' and
q; & denoting the colatitade and g the longitude referred to a plane
through the two poles, it is shown that

n—r'

P(n,m,n') cosmy’ = cos mq{u,,. 0. Pu(¥) +22 j tar - P (n,r,v) cos rq}

+sinmy . 22 -—--z,,,, P (u,r,v) sinrg,
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P(n,m,u ) ginmy=sin m'-,{u.,,, Pa(v) +22”-—lr_' Upr. P (n,r,v) cos rq}

n—r!

—cosmy . 22 v..,.P(n,r »)8inrg,

where P(n,m,u") is the “associated function"d P"(“ ) .(1— ’)"l‘ ; w'and

@ are put for cos 8/, cos &', ¢ is the longitude of the second pole referred
to the original pole and plane, and t., va.r are the functions of 8, the
angular distance between the poles whose properties are discussed in
‘the paper. When m is zero, .., when P(n,m,u’) is a zonal harmonic,
the function u,,, reduces to P(n,r,x), if x is put for cos 8, and vy, is zero.
The general equations connecting the functions, and the values of
the functions for general and for particular values of m and r are
mveshgat.ed

If & and ¢ are the colatitude and longitude of & point referred to
the second pole and any plane through the pole, the integral of the
product of any two tesseral harmonics both of the nth order over the
surface of a sphere can be expressed concisely in terms of the functions
Umr, Tmr- ' The result 1s

H P (n,m,u’) cos (my' +a) . P (n,m,») cos (ré' +p) dS =
™ + 1{ cos (my+a) cos (re+p) umr(8)—sin (my+a) sin (re+ p)v..,.(p)}

if « is the longitude of the second pole referred to the plane through
the first, ¢ the longitude of the first pole referred to the plane
through the second, 8 is the angular distance between the poles, and
«, p are constants.

The functions #,,, v«r are connected by several equations, bearing a
great resemblance to equations connecting tesseral harmonics of the
same order. They are of course fanctions of n, and should be
written, when » may have different values, in the form tsm¢,Usms, but
the n is omitted for brevity in most of the results. Some of the most
important results are the following, the dashes denoting differential
«coefficients—

' 8i0 B+ U'm,c08 B+ {n(n+1) 8in B— (m*++*) cosec 8} ttmr
= 2mrvmecotf ...... (21);

tUmetr + 28 e = (+7) (A—T+1) g1 =0 ... (24);

Upr+1—27COL B Umr+ (n+7) (R—741) thnry = 2m coseCB Vr
ceeess (27).
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All the relations connecting tur, var, &c., are duplicate ones, similar
relations'being'obtained by -interchanging « and v. .

The differential equation satisfied by either function is of the fourth
order, the two functions being different solutions of this equation.
The two remaining solutions of the equation have also been obtained,
and called “ functions of the second kind.” ' The equation of finite
differences satisfied by the functions is also of the fcurth order.

The general value of %, is—

2uUn, = P (nm+rp)

k= 1(rf2)
+ 3 (—Di.rm(m+r—2k)P(nan+r—2kp)
k=1
x'gk(_l),m—k+s—l!m+r—k~—1!n+k—a!r—k+l—1!k—l!
=1 m—k!mt+r—k—s!un—k+slr—kls—11k—s!s!
b—zy_l(—-l)bm(m-l-r 2k)”+m'"_m+2k—' P (n,m+r—2k. )
_‘:_ Lo+l —m ! ntuw—2k+7r! i e
x'=2r-k(_l),m—k+c—l'm+r—k —1lnt+r—k—s!lr—k+1'k+s—1!
=l —kIlmtr—k—s!n—rd+k+slr—ktglglhls—1!
In— !
+ (=1 IEREE P (nm—rn),

n—mint+m—r!

where I(7/2) is the greatest integer in r/2.
The value of v., i8 given by

l:al(':;_l)
Cur -8iNB =3 (=1)f(m+r—2k—1) P(n,m+r—2k—1,u)
k=0

xzk( —1) m—k+s—1!m+r—k—1ln+k—s!r—k+s—1!k!
4=0 m—k—1Im+r—k—s—1!n—k+slr—k—11slk—g!s!

k=r-l | ne—
Y —or_pyntmln—m+2k—r—1 ol
+ S(—1)¥(m+r—2k l)n—m'n+m—2k+r+1 'P(nm+r 2k—1,p0)

= l("')+l

s=r-k-1 m—k+s—1!mer—k—1!ntr—k—s—1!r— E—11k4s!

(1)~ 1 1 Vr—k
r) m—k=1lm+r—k—s—=1'n—r+k+s+1lr—k—s—11glklal

Simpler values for u,- vwr are given for general values of m from
r = 0 to r = 6 inclusive.
The values of the fanctions #u. vs- are of a simpler form when 8 is
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a right angle, and can be expressed by a single series. When n—r is
. even, the/seriés

(-n+r- 22 -

n+4+2m—r—2t! ndr—2¢!

—g1g1ntr ot AP
m 3 +t. 2 t! 2 m-t! 2 +m—t!

2 (-1
t=0

is the value of uu (7/2) when m is even, and of v,{=/2) when m is
odd ; the series being continued until one of the factorials in the
denominator becomes negative; and # being supposed greater than
2m. When 7 is less than 2m, the lower limit of ¢ is m—4(n+7).

A similar series gives the values of #,.(#/2) when m is odd, and
of v,(7/2) when m is even for the case when #—7 is odd. The values
of u,.(x/2) when m is even and of v..(r/2) when m is odd, are in
this case equal to zero.

When n—r is even, the values of u%,.(x/2) when m is odd, and of
vmr(7[2) when m is even, are also equal to zero.

The value of u., is in all cases equal to %, and the value of v., is
equal to v,s. This result gives several algebraic identities, using
general values of un,. Since u,, = P(n,r,x), we have by this result
Umo = P(n,m,u), whence we get the result that

| P (ym,u’) cos my'dq = 27 Py (v) . P (n,m,u) cos myy.

Thus the line integral of a Laplace’s fanction referred to the first
pole along a small circle described about the second pole at angular
distance & from it is the value of the function at the second pole
maultiplied by 27Ps(v) . sin 8, where » is cos é.

Equations can also be obtained connecting #,m, and uy,ms Where
the n's are different. The most useful result is

n(n—m+1) (n—r+1) u.+.:,,,_,—(2n+ 1) n (n+1) COS Blinm s
+(n+1) (n+m) (n+71) a1 = 20+ 1) MrVpme 0o (45),

and a similar equation obtained by interchanging % and v. From this
equation a table of the functions for different values of n can be cal-
culated, and is given from # =0 to n =4. Since vmo = v, = 0, the
number of the functions for any given value of n is (n+1)*+n?,

Two physical applications of the results are given. The first is an
application of the result of a line integral of a Laplace’s function re-
ferred to one pole along a small circle described about another. The
result is employed to establish that the law assumed by Boltzmann and
Maxwell for the number of particles which have a given velocity in
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an irregular system of moving molecales (or a *disturbed gas) is

unaltered in' form' by collisions between the molecules. In the second

application the functions are used to find the mutual potential energy of

two layers of gravitating matter on two spheres, the density at any

point on each sphere being expressed in terms of spherical harmonics

referred to fixed coordinates upon it, and the spheres having any

position with reference to the line joining their centres. The case of

two ellipsoids not differing much from spheres is also worked out
namerically, and the stable positions discussed. A stable orbit is
possible with the major axes of the ellipsoids constantly in a straight
line. If one ellipsoid is fixed and the other projected so as to de-
scribe a nearly circular orbit about it, with its major axis initially
pointing to the centre of the other, the orbit will be possible if ih
a plane perpendicular to the least axis of the greater, but the devia-
tiox of the major axis of the second from the line of centres will con-
taima a term which to the first approximation is secular, and may
ul i mately canse this axis to deviate from its initial position. There
are three stable positions for the second ellipsoid if the first ellipsoid.
is fixed and the centre of the other fixed. These positions will in
gomeral be with the major axis of the second pointing towards the
cematre of the first, and in & line with the major, mean, and least
axes of the first, but if ¢, the distance between the centres, is so small
that

where a,a/a,” are the least, mean, and greatest axes of the first
sphaere, the stable positions will be different. Thus the stable positions
will always be with major axis of the second in the line of centres if
¢'/ay is greater than 7/5.

ke “ functions of the second kind,” which are the two remaining
solma tions of the differential equation of the fourth order satisfied by
%ar B, are also briefly investigated.

IV.  «QOn the Measurement of the Magnetic Properties of Iron.’
By THOoMAS GRAY, B.Sc., F.R.S.E, Professor of Dynamic
Engineering, The Rose Polytechnic Institute, Terre Haute,
Indiana. Communicated by Lord KELvIN, P.R.S, Received
April 6, 1894,

(Abstract.)

This paper gives the results of a continuation of the investigation
which formed the subject of a paper communicated to the Royal
Bociety in 1892, and published in the ¢ Philosophical Transactions,’

VOL. L1 ®
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vol. 184, A, pp. 531—542. The results now given have been to a
large extent'obtained by the same method, namely, from the curves
giving the relation of the carrent flowing in the circuit to the time
measured from the application or the reversal of the impressed
E.M.F. on the circuit. In this case, however, the personal element
has been eliminated from the cnrves by the application of the
autographic recorder referred to as under construction in the
previous paper. This apparatus, which is & modification of the
“ Thomson siphon-recorder,”” has been found to work satisfactorily, and
has considerably increased the ease and the accuracy with which the
curves can be produced. A description of the apparatus and
specimens of the curves drawn by it are included in the paper.
There is also included in this paper a description of the apparatus
and method of experiment in the application of a wattmeter to the
determination of the energy dissipated by' transformers wunder
E.M.F.’s of different frequency of alternation. The accuracy of the
measurements so made were checked by comparison with the results
of measurements made by Joubert’s instantaneous contact method.
The apparatus and method of experiment adopted for the application
of this method were to some extent different from those commonly
employed, and they are therefore described.

The results of some further experiments on the large electromagnet
used in the previous experiments, and described in the paper above
referred to, are given, but a large part of the results quoted in this paper
refer to closed circuit transformers of the types manufactured by the
Westinghouse and the General Electric Companies. The experi-
ments have been chiefly directed to the following points:—

1. A Comparison of the Total Energy required to produce Different
Magnetic Inductions, and the Corresponding Dissipation of Energy.—
In connection with this, the effect of air gap in the magnetic circait
has been investigated somewhat more fully. It is shown that, by
introducing a moderate air gap, the energy dissipated for a given
induction through the coils may be reduced one-third.

2. The Law of Variation of Hysteresis with Variation of Induction.—
The experiments indicate that, althongh for any special case the
energy dissipated can be approximately expressed by an equation of
the form E = AB¢, that both A and « are different for different kinds
of iron. It seems probable, also, from the results obtained, that « is
not absolately constant for any one iron, but that it increases with
increase of B.

3. The Effect of Increased Frequency of Cyclic Variation of Mag-
netism on the Dissipation of Energy.—In this investigation a trans-
former, the iron case of which was made up of very thin sheets, was
wsed. The thickness of the sheets was about 16-100ths of a millimetre,
and the sheets were insulated from each other by means of thin
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paper.,, The full load capacity of the transformer was about 6,000
watts. The range of frequency (including the autographic recorder,
the wattmeter and the Joubert’s instantaneous contact method experi-
ments) was about from 3 per minute to 8,000 per minute. The results
indicated that, throughout this range, there is no variation in the
dissipation of energy per cycle when the inductions are equal.

Data deduced from these experiments as to the magnetic qualities
of the iron used in the different transformers are given in the paper.

V. «“On the Influence of certain Nutural Agents on the Viru-
lence of the Tubercle-Bacillus.” By ARTHUR RANSOME,
M.D., F.R.S., and SHERIDAN DELEPINE. Received May 1,
1894.

Three years ago Dr. Ransome communicated to the Society the
vesults of some experiments, carried out in concert with Professor
Dreschfeld, of Owens College, “ On certain conditions that modify
the virulence of the bacillus of tubercle.”

The tendency of these researches was to prove ‘ that fresh air and
light, and a dry and sandy sub-soil, have a distinct influence in
arresting the virulence of the tubercle-bacillus; that darkness some-
what interferes with this disinfectant action ; but that mere exposure
to light, in otherwise bad sanitary conditions, does not destroy the
virus.”

The following tuble gives the results of similar experiments by
curselves.

Table I.
Experi-
ment
No.
8. 1. Rabbit inoculated in peritoneum with fresh sputum. Killed 55 days
after. Showed well-marked tuberculosis.
7. 2. Rabbit. Sputum exposed to light and air 45 days in June and July.
Showed no tuberculosis after 86 days.
8. 3. Rabbit. Sputum exposed in air-shaft in dusk at the same time.
Showed slight tuberculosis after 86 days.

11. 4. Guinea-pig. The same sputum exposed at the same time, in air and
light, inoculated under the skin. S8howed no distinct tubercle
in 80 days.

12. 5. Quinea-pig. Same methods, only in dusk. Showed advanced tuber-
culosis in 80 days.

58. 6. Guinea-pig. Another sputum exposed in April for 16 days to little or
no air, in darkness. Gave well-marked tubercle after 42
days.

59. 7. Quinea-pig. Ditto, ditto.

t 2
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We have, now carried the enquiry a little further, and,
amongst other objects, have endeavoured to determine bow short a
perind of exposure to air and light would suffice to destroy the
. poisonous action of the microbe. We selected guinea-pigs as the
most susceptible animals to test this question.

In the first instance pure cultivations of the bacillus were pre-
pared, and were found to be active by frequemt inocuiations.
Small portions of this material were spread in a thin layer,
upon pieces of sterilized paper. They were arranged in circles
of about 2 mm. in diameter, 8o as to give every opportunity for the
action of the elements. They were then exposed in a glass-room,
with free access to air and light, 7.e., close to open windows, for
diminishing periods of time, viz., 14, 10, 6, 4, and 2 days respec-
tively. Contemporaneous daily records were kept of temperature,
maximum and minimum, and of the amount of sunshine taken
through the glass roof, by means of one of Negretti and Zambra’s
sunshine recorders.

The following table (Table II) gives the results of the meteorol-
ogical observations, but as will be seen presently, only those for the
first few days are of importance.

No result from the other papers; the control experiments showing
that the bacilli used after this date had lost their virulence. Even
the results of Experiments 97 and 98 are doubtfal on that account,
but Experiment 85 was made with a very virulent specimen, as was
proved by the inoculation of two other guinea-pigs, with paper in-
fected with the same quantity of the same cultivation, and kept the
same length of time, but not exposed to sunlight. In both these cases
advanced tuberculosis was produced in 44 days.

It may be noted that only one of these experiments can be en-
tirely relied upon, and that in this case, after 4 days’ exposure to
air and 12} hours of sunshine, there was no result from the inocu-
lation.

These observations, though not in any way conclusive,. are in
accord with those of Professor Koch,* and they encouraged us to
believe that even short exposures of the tubercle-bacillus, even in
sputum, to air and light, might render it innocuous.

In the next series of observations, it was determined to allow

* Koch, ¢ Verhandlungen des Internationalen Medicinischen Congresses’ (Berlin,
4th to 9th August, 1890), vol. 1, p. 35. Koch says that for some years it has
become known that light could kill bacteria. He alludes, no doubt, to the ex-
periments of Downes and Blunt, Arloing, Roux, and others. Marshall Ward’s
experiments with the Bacillus Anthracis are still more recent. Koch had been
able to confirm this with regard to the tubercle-bacillus, of which cultivatious
exposed to sunlight might be killed in a space of time varying from a few
minutes to some hours. When exposed to diffuse daylight in a room they were
killed in from five to seven days.
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tuberculous sputum to dry (a) in air and light, (b) in air and dark-
ness, (c)'in 'a'close cupboard.

Fresh sputum, rich in bacilli, was obtained and exposed in watch
glasses. Specimen (a) was dry in four days; specimen (b) in eight
days; and specimen (c) in 19 days.

Specimens (a) and (b) were closed up as soon as they were dry
and kept until specimen (¢) was ready, and then portions of the
sputum were scraped off the glasses and inoculated into guinea-pigs
directly after scraping. Table IIT gives the results.

Table III.
No.
117, 1.} {Sputum (a) inoculated subcutaneously into two guinea-pigs,
118. 2. lkilled 64 days afterwards, gave well-marked tuberculosis.
119. 8.) (Sputum (3), similarly used, showed no results
120. 4}{58 days efter.
126. 6. Sputum (c) gave well-marked tuberculosis 50 days afterwards.

The results of these experiments are somewhat anomalous. The
sputum was in rather thick masses and thus dried slowly,and would
with difficulty be affected by the natural agents to which they were
exposed. This fact would probably account for the continued viru-
lence of sputa of 1 and 2, but the immunity from sputa 3 and 4, after
eight days exposure to a current of air in darkmees, is hardly likely
to be due to this exposure; we can, therefore, draw no decided con-
clusion from this series of experiments.

In the fourth series of observations, the sputum was spread upon
paper, and was thus more rapidly dried at the ordinary tempera-
tures, about 24 bours sufficing. It was then in most cases scraped
and thus partly converted into *tuberculous dust” before being
exposed to the same conditions as before. In this way it might ber
expected to be more readily affected by the elements.

An attempt was made to measure the amount of air as well a=
light, an anemometer and & sunshine-recorder being placed neax-
the sputum exposed at the open window.

Only a rough guess could thus be made as to the quantity of aix—
passing over the sputum, however, for the papers had to be loosely—
covered with thin gauze to prevent the ‘“dust” from being carriedk
away by the wind, and the anemometer recorded currents in bothm
directions.

Three sets of experiments were made.

1. Papers were placed, to be used for control experiments, in the
dark, close cupboard.

2. Papers were placed in the air-shaft of a draught-closet inJdii
light, pure air only passing through it.
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3. Papers were exposed to air and light for three days, February
20, 21, and 22." The rate of air current was about 1,000 ft. per hour,
and the sunshine recorded was one hour. Others were exposed for a
longer period. ‘

The amount of tuberculous dust was so small that portions of the
paper were inserted together with it, under the skin.

Table IV.

First Set of Experiments.
N o.
251, 1. Sputum kept only one day in a closed, dark cupboard, after drying
on paper, produced well-marked tuberculosis in 81 days.
1=>»1. 2. Bputum kept under the same conditions, but exposed to a little air for
85 days, produced distinct local tuberculosis in 23 days.
1=»2. 8. Idem.
Second Set of Experiments.

16«0, 1. Sputum kept in the draught closet for three days in a current of air
(about 1,000 cubic feet per hour) in darkness, at the ordinary tem-
perature, gave well-marked tuberculosis in 32 days.

1 «> 2. Sputum under exactly the same conditions gave well-marked tubercu-
losis in 24 days.

Third Set of Experiments.

1548, 1. SBputumexposed to light for three days, during which there was one hour
of sunshine. Ventilation good. Temperature, maximum 50° and
minimum 38° F. No tuberculosis after 46 days.

15", 2. Sputum under the same conditions as the last, except that it had
not been reduced to dust, gave the same negative results after 50
days.

13»_ 3. Sputum exposed to light for seven days; 15 hours of sunshine; brisk
ventilation. Temperature, maximum 88°, minimum 29° F. No
tuberculosis after 22 days. .

4. Sputum exposed to light for two days (after being kept dry for four

weeks) ; short exposure to sunshine (not many hours); ventilation
slight. Temperature, maximum 60° minimum 22°, No tuberculosis
after 22 days.

Xt will be noted that in all the specimens exposed in the dark,
tw baerculosis was the result, but it must be observed, that in the case
of those exposed in the draught-closet, only three days were allowed

pass before they were removed from the influence of the air-
C@xrent. On the other hand, all the specimens exposed to both air and
l’_glzt, whether for two, three, or seven days, were found to have en-
hl‘ely lost their power for evil.

The specimen exposed for two days only, had, however, been kept

fox four weeks before being exposed to these influences, and it
thus lost a portion of its virulence. :
‘These researches have an important bearing upon the question of
the limite of the infectiveness of tubercle. ’

190
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It has long been known that the disease is most common in the
dirty, ill-drained, ill-ventilated dwellings of the poor, and, even in
records intended to prove the contagiousness of phthisis, there are
few, if any, of transmission of the disease in clean, well-lighted,
-well-ventilated houses or hospitals, even those for consumption.
Long before Koch’s discoveries, and before the disinfection of sputam
was practised as it is now, the conveyance of the disease, under
these conditions, was recognised by many to be one of the rarest
events.

If the results that we have obtained with sputum are confirmed
by others, as we trust they will be, they will afford some explanation
of these facts.

So far as they extend at present, they show (1) that finely divided
tuberculous matter, sach as pure cultures of the bacillus, or ¢ tuber-
culous dust,” in daylight, and in free currents of air, is rapidly de-
prived of virulence, (2) that even in the dark, although the action is
retarded, fresh air has still some disinfecting influence, and (3) that in
the absence of air, or in confined air, the bacillus retains its power
for long periods of time.* ‘

VI. ¢ On some Voltaic Combinations with a Fused Electrolyte
and a Gaseous Depolariser.” By J. W. Swan, M\A. Com-
municated by Lorp RaYLEIGH, Sec. R.S. Received Feb-
ruary 28, 1894. '

It is well known that fused salts behave in many respects like
electrolytes in solution, and that voltaic combinations analogous to
well-known voltaic cells may be formed with fused electrolytes.

The experiments of Brownt have recently illustrated this subject
in relation to the Daniell type of cell. For various reasons it
appeared to the writer desirable to ascertain the behaviour of a cell
with fused electrolyte and a gaseous depolariser, and corresponding
in this last particular to the Upward cell.

The following is chiefly & record of some of the experiments made
in connection with this research.

A cell of this kind may be looked at from a theoretical point of
view as follows :—A rod of metal, M (fig. 1), is immersed in & fused
chloride of the same metal, MCl, and a chemically inactive conduoctor,
C, is also immersed in the fused salt; when M and C are connected
with an electrostatic volt-meter, the metallic chloride is immediately

® A portion of the expenses of this research has been defrayed by a grant from
the British Medical Association.
+ ¢ Roy. Boc. Proc.,’ vol. 52, pp. 76—91.
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Fia. 1.

————

polarised, and an E.M.F. calculable from the heats of combination,
M/Cl = MC], is developed. If M and C are metallically connected,
a momentary current passes, but the combination is immediately
polarised by the opposing couple, formed by the cathion of the
electrolyte M and the pole C. To prevent this polarisation, chlorine
has to be supplied at this pole. Complete depolarisation should
occur if the pole C consisted of a solid rod of chlorine. This is im-
possible, but gaseous chlorine, used as a depolariser, can be made to
effect more or less complete depolarisation, and should, theoretically,
yield as the result of its heat of combination with lead an E.M.F. of
1°7942 volts. In experiments made with a view to realise as nearly
as possible the ideal condition for preventing polarisation the cathode
was always molten lead. It was found that hard gas-retort carbon
bad very little action upon molten alkaline chlorides and on chloride
of lead, at the temperature required for their fasion. Carbon was,
therefore, employed as the anode or conducting pole in most of the
combinations.

The electrolyte used was either the molten chlorides of sodium and
potassium mixed, or chloride of lead. As there is a continaous form-
ation of PbCl, during the action of the cell, and as it is a good con-
ductor, it alone was finally adopted as the electrolyte. As a
depolariser, chlorine gas was used. Many experiments were made to
find a suitable way of applying the chlorine. The following are
details of some of the most suggestive of them.

Ezp. 1.—A cell was constructed as shown in fig. 2. The arrange-
ment consists of an outer iron vessel, with a stratom of molten lead
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Fia. 2.

covering the bottom to some depth, over the lead is a layer of NaCl
and KOl previously fused, into which is immersed the lower and
closed end of a carbon tube, which forms the + pole. The mouth of
the carbon tube is closed by a fire-clay lid luted on, and through
which pass two small clay tubes for the inlet and outlet of chlorine.
The ‘whole was heated in a small gas furnace. A binding screw on
the iron vessel, which served as a connection with the lead, was used
as the negative terminal, and another screw fixed on a copper ring
surrounding the carbon tube, served as the positive pole connection.
The first trial was made without chlorine. Short circuited through
1,000 ohms the cell developed an E.M.F. of 0-3 volt. A momentary
current of more than one ampére was observed when the cell was
short circuited through a low resistance ammeter. Chlorine was
then passed through the tubes inside the carbon pole, but no depolar-
ising effect was observed, even when the chlorine had a slightly
higher pressure than the atmosphere, yet the gas passed through the
exposed sides of the carbon tube and through the cement at the top.
This experiment was repeated several times with carbon tubes of the
smallest possible thickness, and always with the same result. Itis
evident, therefore, that an absorption of chlorine similar to that which
takes place in the Upward cell does not occur when a molten electro-
Iyte of the kind employed in this experiment is used.

Ezp. 2.—As this method of applying chlorine was unsuccessful,
another form of apparatus was adopted. The poles were of the
same material as in the previous experiment, but the carbon pole
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Fr1e. 3.
”ve

Was anopen tube. The electrolyte was a fused mixture of equivalent
Proportions of NaCL,KCL. A porous pot was introduced in order to
Separate the products of electrolysis set free at the electrodes. The
hlorine gas was supplied through a clay tube, which passed down
the centre of the carbon tube. As before, an iron crucible was used
88 the containing vessel for the fused lead and the electrolyte, it also
5exrwved as & means of electrical connection with the lead. In relation
to the depolarisation effect of the chlorine, which it was the principal
9bject of the experiment to observe, the interfering action of the iron
a8 found by comparison with porcelain to be practically #il; this no
doabtisa consequence of its becoming coated by local action with a
fileey of lead. The whole arrangement was heated in a reverberatory
fuxxace. When the electrolyte was perfectly fused, the element was
8hoxt circnited through a volt-meter of 1000 ohms resistance. An
EXNLF. of 03 volt was observed, the outside current being from the
caxkyon to the lead. This was the E.M.F. after polarisation. A
Cuxrent of chlorine was then passed through the earthenware tube;
whiile the current of gas was slow there was no effect, but when the
8p®ed of the issuing gas was increased until the gas passed in bubbles
aloxag the side of the carbon, alternately surrounding it with chlorine
andl electrolyte, the E.M.F. rose to 1-25 volt. The action of the cell
Was then similar to a completely depolarised cell. When short
circuited through a low resistance ammeter, it produced a steady
cuXrent of 1°0 ampére for three-quarters of an hour. The potential
difference between the poles was of course very small, while this
current was passing, the exterior resistance being very small com-
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pared with the iunterior. When, however, the circuit was opened, it
almost instantly rose to 1:25 volt.

So far the experiments showed that, as chlorine is nearly or per-
fectly insoluble in fused chloride of lead, or in fused chlorides of
sodium and potassium, ¢t s necessary in this case that the surface of the
carbon pole on which the cathion is deposited be alternately exposed to
the action of the gas and electrolyte. Many experiments confirmed
this conclusion. The exposed surface of the carbon tube in this
experiment amounted to only 10 or 12 sq. cm.

Ezp. 3.—As in the arrangement last described, the use of a porous
pot and a clay tube was found to be objectionable, through the action
of the electrolyte upon them, an arrangement was devised by which
the use of the porous pot and tube were avoided. The details are
seen in fig. 4. The carbon tube serves as an electrode, and also for
conveying the chlorine to the electrolyte. To render it impervious
to the gas, it was surrounded by a close-fitting porcelain tube. This
tube was closed at the top by a paraffined cork, through which a
glass tube in connection with the chlorine supply was passed. The
remainder of the apparatus was the same as in Experiment 2, but

Fia. 4.
—=Ct.
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without the porous pot. This arrangement gave the following
results. The E.M.F. when short-cirocuited through a voltmeter
(300 ohms) gave 1‘4 volt, the chloriné entering rapidly. When
short-circuited through 1 ohm, it gave a constant current of 06
ampére with a P.D. of 0'9 volt. The rather large interior resistance
of 1-3 ohm is due not to the electrolyte, but to the greater length of
the carbon tube, and bad contacts produced by the corrosive action
of the chlorine. No good results were obtained until the chlorine gas
bubbled out of the carbon tube, thus realising the conditions before
mentioned, a8 necessary for the production of any large electrical
effects.

Eaxzp. 4—With a view to obtain larger effects, ancther form of cell was
tried, as shown in fig. 5. The carbon pole C consisted of a thin rod of
electrio light ¢arbon, 5 mm. diameter and 15 cm. long. It was passed

Fi1a. 6.
+ +
—e (1.

through a cork fitted in a porcelain tube, 25 cm. diameter. A glass
tabe bent at right angles was passed through the same cork, to serve
f.°1' the delivery of the chlorine. The end of the carbon rod was a
littde ghort (about 3 mm.) of the end of the porcelain tube. The
COntaining vessel was a Berlin porcelain crucible, 7 cm. diameter.
The conductor from the lead was an iron wire, protected from the
;ction of the electrolyte by a surrounding porcelain tube. The electro-
Y te wag chloride of lead. The whole was arranged as shown in fig. 5.
i l_’en the chlorine issued from the porcelain tube, the necessary con-
tions for depolarisation were in a large degree realised, the contact
een the electrolyte and the carbon being at times almost broken,
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and at other times the chlorine forming a nearly complete envelope
round’ the' carbon, these 'conditions following in rapid alternation.
The highest E.M.F. observed was 1-25 volt. The largest current given
was 0'9 ampére with a P.D. of 025 volt. The current was fluctuat-
ing, owing to the varying conditions at the carbon pole.

Ezp. 5.—The following figure shows a construction almost identical
with the last, differing only in a few practical details, occasioned by
this cell being made larger than the last. The porcelain tube pre-
viously used was replaced by au inverted porcelain crucible, having
two holes drilled in the bottom; the larger hole afforded a passage
for the conductor from the carbon pole: through the smaller one
there passed & porcelain pipe for the chlorine supply. The carbon
pole was composed of a disc of gas retort carbon, pierced with holes,
as shown in the figure. In the middle of the disc was screwed a tube
of carbon, which passed up through the larger hole in the bottom of
the crucible and was secured in this position by nuts of retort carbon.
The bottom of the carbon tube was filled with fused lead, into which
dipped a thick copper wire that formed the positive pole connexion.

Fia. 6.

The connexions between the carbon and porcelain were luted with a
mixture of borax and fire-clay fused at a bright red heat. The other
vessel consisted of a short cylindrical plumbago crucible. The fused
lead was, as usual, on the bottom, connexion being made with it by
means of a heavy open iron ring, with its free end turned up and bent
over the rim of the crucible. The internal resistance was small,
owing to the improved contact of the leading wire with the carbon
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pole. The electrolyle was fused PbCl,, The whole was heated in a
gas furnace.’ 'When'the-electrolyte was fused, the chlorine was passed
rapidly through, so that it issued from under the porcelain cracible.
The EM.F. was then between 0'94 and 096 volt., and never rose
higher than 0'98 volt. The lower E.M.F. was evidently due to the
fact that part of the surface of the carbon pole was not subject to the
action of the chlorine, but remained polarised by deposition of lead.
The behaviour was much like that of .a constant cell with an E.M.F.
of between 0'94 and 096 volt. The method of observation was to
alter the exterior resistance and then read the current and P.D., then
break the circuit and read the E.M.F,

C.tlsclc]\}h;fd illn)tel;nnl resistance.
(In clo:i%muit). v. g, — g (caloulsted).
Volt. Ampdres. hm.
026 120 0-06
024 100 0-07
062 40 008
0-76 1-26 016
072 175 014
072 215 012
066 250 012

From these observations it will be seen that the internal resistance
was calculated, col. 3, in order to find whether polarisation is greatest
when a small or large current is taken from the cell. From the
results it is apparent that the internal resistance, and at the same
time the polarisation, decrease when the current ¢ncreases. This kind
of cell, therefore, differs from those in which aqueous electrolytes are
used, inasmuch as the polarisation decreases with increased electrical
output. The observations of P.D. and E.M.F. were taken almost
simultaneously, and the variation of resistance as the gas bubbles
passed out was thus avoided. As the internal resistance was very
small the whole time, and remained almost constant during a varia-
tion of the carrent from 1-26 to 2:5 ampéres, it may be said to be a
constant battery, with an E.M.F. lower than the theoretical value.
The reason of this lower E.M.F. is probably due to some part of the
large carbon plate being covered with reduced lead, thus forming an
opposing couple of smaller capacity and lower resistance than the
primary elements, its effect being to reduce the main current. The
E.M.F. of this opposing couple is of necessity the same as that of the
main current, but, owing to its lower internal resistance, its P.D. is
less ; if it were not so, the cell would yield no appreciable current.
This reasoning explains why the results obtained with small cells
were better than those obtained with large ones,

Besides the experiments mentioned, trials have been made, with
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more. or less success, of many other forms of this combination, includ-
ing some'in which/very' porous hollow carbon poles were used, and
through which the chlorine was forced, but the effects obtained were
less than those recorded. The research has proved that it is possible
to form pyro-batteries of the Upward type, although it is extremely
difficult to realise the conditions required for effective action. Ina
future communication I hope to record the results of experiments
made, with a view to utilise oxygen as a depolariser in connexion
with cells with fused electrolytes.

VIL ¢ Measurements of the Absolute Specific Resistance of Pure
Electrolytic Copper.” By J. W. SwaN and J. RBODIN.
Communicated by Lord RavLeigH, Sec. R.S. Received
February 28, 1894.

At the beginning of 1893 it was resolved to make some very carefal
measurements of the specific resistance of pure electrolytic copper,
drawn into wire without previous fusion. Researches made during
the latter end of 1892 had shown that the specific resistance of
electrolytic copper varies considerably. The resistance of about
thirty wires of the same length and diameter, made from specimens
. of electrolytic copper, prepared in different ways in the laboratory,
showed differences of resistance amounting to a maximum of 1'4 per
cent., both when in a bard and when in a soft or annealed state, and
measured at the same temperature.

These preliminary measurements were made by means of a Wheat-
stone’s bridge, constructed for comparing the unknown resistances of
short well-conducting wires with the resistance of a standardised
platinoid wire, according to Thomson’s method. The accuracy ob-
tainable by this method was 0'25 per cent. The best specimens of
wire were subjected to a further and still more accurate examination.

The measurements of the specific resistance and temperature co-
efficient of one of these wires, and of some wire made from the same
copper, after undergoing a second electrolytic refining, form the
subject of this paper. It was resolved to make measurements giving
an ultimate accuracy of 0'1 per cent. As they were intended to be
absolute, the first problem was the determination of the exact
dimensions of the wires to be measured. The measurement of the
length was made by means of direct comparison with a standard
metre rule; that of the diameter was determined by the specific
gravity method, which consists in finding the absolute weight of s
known length of wire and its density or unit volume weight as
determined from its gpecific gravity, and then calculating its average
diameter.
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In the determination of the specific gravity, both the hydrostatic
balance/'method and. the picnometer method were used. The latter
method was found to give more accurate results. A point of great
importance was the estimation of thé temperature of the specimens
during measurement. To obtain as great accuracy as possible in the
temperature readings, an apparatus similar to a calorimeter was
employed for enclosing the coil of wire whilst it was measured. A
standard thermometer divided in tenths of degrees centigrade was
used, placed in the vessel containing the sample of wire. It was read
at a distance by means of a telescope.

The arrangement is represented by fig. 1. It consists of three

Fia. 1.
m

cYlindrical tinned iron vessels arranged concentrically one inside the

other. The section of the #wo outer vessels (fig. 1) is distingunished

bY the shading from that of vessel 3. The vessels formed three water-
YOL. LvI. ¥
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tight conpartments. Jackets 1 and 2 were filled with water, and the
vessel '3 'with' 'pardffin-oil having a flashing-point of 150° C. To stir
the liquids, three circular rings of iron wire were enclosed, ove in
each of the compartments. These rings were suspended on the iron
wires, 8, s*, &c. The iron wires themselves were fixed on a bar of
brass, b. By means of the crank of an electromotor (m) and strings
and pulleys, the bar b could be moved up and down, stirring each of
the liquids simultaneously. To make the motion easy a balance
weight, W, was used. The coil to be measured was enclosed in com-
partment 3. This compartment was closed at the top by a hollow lid
of tinned irom, pierced with holes to allow for the passage of the
stirring rods, &c. This lid effectnally protected the paraffin oil from
surface cooling. The two holes, 2 and k', made to allow the wires
connecting the ends of the coil to pass out, were lined with ebonite
to prevent contact with the metal of the lid. The thermometer, T,
was let down through a tube in the middle of the lid. As a proof of
the effectiveness of the arrangement, it may be mentioned that a small
Bunsen burner when burning at its full power, and placed under
compartment “1” raised the temperature of the inner one “3” only
0°1° C. in thirty seconds, a length of time more than sufficient for
making a resistance determination. When the temperature in “3 "
had been raised to 92° C. and then allowed to cool (being constantly
stirred), the temperature (in “3 ") only fell to 40° C. in twenty-four
hours, notwithstanding the temperature of the laboratory was only
15° C.

Another important detail was an arrangement for securing the
wires whilst they were measured. Fig. 2 represents this. It consists

F16. 2.

of a piece of ebonite tube 5 cm. diameter, with a deep double screw
thread cut on the outside. It was pierced all over with large holes
1 cm. diameter, to allow the paraffin oil to freely circulate in the
inside, where the thermometer was inserted. A short rod of ebonite
(p) was put through and across the cylinder at the bottom. The
wire to be measured was bent round this cross rod, so that equal
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lJengths were hanging down, The double bent wire was then wound
up in the double screw thread, and secured at the top by means of
string ; the influence of self-induction was thus avoided. Each wire
had four terminals, the main current terminals, and the shunt ter-
minals, which were soldered to pieces of stout copper, the distance
between which determined the length of the wire under examination.
These reels saved the wires from being hardened or otherwise in-
jured. The length of the wire was taken both before and after the
electrical measnrement. In some earlier experiments when mica
strips were used for coiling the wire upon, great differences were
obserred. When the ebonite reels were employed hardly any differ-
<« mce could be observed.

The electrical measurements were made by the fall of potential
xwmethod, refined as much as is possible. A D’Arsonval galvanometer
w~r a8 employed as an indicator of potential difference. The ‘‘ dead
E»eat” property of this instrument is an advantage which in this
B mss of measurement cannot be over-rated. Finding in the first
e periments with the D’Arsonval galvanometer, that its sensitive-
™ «=s3 wus not sufficient for our purpose, the upper suspension was
J&e mgthened very considerably. The coil was made to hang on the
w g per wire, the wire below the coil being left slack. By this means
tHw @ required degree of sensitiveness was obtained. The galvanometer
re=zadings were made by means of a telescope and scale, a plane mirror
be ing attached to the galvanometer coil. To gain the advantage of
ussu ng very small deflections, the scale and galvanometer were widely
se pearated, the distance between them was 8 m. The largest deflec-
ti ©ms used were 600 divisions of the scale (each division =1/30 in.),
c»x-responding to (at that distance from the mirror) an angle of
1% 49, which falls within the limits for :—

Cl) tan 2 angle = 2 tan angle +0-001 x2 tan angle.

“Xhe readings of the deflections were found to be proportional to
the P.D. by direct and carefully made measarements, they were
alww ays read in two directions, and the sum taken as the deflection ;
the gccuracy was thus doubled, and possible error by displacement of
the sero point avoided.

"I he limit of sensitiveness of the galvanometer was :—

X scale division deflection = y5ygggss ampére (approximately), or

= Or00000003101 ampére (accurately).

‘X he resistance of the suspended coil was 10 ohms. The time re-
quired for the coil to come to rest was about two seconds. The
8cCompanying diagram shows the arrangement for making the
measurements. They were made by direct comparison between a
standard ohm and the varioas coils to be measured, and in such a

manner that error due to the resistance of the leads was eliminated.

¥ 2
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following is & description of the details :—B wasa
peroxide element, of & comparatively large capa
3). It was found necessary to have the capa
ably large to avoid the necessity of making too 1
he fall of potential in the cell itself between di

By means of a mercury contact key, K, the t

b almanibnd thwansh a ninlral wira raciatanna « Faf
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The method of making a determination was as follows :—1st, C,
was placed in_the position which made the galvanometer circuit a
shunt of the standard ohm. RB was adjusted so as to make the de-
flection of a convenient amount by placing in a resistance R, (R,
Jhaving been determined by means of preliminary experiments). Then
K was pressed down and a deflection of the galvanometer “a™ ob-

served. The current was then reversed, and a deflection “b"
observed. (a+b) was then placed in the observation table under the
Bheading Gg. The key opened. The temperature of R observed and
anoted (Tg). 2nd, C, was then placed in the position which made the
Zalvanometer circunit a shunt to X. RB adjusted to make the
«eflections of a suitable size by putting in a total resistance of Ry
determined by previous experiment). Then K was pressed down,
=and the deflection a, observed, the current was then reversed, and a
«Aeflection b, observed. (a,+b,) was then put down in the table under
& he heading Gy. The temperature of X observed and noted (Tx).
3rd observation. No. 1 repeated.

4th ” ” 2 ”

A set of measurements like these were made in 20 seconds, thanks
o the dead-beat quality of the galvanometer, and the easy manipala-
& ion of the mercury switches. It is evident that, if the galvanometer
< ¢flections were exactly proportional to the current, and if the resistance
< ¥ the galvanometer circuit was sufficiently high to be neglected, and also
¥ ) the potential difference of the accumulator did not alter between

O qservations 1 and 2, the resistance X can be put

Gx(Rx+S)R
Gr(Re+S)™

8 = resistance of the galvanometer + resistance of galvanometer
leads.

The proportionality of the galvanometer deflections with the
Yimited range employed was, as previously stated, experimentally
proved. The conductivity of the galvanometer as a shunt was
negligible, as is evident from the fact that it was more than 2000
ohms resistance (when a minimum), and then diminished the total
resistance of the main circuit about 1/8000 obm (it was shunted
round 4 ohMn), the resistance of the main circuit amounting to 8
ohms. The fall of potential of the accumulator was very seldom
appreciable during one set of measurements. This will be seen from
the identity between ohservations 1 and 3 and 2 and 4 respectively in
the tables. When appreciable a correction was applied. When all
the arrangements were completed, a determination of the specific
resistance of the best specimen of copper (marked “A”) was
made.

Origin of the Copper.—The copper was deposited in a large rocking

@) X =
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from ordinary sulphate of copper solution prepared from pure
tallised sulphate of copper, pure sulphuric acid, and distilled
r. The anode was a large plate of ordinary commercial electro-
. copper, and the cathode was a large polished plate of rolled
er. Before placing the cathode in the bath it was silvered by
ing it over with a solation of cyanide of silver in potassium
ide. This coating of silver was converted into iodide of silver
neans of a solution of iodine in potassinm iodide. As is well
wn, this treatment renders the stripping of the deposit from the
ode an easy matter. On this cathode copper was deposited to &
tnees of 2'5 mm., and then the deposit was stripped off. Several
18its were made and tested roughly, as stated in the beginning of
paper. The best of them was one marked “ A.”

reparation of the Wire.—A strip was cut from the deposited sheet
)pper, filed round, and then drawn through sapphire dies to a
weter of approximately 0-02 in.

hese determinations were made by means of the hydrostatio
nce principle. A re-determination of the specific gravity of the
ser I in the above table was made by means of a picnometer.

icnometer + distilled H;O at 15° C. = 91-2878 grams.
’ +specimen+ " " = 1233562 ,,

Specimen .o..ove.ieceeraoesss. = 361012 ,,
welghtofdlspla.cedH;O terereeeneceese = 40328

Specific gravity = 8:9519.

s i seen from the above numbers, the specific gravity of copper
n it is pure varies very little with hardness and other conditions,
variations when at & maximum only amounting to 00004 of the
le. The mean of the above results may, therefore, be taken as
specific gravity of this copper at 15° C. The mean is

89511 = the specific gravity.

his value is not the one required for the calculation of the dimen-
of wires ; what is required is the density or absolute weight of
deal cabic centimetre of the metal at 15° C. The weight of
c. of water at 15° C. is, according to Kohlrausch, ¢Praktische
sik,’

099915 gram.
'he specific gravity of the copper divided by this figure gives the
sity :—
Veight of 1 c.c. of copper at 15° C. = 8-9587 grams (8:959).
Ipecific Resistance of Deposit “A” (hard drawn) at different Tem-
ures between 12:9° C. and 90-2° C.—A hard-drawn wire of the A
osit was measured by the apparatus described. For determining
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the diameter;a piece 300.cm, long was taken. The weight was formm nd

to be—
56009 grams.

The ascertained density of the copper being 8959 indicates an
average diameter of—

@) X =24/ 55 nuomg, = 005151 cm. at 15° C.

This same wire was fitted with shunting terminals 250 cm. ape=mart,
and wound on one of the previously described reels, and tEF —en
placed in the circuit. A large number of observations were made at
different temperatures : they are arranged in Table II. The follow —mming
are the headings of the columns : —Ty = temperature of the unkno= wn
resistance ; Gy = deflection (proportional to the current) with —uthe
unknown resistance ; Gz = deflection when standard chm in circr=mmit;
Tg = temperature of standard obm ; Gy = deflection of unknos= wn
resistance (supposing Gy to be always 1240); Gy (6th column D is
deflection with nnknown resistance (X) in circuit corrected, so as to
compare with Gy at 1240 and Tj at 15° C. ; the figures in this colu_ —mn
maultiplied by a constunt give the resistance of the wire.

Table II.
. e e e e e e —————— ——— %,
' J |
. ! X |
Tx. | Gx. G“. . 93 Tn. (Gn - 12*‘)‘ !
l E ;(Gn = 1240). Tp =15 « )’
| |-
e | | [ S ;
129 | 1008 i 1250 ' 998 | 135 997
160 | 1017 T 1249 i 1010 137 1010 )
17°2 | 10185 1245 L1014 C189 | 1014 ;
1815 10235 | 1246 L1019 N P 1019 i
196 ' 1027 | 1245 | 1022 . " ' 1022
203 10305 | 12445 | 1027 . 1 1027 ,
209 1033 | 1244 | 1080 - 138 - 1030 '
226 1089 | . 124t 1036 : " 1035 /
233 1043 D T12445 0 1039 © 115 1038
24°2 10455 | 1243 1048 “ © 1042
252 10485 | 1242 L1047 ' " L1048 /
262 1052 C1242 i 1050 : " 1049
273 1056 ©o1241 © 1055 ' " - 1054 !
284 10585 ¢ 12395 | 1059 125 1 1038
20-4 1060 Y1238 ¢ 1061 : " 1060
302 1065 | 1240 1065 | Y1 1064
31°1 1069-5 | 1239°5 ' 1070 121 1089
32:2 10735 1249 | 1074 w | 1078
332 | 1077 | 12385 ! 1078 ! " I 1077
342 1 1080 | 12875, 1082 | 125 @ 1081
353 | 1083 1237 r 1086 - » i 1085
362 | 1085 : 1236 ' 1000 | " ¢ 1089
372 , 10005 1237 I 1093 ' » | 1092
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Tablé H-—continued.

AV LY LV v LV v A aw v ww -

@ G Gx T (Gr = 3240
X. R- B Re R =
(Gr = 1240). Ty =15%C).
C°.
1093 1236 1097 126 1096
| 1097 1236 1101 " 1100
1101 1237 1104 " 1103
| 1106 ) 1237 1109 . 1108
1108 1235 1112°5 " 1111
1111 1234 11165 " 1115
11143 1234 1120 " 1119
| 1119+ 1235 1124 " 1124
| m28 " 1128 ” 1127
I 1128 . 1133 " 1132
1133 1236 1137 " 1136
11405 . 1144 128 1143
936°5 1013 1146 145 1146
¢ 939-2 ” 1150 " 1150
| 943 ” 1154 . 1154
| 9452 10127 11676 " 11575
L9499 | 1018 1162 " 1162
i 9515 10125 1165 152 1165
| 95 10125 11696 " 11696
958 1013 1173 " 1173
960°5 1011 5 1177 1177
963 1011 1181 " 1181
966 5 10115 1185 15°5 1185
19692 1011 1189 " 1189
973 " 1193 " 1193
76 ” 1197 " 1197
979 " 1200 1200
982 5 1012 1204 " 1204
9852 1011 1207 -4 " 1207 -4
9885 1011 12124 " 12124
991 " 12155 " 12155
994 " 1219 “ 1219
. 9973 1010 1225 ” 1225
I 1000 . 1228 " 1228
1003 " 12315 " 1231°5
© 1006 " 1235 " 1235
10105 " 12405 " 1240 5
| 1018 ” 1244 ” 1244
. 1017 " 1249 " 1249
. 1020 " 1252 " 1252
. 1023-2 ” 1256 " 1256
1027 1011 1260 " 1260
1031 1010°5 1265 " 1265
1034 10105 1269 " 1269
1037 1011 1272 " 1272
10395 1010 1276 " 1276
1043 1010 12805 " 12805
1047 1010 1285 ” 1285
1050 10095 1290 " 1290
1052 1009 1293 ” 1293
1056 1009 1298 . 1298
1060 1009 1308 " 1303
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The absolute specific resistance in C.G.S. units was calculated from.
the above numbers as follows. The resistance in ohms of the
measured wire at any temperatare is found by using Equatiom
No. 2:—

Gx(Rx+8)
4. X=_X R.
* Ga(Ba+8)

- From the definition of the R, and that of specific resistance ixm
C.G.S. units, formula 5 is deduced :—

(5 o= X_Elf 10°,

where r = radius of the wire in centimetres.
! = length .

" ”

If the value of X as given in Equation No. 2 is substituted im =
Equation No. 5, the following is obtained :—

. ' Gy(Rx+8) R =
6. o= XV 77
©.) (FatS) Gy 1.0

In the previous table if Gx is read as in the last column, the folloves>"
ing will be the values for the various elements of Equation No. 6 :—

Ry = 8000 B.A. units for all observations.

Rx = 2000 ” ” »
S = 173 ” ” 2
R = 1 ohm.
Gg = 1240. Scale divisions for all observations.

At 15°C. But, according to Mat-
2 = 0:05151 cm. thiessen, no correction is made
! = 250 » for the variation of these con-

stants.

In Equation No. 6 everything is constant except o and Gy, and thss=
equation results in the following, when the numerical values as sbov“"'
are substituted for the general expressions :—

=1
@) o = 16906 Gy( o GB Ty

log 1:6906 = 0-2280258.

The specific resistance in C.G.S. units of the hard-drawn rockings=
tank A deposit at any temperature can therefore be calculated by
making use of the values given in the above table. In order to findll
the specific resistance at 0° C. it is necessary to calculate the tempera~
ture coefficient (A;) from the above observations. The method of
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least squares is the one which naturally suggests itself in calculating
this coefficient, but the calculation wonld be too laborious in com-
parison with the value of the figure arrived at. Therefore, in order
to ascertain which values could be used for calculating the temperature
coefficient (4;), the above observations were plotted in the usual way,
the co-ordinates being # = temperature and y = specific resistance
in C.G.8. units.

As previously stated, the values in column 6 of Table II have to be
multiplied by 1:6906 to give the specific resistance in C.G.S. units;
to save labour the multiplication was done graphically (Graphic
Table No. 1).

The resistances in column 6 of Table I reduced to C.G.S. units by
means of the graphical Table 1 are tabulated in another table
(Table IIT). '

The graphic Table No. 2 is a reproduction of Table III, and gives
the resalts of the above measurements. \

As the values formed so very nearly a straight line, two only are
selected :— .

1707 C.G.8S. units at 16:0° C.
1987 » 51-2° C.

These gave the following equations :—

1707 = 2(1+16y)

1987 = 2(1+ 51'2y), from which
x = 1603 C.G.S. units
y=  0004077.

z is the specific resistance of the A deposit (hard drawn) at 0° C.,
and yis the temperature coefficient. By means of these values an
extrapolation was made from 0° to 16° C. in the graphic Table No. 2.
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Table III.
Rocking Tank A Copper. Hard drawn.
Specific Resistance.
Tempera- : Tempera- . Tempera- .

tul::. C.GS. units. tul::. C.G.8. units. tu}::. C.G.8. unites .
C°. - Co C°.

160 1707 47°2 1913 79°2 - 2123
17-2 1113 48°2 1920 80°1 2130
181 1722 50°2 1932 81-2 2138
19-6 1727 61-2 1937 82-2 2146
20-3 1735 £2-0 1944 83°2 2150
209 1741 53°1 1951 84-2 2157
226 1751 6541 1957 85°2 2164
233 1764 55°2 1964 862 2172
24°2 1761 66 -2 1970 87°2 2180
256°2 1768 572 1978 88-2 2186
262 1773 68 -2 1983 892 2194
273 1783 592 1990 902 2208
287 1787 602 1996

207 1792 61-2 2003

302 1799 62-2 2010

31°1 1807 63 -2 2016

32-2 1514 64°2 2023

383'2 1821 65°2 2029

34°2 1827 662 2035

385°3 1834 672 2041

862 1841 682 2049

872 1847 69-2 2065

382 1853 70°2 2061

89-2 1860 712 2070

40°1 1865 72-2 2076

41°2 1873 732 2082

42:2 1878 74°2 2088

43°5 1886 75°2 2097

44°2 1892 76-2 2103

45°2 1900 772 2111

462 1906 782 2117

I I e -

Measurements with Rocking Tank A Copper, Soft.

A similar wire to that used in the previous measurements was= "~
annealed in a tube of hard glass, through which was passing a currer——
of dry CO, gas, in order to prevent oxidation. The followin;_;
measurements were made with it :—

Density at 15° C., 8:959 (see previons table).
Absolute weight of 300 cm. of the wire, 5:5746 grams.
Diameter.

55746 5
X=2r=2 /\/m = Z‘x 0:025694 = 0051388 cm.
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250 cm. of this wire were compared with the standard ohm,
weording to the method described. The following are the observa-
;ions :—

Table IV.
T Gx Ge Gx T (Gp 128
X- . 3 = R B =
Gz = 1240). Tg = 15°C.).
‘ 168°C.| 820 1028 994 20° C. —
LI 819°5 1028 993 " 994
| 19'95 829- 1020 1008 . —
, 828°5 1020 1007 . 1008
‘ 480 916+ 1019 1114 » —
, 916" 1019 1114 i 1115
| \ |

From the numbers in column 6 the values of the specific resistance
of this sample can be obtained by multiplication with the constant
1-6826 obtained in the same manner as the value for the hard variety,
the difference being due to the difference in the diameters. All the
other constants of the measurements were the same. The results by
calculation give the following values : —

Specific resistance of rocking tank A copper, annealed in CO,
gas:—
At 16:8° C. = 1672'4 C.G.S. units.
” 19-95 = 16960 ” ”
” 480 = 1876'0 ) ”

The temperature coefficient, calculated from the following for-
mwala :—

Q) | R; = Ro(1+2t),

¥ives the value 000418 at ordinary temperatures.

Applying this value of 2 to the amount of specific resistance at
l6-8° (., the following is obtained as the specific resistance of this
'Pecial sample of annealed rocking tank A deposit :—

arg = 1566 C.@G.S. units.

Specific Resistance of Soft Annealed Copper Wire made from De-
Dosited Sheet Copper named B, the Deposit being obtained from a
Solution of Rocking Tank A Copper Dissolved in Pure Diluted
Sulphuric Acid, using an Anode of the Tank A Copper.

Origin of the Copper.—A solution of sulphate of copper was pre-
pared by using a piece of rocking tank A copper, as the anode in a
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mixture of pure sulphuric acid and distilled water, the cathode beimm
another/\strip of [copper) enclosed in a new and clean cell of poro—
earthenware. The current was continued until the solution had tZ
desired strength. From this solution a sheet of copper was depositem
ou a polished copper plate, as described in the first part of this pape
the rocking tank A copper still being the anode. The deposit w—
then cut into narrow strips and drawn through sapphire dies to t—
requisite diameter. It was finally annealed by heating in & carre=.
of CO, gas.

Specific Gravity of the Copper B.—It was ascertained by weighim
equal lengths of this wire and sample A (both drawn through t1
same die), that their specific gravities did not differ to any appreciats
amount, the density 8959 at 15° C. was therefore taken for tkm
sample B.

Diameter of the Wire.—300 cm. of the wire weighed 5'5845 gramrm
the diameter is therefore

55845 , .
= 2‘/78 S0 500 = £X 0025717 = 0051434 om.

Electrical Measurements.—The same arrangements were employ—
as previously.

Table V.
. Gx Gx
Tx. Gx. Gg. (G = 1240). Tg. ngn==].5£2()4(; '
15-9°C. 832 1046 ‘6 17°6°C. :
,, 831 1046 . »
i 829 1044 9854 . 986
s 830 1045 .

To ascertain the specific resistance in C.G.S. units, the constant
which to multiply 986 (last column, Table V) was calculated in t-
same manner a8 in Equation No. 7, and by substituting 0-025717 fome
instead of 0:025755, the constant 16858 is obtained. We thus ha—
the specific resistance of the pure copper :—

a0, = 986 x1'6856 = 1662 C.G.S. units.

Measurements at higher temperatures for ascertaining the tempers
ture coefficient were made, but the data were unfortunately lost. Th
result, however, was

Ay = 0°00415.
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Applying this constant in the well-known formula, the following is
found to 'be the specific resistance at 0° C. :—

oc. 1569'1 C.G.S. units.

Table of General Results.

Temp. co-
C.G.8. efficient
units. At.

Specific resistance of A deposit
(hard)....... teseencenaenn At0°C. =1603 .... 000408
Same wire after annealingin CO, At0°C. = 1566 .... 000418

Specific resistance of Sample B _ .
(annealed).....cc000vvee.. At0°C. =1559 .... 000415

As the difference between the last two values only amounts to
O-4 per cent., it is probable that both of the specimens were perfectly
pure, and that the limit of electrolytic purification had been reached.
The mean of the two gives the probable specific resistance of pure
copper. Thus, as a general conclusion, it may be stated that the
specific resistance for pure copper (bard and annealed) is :—

Hard variety, wire 1603 C.G.S. units and A; = 0-00408.
Soft ,, » 1563 ” " = 0'00416.

'Presents, May 24, 1894.
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May 31, 1894,

The LORD KELVIN, D.C.L.,, LL.D., President, followed by Sir
JOHN EVANS, K.C.B, D.C.L, LL.D. YVice-President and
Treasurer, in the Chair.

A List of the Presents received was laid on the table, and thankss
ordered for them.

The following Papers were read : —

I. «Op the Electrification of Air.” By Lorp KeLviy, P.R.S. -
and MagNUS MACLEAN, M.A,, F.R.8.E. Received May % <
1894.

§ 1. Tbat air can be electrified either positively or negativelys
is obvious from the fact that an isolated sphernle of pure watere—"
electrified either positively or negatively, can be wholly evaporatediif
in air.* Thirty-four years ago it was pointed out by one offl

¢ This demonstrates an aflirmative answer to the question, Can a molecule of =
gas be charged with electricity ? (J. J. Thomson, ‘ Recent Researches in Electricity—
and Magnetism,’” § 86, p. 63) and shows that the experimeunts referred to as point—
ing to the opposite conclusion are to be explained otherwise.

Since this was written, we find, in the * Electrical Review ’ of May 18, on page 571,
in a lecture by Elihu Thomson, the following :— It is known that as we leave the
surface of the earth and rise in the uir, there is an increase of pousitive potential
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us® as probable that in ordinary natural atmospheric conditions, the
air for some considerable height above the earth’s surface is electri-
fied,t and that the incessant variations of electrostatic force which he
had observed, minute after minute, during calms and light winds, and
often under a cloudless sky, were due to motions of large quantities
of positively or negatively electrified air in the 1mmedmte neigh-
bonrhood of the place of observation.

" § 2. It was proved} by observations in the Old College of Glasgow
University that the air was in general negatively electrified, not only
indoors, within the old lecture room§ of Natural Philosophy, but
also in the out-of-doors space of the College Court, open to the
sky though closed around with high buildings, and between it and
the top of the College Tower. The Old College was in a somewhat
low situation, surrounded by a densely crowded part of a great city.
In the new University buildings, crowning a hill on the western
boundary of Glasgow, similar phenomena, though with less general

with respect to the ground. . . . . It is not clearly proven that a pure gas,
rarefled or not, can receive and convey a charge. If we imagine a charged drop of
water suspended in air and evaporating, it follows that, unless the charge be carried
off in the vapour, the potential of the drop would rise steadily as ite surface dimin-
ished, and would become infinite as the drop disappeared, unless the charge were
dissipated before the complete drying up of the drop by dispersion of the drop iteelf,
or conveyance of electricity by its vapour. The charge would certainly require to
Pass somewhere, and might leave the air and vapour charged.”

It is quite clear that “must” ought to be substituted for “might " in this last
line. Thus the vagueness and doubts expressed in the first part of the quoted
statement are annulled by the last three sentences of it.

¢ « Even in fair weather the intensity of the electric force in the air near the
earth’s surface is perpetually fluctuating. The speaker had often observed it,

especially during calms or very light breezes from the east, varying from 40
Daniell’s elements per foot to three or four times that amount during a few minutes,
and returning again as rapidly to the lower amount. More frequently he had
©Observed variations from about 80 to about 40, and back again, recurring in uncer-
tain periods of perhaps about two minutes. These gradual variations cannot but
&be produced by electrified masses of air or cloud, floating by the locality cf observa-
Lion.”—Lord Kelvin's ¢ Electrostatics and Magnetism,’ art. xvi, § 282.
4+ The out-of-doors air potential, as tested by a portable electrometer in an open
Ilace, or even by a water-dropping nozzle outside, two or three feet from the walls
<>f the lecture room, was generally on these occasions positive, and the earth’s
M urface iteelf therefore, of course, negative—the common fair weather condition—
“~wwhich I am forced to conclude is due to a paramount influence of positive elec-
R xieity in bigher regions of the air, notwithstanding the negative electricity of the

< jr in the lower stratum near the earth’s surface. On the two or three occasions

~wwhen the in-door atmospheric electricity was found positive, and, therefore, the
== wurface of the floor, walls and ceiling negative, the potential outside was certainly
M>ositive, and the earth’s surface out-of-doors negative, as usual in fine weather.”—
—& bid., § 800.

i 1., Q. 2, § 288,

§ Ibid., §§ 296—300.
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prevalence, of |negative -electricity in the air, have been observed,
both indoors, in the large ‘Bute Hall, and in many other smaller
rooms, and out-of-doors, in the court, which is somewhat similar to
the courts of the Old College, but much larger. It is possible that
the negative electricity found thirty years ago in the air of the Old
College, may have been due to its situation, surrounded -by houses
with their fires, and smoking factory chimneys. In the New College
much of the prevalence of negative electricity in air within daors
has, however, been fonnd to be due to electrification by the burning
lamp* used with the quadrant electrometer; and more recent obser-
vations, with electrification by flame absolutely excluded, throw doubt
on the old conclusion, that both in town and country negative
electrification is the prevailing condition of natural atmospheric air
in the lower regions of the atmosphere.

§ 3. The electric ventilation found in the Old College, and de-
scribed in § 299 of “Electrostatics and Magnetism,” according to
which air drawn through a chink, less than } in. wide, of a slightly
open window or door, into & large room, showed the electrification
which it had on the other side of the chink, whether that was the
natural electrification of the open air, or positive or negative electri-
fication produced by aid of & spirit lamp and electric machine in an
adjoining room, has been tried again in the new College with quite
corresponding results. It has also been extended to the drawing in
of electrified air through a tube to the enclosiire represented in fig. 1
of the present paper; with the result that the water-dropping test
indicated in the sketch, amply sufficed to show the electrification
and verify that it was always the same as that of the air outside —
When the tube was filled with loosely packed cotton-wool the electri
fication of the entering air was so nearly annulled as to be insensib]esss
to the test.

§ 4. The object proposed for the experiments described in the= .
present communication was to find if a small unchanged portion o- e
air could be electrified sufficiently to show its electrification by
ordinary tests, and could keep its electrification for any considerables 1
time; and to test whether or not dust in the air is essential to what- <=
ever of electrification might be observed in such circumstances, or im 3
wmuch concerned in it.

§ 5. The arrangement for the experiments is shown in the dla——
gram, Fig. 1. AA is a large sheet-iron vat inverted on a largeg
wooden tray BB, lined with lead. By filling the tray with water the==
air is confined in the vat. There are two holes in the top of the vat =

* ¢ Electrification of Air by Combustion.’ Magnus Maclean, M.A., F.R.S.E., and-28
Makita Goto, Philosophical Society of Glasgow, November 20, 1889; ¢ Electrifics-
tion of Air by Water Jet,’ Magnus Maclean, M.A., F.R.8.E., and Makita Goto,
¢ Philosophical Magazine,” August, 1890,
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one for the water-dropper C, and one for the charging wire D.
Both the ‘water-dropper, and the charging wire, ending with a pin.
point as sharp as possible, are insulated by solid paraffin, which is
surrounded by a metal tube, as shown in half size in Fig. 2. To
start with they were supported by pieces of vulcanite embedded in
paraffin. But it was found that after the lapse of some days,
(possibly on account of ozone generated by the incessant brush dis-
charges), the insulation bad utterly failed in both of them. The
vulcanite pieces were then taken out, and solid paraffin, with the
metal guard-tube round it to screen it from electrically influencing
the water-dropper, was substituted. This has proved quite satis-
factory : the water-dropper, with the flow of water stopped, holds a
positive or a negative charge for hours.

§ 6. A quadrant electrometer E (described in *‘ Electrostatics and
‘Magnetism,” §§ 346—353) was set up on the top of the vat near the
water-dropper, as shown in Fig. 1. It was used with lamp and semi-
transparent scale to indicate the difference of potential between the
water-dropper and the vat. The sensibility of the electrometer was
21 scale divisions (half-millimetres) per volt, and as the scale was
" 90 centimetres long, difference of potentials up to 43 volts positive or
negative, could be read by adjusting the metallic zero to the middle
of the scale. A frictional plate-electric machine was used, and by
means of it, in connection with the pin-point, the air inside the vat
could be electrified either positively or negatively.

§ 7. The vat was fixed in position in the Apparatus Room of the
Natural Philosophy Department of the University of Glasgow on
the 13th of December, 1893, and for more than three months the air
inside was left undisturbed except by discharges from the pin-point
through the electrifying wire, and by the spray from the water-
dropper. Thus the air was becoming more and more freed of dust
day by day. Yet at the end of the four months we found that the
air was a8 easily electrified, either positively or negatively, as it was
at the beginning ; and that if we electrify it strongly by turning the
machine for half-an-hour, it retains a considerable portion of this
electrification for several hours.

§ 8. Observations were taken almost daily since the 13th Decem-
ber; but the following, taken on the 8th of February, the 12th of
March, and the 23rd of April, will serve: as specimens, the results
being shown in each case by a curve. At all these dates the air
must have been very free from dust. Both during the charging and
during the observations the case of the electrometer and one pair of
quadrants are kept metallically connected to the vat. During the
charging the water-dropper and the other pairof quadrants were also
kept in connection with the vat. Immediately after the charging
was stopped the charging-wire was connected metallically to the out-
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side of the vat, and left so with its sharp point unchanged in its
position inside the vat daring all the observations.

§ 9. Curvel. February 8, 1894.—The friction-plate machine was
turned positive for half-an-hour. Ten minutes after the machine
stopped the water-dropper was filled and joined to one pair of
quadrants of the electrometer, while the other pair was joined to the .
case of the instrument. The first reading on the curve was taken
four minutes afterwards, that is fourteen minutes after the machine
atopped running (18 volts.).
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Time in minuwtes.

| Curve 2. March 3, 1894.—The friction-plate machine was turned
. Dositive for five minutes. The water-dropper was filled and joined
| tothe electrometer immediately after the machine stopped turning.
The spot was off the scale, and nine minutes elapsed before it
appeared on the scale. The first reading on the curve was taken one
minute afterwards, or ten minutes after the machine stopped turning
(3525 volts).
Curve 3. March 12, 1894.—A Voss induction machine was joined
the charging wire, and run by an electric motor for 4 honrs
19 minutes. A test was applied at the beginning of the run to
i’nake sure that it was charging negatively; and a similar test when
s t_was disconnected from the charging wire in the vat showed it to be
s | charging negatively. The water-dropper was joined to the electro-
MOter, and the spot appeared on the scale immediately. The first
r’?Q‘(iing on the curve was taken half a minute after the machine was
Usconnected (3065 volts).
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Curve 4. April 23, 1894, —The friction-plate machine was tw
positive for 30 seconds, with water-dropper running and joine:
the electrometer. 20 seconds after the machine stopped the
appeared on the scale, and the reading 14 minutes after the mac
stopped turning is the first point on the curve (7-3 volts).

Curve 5. ~April 23, 1894.—The friction-plate machine was tw
negative for 30 seconds, with the water-dropper running and joine
the electrometer. 10 seconds afterwards the spot appeared on the s
and the reading 70 seconds after the machine stopped turning is
first point on the curve (7:6 volts).

The curves show, what we always found, that the air does
retain a negative electrification so long as it retains a positive.
also found, by giving equal numbers of turns to the machine that
immediately resulting difference of potential between the wa
dropper and the vat was greater for the negative than for the §



194.] On the Electrification of Air. 91

‘@ electrification ; though the quantity received from the machine
8 probably less in the case of the negative electrification, because
3 negative conductor was less well insulated than the positive.

§ 10. On the 21st of March, two |J-tubes were put in below the
ge of the vat, one on either side, so that it might be possible to
>w dusty, or smoky, or dustless air into the vat. To one tube was
ted a blowpipe bellows, and by placing it on the top of a box in
dich brown paper and rosin were burning, the vat was filled with
loky air. Again, several layers of cotton-wool were placed on the
outh of the bellows, so as to get dustless air into the vat. The
llows were worked for several hours on four successive days, and
' found no appreciable difference (1) in the ease with which the
it could be electrified by discharges from the wire connected to
be eloctric machine, and (2) in the length of time the air retains its

n.
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But it was found that, 8s bad been observed four years ago with

the same apparatus,* with the water-dropper insulated and connected
to the electrometer, and no electrification of any kind to begin with,
a negative electrification amounting to four, five, or six volts gradu-
ally supervened if the water-dropper was kept ranning for 60 or 70
minutes, through air which was dusty, or natural, to begin with. It
was also found, as in the observations of four years ago, that
no electrification of this kind was produced by the dropping of the
water through air purified of dust-

The circular bend of the tube of the water-dropper shown in the
drawing was made for the purpose of acting as a trap to prevent the
natural dusty air of the locality from entering the vat when the
water-dropper ran empty.

§ 11. The equilibrium of electrified air within a space enclosed by a
fixed bounding surface of conducting material presents an interesting
illustration of elementary hydrostatic principles. The condition to
be fulfilled is simply that the surfaces of equal electric ** volame-
density ”’ are surfaces of equal potential, if we assume that the
material density of the air at given temperature and pressure is not
altered by electrification. This assumption we temporarily make from
want of knowledge; but it is quite possible that experiment may prove
that it is not accurately true; and it is to be hoped that experimental
investigation will be made for answering this very interesting question.

§ 12. For stable equilibrium it is further necessary that the
electric density, if not uniform throughout, diminishes from the
bounding surface inwards. Hence, if there is a portion of non—
electrified air in the enclosure it must be wholly surrounded by
electrified air.

§ 13. We may form some idea of the absolute value of the electxri <
density, and of the electrostatic force in different parts of the enclosur—e
in the electrifications found in our experiments, by considering instesa+
of our vat a spherical enclosure of diameter intermediate between T
diameter and depth of the vat which we used. Consider, for examp I «
a spherical space enclosed in metal of 100 cm. diameter, and let tJ2
nozzle of the water-dropper be so placed that the stream breaks im %
drops at the centre of the space. The potential shown by the eleote—"
meter connected with it, being the difference between the potenti
of the air at the boundary and at the centre, will be the differonce <€
the potentials at the centre due respectlvely to the total quantity <o
electricity distributed through the air and the equal and oppos& ¥
quantity on the inner boundary of the enclosing metal ; and we thex™®
fore have the formaula :—

a 2
V= 41!"(0/) (;———)dr

¢ Maclean and Goto, ¢ Philosophical Magazine,” August, 1890,
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where V denotes the potential indicated by the water-dropper, a the
radius of the spherical hollow, and p the electric density of the air at
distance r from the centre. Supposing now, for example, p to be
constant from the surface to the centre (which may be nearly the case
after long electrification as performed in our experiments), we find
V = $rpa’; whence p = 3V /2xa’.

To particularise further, suppose the potential to have been
38 volts or 0127 electrostatic c.g.s. (which is less than the greatest
found in our experiments) and take a = 50 cm.: we find p = 2'4.10~°.
The electrostatic force at distance r from the centre, being ¢ pr, is
therefore equal to 107*r. Hence a small body electrified with a
quantity of electricity equal to that possessed by a cubic centimetre
of the air, and placed midway (r = 25) between the surface and
centre of the enclosure experiences a force equal to 2'4.10~°.25, or
6.10~%, or approximately 6.10~* grammes weight. This is 4'8 per cent.
of the force of gravity on a cubic centimetre of air of density 1/800.

§ 14. Hence we see that, on the supposition of electric density
uniform thronghout the spherical enclosure, each cubic centimetre of
air experiences an electrostatic force towards the boundary in simple
proportion to distance from the centre, and amounting at the bound-
ary to nearly 10 per cent. of the force of gravity upon it; and electric
forces of not very dissimilar magnitudes must have acted on the air
electrified as it actually was in the non-spherical enclosure nsed in
our experiments. If natural air or cloud, close to the ground or in
the lower regions of the earth’s atmosphere, is ever, as in all pro-
bability it often is, electrified to as great a degree of electric density
as we have found it within our experimental vat, the natural electro-
static force in the atmosphere, due as it is, no doubt, to positive elec-
tricity in very high regions, must exercise an important pondero-
motive force quite comparable in magnitnde with that due to
difference of temperatures in different positions.

It is interesting to remark that negatively electrified air over
negatively electrified ground, and with non-electrified air above it,
in an absolute calm, would be in unstable equilibrium ; and the nega-
tively electrified air would therefore rise, probably in large masses,
through the non-electrified air up to the higher regions, where the
positive electrification is supposed to reside. Even with no stronger
electrification than that which we have had within our experimental
vat, the moving forces would be sufficient to produce instability com-
parable with that of air warmed by the ground and rising through
colder air above.

§ 15. During a thunderstorm the clectrification of air, or of air
and the watery spherules constituting cloud, need not be enormously
stronger than that found in our experiments. This we see by con-
sidering that if a uniformly electrified globe of a metre diameter
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prodaces a difference of potential of 38 volts between its surface and
centre) 'a’globe' of &' kilometre diameter, electrified to the same electric
density, reckoned according to the total electricity in any small volume
(electricity of air and of spherules of water, if there are any in it),
would produce a difference of potential of 38 million volts between
its surface and centre. In a thunderstorm, flashes of lightning show
us differences of potentials of millions of volts, but not perhaps of
many times 38 million volts, between places of the atmosphere distant
from one another by half a kilometre.

II. “On the Effect of Magnetisation upon the Dimensions of
Iron Rings in Directions perpendicular to the Magnetisa-
tion, and upon the Volume of the Rings.” By SHELFORD
BmoweLL, M.A., LL.B., F.R.S. Received March 2, 1894.

A recent communication® to the Society contained an account of
some experiments relating to the effects of magnetisation upon the
dimensions of two iron rings, one of which was annecaled and the
other hardened. The rings had the form of short cylinders about
6 cm. in diameter, 3 cm. in height, and 0'4 cm. in thickness. The
experiments in question were councerned with the circumferential
variations which took place along the lines of magnetisation ; those
to be here described deal with the concomitant variations in the
height of the cylinders (width of the rings) transversely to the mag-
netisation. On the assumption that variations similar to the latter
occur at the same time in the thickness of the metal, it is possible to
deduce the changes in the volume of the ring which attend magnet—
isation.

Fig. 1, from a photograph, shows how the rings were prepared fowc

the experiments. Four brass rods were hard-soldered to the iroxwm.
two of them being in a line with a diameter, while the other two wex=
attached to the edges, opposite to one another, and parallel to the ax %1
of the ring. The ring was inserted in a wooden case, also show O
through holes in which the four brass rods projected. Insulat.ee=>
wire for carrying the magnetising current was wound over the wood ==
jacket.
! For the new experiments the ring was placed in a horizontal poﬂi
tion, one of the edge rods resting upon a brass socket on the adjuse=s1
able base of the instrument, and the other, which had a chisel-shap=e>
end, actuating the lever.t To counterbalance the weight of the rime»$
a horizontal arm, carrying a sliding weight, was fixed to the low«&X
rod.

¢ ¢ Roy. 8oc. Proec.,’ vol. 65, p. 228.
+ The chisel-shaped terminal piece was removable and is not shown in fig. 1.
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Fia. 1.

It need hardly be said that the experimental difficulties in the way
o f determining to a ten-millionth part the changes which took place
i a length of less than 1} in. were very considerable.

The annealed ring will, as before, be distinguished as Ring I, and
4t Ine hardened one as Ring IT.

Table L.

\ .
Ring I (annealed). ‘ Ring II (hardened).
. s - ' :
+ Dagnetising force, ' Elongationsin :  Magnetising .
s::.. m%iu. wn-n%lionths. | orce. | Elongations. i
l | i
6 ‘ -9 7 ' -5
17 -18 , 18 : —135
41 -23 | 47 ; =21
59 | —21 60 -18
75 [ -17 | 82 . -17
116 | -13 ! 117 =11
151 -9 v 155 , -
220 -4 | 242 : 25
306 8 342 14
406 17 451 23
509 | 28 | 570 . 27

The changes observed in the widths of the two rings (transversely
%o the magnetisation) are indicated in Table I and in the curves of
fig.2. It will be seen that they are quite similar in the two cases,
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The curves marked “longitudinally ” relate to circumferential changes, alosy
the lines of magnetisation.

Those marked “ transversely " relate to changes in the width, perpendioularly to
the magnetisation.

little or no effect being produced by annealing. Under gradualls
ascending forces both rings first become narrower, and then recoves~
their original width, and ultimately become wider than when uwxm
magnetised. )

The only previous experiments that I know of relating to magnet-=a-
changes of dimensions in directions perpendicular to the magnetis ===
tion are those of Joule,* who used a picce of iron gas-piping 1 y «3
long and £ in. in mean diameter, having an insulated wire insertee=<¢
into it, and bent over the sides, so as to form a magnetising coil i
14 convolutions. The greatest current he used seems to have bee> 22
about 12 ampéres, and the magnetising force therefore about 8 c.g.s-

* Joule's ¢ Scientific Papers,’ p. 263.
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units. With this he found a contraction in the length of the pipe of
7 ten-millionths, & resalt which agrees very well with that obtained
by myself for the same small magnetising force.

As was shown in my last paper, the effects along the lines of mag-
netisation are very different in the two rings. The annealed ring
(Ring I) begins to contract circumferentially with the smallest
foroes, and continues to coptract with the large ones; while the
bardened ring expands with small forces and contracts with large
ones. . These effects are indicated in the figure by the dotted curves.

By combining the results of the old and of the new experiments we
oan sscertain the nature of the changes produced by magnetisation
im the volumes of the rings.

It k¥ = elongation (4 or —) along the lines of magnetisation,

1 = elongation (+ or —) transversely to the lines of magnetisa-
tion,

then the increment or decrement of volume when the ring is mag-
nelised is approximately® k- 21.

Fia. 3.

From the two sets of curves in fig. 1 corresponding values of k and
can be found, and thence the changes of volume may be deduced.
These are given in Table II and fig. 3, which show that the volume
©f the annealed ring is rather suddenly diminished by a small mag-
Retising force, passes & minimum under a force of about 50 units,
® Ncglecting #* and products of ¥ and I.
YOL. LVI. b
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Table II.

l Increments and decrements of volume i

. in ten-millionths. !
Magnetising force, !
in c.g.s. units. -

i l Ring I (annealed). | Ring II (hardened). '
|
|
|
|

10 —27 | -11 i

20 —42 | -20 :

30 —47 f -20

40 —51 i -17

60 -61 \ -9

80 —48 : -2 ‘

100 —46 . 3 ,

140 ! —42 | 11

180 | —39 It |

220 ’ —37 22 !

260 i -35 26 |
; 300 -325 | 30 i
. 400 -30 40 t
N 500 I —29 44

and then slowly increases, until, with a force of 500 units, it is about
30 ten-millionths less than at starting. The unannealed ring also st
first suffers diminution, but its original volume is recovered with 8
force of about 90 and with higher values is increased.

The behaviour of this latter ring may be regarded as probably
similar to that of the great majority of rods and rings, the annealed
ring used in these experiments being the only specimen of iron that
has yet been found to contract along the lines of magnetisation with
the smallest forces that produced any effect at all.

Experiments upon the volume changes produced by magnetisatio™
have been previously made by Joule, Barrett, and Knott.

Joule* concluded that the volume of an iron bar was altogetbe®
unaffected by magnetisation, even though the magnetising currep?
which he employed *“ was quite equal to saturate the iron.” It w5
at that time believed that ¢ saturation” was produced by a force of
from 80 to 100 units, and, assuming that Joule’s force was of about
that value, an inspection of the curve for unannealed iron in fig- 3
will show the probable reason of his having failed to detect any
change of volame. There is, in- fact, none at all with a force of
about 90 units. .

Barrett,t experimenting in the same manner as Joule, ‘ enclosing
the bars in a vessel of water terminating in a capillary tube, and

* Joule’s ¢ Scientific Papers,’ p. 236.
t ¢ Nature,” vol. 26, p. 485.
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”

>unding the vessel by a powerful magnetising helix,” also ob-
:d a negative result, perhaps for the same reason.
nott’s* experiments were made with hollow iron tubes, 45'7 cm.
ength, 3-84 cm. in external diameter, and of different bores,
ing from 0°7 cm. to 3'19 cm. ‘ Each tube was closed below, and
the upper end a nut screwed tightly, through a perforation in
'h issued a fine capillary glass tube. The nut was adjusted under-
ir, 8o that the whole of the interior space of the metal tube was
| with liquid, and also part of the glass tube. When the tube
set vertically in the heart of the magnetising coil, the changes of
me were measured by the motions of the liguid meniscus in the
lary tube.” ‘A few experiments were made on the external
1ige of volume of a few of the tubes, which were enclosed in a
-walled brass tube. The brass tube yielded because of its thin-
, 80 that the results were not certain. But there was no doubt
with the specimens of iron tried there were large changes of
ime.”
he changes ohserved by Knott in the interior volume appear in
case of a tube of large bore to have been of the same nature as
i in my unannealed ring ; while with a tube of smaller bore they
er resembled the changes exhibited by the annealed ring. His
lished investigations are, however, only of a preliminary character,
it i8 not at present possible to make a satisfactory comparison
veen his results and my own. But he was undoubtedly the first
how that magnetisation is generally attended by considerable
1ges of volume.

“Note on the Possibility of obtaining a Unidirectional
Current to Earth from the Mains of an Alternating Current
System.” By Major P. CARDEW. Communicated by Lorp
KeLviy, P.R.S. Received May 10, 1894.

| carrying out some tests on the high-pressure alternating current
m of the Metropolitan Electric Supply Company Ltd., of a com-
tion intended to act as an indicator of leakage to earth, the
ence under certain conditions of an excess of current in ome
stion to earth by leakage through the dielectric of the cables, or
ugh small faults therein, has been demonstrated. The com-
tions and connexions used are shown in fig. 1, where A is the
mating current generator, M, and M, the distributing mains,
the transformers, B a battery of a few Leclanché cells, G a

'Edin. Roy. Soc. Proc.,’ 1891, p. 315; 1892, pp. 85, 249; ‘Brit. Assoc. Rep.,’
,p- 669. The quotations are from the latter.
- B 2
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Fia. 1.

P w ©

sensitive D’Arsonval reflecting galvanometer, S its 3 shunt, I, and e
impedance coils, calculated to pass a current of less than 0005w
ampére with the whole alternating pressure in use on the systenmme
between the terminals, L a non-inductive resistance formed of foum—
30 C.P. 50-volt. incandescent lamps in parallel, E a connexion to the=s=
iron water-pipes supplying the station.

The object sought to be attained by the use of this arrangemenif=
was to obtain an indication of any leakage on the alternating systen—mm
by & method which would be unaffected by the capacity effect of s=mm-
large system.

It is intended to substitute for the D’Arsonval galvanometer uselEE
in these tests, a form of siphon recorder, so as to obtain a continuonmsmse=
record of leakage.

In the first tests, made on the 25th April, 1894, the mains imsss=
connexion consisted of eleven circuits all connected to one machine.

The pressure in the alternating circuit was rather greater thamsse——
1000 volts, and about half this pressure was indicated by an electrome——
static voltmeter between M, and earth throughout the experiments.

The battery used was six cells, and the following deflections wer——=
obtained.

With 4+ pole of battery to the mains .. 20 to left.
With — ” " R .. 140 to right.
With battery out of circuit ....... ceee. 48,

Various modifications were tried, but in all cases the results showesss—=4
an apparent electromotive force of from 5 to 6 volts, tending to cansss="
a flow of positive electricity to the water-pipe earth.

In order to settle this question, a small copper voltameter, consist—"

.ing of two No. 40 S.W.G. copper wires in CuSO, solution, was
inserted in place of the galvanometer and the shunts were removed.
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In 2 hoursand 10 minutes after connexion the wire connected to
+he mains was so far eaten through that it dropped off, while that
connected to the water-pipe earth was visibly thickened by a deposit

of copper. The gauge of the wires before and after this experiment
was approximately as follows :—

Original gauge of each ........... . 0005 inch.
Gauge of anode after experiment.... 0002 ,,
Ditto of kathode...seeeeeeececees.. 00069 ,,

The connexions are shown in fig. 2, where V is the voltameter cell,
a the wire which acted as anode, &k that which acted as kathode.

Fra. 2.

31 I

Onx the 2nd May, 1894, some further tests were taken.
In the first place a connexion to the opposite main was substituted
for tThe connexion to the water-pipe, as shown in fig. 3.

ki

Fra. 8.

This connection gave a deflection of about 235 to either side,

seconding to the direction of the battery E.M.F., and absolutely no
deflection without the battery.



Adding No. 10 circuit, deflection of
” No' 11 ” ”

(with a sudden rise to 70 and then a fall to 20).
Adding No. 12, no increase of deflec

(this is & small circuit for station lighting only).
Adding No. 7 circuit, deflection of :

" No' 6 ” ” “
" No' 5 ” ” "
s No. 4 » " ¢
1 No. 3 ) » |
» No.2 » ¢
» No.l ’ ’ 1]

In all cases the first deflection was a few scale
than that after a few minutes.

The effect of an artificial leak of about 103,36/
sonsisting of a pencil of graphite mixed with cl
onnected to the water-pipes and to the main M;, w

This produced no effect on the deflections with
ilightly increased the deflection with a battery a:
sonnected.

When tried on the trunk main alone with th
galvanometer unshunted and six Leclanché cells, 1
ncreased from about 23 to 360.



1894.] Effect of Mechanical Stress, §c., on certain Alloys. 103

off by the sncceeding wave of negative charge, which, as is well
understood, opens the leak. The time of an alternation is, however,
quite insufficient to produce any such effect on the water-pipe earth,
and, in consequence, the net result is a passage of negative electricity
to earth through the cables, and of the corresponding positive quantity
to earth by the water-pipes.

The maximum effect that has been observed so far amounts to an
apparent E.M.F. slightly exceeding 10 volts, with the eleven circuits
connected to one machine, but it appears that a greater effect would
be produced by still further increasing the length of mains in con-
nection.

IV. “ The Effect of Mechanical Stress and of Magnetisation on
the Physical Properties of Alloys of Iron and Nickel and of
Manganese Steel.” By HERBERT TOMLINSON, B.A., F.R.S.
Received May 7, 1894.

(Abstract.)

The author has examined the principal physical properties of three
alloys of nickel with iron and of the non-magnetic manganese steel
of Mr. Hadfield, together with the effects of mechanical stress and
magnetisation on these properties. The three nickel-iron alloys con-
tain 22, 25, and 30 per cent. of nickel, and are designated Specimens
D, E, and F respectively; they are in the form of thin wires, and
similar specimens have been previously tested by Dr. John Hopkinson
for the effect of change of temperature on their magnetic pro-
Perties.®* Specimen F practically loses its magnetic susceptibility at
a temperature below 100° C., but regains it again on cooling to the
temperature of the room. Specimens D and E are magnetic in the
hard.drawn condition, but become non-magnetic when heated above
600° C, They do not, however, like Specimen F, regain their mag-
Detic gusceptibility when cooled to the ordinary temperature of the
Toom, but can be made to do so, either by the process of wire-drawing,
or by cooling them a few degrees below 0° C. Tables I and II contain
the values of the principal physical constants of the three nickel-iron
j‘“Oya, of Hadfield’s non-magnetic manganese steel, and of nickel and
*on, The former of these two tables relates to the substances in the
rd.drawn condition in which they were received by the author,
Ad the latter to the same substances after annealing, so that by a
Comparison of the two tables, the effects of the permanent strain
Tesulting from wire-drawing may be seen. These effects are in some
Wstances of the same nature for the nickel-iron alloys as for nickel
and iron. Thus the density of all the specimens is diminished by

* ¢ Roy. Soc. Proc.,’ vol. 48, pp. 1—18.
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wire-drawing, the simple rigidity is also diminished, and the interna
molecular friction, as inferred from the logarithmic decrement of ar
of torsionally oscillating wires, is considerably increased. On th
contrary, whilst the specific resistance of irom, nickel, and man
ganese steel is increased by wire-drawing, that of the iron-nickel alloy:
is largely diminished. Again, whilst wire-drawing largely decrease
the magnetic permeability of iron, nickel, and iron alloyed witl
30 per cent. of nickel, it makes the alloys containing 22 and 25 pe:
cent. of nickel to considerably appreciate in permeability, and, i1
fact, in a great measure transforms them from the almost non-magneti
to the magnetic condition. Dr. John Hopkinson has shown that i
similar result can be obtained by cooling the alloys several degree
below 0°C. The magnetic properties of manganese steel cannot
however, be restored by the process of wire-drawing.

As regards the physical properties themselves, apart from th
effects of stress or strain on these properties, all the nickel-iron alloy:
here examined have considerably less longitudinal and torsiona
elasticity than the pure metals nickel and iron; they also have con
siderably less internal friction. This last is very conspicuousl)
the case with the alloys containing 25 per cent. nickel, which i1
the annealed non-magnetic condition has an internal molecula
friction less than ome-fourth of that of iron or nickel. For mag
netising forces extending from 08 to 2 C.G.S. units, the alloy con.
taining 80 per cent. of nickel is possessed of much greater magnetic
permeability than iron, but for large forces the iron is superior. The
other two nickel-iron alloys are, when in the annealed condition,
almost as non-magnetic as Hadfield’s manganese steel.

The temporary effects of longitudinal mechanical traction ana
magnetic stress on some of the physical properties are exhibited i~
Table III. It will be noticed that longitudinal traction produces
both the specific resistance and the thermo-electric height of th
alloys of nickel with iron, an effect which is intermediate to that px
daced on the pure metals nickel and iron. The magnuetising forc
employed ranged for the most part between 40 and 80 C.G.S. un®
and the results obtained refer only to the elastic effects of the fomxr™
which effects are approximately proportional to the force itself. Th «
elastic effects are much greater in proportion to the change of m =
netic induction than are the residual effects. The change of b«
specific resistance and thermo-electric height produced by & C.G.S. mx
of magnetic stress, is in all cases enormously greater than that p=*
duced by a C.G.S. unit of mechanical stress.

The effects of mechanical stress on the magnetic permeability ¢
all the different iron-nickel alloys are fully exhibited in this paper
Speaking roughly, they lie between the corresponding effects for the
pure metals iron and nickel.



Stress, §c., on the Properties of certain Alloys. - 105

1894.]

‘uorpoun( pjou ey} y3uoayy esaf ayy 01 JySroy duyIAA-owAY} 2938213
31} WOJ} S1Op JUMAND O} UOUIAUOY 81y} 0} Buipi020y “jru], dossajoxg £q pordops 49y3 v oures oyy st udis o) v uonyuaauod ayy,
*UOIJOLIJ JU[NOI[OUX [BULBIUT 93} JO QINSBIW Y 4
‘01 9r8q 03 supjuedoy o

! |

06031 $13100- 0 yoL | 298 | 089-2 _.s:
| 04941 200200- 0 3L 1432 L0L- 8 “ TRt OIN :
T et 9 - sl — | owewe LO¥000- 0 L9 6% |  LIL L |9 osousdusyy
199¢ eve— ¥ey — 08099 294000- 0 428 8F1 | 916-4 ,_,m
%189 896 — 1991 - ¥¥609 $.9000- 0 Lv9 6031 | 086- 4 ﬁ..ﬁ
(1,294 L x 8FF— 1831— 086.% 608000- 0 0L X625 . 01 X 06ST ¥6L 4 _..Q
o §D°0 498 R T -zounoads o ; _ _
Jo eou0§ pus ‘oILM TOdt 1 ﬂmnuomeow 0 g %oﬂ.”:w:. a-_—m..«no omp 1 ..ma ‘bs ._Mwm i
Suwrjeulewm usurroeds oy Jo 1% 18I0y ur *0 03 N £q[vuoiso) © 30 Lypiaie yom sw | -Lqeueq ' goun oodg
405 wytun ‘g'P"Y | POWOF [0 9 J0 | ool 00UV | o'y suameuvop | 1AW i ut ennpow ! _ !
up uowonpny | D ogAe M | LACE | ogwads | Ty egey | 40 SRINPOR | 8 dunog
omeuSly  |'§'D0 W TWE | e _

*UOT}IPUO)) UMBAP-PIBH OY3 ut sudwwadg oy3 Jo sjuvysuo) [wosLyg oy,

‘I O[q%.L




The Effect of Mechanical [May 31,

Mr. H. Tomlinson.

106

|

2081 +

09191 orLot

0033~ 09€eLT

8 w 8L+ 164 - | €163

L8 _ go1- 08 — 0628

681 A 61— 8L — €3L8L

Les | 0Tx86 — 1101— 0808

[oungpoese|  weem |
| Jo ealoj PUs ‘od1a uody SMMJ §'D°0 210 LS YY)
SupneusSvm v | ‘uemmweds oyg3 jo : Omo%& ut 0 03 18
303 syuun ‘§°H°) | PewIO] [ 8 Jo a“.wag. o: 0uBYeISeL
u1 uononpul 0 02 38 #jlun . o.Eou oh& agwedg

onjeudsy

OO WA NI

¥16000- 0 “ %0, ! 1861 thh ERREREELERE 114§
. : _
398000- 0 3L | [JA ¢ 6eLg ittt PPN
22000 0 L9 | 91l O¥L L [+ osousBuupy
262000- 0 235 | szl 000.8 et
212000- 0 %S _ qect _ gt0-8 : RN |
T1%000- 0 90T % 96¢ OLX929T & 4164 .ttt
_ | , |
‘uemtoads ayy . _
y © comp | ‘wmo beaed
Jo extm Surjenoso 1
£qrsuoresoy v jo | .M.:%__Mﬂ _fﬁ_”” nEaMhm _ ‘Lysue(q ‘uomroadg
e Jo quomoedsop [t 1 snnpow | i
ormqyuedoy |

I

n:—swoﬁ_ 8 3unox ‘ _

|

"uo1jipuoy) pajuauuy oyj ui suswmadg ayy jo sjuuysuo)) puois{yJg oq,

‘TI ®198L




Stress, §c., on the Properties of certain Alloys. 107

1894.]

*poasuax0ap £ porsowunu 91 ‘earjelon o eantsod LjyeuiBuo Joqiogs ‘yydray 0L3099-oMLIN} 01 eY) SUNIW SUUWIN[0I 0833 Ut uJe snutw v

“Pe-ounty 4y
*9]8}¢ P3[vIUUT Oy} UI «I6Y}0 9T} ¢ UOMIPUOD UMBIP-PIBT] N[} UI 0I94 POYINW SnY) sUIWLNIG o

romo + oz - R R,
Jnsaz sanysypenb Ljuo — | 9neas earjeend Auo — 0L-08 + 08- 0% — RN AR ERRRES €] (110
»9 + #€0.0 + 0e T + sreneees e poge osounBunpy
#0- 991 — «08— «98-% + e 1 — (00 (eyau juod dod 08 ‘A .
#8-88 — [) (o #»87.1 + ¥9-9 + _ “e e [eyoru queo dad 93 ‘g
00-X6.88 — *aOLX[E= | wo-0LXU0E + | aOI<ESL [+ lomoru quan 30 g3 ‘g
—_ - ! —_—
Tywn y'pD 1 $roo -be | run g0 T Jo 9040 -co -be 1ad _
3 mﬁﬂw« MMMMW%“E o h%%ﬁwmw_w-ﬂ _.M““ww_mo_ R u..m.._aonunea &euipngiduoy | jySiom wead 1 jo uonoess |
£q paonpoad grun zad £q pevnpoad jrun zed a_.”_: .“_L.N_wﬂwuma —ca_wﬂﬁwm ...-o u%a“ﬂ“wﬁm ! -uawmpadg
! Eu_w_._, w_uwuuwﬂcss Eu_uw otseats-ouson opweds Jo uoKwOITY og1oads Jo uonmIAy |
| | ’ | |
‘ITI °198.L
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V. “ Propagation of Magnetisation of Iron as affected by the
Flectric Currents in the Iron.” By J. HopPkinsoN, F.R.S.,
and E. WiLsoN. Received May 17, 1894.

(Abstract.)

Consider a solid, oylindrical electromagnet, it is well known that,

* in reversing the magnetising current, the induction does not instantly

reverse, but a certain time elapses before it again attains its full

value, that it reverses at a later time at the centre of the core than

near its surface, and that the delay in reversal near the centre is due

to the electric currents induced in the iron. The object of the pre-
sent paper is to investigate these effects.

The magnet experimented upon had a diameter of 4 inches, and
formed a closed magnetic circuit. Through a part of its length the
cylinder of 4 inches diameter was formed of an iron ¢ore surrounded
by two concentric, closely fitting tubes. Exploring coils of fine
copper wire were bedded in the iron between the surfaces of the tubes.
The currents induced in these exploring coils were observed when the
current in the main coil of the magnet was reversed. These currents
in some cases last for over half a minute.

Inferences can be drawn from these results as to the behaviour of
other diameters than 4 inches. Comparing two cylinders of different
dismeters, similar events occur, but at times proportional to the
squares of the diameters of the cylinders. From this consideration
and the experiments, a judgment is formed as to the effects of local
currents in the cores of transformers and of the armatures of dynamor=
machines.

VL *“On Rapid Variations of Atmospheric Temperature, espe=_
cially during Fohn, and the Methods of observing them. —
By J. Y. BucHaNaN, F.R.S. Received May 29, 1894.

The variation of the temperature of the air in the course of a da =
is & matter of familiar observation. It depends in the first instancee>
on the relative positions of the locality and the sun. The temperature>
is generally highest a short time after the sun has attained its greates
altidude above the horizon, and it is lowest some time after it has
attained its greatest depression below the horizon. Observations
made at regular intervals over the twenty-four hours show a more
or less regular rise of temperature during the early part of the day
and a similar fall of temperature during the latter part of the day
and the evening. When the interval between the observations is
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diminished the regularity of the march of temperature is found to
diminish also, but the great variability of the temperature of the
air is best shown by the curve drawn by a recording thermometer of
sufficient sensibility combined with a clock movement of suitable
velocity. Suchan instrument draws & sinuous line which is generally
smooth during the night and serrated during the day. The shapeand
the crowdedness of the teeth on the serrated daylight portion of the line
have a close connection with, and are to a certain extent an indication
of, the character of the existing weather. In general the indented
character of the daylight curve is an indication of the disturbing in-
fluence of the sun on the equilibrium of the atmosphere which continues
just as long as he is above the horizon ; after sunset the atmosphere
quickly reverts to a state of greater stability. It is obvious, there-
fore, that the indented character of the daylight curve indicates not
only changes‘of temperature in the air but also motions and changes
of motion in it. These motions are generally vertical and too subtle
and local to be observed with an anemometer. In'the course of
frequent observations in the open air and under varying circum-
stances, I have many times had occasion to remark these rapid
oscillations of temperature and at the same time to deplore the
difficulty of accurately measuring them. It is principally with the
wiew of directing attention to this instrumental difficulty that the
following observations are put together. At the same time, though few
in number, they have to do witha very remarkable species of weather,
Ecnown by its Alpine name of Fihn. It has been most observed
in the valleys stretching in & northerly direction from the main sum-
mmit line of the chain of the Alps and takes the form of an abnor-
amally warm wind blowing from the mountains towards the plain.
Xt has largely occupied the attention of continental meteorologists,
smand more particularly it has been the subject of exhaustive investi-
sxations by Hann, who has shown by very strong evidence that its
Thigh temperature must be due to its compression in descending from
= great altitude. In the descriptions of the Fohn, attention is
s lmost exclusively directed to the high average temperature of the
mir, and no mention is made of their extraordinary variations,
=lthough every observer must have noticed them. They are so great
=8 to be recognised at once by the sensations and at the same time so
xapid as to elude almost every other method of estimation or measure-
mment. It has also, I believe, not been before remarked that the true
¥ohn occurs in our own country and with its characteristics quite as
well marked as in Switzerland. It is sometimes supposed that a great
absolute height bof mountain chain is required for its production; but
this is not so. A relative height of 1,000 to 1,200 metres is qaite
sufficient for its production; and this is equally available on the west
coast of Scotland and on the northern slopes of tha Alps.
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The observations were made in the summer of 1893, which was
abnormally warm all’over the north of Europe. In the beginning of
July I observed the Féhn at Fort William, and in the latter part of
August in the upper Engadin, and more particularly in the valley
occupied by the Morteratech glacier. Besides the observation of the
varying temperature of the air itself, the investigation of the tem-
peratare gradient set up between the melting ice surface of the
glacier and the hot winds blowing over it presented considerable
interest. The curious fact was observed that while the hot wind was
blowing over the glacier und melting the surface in abundance, the
temperature of the air, as close to the ice as a thermometer could be
applied without touching the ice, was never lower than 5:5° C.

In the beginning of July at Fort William the weather was very
warm, and in the midst of the very warm air still hotter blasts made
themselves felt from time to time. The sensation was much the
same a8 is produced when, on the deck of a steamer, the air passing
the funnel strikes the face. These hot blasts lasted only for one or
two seconds, and repeated themselves every minute or two. Their
effect on a thermometer, freely exposed in the shade, was to keep the
mercury in a constant state of motion, the temperature rising often
more than 1° C. in a minute, and falling again as much. The thermo-
meters in the screens were also a good deal affected, though not nearly
to the same extent as the freely exposed ones. The recording instru-
ments, the clock motion of which was not sufficiently quick to draw
the record out into an indented line, showed a broad band which
measured the amplitude of the excursions of the instrument, though
by no means the amplitude of the oscillations of the temperature of
the air. This phenomenon was particularly observed on the 8th July,
1893, when I was employed the greater part of the day in making
evaporation experiments. It was very warm, as the following obser-
vations of the thermometers in the large observatory screens will
show :—

! |
I Hour....voiveeenns ‘ 9 AM. | 10 A.M. l Noon. | 2rm. | 4P l
l ]
Drybulb (C) «.....; 20-1 | 22+4 | 249 | 288 | 189
Wet bulb (C 01707 173 18-2 i 177 166
Vapour tenmon (mn. )| 186 | 11°5 115 11-3 126
Relative humidity....| 77 ' 58 l 49 - 62 7
! |

It was during the heat of the day, from 10 a.M. to 2 p.x., that the
hot puffs made themselves most felt; but I found it impossible to
measure their temperatures, owing to the thermal inertia of the
thermometers. The puffs lasted not longer than one or two seconds,
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and their temperature, to judge by the sensation, was rather higher
than that' of 'the-'body." ' The thermometers had only begun to rise
when the heating ceased, and they fell back again. From the
figures in the above table, it will be seen that the temperaturc
of the air at noon reached 24-9° C., a very high figure for a station in
nearly 57° north latitude. Along with the great rise of temperature
there is a fall of absolute as well as of relative humidity, indicating
that the air has come from a greater altitude. Attempts to measure
the actual temperatures of the hot puffs gave no satisfactory result.
I am much obliged to Mr. Omond and the staff of the Fort William
Observatory for their courteous assistance while making these
observations.

Later in the year, in the middle of August, I visited the upper
Engadin, and stayed for some weeks at Pontresina. Here, as else-
where the weather was very warm, and I was much strack by
obeerving the same blasts of hot air as I had experienced in Scotland.
The general characteristics of the weather were the same, and the
temperature of the air in the valley rose nearly as high as it had
done at Fort William.

On the 18th August I went for an excursion on the Morteratsch
glacier with a gnide. On my remarking the hot puffs of air, which
were much more striking on the ice than on the land, he said it was
the Fohn, of which he considered them a characteristic. The sun and
the hot wind were causing an enormous amount of surface melting of
the ice, and having a thermometer with me, I took the temperature
of the air by whirling at a height of about 1 m. from the ice, and
found it 12-0° C.; the wet bulb was 5:0° so that the vapour tension
was 2:3 mm., the relative humidity 22, and the dew point —86° C.
The great dryness of the air will be remarked. I then swung the
thermometer in a conical path as close to the ice as possible, and the
temperature of the air was 10-0° C. Being astonished to find so high
a temperature so near the ice, I put the bulb of the thermometer into
a crack in the ice, so as to be below the level of the surface of the
ice, and its temperature only went down to 7-5° C.

& All the temperatures were taken with a mercurial thermometer,
which was whirled at the end of a string so that its velocity was
about 6 m. per second. It was mot protected in any way, so that
the temperatures observed with it are not free from a certain
error due to radiation and reflection, although it was always shaded
from the direct sun. These errors are not usually great with a
whirled instrument, and most of my observations huve to do with
differences of temperatures observed with the same instrument and
under similar circumstances. On the glacier the thermometer, when
whirled, was not apparently affected by radiation or reflection from
the ice, and only very slightly by that from the sun. On larmd I
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remarked that the greatest disturbing effect is produced by sunlight
reflected from/grass COIf.the thermometer was whirled in the shade
of a north wall with a grass field or hill-side close by, the thermo-
meter would be immediately affected to the extent of ome to two
degrees, according as the sun shone on the grass or was obscured by
a clond. The effect was immediate the moment the sun came out;
sunlight reflected from rocks and light-coloured surfaces did not
produce the same effect.

On the 19th August I retarned to the glacier. At 11 A.M. in the
valley below the glacier I found the temperature of the air 22° C.,
and the wet bulb 12°'5, whence the vapour tension is 5'0 mm., and
the"relative humidity 26. In determining the temperature of the
air by whirling the thermometer I found variations of as much as 2°.
The hot puffs of air made themselves felt most markedly, and
showed that the real variations of the temperature of the air were
much greater than the thermometer showed. At 1 p.M., on the
hill-side, to the west of the tongue of the glacier, and at a height
of about 2,100 m. above the sea, four good observations of the
temperature were made, giving 17°:5, 18°:0, 19°5, and 19°0; they
are all equally trustworthy, and represent the average tempera-
tures of the air during the minute, or minute and a half, that the
thermometer was whirled. The mean of these values, 18°5 is taken
as the temperature of the air. For determining the temperature of
the wet bulb the bulb of the thermometer was wrapped round with
one thickness of Swedish filtering paper thoroughly moistened, and
the thermometer was whirled as before and until the temperature
ceased to fall, it then stood at 9°°5. Still higher up the hill at an
altitude of 2,250 m., the temperature of the air at 2 p.M. was
185 C. Having returned to the same spot where the observations
were made at 1 p.u. the following air temperatures were observed :—
between 2.40 and 2.46 p.M., 17°-5, 18°0, 17°5, 17°-0, 17°3, 17°1;
mean, 17°°4; and between 2.50 and 2.54 p.M. 165, 16>5, 16°7, and
16°5; mean, 16>55. The mean of the two sets is 17>°06. Again it
must be repeated that each of these individual observations is a
faithful indication of the average temperature of the air in which
the thermometer was whirled, and in so far as its sensibility enabled
it to assume the same temperature as the air.* From this spot I
descended to the glacier and went up it until I got to a position
which, judging by the eye, was at the same height as the station just
left on the mountain side, and about one kilometre distant from it in
a straight line. The weather was rapidly getting colder, the sky
being covered with the characteristic Féhn cloud. The wind was
fresh down the glacier, which made the exposure of the thermo-
meter easy and good. The hot Fohn puffs were also very striking.
The thermometer was first swung exposed to sun and wind, showing
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temperatures varying from 10°5 to 11°2, the mean being 10°-8 C.
8wung in my own shadow, but exposed to the wind, the temperature
was 9°8. The wet bulb was 4°7, showing a relative humidity of 37.
The thermometer was now exposed, both wet and dry, in a horizontal
position with the bulb at a distance of about 2 cm. from the ice, on
the top of one of the superficial ridges of the glacier, and fully
exposed to the wind, though shaded from the sun. The observed
temperatiires were : dry, 6°6 C.; wet, 3°'7 ; relative humidity, 58°5.
The exposure of the thermometer was as good as could be desired,
and, with the fresh breeze blowing, it was thoroughly ventilated. I
was again much struck with the highness of the temperature of the
air almost in actual contact with the ice. The observations at 1 m.
and 2 cm. from the ice were repeated, giving substantially the same
results—at 1 m., dry bulb 10*2, wet 5°1; at 2 cm., dry bulb 6°'8,
and wet 3°2. The hot Féhn puffs were more striking on the ice
than on the land, owing to the greater difference between their tem-
perature and that of the surrounding air. At 4 p.m. I left the ice
and returned to the station of 1 o’clock on the hill-side, and took the
temperature at 4.35 p.u.—dry bulb 16°0, wet 8°0, relative humidity
24°5. At the station in the valley below the glacier the temperature
was at 5.45 p.M., dry bulb 16°4, wet 11°8, and relative humidity
56. These observations, besides showing the remarkable conditions
of the air over the glacier, indicate the fineness and warmth of the
weather which prevailed.

On the 2lst August another series of observations was made
at the stations on the land and on the ice. The breeze on the
ice was not so steady or so strong as on the 19th, and about 5 o’clock
in the afternoon there was a heavy squall of rain and thunder.
The same hot Fohn puffs made themselves felt as before, without
there being any means of measuring their temperature. Their
duration at their maximum temperature was never more than
a few seconds, during which but little effect was produced on the
thermometer. It occurred to me that the only way of gaining a
knowledge of the temperature of these puffs of air would be by com-
paring the rapidity with which the thermometer moved when exposed
to a known difference of temperature, with that observed in the puffs.
A number of observations was made with this view, by warming the
thermometer and noting its rate of cooling in air of known tempera-
ture. The reverse procedure was also followed on the ice. The
thermometer was cooled by being laid close to, but not touching, the
ice, it was then quickly raised to a height of 1 metre, and its rate of
change of temperature observed. In this way it was found that for an
initial difference of 4° the thermometer required 10 seconds to rise 1°,
for a difference of 3° 12 seconds, and for a difference of 2°*5 16 seconds.
These ratios were observed in the open air, and under the circum-

VYOk. LYI. 1
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stances where the hot puffs are observed. Unfortunately, owing to
an accident’ to"the’ thermometer, very little use could be made of
them. Where the rate of change of temperature of the thermo-
meter is used to determine the temperature of the air, the movement
of the air must be measured or estimated. The observations made on
the 19th and 21st August are given in Table I.

Table I.—Temperature Observations at Equal Altitudes on the
Morteratsch Glacier, and on the Mountain west of it.

Thermometer.
. Vapour | Rel. Dew
Dift. tension. | hum. | point.
Dry. Wet.
19¢h August, 1893. c". C. C mm. p. 0. C°.
Land station, 2.45 p.a. | 17°1 86 85 3-2 23 |—-5-0
» » 4856 ,, 16-0 81 79 8-2 24 |—4'7
Mesn ....| 16°65 8°85 8:2 32 28 |—485
Ice station, 3.20P.M. 98 47 52 826 86 |—4-4
Height 1 metre, 8.56 ,, 10-2 51 651 866 89 [—-38°6
Mean ....| 100 49 651 3'40| 876 |—3-95
Ice station, 8.20p.M.[ 6°7 87 30 42 57 |—-1°-4
Height 0002 m. 3.65 ,, 66 3:2 44 40 56 |-30
Mean ....| 6°66 345 32 41 565 (—2-2
218t August, 1893.
Land station, 1r.mM.| 14°6 76 7°0 8°6 20 |-86
N , 845 | 143 80 6°3 42 | 860 |~1'3
Mean ....| 14°4 775 665 38 32 |-2-4
Ice station, 2.22p.M. 9-85 656 425 42 47 -1°3
Height 1 metre, 2.54 ,, 11-0 | 70 40 51 52 |+1°6
Mean....| 10-43 68 4°13 46 50 |[+0°1
Ice station, 2.15 .M. 78 40 3-8 41 54 |-1°6
Close to ice, 2.40 ,, 56 32 23 43 66 |-0-7
Mean .... 64 36 28 4-2 59 -1°1

For comparison with the temperatures on the ice on the 19th, the
mean of the observations on the land station at 2.45 and 4.35 p.u. is
taken, and on the ice the mean of the observations at 8.20 and 8.55
p.M. The altitndes of the two stations were as nearly as possible
identical, and they were not more than 1 kilometre distant from each
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other. Considering, the temperatures at a height of 1 m. there is
a difference of 6°-5 between the land and the ice. The difference of
vapour tension, 0'2 mm., is insignificant, and shows that substantially
the air is the same. The dew point in both cases is several degrees
below 0°, 8o that, on coming in contact with the ice, there would be
evaporation from it. The evaporating power of the air may be repre-
sented by the difference between the tension of saturation and the
actual vapour tension. It is very great on land, being 10'75 mm. at
1653 C., and it would rapidly evaporate water having that tempera-
tare. On coming in contact, however, with ice the air actually in
contact, which alone comes under consideration, is first cooled to 0° C.,
which reduces its saturation tension to 4'6 mm., and the difference is
only 1'4 mm. We see, however, that this has been sufficient to increase
the absolute humidity of the air in close proximity to the ice. At
1 m. above the ice the air had an average temperature of 10° C.; at
2 cm. from the ice its temperature was as high as 665 C., and the
air in actual contact with the ice must have been at 0° C. Many
observations have been made of the temperature of the air at different
heights above glaciers, and, as might be expected, considerable dif-
ferences have been observed ; but I am not aware that any observations
have been made on the air almost but not quite in contact with the
ice, as are those which have been made at 2 cm. from tke ice. The
bulb was perfectly shaded from the sun but freely exposed to the
wind, it was also fully exposed to any cold radiations from the ice
There is, therefore, no doubt that 665 was the temperature of the
air passing the bulb of the thermometer. The vertical distribution
of temperature shown by these figures is remarkable. From
8 height of 1 m. to within 2 cm. of the ice there is a gradient of
3°4 per metre, in the remaining 2 cm. there is a gradient at the rate
of 33° per metre; and, from various observations and considerations,
it is probable that the moderate gradient is continued to within a
millimetre of the ice, when it becomes precipitous. It is to be noted
that the absolute humidity, as shown by the vaponr tension of the air,
has increased from 3'4 mm., at 1 m., to 41 mm., at 2 cm. ; showing
that ice is being evaporated and transferred from the glacier to the
atmosphere. The wind was blowing freshly down the glacier, and
its velocity was measured by noting the time which pieces of paper
allowed to drift took to reach the ice, and then pacing the distance.
The mean velocity was found to be from 8 to 10 kiloms. per hour.
The observations made on the 21st and on the 22nd confirmed
those of the 19th. The same variability of the air temperature at the
land stations was noticed. Between 12.55 and 1.6 p.m. the following
temperatures were observed by whirling :—16°2, 16°2, 16°0, 155,
16°:0,15°5,15°0, 14°2, 13°8, 140, 13*5, 13°*5. These are all good ob-
servations, and represent real variations of the temperature, or rather
12
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they indicate real variations of greater amount. Taking the mean of
the last'five 'observations, we have the temperature of the air 14°0.
The wet bulb was found at 1.15 p.u. to be 7°:5, giving a difference of
6°5. On the glacier the air felt closer than on the previous occa-
sion. The temperature at 1 m. was 11°-5, and at 2 cm. from the ice
7°3. The difference 4°'2 is less than on the previous occasion. The
wind was much less strong, and yet the temperature close to the ice
is higher.. The wet bulb, under the same circumstances, showed
4°0. Five minutes later the dry bulb was observed at 1 m.10°2 and
9%4, mean 9°85. Another observation of the dry bulb at 2 cm. from
the ice gave 6°6. The interval between the bulb and the ice was
now reduced to the smallest possible distance, about 2 mm. The
wind fell very light, and the thermometer remained at 8°0, when the
wind returned it fell to 5>8. The axis of the thermometer bulb
would be about 5 mm. from the ice, and still the air is nearly 6°
warmer than the ice. Another observation on the same conditions gave
5%5. The wet bulb was now exposed, but it had to be kept about
5 mm. off the ice; it showed 3°2. At 2.43 p.M. a great volume of
warm air came down, and the wet bulb ran up to 45 in three or
four seconds. With the return of the breeze the wet bulb went back
to 3>°0. The Féhn puffs were now very troublesome. At 2.52 p.».
the wet bulb at 1 m. was 7°°0; the dry bulb showed—at 2.54 p.M.,
11°0; at 2.55 p.M., 13>5; and at 2.57 p.M., 14°5. In one puff the
thermometer was observed to rise one degree in eight seconds, whichk
would make the true temperature of the air at the moment about 6°:0
higher, or 19°5.

At 3.30 p.u. I returned to the land stations, and again found the
same variable temperatures. Between 3.35 and 3.45 p.m. the tem-
perature varied between 16°0 and 13°5. The following averages
were taken :—

3.45 p.u,, dry, 14*3; wet, 8°0; relative humidity, 85°.
4.0 ” ” 14%0 Y 8%5 5 ” ” 42°>-5.

Taking the first of these and the observations at 1 o’clock, we have
for the mean temperature of the air 14°'15, and the wet bulb 7°-75.
On the ice we have—

At 1 m., dry bulb, 9°85; wet, 5°'6, and
At 2 om., ' 7°3; , 4>0.

The difference in the temperature of the air at 1 m. is only 4°-3,
and that between 1 m. and 2 cm. above the ice is only 2°°55, while
the air at 2 cm. is 7°3 warmer than the ice.

On the 22nd August, the observations on the ice were repeated
with very much the same results. The temperature of the air
ranged from 9°0 to 9°5 at 1 m., and was 5°5 at 1 cm. from the ice.
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The result of the,few observations here quoted is to show that the
air, which over land has a temperature of 15° to 20° or higher, in pass-
ing over a glacier is cooled to a comparatively slight degree.
Although the air appears to be thoroughly mixed by its own motion,
very sharp gradients of temperature are produced and maintained.
The great and abnormal temperature of the air of the valley is kept
up by the heat liberated by the compression accompanying the
-descent of local streams or strie of air from high levels. These keep
up an extra supply of heat over and above what is supplied by the
direct radiation of the sun. The result is that the melting of the
glacier in Fohn weather greatly exceeds that of even the hottest
day of ordin&ry weather.

In order to convey a general idea of the climate in the neighbour-
hood during the period when my observations were made, I subjoin a
table of the air temperatures observed at the Pfarrhaus in Pontresina
three times daily, and obligingly supplied to me by Herrn Pfarrer
Falliopi.

Table I1.—Temperature of the Air at Pontresina.

Temperature of the air observed at
Date. 7 AM, ‘ 1 p.M. 9 P.M.
‘ Diff. from Diff. from Diff. from
Tewp. mean. Temp. mean. Temp. mean.
1893 C. (0.8 c°.
. 47 -2-92 19°2 -1-26 100 -1-36
6.. 569 -1-72 200 —0-46 108 —0°66
72 -0-42 208 +0°34 118 +0°44
82 +0°68 218 +1-84 128 +1°44
8°6 +0°98 21-2 +074 12'8 +1°-44
100 +2-38 198 -0-66 126 +1-24
76 -0-02 22°2 +174 10-2 -1-16
82 +0°68 202 —-0°26 10-2 -1-16
69 —0-72 192 —1-26 128 +1°44
89 +1-28 20°2 —-0°26 9°6 -1-76
7-62 2046 1136

In this table the very high temperature on the 18th, 19th, 20th,
and 21st is very apparent. The Fohn prevailed during all these days.
On the 23rd August, which was a very warm day, I made a series
of observations between Pontresina and the top of the Piz Languard,
which is the highest peak on the ridge immediately behind Pontre.
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sina, and is very easily accessible. It had been raining heavily in the
night, so that in the early morning the air was rather cool; but the
following observations made before starting up the mountain will
show how rapidly the temperature was beginning to rise.

8.0 AM........ Dry bulb, 10°4; wet, 9°2.
9.10 ,, ..... cee ” 14>8; ,, 11°4.
100 ,, ........ » 17°-0.

At 10 a.x. I started up the mountain, following the excellent path
which leads to the summit.

In the following table the temperatures observed at various
stations are entered along with corresponding ones observed in the
porch of the Hotel Reseg at Pontresina.

Temperature.
Height . .
aboy egh sea. Time. on Difference.
. . At hotel.
mountain.
m, ° °
Pontresina ... 1800 10.0 170
2100 10. 50 165 19°6 80
2250 11.56 166 200 36
2370 11.35 16 ‘6 20°5 40
2670 12.0 14°5 2076 6-25
2790 12. 80 13°8 210 7
2970 1.0 140 216 76
38180 1.30 131 220 89
Summit...... 3266 2.10 11-0
—_— 2.40 105 1220 11-28

Excepting in the first interval the rate of fall of temperature
between Pontresina and the station on the mountain is less than 1°
per hundred metres. At the summit the mean temperature of the
dry bulb was 10°75, and of the wet bulb 6°'45, whence we have the
vapour tension 45 mm. and the relative humidity 47. The weather
was of the same kind as in the valley, abnormally warm, and the air

very dry.

Received May 31, 1894.

The thermometer which was used in these observations was not
very sensitive, and when it was broken I could only replace it by one
which was considerably less so. They were, therefore, of no use for
determining rapidly varying temperatures. The method indicated
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above, whereby the temperature of the air is inferred from the velocity
with which the thermometer rises or falls when immersed in it,
either at rest or moving with & known speed, is in itself quite satis-
factory. The difficulty in applying it is to ascertain the rate of
motion of the air, because, other conditions being the same, the
thermometer changes its temperature in proportion to the velocity of
the air passing it. When the air has a horizontal motion it is called
wind, and there are many instruments for its measurement; but
there is probably nearly as much vertical as horizontal motion in
the atmosphere, but it is seldom observed and not easily measured.
In fact, a very good way of detecting these movements in air which,
to the senses, appears to be motionless, is to observe the rate of
cooling or heating of a thermometer in it. A thermometer similar to
the one used in these investigations was carefully tested as to its rate
of cuoling, in connexion with a series of observations made in the
winter.

Its rate of cooling was repeatedly determined in a room of constant
temperature, and in the open air, when it was, to all appearance,
motionless. Sometimes the rate of cooling in the open air was very
nearly the same as in the room, but at ather times it was much
greater. It was never less. In four experiments, taking the same
excess of temperature above the air, namely, 5°5 C., the temperature
of the thermometer fell by half that amount, 275 C., in the room in
125 secs., and in the open air, which was apparently still, in 100, 70,
and in 55 secs. The volume of the bulb of this thermometer, which
was cylindrical, was 092 c.c.; it was rather sluggish.

Applying Leslie’s rule for finding the “range” of the thermometer
from the time it takes to cool to half the extent of the difference
between its initial temperature and that of the air, we multiply it by
101/70. Leslie*® defines the “range” of a thermometer or other
body cooling to be the reciprocal of the fraction of the whole initial
difference of temperature between the thermometer and the air, by
which it cools in the first interval of time; or it is the time in which
the thermometer would fall to the temperature of the medium, if, in
each successive interval of time, its temperature had fallen by the
same amount as in the first interval of time. The ‘‘ ranges” of our
thermometer cooling in the above conditions are found to be 180, 143,
100, and 80 secs. respectively.

Having recognised that, in the conditions under which he experi-
mented, the refrigerant power of a stream of air is exactly propor-
tional to its velocity, he givest a formula for finding the velocity of
the wind from the rate of cooling of a thermometer, or other similar

® ¢ An Experimental Inquiry into the Nature and Propagation of Heat,’ by John
Lestie, Edinburgh, 1804, p. 264.

4+ Page 283.
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vessel, in it. If T be the “range” in still air, and ¢ the observed
“ range,’" then’ the velocity 'of the wind is

v= 2%) It i feet per second, or
v= T-—;-'-Ex 44 in miles per hour.

Converting into metrical nnits we have

-1

v = 2032

in metres per second.

If in our experiments we ascribe the whole difference in the rate of
cooling in the room and in the open air to motion of the air, and
apply Leslie’s formula, we find that the air must have been passing
the thermometer at the rate of 0'5, 1'6, and 2'5 m. per second respec-
tively. On each occasion there was no perceptible horizontal motion
of the air, and the differences in the rates of cooling observed may, in
the absence of a better explanation, be held to indicate the presence
of ascending or descending currents of probably very local character.

In the winter of this year I revisited the Engadin, and stayed for
a fortnight at St. Moritz. As the room which I occupied faced due
north the window of it was convenient for making observations of
the temperature of the air. From the 24th February to the
3rd March I made every morning a series of observations of the
temperature of the air, beginning when there was just light
enough to read the thermometer, and continuing till between 8 and
9 o'clock in the morning. At first I took the temperature every
minute, but finding the oscillations of temperature very great, I
reduced the intervals to twenty seconds, and sometimes to fifteen
seconds. The thermometer used was the one whose “ranges” in the
still air of a room and outside have been given above. As before
remarked, it is a sluggish instrument, yet the variations which it
indicated in these short intervals of time were much greater than
I could have anticipated. To print the observations in extenso would
occupy too muach space, but the striking features can be easily sum-
marised. They are given in Table III. Excepting on the 26th
February, when it was snowing all the morning, the obeervations
embrace the interval of an hour or an hour and a half after sunrise.
The time was devoted entirely to this object, and observations were
made at as close dates as possible. Working alone, an interval of
twenty seconds is quite convenient ; shorter intervals cause hurry. The
time immediately following sunrise is when one would expect the tem-
perature of the air to rise continuously, if not regularly; but we see
that so far from rising continuously and regularly the thermometer
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rises, falls, and remains stationary quite irregularly. On some days,
as on the 28th February, these irregularities are comparatively few;
on others, as on the 1st and 2nd of March, they are numerous. The
largest rise or fall in twenty seconds is 05 C. From experiments in
calm air outside and in still air in a room we find that for this
thermometer to rise or fall 0°-5 C. in twenty seconds the temperature
of the air around it must be from 2°25 C. to 4°65 C. hotter or
colder than the thermometer. Taking even the lowest of these
values, we see how great the possible error is in measuring the
actual temperature of the air at any moment with a thermometer, and
the error is the greater the more sluggish the instrument is. In
Table 1V the detailed observations are given for a few minutes on
the 26th February, when the temperature was changing very
rapidly. In the third and fourth columns the rise or fall of the

Table IV.—Temperature of the air at St. Moritz, observed at intervals
of twenty seconds.

Difference. | Correspond- | Amended .
Observed ingdifference | tempera- ?fm
Date, tempera- of tempera- | ture of temperatures
26 February,| ture. Fall. | Rise. | ture of air. air, pe .
1894. )
T. C°. - + —t | +¢ |T" = T+¢| Fall. | Rise.
AM.
h. m. . °
11 18 45 588 . . . . 6-48
19 & 600 . 0-12} .. 0°60 6°60 . 0-12
26 6-12 . 0-12 | ., 0-60 672 .. 0-12
45 6°25 . 0°18 | .. 0°60 6-26 0-47
20 5| 625 . . . . €25
25 6-26 o . . . 5-26 1-00
45 6 -00 026 ]| .. 100 | .. 480 095
21 b 5-62 038 | .. 170 | .. 8°37 0-98
25 5°12 0:50 | .. 2:26 | .. 4°12 . 0-76
45 488 0-24| .. 1-00| .. 268 1-49
22 5 4-38 050 | .. 225 | .., 2-18 0°50
25 3°88 0-60 | .. 226 | .. 3-88 . 075
46 8-88 . . . . 3-28 0°50
23 & 876 018 .. | 060 ., 876 oo | 047
25 876 . . . . 4°87 . 0-62
45 3-88 . 018 | .. 0°60 3-88 0-49
24 b 3-88 . . . . 8-28 0°50
25 375 0-18 | .. 060 | .. 3°16 0°13
45 38-62 0°18 | .. 0:60 | .. 3-12 008
26 b 860 0-12 4t .. 060 | .. 3-00 0-12
26 862 . 012 | .. 0°50 4°00 . 1-00
45 3°60 0-12 | .. 060 | .. 8-12 0°88
26 ] 850 .o e .. .o 8°60 .o 088
26 360




1894.] Atmospheric Temperature, especially during Féhn, 123

observed temperatnre is given. In the fifth and sixth columns the
carresponding differences between the temperature of the air and
that of the thermometer which would cause the observed rate of
change of temperature are given ; with these and the observed tem-
peratures we obtain the amended temperatures of the seventh
column. Although it was snowing on the 26th the air was perfectly
still, and the rate of cooling corresponding to the ‘ range” 80 secs.
has been applied. Had the rate of cooling of the thermometer in
the still air of a room been taken the difference between amended
and observed temperatures would have been nearly twice as great.

It was interesting to know what could be obtained with a record-,
ing thermometer of ordinary type, and in Table V the results of some
‘observations made in Cambridge with s Richard's recorder are
given.

Table V, giving the Timo in Seconds required by a Richard’s Record-
ing Thermometer to change its Temperature by 1° C. for a given
Difference of Temperature between it and the Air.

Difference of tempera-
ture between
thermometer and air 4. 8. 2
at beginning of

exposure.

1) ( In the
o open air
..B"ﬁ gt 130 150 300
'Eg breezes. ‘ 45 80 240
Mean
'585 from : 84 140 250
§' -] ourve.
ey
110 180 210
gSQ In sill
€y | airin 1100 300 450
=53 | aroom.
g - 120 160 300
888
g " (Mean .... .. |60 8 110 180 820

The figures in this table are taken from the curves drawn by the
instrument on a drum revolving once in forty-eight minutes. The
instrument was allowed to take the temperature of the room, then
exposed in the shade in the open air when a fresh breeze was blowing
and allowed to remain there until it had taken the temperature of the
air. It was then transferred to the room, and allowed to rise until it
attained its temperature.
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In this way, two sets of curves were obtained, consisting of three
curves in still air and three in & fresh breeze. The results ure not
very concordant, for, although the scale of time is very open—1 min.
occupying 5 mm.—the temperature scale was very close, 1° occupy-
ing only 1 mm. The object, however, of the table is to show what
can be expected from an instrument of the kind in the measurement
of changes of temperature. The results obtained in the open air
would necessarily vary somewhat, because, although a fresh breeze
was blowing all the time, a fresh breeze varies in velocity.

In order to obtain the best results from a thermometer it should
be exposed to uniform ventilation. This can only be effected by
artificial means, and they necessarily tend to efface sharp variations
of temperature. The arrangement adopted by Professor Assmann in
his psychrometer for ventilating and exposing his thermometers
ought to be suitable for this purpose. The current of air produced
must be uniform, and the behaviour of the thermometer as regards
rate of change of temperatares in the current produced must be
accurately determined.

In Assmann’s arrangement the thermometer is enclosed in a metal
tube, consequently the diameter of the bulb, on which the sensitive-
ness depends, can be made smaller and its length greater than would
be safe with an unprotected instrument. A mercurial thermometer,
therefore, ventilated on Assmann’s system, ought to be efficient for
the measurement of temperatures changing with considerable
rapidity.

Departing from the mercurial thermometer I have found the simple
air thermometer very good for indicating and measuring quick varia-
tions of temperature. It has the advantage of lightness and cheap-
ness. The form which I use is a glass bulb, of about 3 cm. diameter.
on a straight stem of about 10 cm. length. This can be attached to
a |J-tube of greater or less diameter, according as the differences of
temperature to be observed are great or small. The |J-tube has some
coloured water as indicator, and the indications of the instrument
are compared with those of a thermometer. As the instrument
is only put together when it is wanted, the variations of barometric
pressure do not affect it. It has the great advantage that it can be
connected with a tambour, and thus be made to record. The sensitive-
ness of the glass air thermometer is about the same as that of a very
fine mercurial thermometer made for me by Messrs. Hicks. The air
thermometer, however, would be very much more sensitive if the ball
were made of thin metal instead of glass.

There is a limit to the sensitiveness of all thermometers depending
on the dilatation of a fluid, and I do not think that any such thermo-
meter can be constructed which would give directly the true tem-
perature of the air in the puffs of Fohn wind which we have been
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disqussing ; by taking account of the rapidity of their movement
they can 'be constructed to give the temperature inferentially. The
only probable method of observing directly such rapid changes of
temperature is by electric or thermoelectric methods. A thermo-
electric junction is made of metals which conduct the heat rapidly,
and as their mass can be made very small and their specific heat is
low they can be made to follow the temperature of the mediam in
which they are immersed more closely than any other form of ther-
mometric apparatus. The galvanometer necessary for measuring the
currents produced is the inconvenient part of the apparatus, but I am
informed by those familiar with such apparatus that a suitable instru.
ment for use in the field could be constructed without difficulty.

Thermometers as Celorimeters.—If we know not only the rate of
cooling of a thermometer, if we have the figure which, in Leslie’s
language, is called the ‘range,” and if in addition we know the
thermal mass of the bulb which is generally expressed by its * water
value,” the thermometer becomes an efficient calorimeter. It is a
familiar observation that the thermometer and the senses frequently
disagres about the warmth or coldness of the weather. This is
because they measure different things. The thermometer measures
the temperature of the air, the senses measure the heating or cooling
power of the atmosphere, or the rate at which the bodyis called upon
to receive or supply heat. The body is a calorimeter and not a mere
thermometer. But with a knowledge of the constants above men-
tioned, the thermometer becomes also a calorimeter.

In connection with the melting of ice by the hot wind in the
Engadin, and the corresponding abstraction of heat from the air, I
made a number of experiments by whirling thermometers at various
speeds in air of definite temperature, having previously warmed the
thermometer to a higher temperature.

In order to give calorimetric expression to the result, and to express
the heat exchange which had taken place, it was necessary to know
the water value or thermal mass of the thermometer bulb. In similar
experiments made by Leslie, he used a tin sphere 4 in. in diameter
filled with water, of which it contained more than half a litre, and
there was no difficulty in finding the  thermal mass, as that of the
thermometer was an insignificant fraction of it. With a mercarial
thermometer, however, of ordinary type the glass envelope of the
bulb is as important from a calorimetric point of view as the mercury
contained in it; and it is impossible to know the proportions in
which the two substances are present, except by weighing them in
process either of construction or of destruction. The former of these
processes was excluded, and I hesitated to adopt the latter before
some more use had been got out of the thermometer. Meantime T
endeavoured to estimate the probable thermal mass of the bulb by
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carefully measuring it, and assuming a probable thickmess of the
glass. In dealing with problems of this sort it is necessary to
express the specific heat in terms of the volume, and for this purpose
the ordinary numbers which express the capacity for heat of unit
weight bave to be multiplied by the density, which expresses the
weight of 1 c.c. of the substance. The density of mercury is 13-596,
aud that of ordinary glassis 2'45; their specific heats per unit weight
are 0033 and 0'19 respectively; whence the capacity for heat of
1 c.c. of mercury is 0449, and of glass 0'466. If their specific heats
are taken as identical and equal to 0°457, the error made will not be
more than 2 per cent., in the extreme case where the bulb is all glass
or all mercury.

Hence it appeared that there was no necessity for knowing the
thickness of the glass of the bulb or the weight of mercury in it.
For calorimetric purposes, a knowledge of the volume of the bulb
suffices, and it is immaterial in what proportion the two substances
are present. The figures on which this calcnlation are based are for
ordinary soda or potash glass, which was no doubt used in the con-
struction of the German thermometers which I was using.

Using the value 0457 for the specific heat per unit volume of the
bulb, and whirling the thermometer at the uniform rate of 6 m. per
second, twelve observations were made of the thickness of the filin of
air heated to the full amount, corresponding to the fall of tempera-
ture of the thermometer. The difference between the initial tem-
perature of the thermometer and that of the air varied from 18° C. to
2° C., and the resulting computed thicknesses of the film of air heated
varied from 0209 to 0°267 mm. ; the mean valne was 0237 mm.

The measurement of the volume of the bulb requires some atten-
tion. The mpst convenient form of the bulb is the cylindrical, and
it is also the most common. But the bulbs are very rarely truly
cylindrical, they are often considerably tapered. It is not sufficient
to measure the diameter of the bulb with callipers, it is necessary to
measure the circumference at various parts of the bulb. One simple way
is to envelop the bulb with a wrapper of tissue paper, like a cigarette,
to blacken the edge of the paper which is laid inside. When
the paper is neatly and smoothly laid on, pressure with the finger
along the line of the inner edge of the paper produces a sharp impree-
sion of the edge on the overlapping paper. On unrolling the paper
the exact envelope of the bulb lies between the blackened edge of the
paper and the impression which it has made on the paper underlying
it. The length of the bulb is very easily measured, and when the
paper envelope has been, to begin with, given the proper length, it
measures the outer surface of the bulb, less the surface of the end.
This is assumed to be hemispherical, and is added accordingly. The
upper end of the bulb, where the stem joins on, is neglected, as in
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thermometers of German pattern, it takes little part in the exchange
of heat with the outside. "Another method of obtaining the exact
circumference of the bulb, which is a little easier and perhaps more
exact, is to wind fine thread round it, each turn touching its neigh-
bour closely until, say, ten turns have been taken. The thread is °
then unwound and measured. The tenth part of the length is the
circumference of the bulb. By measuring the axial space occupied
by the ten turns, the correction for * pitch ” can be ascertained, but
if anything but very coarse thread is used it is megligible. The
active superficial area of the bulb is given by adding to the hemi-
spherical end surface the product of the mean circumference into
the total length of the cylindrical part of the bulb. In like manner,
the volume of the bulb is obtained by adding to the hemispherical
volume of the end the product of the mean circular area into the
length of the cylindrical part of the bulb. The volume, multiplied by
0457, gives the thermally equivalent volume or weight of water.

Air thermometers of the simple kind described above, are very
easily made so a8 to give calorimetrical results. It is only necessary
to weigh and measure the piece of glass tube before blowing the
bulb. The shortening of the straight part of the tube after blowing
gives the length of it which has been expanded into a ball, and from
the known length and weight of the original piece of tube, the weight
of the bulb is found. By carefully gauging the volume of the ball its
volume can be obtained, and from that the thickness of the glass.
‘When the specific heat of the glass is known, the water value of the
bulb is given ; if the air contained is taken into account, the value is
increased by from 1 to 2 per cent. The surface of the ball divided by

TableVI.—Particulars of Calorimetric Air Thermometers made of
Lead Glass.

Number of Instrument. 1. 2.

Original weight of tube (grm.)| 17 ‘724 | 18 ‘508 ’ 18°4186 | 18'8136 | 18 ‘6169
»  length of tube (mm ) 2257 | 193:0 | 192°1 196 -4 194°25
1

Ditto after blowing .. .| 197°0 | 144-0 187-0 1260 104°0
Difference. . 28-7 49°0 56°1 70°4 9025
‘Weight of 10 mm. tube (grm ) 0-7853 | 09590 ' 0°9590 | 0°9580 | 0°-9580
Weight of bulb (grm.) ..... 22538 | 4°6991 | 5-2841 | 67443 | 8°6550
Diameter of bulb (mm.).. 24 32 38 45 51

Volume of ditto (c.c.).. 7:288 | 17°157 | 28731 | 47718 | 69456

Surface of buib (sq. cm. ) 18°095 | 32170 . 46°364 | 63617 | 81713
Volume of glass at sp. gr. =
.| 07518 | 1-5664 | 17614 | 2-2481 | 28850
Thxckneu of glau (mm ) 0-415 | 0-487 0°-388 03563 0853
‘Water value of bulb, ap ‘

heat = 0'67.. 0-4282 | 0-8928 | 1°0040 | 1:2814 | 1-6445
Surface + water value . .. .. 42°26 | 3608 | 45°18 87-26 4224




128  The Root of Lyginodendron Oldhamium, Will. [May 31,

the water value gives an expression for the sensitiveness of the instru-
ment.

In Table VI the partnculn.rs of several air thermometers wluch I
. have had made are given. As they are made of lead glass, both the
density and the capacity for heat are higher than in the case of
German glass.

VIL “The Root of Lyginodendron Oldhamium, Will.” By W.
C. WmLiamsoN, LL.D. F.R.S., and D. H. SoorT, M.A.,
Ph.D,, F.L.S,, F.G.S. Received March 14, 1894,

During a re-investigation of the structure of Lyginodendron,*
the results of which we hope to lay before the Royal Society on a
futare occasion, an important fact has come to light, which we desire
to place on record without delay.

A carboniferous fossil, with the strncture perfectly preserved, has
been described in previous memoirs, under the name of Kalozylon
Hookeri, Will.+ We have now established the fact that Kalozylon
was not an independent plant, but was the root of Lyginodendron
Oldhamium.

Specimens, presenting in every respect the typical Kalozylon struc-
tare, have been found in actual continuity with the stem of Lygino-
dendron, arising from it as lateral appendages. Their structure and
mode of origin prove that they were adventitious roots. These
organs branched freely, and we have roots and rootlets of all sizes,
and at all stages of development.

This discovery enables us to give a complete account of the vege-
tative organs of Lyginodendron, as we are now fully acquainted with
the strocture, not only of the stem and foliage, but also of the adven-
titious roots.

Presents, May 31, 1894.
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# Cf. Williamson, “On the Organisation of the Fossil Plants of the Coal
Measures,” Part IV, ¢ Phil. Trans., 1873, p. 377; Part XVII, ¢ Phil. Trans.,’ 1800,
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t+ Cf. “On the Organisation of the Fossil Plants of the Coal Measures,” Part
V1I, ' Phil. Trans.,’ 1876, Part 1, p. 1; Part XIII, ¢ Phil. Trans.,’ 1887, B., p. 289.
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June 7, 1894.
The Annual Meeting for the Election of Fellows was held this day.
The LORD KELVIN, D.C.L., LL.D., President, in the Chair.

The Statutes relating to the election of Fellows having been read,
Sir Erasmus Ommanney and Mr. Scott were, with the consent of the
Society, nominated Scrutators to assist the Secretaries in examining

the lists.

The votes of the Fellows present were then collected, and the fol-
lowing candidates were declared duly elected into the Society :—

Bateson, William, M.A.

Boulenger, George Albert.

Bradford, John Rose, M.D.

Callendar, Professor Hugh Long-
bourne.

Cheyne, Professor William Wat-
son, M.B., F.R.C.S.

Froude, Robert Edmund.

Hill, Professor M. J. M., M.A.,
D.Se.

Jones, Professor John Viriamu,
M.A,, B.Sec.

Love, Augustus Edward Hough,
M.A.

Lydekker, Ricbard, B.A.

Penrose, Francis Cranmer, M.A..
F.R.A.S.

Scott, Dukinfield Henry, M.A.,
F.L.S.

Smith, Rev. Frederick John, M.A.

Swan, Joseph Wilson, M.A.,
F.I.C.
Veley, Victor Herbert, M.A..
F.C.S.

Thanks were given to the Scrutators.



1894.] On the Newtonian Constant of Gravitation. 131

June 7, 1894.
The LORD KELVIN, D.C.L., LL.D., President, in the Chair.

A List of the Presents reccived was laid on the table, and thanks
ordered for them.

The following Papers were read :—

I. “«On the Newtonian Constant of Gravitation.” By C. V.
Boys, F.R.S., A.R.S.M,, Assistant Professor of Physics,
Royal College of Science, South Kensington. Received
May 31, 1894. .

(Abstract.)

The Newtonian constant of gravitation G, i.c., the force in dynes
between 2 grams of matter 1 cm. apart, has been determined with a
very accurately constructed piece of apparatus, designed on the lines
which I laid down in my paper on the Cavendish experiment (‘ Roy.
Soc. Proc’, vol. 46, p. 293). The important dimensions are approxi-
mately—

Distance between centres of lead balls #n plan .. 6 in.

» ” gold " .. 09in.
Diameter of lead balls ...................... 4} in.
£ [ 02 and 0-25 in,

Difference of level between right and left sides . 6 in.

The lead balls were hung by phosphor bronze wires from pillars in
the lid of the apparatus, and the gold balls by quartz fibres from the
ends of the *“beam mirror.” The beam mirror was sapported by a
quartz fibre, 17 in. from a torsion head. An elaborate system of
screens protected the apparatus from temperature variations.

An “optical compass” of extreme precision was employed in
measuring the horizontal distances between the fibres and between
the wires, which alone among the geometrical magnitudes need be
known with a very high degree of precision.

The scale was 9 ft. long, divided into 50ths of an inch. It was
placed at a distance equal to 14,000 divisions. It could be read with
certainty to 1/10 division. The deflections varied according to the
circumstances of each experiment from 351 to 577 divisions, and the
squares of the periods from 35,431 to 58,519 secs.’

X2
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The, experiments - were. carried out by permission of Professor
Clifton, nnder the Clarendon Laboratory, at Oxford.
The result is for

G, the Newtonian constant of gravitation.... 66576 x10~°
A, the mean density of theeurth ........... $5270.

II. “On the Recurrent Images following Visual Impressions.”
By SHELFORD BmpweLn, M.A., LL.B., F.R.S. Received
March 27, 1894.

The earliest recorded observation which I have been able to find
of a certain curious phenomenon associated with optical after-images
is that of Professor C. A. Young, who published a note on the subject
in the year 1872, and proposed that the phenomena should be called
“recurrent vision.”* He noticed that when a powerful Leyden jar
discharge took place in a darkened room, any conspicuous object was
seen twice at least, with an interval of a little less than a quarter of &
second ; often it was seen a third time and sometimes even a fourth.
He thought that the phenomenon suggested the idea of a reflection
of the nervous impulse at the nerve extremities, as if the intense
impression upon the retina, after being the first time propagated to
the brain, was reflected back to the retina and thence again to the
brain, thus renewing the sensation of vision.

A few months later an account of two experiments on the same
subject was published by Mr. A. S. Davis.t In the first, a piece of
charcoal, one end of which was red-hot, was waved about so as to
describe au ellipse or circle a few inches in diameter. A blue image
of the burning end was seen following the charcoal atashort distance
behind it, the space between the charcoal and its image being ab-
solutely dark. The interval of time after which the sensation of
blue light succeeded the primary sensation was estimated to be about
a fifth of a second. The other experiment was made with a piece of
apparatus resembling a photographic instantaneous shutter. The
shutter was interposed between the observer's eye and the sky and
was covered with pieces of coloured glass, through which momentary
flashes of light were allowed to pass. It was found that each flash
was, after a short interval, generally succeeded by a recurrent image,
the colour of which was quite different from that of the glass. The
results of Mr. Davis’s observations are summarised below.

Mr. Davis remarks that except as regards the red glass, the re-
current colour does not differ mauch from the complementary colour,

* Phil. Mag ,’ vol. 48 (1872), p. 843.
t Ibid., vol. 44 (1872), p. 626.
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Table of Mr. Davis’s Observations.

Light transmitted. Complementary colour. Recurrent colour.
Deep blue............ Yellow ............... Greenish-yellow
Green ............c..| Bluered... ..........| Reddish-blue
Yellow........ sece ses Blue.oooveveniiininns .
Orange-red...........| Blue-green............| Red-blue
Purered............. " e No image

and he concludes that when any one of the three kinds of Young-
Helmholtz nerve fibres is excited, an excitation is induced in the
nerve fibres of the other kinds, the process being analogous to the in-
duction of electric currenta.

In 1885 I called attention to a very simple and effective method of
exhibiting a recurrent image.* If an ordinary vacuum tube, illa-
minated by an induction coil discharge, is made to rotate slowly
upon a horizontal axis fixed at right angles to the middle of the tube,
the tube is seen to be followed at a distance of a few degrees by a
ghost-like image of itself, the ghost exactly imitating the original in
form, but having a uniform steel-grey colour. In the same paper the
following observation is noted :—* The vacuum tube being at rest in
a feebly lighted room, I concentrated my gaze upon a certain small
portion of it while the discharge was passing. The current was then
interrupted and the luminous image was almost instantly replaced by
a corresponding image which appeared to be intensely black upon a
less dark back-ground. ‘After a period which I estimated at from a
quarter to half a second the black image again became luminous;
this luminous impression lasted but for a small fraction of a second
and the series of phenomena terminated with its disappearance

. It was also found desirable to make the preliminary
lllnmlnatlon a8 short as possible, a single flash being generally
sufficient to produce the phenomena.” The following comment was
added :—*‘ The series of phenomena seem to be due to an affection of
the optic nerve which is of an oscillatory character. Abnormal dark-
ness follows as a reaction after the luminosity,and again after ab-
normal darkness there is a rebound into feebler luminosity.”

The subject has recently attracted much attention in connectioa
with the experiments of M. Aug. Charpentier. The account of
them given by M. Charpentier in a paper on ‘ Retinal Oscillations”t
is briefly as follows :—If a black disk having a white sector is illu-
minated by a strong light, and slowly tnrned ronud while the

@ ¢ Nature,’ vol. 82 (1885), p. 30.
4 “ Oscillations rétiniennes,” ‘Comptes Rendus,’ vol. 113 (1891), p. 147. See
also “ Réaction oscillatoire de 1a Rétine,” ¢ Arch. de Physiologie,’ 1892, p. 541.

>
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obseryer's eye is fixed upon its centre, there appears upon the white
sector, near to its leading edge, a well-defined dark band, which is
separated from the black ground of the disk by a similar white band.
The angular extension of the dark band increases with the speed of
rotation, so that it always takes the same time to pass over a fixed
point on the retina ; it begins about one-sixty-fifth or one-seventieth
of a second after the first passage of the white, and lasts sensibly the
same time. He goes on :—* The dark band is in fact only a kind of
reaction of the retina after the luminous excitation, a reaction which
can be demonstrated in a totally different manner. I have found
that if an instantaneous luminous excitation is produced in complete
darkness the sensation' appears to be reduplicated ; shortly after its
first generation it seems to disappear and then manifest itself again.
This is the case, for example, when a single discharge from a
Ruhmkorff coil is passed through a Crookes or (Geissler vacuum tube,
or simply, but less obviously, through the air. . . . . There is, then,
in this last experiment, as in the first, a negative reaction of the retina
under the influence of excitation. . . . . It would be difficalt, and in
any case premature, to indicate the cause of this phenomenon, but it
may fairly be characterised as the result of a retinal oscillation set up
under the influence of the beginning of the luminous excitation.” I
think it clearly appears from the above extract that M. Charpeutier
was unacquainted with the earlier observations of myself and others.

In consequence of the importance which seemed to be attached by
physiologists to the phenomena of visual reaction, as evidenced by
Professor Burdon Sanderson’s recent Presidential Address to the
British Association,* I was induced to undertake the further experi-
mental investigation, of which an account is given in the present
paper. This deals partly with the colours of recurrent images under
different conditions, and partly with the reaction attending the early
stages of a luminous impression as noticed by Charpentier.

In the observation of the recurrent images set up by the action of
light of different colours I began, like Mr. Davis, by using coloured
glasses.

A metal disk, about 8 cm. in diameter, was arranged so as to rotate
slowly and steadily about its centre in front of the condenser of a
projection lantern. Near the edge of the disk was a circular aperture
about 0'5 cm. in diameter, the image of which was focussed upon a
distant screen. A plate of coloured glass was placed before the pro-
jecting lens, and thus was obtained a small, coloured disk of light,
which described a circular path upon the screen. The coloured disk
was, in most cases, seen to be followed at an interval of a few degrees
by a ghost of the same size and shape, but of feebler luminosity, and
of a hue which varied more or less with the colour of the glass

& ¢ Brit. Assoc. Rep.,” 1893. ¢ Nature,’ vol. 48, p. 468.
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employed. With white electric light the colour of the ghost was
violet.

This method of experimenting was, however, found to be unsuited for
the purpose in view, and I mention it only on account of the facility
which it affords for exhibiting the phenomenon to a large number of
persons. To obtain results of any value, it was necessary to employ
the simple colours of the spectrum, and the arrangement finally
adopted for this purpose is indicated in fig. 1. L is a lantern con-

Fia. 1.
Q
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taining a high-pressure oxyhydrogen light, which is better adapted
for the experiment than an arc lamp, the intensity of the light being
easily varied. S is an adjustable slit, M a projection lens, P a bi-
sulphide of carbon prism, D a metal plate, in the middle of which is
a circular aperture 2 mm. in diameter. A spectrum, 6 or 7 cm. in
length, can be projected upon D, a small selected portion of it passing
through the aperture and falling upon the mirror Q, which is 8 cm.
in diameter. To the back of the mirror is attached a horizontal arm,
which is not quite perpendicular to the mirror, its inclination being
capable of adjustment. The arm is rotated by clock-work, and turns
once in 1} secs.

It was at first attempted to study the phenomenon by direct eye
observations of the reflected image of the aperture in the rotating
mirror, the aperture being covered by a piece of finely-ground glass;
bat, for pretty obvious reasons, no satisfactory results could be thus
obtained.

A telescope was then employed, having a power of 12, and an eye-
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piece with a large field, I believe that, after sufficient practice, this
would be found the best possible method of observation; but it is
exceedingly difficult to keep the eye absolutely steady, and untrained
observers never succeeded in seeing the looked-for phenomena at
all.* Since it seemed desirable that my own observations should be
confirmed by others, I abandoned the telescope and the ground glass,
and by means of the lens N focussed the reflected image of the
aperture upon a white screen, R. The diameter of the projected
disk of coloured light was about 1'5 cm., and that of the approxi-
mately circular path which it described, 30 cm. To aid in steadying
the eye, a spot of luminous paint, upon which the gaze might be
directed, was applied at the centre of the circle. With this arrange-
ment, almost any one can see the ghosts without the smallest
difficulty.

When the mirror turns once in 14 secs., the ghost or recurrent
image appears about 50° behind the coloured disk, the corresponding
time interval being onme-fifth of a second. Exact measurement is,
however, not easy, and it is probable that the interval is not quite
the same with light derived from different portions of the spectram.
The ghost appears to be circular in form, its diameter being generally
rather less than that of the original. The colours of the recurrent
images, as specified below, have all been observed by several persons,
and, except as to those at the extreme limits of visibility, all the
observations were in agreement.

Ezperiment 1.

Spectrum colours. Recurrent colours.
Extreme violet....... No perceptible image.
Middle violet ........ A pale image, variously described as grey, yellow, and
greenish-yellow.
Dark blue........... Feeble violet.
Light blue .......... Brighter violet.

Middle green........ Bright violet. The image is more conspicuous with
green light than with any other.

Greenish-yellow ..... Blue.

Orange-yellow ....... Bluish-green,

Orange ............. Dark bluish-green.

Orange-red.......... Very dark bluish-green.

Red................ Noimage at all, however bright the red was made.

The violets all appear to my own vision slightly redder than the
violet of the spectrum.
. The following experiment was then made.

& If a telescope is used, the mirror must be silvered on its outer surface, and in
the air of a laboratory is quickly tarnished.
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‘Experiment 2.

For the screen with the aperture at D, fig. 1, another was substi-
tuted, having a horizontal slit 7 cm. long and 2 mm. wide, the image
of which was projected upon the screen R after reflection from the
rotating mirror. Thus a small spectram was produced, which re-
volved parallel to itself, in a circle about 1 metre in diameter.* The
eyes were directed upon a fixed spot near one end of the horizontal
diameter of the circle. The spectrum was followed by a ghost of the
form rather roughly indicated in fig. 2. It extended from the orange
of the spectrum to the beginning of the violet, terminating somewhat
abruptly at the orange end, and fading away gradually at the other.
The image was distorted, as shown in the figure, approaching nearest
to the spectrum at about the middle of the green, a little on the more
refrangible side of the most luminous portion. The distance sepa-
rating the spectrum from the image increased more rapidly towards
the red end of the spectrum than towards the violet end, and the
image was widened out considerably at the violet end; but neither
the moving spectrum itself nor its recurrent image was so sharply
defined as appears in the diagram. °

It was remarkable that the whole of the recarrent image of the
spectrum was of a violet hue, being brightest where the distance
rrom the spectrum was least. No trace whatever of yellow or
greenish-yellow could be detected at the more refrangible end, nor
of blae or bluish-green at the other.

The apparent absence of any colour except violet in the recurrent
image of the complete spectrum is capable of two possible explana-
tions. The greenish-yellow seen at one end, and the blue and bluish-
green seen at the other, when the spectrum colours are tested sepa-
rately, may be due merely to an effect of contrast, the true colour of
the image being in both cases a weak violet. Or, on the other
hand, these colours may really be present at the ends of the image
of the whole spectrum, being, however, of too weak an intensity
to be distinguishable when in proximity to the more luminous por-
tions of the spectrum itself and of its image.

Two experiments were made in the hope of settling this question.

Ezperiment 3.

The slit at D was removed, and in its place was put a zinc plate
having two small apertures close together. A second lantern and
prism were set up, and two spectra were projected upon the zinc
plate. By the help of screens, things were so arranged that a violet

¢ Helmholtz observed the after-images of a spectrum seen for an instant, but
failed to notice the dark interval which preceded their appearance (‘ Phys. Opt.,’
p- 376).
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Fia. 2.

ray from one spectrum passed through one of the apertures, while a
violet ray from the other spectrum passed through the other.
These were reflected from the mirror (which was not rotated), and
formed two violet disks side by side upon the screen. By adjusting
the widths of the slits and the intensities of the limelights, one of



1894.] Images following Visual Impressions. 139

these disks was made -as bright as possible, and the other very
feeble. By the side of the bright violet disk the feeble one often
seemed to be of a greenish-yellow hue, though, when seen alone, it
was distinctly violet.

Ezperiment 4.

In a similar manner a feeble violet and brighter greenish-yellow
were placed side by side, but, however much the intensity of the
former was diminished, it could never be made to assume a blue
coloar at all comparable to that possessed by the recurrent image of
the greenish-yellow. Nor did it appear bluish-green beside orange-
yellow or orange-red.

While, therefore, the result of Experiment 3 is consistent with the
contrast hypothesis, that of Experiment 4 appears to be opposed to
it; but there is so great a difference in the circumstances of the two
kinds of observation, the one involving a deliberate comparisen of the
colours of two stationary luminous disks, and the other an estimate
formed while a disk and its recarrent image were in rapid motion,
that the opposing evidence cannot be regarded as conclusive.
Another experiment was therefore devised.

Ezxperiment 5.

The original screen with one small aperture was placed at D, and
two spectra were projected upon it in such a manuer that a green
ray from one spectrum, and a red ray from the other, passed through
the aperture, forming red and green images which were exactly
superposed upon the screen R. The colour of the single image thus
formed could, by suitable regulation of the limelights, be made
greenish-yellow, ycllow, or orange-yellow, these colours being, of
course, not simple ones, but compounds of red and green. Now, red
by itself gives no recurrent image whatever (this was verified before
proceeding farther by shutting off the green ray), while green by
itself gives a violet recurrent image. The question to be decided
was whether the green, when accompanied by the inert red, would
give a violet recurrent image as if it were alone, or whether the com-
pound colour formed by the combination—grecnish-yellow, for
example—would be attended by a blue or biuish-green recurrent
image, just as if the compound were a simple spectrum colour.

The latter was fonnd to be the case. The same hue of greenish-
vellow, whether a eimple spectram colour or a compound of red and
green, was always attended by a blue ghost. When the red ray of
the compuund was shut off by a screen, the ghost instantly became
violet : when the screen was removed it at once resumed its blue
colour.
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This experiment,.thongh not conclusive, is clearly in favour of the
probability that the blue and bluish-green recurrent colours apparently
observed when the yellow and orange portions of the spectrum are
tested separately are due merely to an effect of mental judgment, and
not to any cause of a physiological nature.

There are, thercfore, four independent facts which are consmtent
with the conclusion that luminous recurrent images are due to a
reaction of the violet nerve fibres only.

(a.) With white light the recurrent colour is violet.

(b.) In the recurrent image of the complete spectrum no colour
but violet can be detected.

(c.) A pure red light, however intense, gives no recurrent image.
It is gemerally supposed by the supporters of the Young-
Helmholtz theory that red hght has no action upon the
violet nerve-fibres.

(d.) The a.pparently blue colour of the ghost of simple spectrum
yellow is just as well prodnced by a compound yellow con-
sisting of green and red, the latter of which is inert when

() tested separately.

The path of the revolving spot of light is generally marked by a
phosphorescent track, which, when the rate of revolation is not less
than one turn in 1} secs., often forms a complete circle. The bril-
liancy of this luminous trail seems to vary with different observers,
in some cases apparently being so intense that the recurrent image
cannot be distinguished from it at all. The trail is due to the usually
feeble continuation of the after-image, of which the bright initial
stage constitutes the recurrent image.

A spot of red light, although it is never followed by a ghost, is
always considerably elongated during its revolution, and its colour
ceases to be uniform, the rear portion assuming a light bluish-pink
tinge. However small the spot of light is made, and however high
the speed of revolution, no complete separation of the spot into red
and pink portions has ever been effected.

In the experiment next to be described the Charpentier effect and
the recurrent image are made to exhibit themselves simultaneously.

Ezperiment 6.

Two blackened zinc disks, 15 cm. in diameter, from each of which
two opposite quadrants were cut out,* were mounted in contact with
each other on a horizontal axis, driven by clockwork and making one
turn in 11 secs. By slipping the disks over one another round their

* Tt was found necessary to cut out two quadrants instead of only one, in order
to balance the disks and secure uniform rctation.
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centres, oppositeopen- sectors might be obtained, of any aperture
from 0° to 90°. The apparatus was set up opposite a box containing
a 32-candle power incundescent lamp, with a variable resistance in
the circuit, the side of the box between the lamp and the disks being
covered with a sheet of ground glass.

The sectors being in the first place opened as widely as possible,
I fixed my eye upon the eentre of the double disk, and at once saw
Charpentier’s dark band upon the illuminated background.

The sectors were then gradually closed up, until the posterior edge
of the dark band approximately coincided with that of the sector.*
When this was accomplished it was found that the arc of the open
sector was equal to about g5 part of the whole circumference. The
dark reaction, therefore, ceased in (34 of 14 secs. =) 3%; sec. after the
first impact of the light upon the eye.

For more readily demonstrating the succeeding phenomena, it was
found convenient to again open the sectors a little, so that they
covered an angle of about 10° or 12°. Resuming the observation, it
was seen that the posterior edge of the open sector was bordered by
a luminous fringe due to persistence. A little beyond the termina-
tion of the fringe there appeared an intensely black radial band,
estimated to cover a space of from 3° to 4°, and easxily visible even
upon the black ground of the metal disk, thoungh it is shown far
more conspicuously upon & translucent disk made of stout writing-
paper, with a sector cut out. Lastly, after another interval of,
perhaps, 35° or 40°, came the luminous recurrent image,+ which,
with- the yellowish light of the incandescent lamp, appeared to be of
a blue colour. By varying the angular aperture of the sector, it
was ascertained that the recurrent image appeared at a fixed interval
after the light was cut off, and not after its first impact.

This method of observation revealed one other point of interest,
which seems hitherto to have escaped notice, though it is evident
enough with a Charpentier disk, when once attention has been
directed to it. The average illamination of the bright band inter-
vening between the dark band and the leading edge of the sector is
much more intense than that of ¥he other portion of the sector.
Moreover, it is not uniform, but increases, gradually at first, and
very rapidly at last, from the leading edge up to the dark band.
In fact when the light used is not strong, the luminous margin of the
bright band is a far more conspicuous object than the dark band
itself : it appears to glow almost like a white-hot wire.

Charpentier states that, under favourable conditions, he has been

® This was not a very easy operation, because the luminous sector was slightly
widened by persistence, especially near the circumference.

4+ This, of course, cannot be seen upon a translucent paper disk being over-
powered by the transmitted light.
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able/ to detect the existence of a second, and even of a third, dark
band of greatly diminished intensity, though he adds that the obser-
vation is a very difficult one.* What is probably the same effect in &
different form can, however, be shown quite easily in the following
manner. '

Experiment 7.

In a blackened gzinc disk 15 cm. in diameter, there were cut two
opposite radial slits, about 0'5 mm. in width. The disk was rotated
at the rate of one turn per second in front of a sheet of ground glass,
behind which was an incandescent lamp. The glass was covered
with opaque paper, in which a circular opening was made of slightly
less diameter than the disk. The disk was placed opposite this
opening, and no light reached the eye except such as passed through
the two slits. When the disk was observed from a distance of about
11 metres, the eye being fixed upon its centre, each slit appeared to
give four (or possibly five) luminous images, arranged like the ribs
of a partly opened fan. The images were distinctly separated by
dark intervals near the circamference, but overlapped one another
towards the centre. The leading image was naturally the brightest,
each consecutive image being considerably weaker than its precarsor.
All had the same tone of colour, namely that of the yellowish-light
given by the electric lamp. The usual blue recurrent image could
also be seen following the images of the radial slits, at an angle of
" about 80°.

It appears, then, that when the retina is exposed to the action of
light for a limited time, the complete order of visual phenomena is
as follows :—

(1) Immediately upon the impact of the light there is experienced
a sensation of lnminosity, the intensity of which increases for
about one-sixtieth of a second : more rapidly towards the end
of that period than at first.

(2) Then ensunes a sudden reaction, lasting also for about one-sixtieth
of a second, in virtne of which the retina becomes partially
insensible to remewed or continued luminous impressions.
These two effects may be repeated in a diminished degree, as
often as three or four times.

(3) The stage of fluctuation is succeeded by a sensation of steady
luminosity, the intensity of which is, however, considerably
below the mean of that experienced during the first one-sixtieth
of a second.

* 1 have noticed that the intensity of the dark band always appears to fluctuate
very rapidly, perhaps twenty or thirty times in a second. The rate of fluctuation
is quite regular, and independent of the rate of rotation.
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(4) After tho external light has been shut off, a sensation of
diminishing luminosity continues for a short time, and is suc-
ceeded by a brief interval of darkness. '

(5) Then follows a sudden and clearly-defined sensation of what
may be called abnormal darkness—darker than common dark-
ness—which lasts for about one-sixtieth of a second, and is
followed by another interval of ordinary darkness.

(6) Finally, in about a fifth of a second after the extinction of the
external light, there occurs another transient impression of
luminosity, generally violet coloured, after which the uni-
formity of the darkness remains undisturbed.

An attempt has been made in fig. 3 to give a rough diagrammatic
representation of the above-deseribed chain of semsations. No
account has been taken of the comparatively feeble after-image, to
which the phosphorescent trail before referred to is due, and which
raay last for two seconds or more.

In conclusion, it may not be unnecessary to add a warning that,
though all the effects here described have been witnessed withount
mauch difficulty by several persons besides myself, it is hardly probable
that any one, who is quite unaccustomed to observations of the kind,
will be entirely successful in a first attempt at repeating the ex-
periments.

EN

Addendum. May 24th.

Since the above was written, there has been brought to my notice
an important paper by Dr. Carl Hess, * On the After-images follow-
ing luminous Impressions of short Duration.”®* In his principal
experiments momentary illumination was produced by means of an
instantaneous shutter, giving an exposure of 1/100 or 1/200 second.

® Pfliiger’s ¢ Archiv fir Physiologie,’ vol. 49 (1891), p. 190,
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Observations were made of the effects following excitation by white
light, by coloured light derived from different portions of the spec-
trum, and by the whole spectram at once. In all his experiments,
Dr. Hess noticed the occarrence of what he speaks of as a negative
after-image of very short duration (corresponding to what I have
called an interval of darkness) which followed almost immediately
upon the termination of the illumination, and preceded what is
“ commonly known as the positive after-image.” He states that this
negative after-image which, according to his measuremeunts, lasted
for about one-third or one-half second, was overlooked by Helmholtz,
Aubert, Fich and others. Hering, however, had reasons for suspect-
ing its existence, and it was to test this point that the experiments
in which Hering himself co-operated, were undertaken.

The negative after-images are stated not to have heen represented
in all cases by mere darkness. Under favourable conditions, the
“ dark after-image " succeeding a momentary excitation by coloured
light, was tinted with a colonr complementary to the original one;
and when the stimulus was generated by the complete spectrum, all
the complementary colours were seen for a short time after its disap-
pearance. No such complementary tints have ever revealed them-
selves in my own experiments, the space between the primary
luminous image and its ghost always appearing as simply dark.

The colours assigned by Dr. Hess to the * positive after-images”
also differ from those observed by myself. In most cases he describes
the positive after-image as either having a feeble colour of the same
hue as that of the light employed for the stimnlus, or as being
colourless.

Dr. Hess considers, as I do, that the brightest portion of the posi-
tive after-image of the spectrum corresponds with the greenm, and
remarks that the brightness decreases gradually towards the more
refrangible end of the spectrum, and much more quickly towards
the less refrangible end.

Such discrepancies as seem to exist between Dr. Hess’s resalts and
my own may perhaps be accounted for by the very different methods
of observation which we employed. A stationary stimulus would, no
doubt, be better adapted than a moving one for developing the feeble
tints of the dark negative after-images, as well as those exhibited by
the bright positive after-images during by far the greater part of
their continuance, which, according to Dr. Hess’s estimate, is as long
as from four to eight seconds. On the other hand, the method
adopted by myself discloses the important fact,of which Dr. Hess
makes no mention whatever, that the positive images are immensely
brighter for a very brief initial period—not more than one-tenth of a
second—than daring their subsequent existence. While this phase
of transient brilliancy altogether failed to attract Dr. Hess’s notice,
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it constituted in. my own experiments the chief and most striking
phenomenon: and it was to the colours which appeared during the
bright phase that my attention was exclusively directed, the tints of
the relatively insignificant *luminous trails” being too faint to be
distinguishable.

It is clear that the momentary excessive brightness of the positive
image is no less essential than the dark interval (or negative after-
image) for the generation of the phenomenon of recurrent vision
which forms the subject of the present paper.

III. « Niagara Falls as a Chronometer of Geological Time.” By
J. W. SPENCER, Ph.D. Communicated by Professor T. G.
BoNNEY, F.R.S. Received March 16, 1894.

(Abstract.)

1. Conjectures as to the Age of Niagara Falls.—Prior to the writing
of the present paper, most of the conjectures as to the age of the
Falis have been based simply upon the supposed uniform rate of
recession. Thus, in 1790, Andrew Ellicott assigned 55,000 years as
the age of the Falls. In 1841, Sir Charles Lyell allowed 35,000 years;
in 1886, Professor R. S. Woodward, after three surveys had been
made, calculated the age as 12,000 years; and later, Mr. G. K. Gilbert,
supposing the recession to progress at the maximum axial retreat
alone, reduced the age of the Falls 6,000 years. This latter was not
intended as an estimate, as he fully recognised that such a time must
have been greatly lengthened by many changing conditions. The rate
adopted by the first two writers was only conjectural, as no surveys
had then been made. Three surveys had been completed before the
writings of the latter two writers, and I have had the benefit of &
fourth. Woodward’s calculation was upon the mean mathematical
enlargement of the Horseshoe gulf at the end of the chasm, which
rate was less than the geological rate of retreat. 'The author’s
method differs from the others in that it takes into consideration the
rate of recession throughout the changing episodes of the river,
which have been entirely discovered by Gilbert or himself. His com-
putations make the age surprisingly near to the conjecture of Lyell.

2. Modern Topography.—This section of the paper gives such
details as bear upon the subject, some of which do not appear else-
where.

3. Geology of the District.—Besides what may be found in other
works, there are several measured sections and descriptions showing
the amount of work the river had to do. Several figures illustrate
the varying conditions.

VYOL. LVI. Y
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4, Ancient Topography.—The Niagara is a modern river. Tt crosses
a broad ancient valley nearly 100 ft. deep, in the vicinity of the Falls.
This depression bas largely escaped the attention of even geologists,
and entirely in its bearing upon the history of the Falls. The pecu-
liar extension of the chasm at the Whirlpool, and the buried valley of
St. David’s, have been considered by many as part of a preglacial
Niagara river. This is now found to be a branch of a buried valley
outside the Niagara casion, and hundreds of feet shallower, with
ancient sloping \/-shaped walls, whilst those of the gorge are vertical.
It is only an incident that the modern river touched this drift-filled
valley, but it has given rise to the elongation of the chasm at the
Whirlpool. The drainage of the tableland in ancient times was across
the direction of the Niagara river, and was strongly marked by bold
limestone ridges, which have only been penetrated by the Falls in
modern times. Even the Erie basin emptied by a roate several miles
west of the Niagara.

5. Basement of the River.—In order to explain the work done by
the river, this feature is described, part of the banks of the original
course, before sinking into the chasm, being on hard rocks, and part
on local deposits of drift. Even the deserted river banks carved out
of such accumulations are still well preserved.

6. Discharge of the Niagara River.—This is only important in order
to learn what is the discharge of the Erie basin alone; for during a
considerable portion of the life of the Niagara only the Erie waters
fell over the falls. The drainage of the Erie basin is 3/11 of thaé
of the four great upper lakes.

7. Modern Recession of the Falls.—From four surveys, extending
over a period of forty-eight years, the mean modern rate of recession
of the Falls is found to be 4175 ft. a year. Its rate is variable with
secular episodes of rapid medial recession, followed by its cessation along
the axis, but with increased lateral retreat. This cycle appears to
take about fifty years. But the detailed figures are given with a map.
This rate is, however, excessive, on account of the geological con-
ditions favouring the rapid modern recession, but the rate taken for
the mean recession under the conditions of the modern descent of
the river with the present discharge is 3:75 ft. a year.

8. Sketch of the Lake History and the Nativity of Niagara River.—
At one time a great proportion of the lake region was covered by a
single sheet, or the Warren Water. Upon its dismemberment—in part,
at least, by the rise of the land—one large lake was formed occupying
the basins of Huron, Michigan, and Superior; and another a portion
of the Erie extending into the Ontario basin. The waters in these
two basins were subsequently lowered, so that they fell to their rocky
castern rims, and the three upper lakes discharged by way of Lake
Nipissing and the Ottawa river, and the Niagara had its birth,
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draining, only| the- Erie- basin. Then the Niagara river descended
200 ft. In course of tine the waters subsided 220 ft. more, but.
eventually they were raised again 80 ft. at the mouth of the Niagara,
thus reducing the descent of the river, from the head of the rapids
above the falls to the foot of the last rapids in its course to the lake,
to 320 ft. During the lowest stage, Ontario lake receded twelve miles
from the end of Niagara gorge, where the falls had been located at
their nativity.

9. Laws of Erosion.—Theoretically the erosion varies as the height
of the falls and the volume of the water, but some of the work is
converted into heat. The recession is largely due to the work being
expended in the undermining of the hard capping rocks, by the
removal of the underlying shales. The rate of the modern recession
has been determined under the changing conditions of erosion, so
that the theoretical variations of other portions of the river's work
includes their modification.

10 and 11. Episodes of the River and the amount of Recession in each.
Duration of each Episode.—First episode: Water falling 200 ft., in
volume 3/11 of modern discharge; gorge, 11,000 ft. long; duration,
17,200 years. Second episode: river descending 420 ft., in three
cascades; first stage, only the discharge of the Erie waters; length of
chasm, 3,000 ft.; duration, 6,000 years ; second stage, drainage of all
the upper lake ; length of chasm, 7,000 ft.; duration, 4,000 years.
Third episode: same volume and descent as in last, but the three
falls united into one fall; length of chasm, 4,000 feet; daration,
800 years. Fourth episode : volume of water as at present, the level
of lower lake as to-day ; firet stage, a local rapid making the descent
of 365 ft.; work particularly hard ; length of gorge, 5,500 ft.; dura-
tion about 1,500 years; the second stage as at present; work easy ;
length of caiion, 6,000 feet ; descent of water, 320 ft.; rate of reces-
sion here taken as the full measured amount of 4:175 ft. a year;
duration, 1,500 years. Thus the age of the falls is computed to be
31,000 years, with another 1,000 years as the age of the river before
the nativity of the Falls. The turning of the Huron waters into the
Niagara was about 8,000 years ago. A difficult question was the
amount of work done in each episode. This was in part determined
by the position of the remaining terraces corresponding to different
stages of the river, and by the changing effects of erosion.

12. Relations between the Terrestrial or Epeirogenic Movements and
the Falls.—The deserted beaches in the lake region have been deformed
by unequal terrestrial elevation, and this movement has caused the
changing conditions of the river in a large part, such as the tarning
" of the Huron waters from the Ottawa valley to the Erie basin. This
deformation affecting the Niagara district, since the commencement
of the river epoch, amounts to 2'5 ft. per mile; east of Lake Wwurom,

L2
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4 ft. per, mile;;:and at-the outlet of Lake Ontario, 5 ft. per mile; all ina
north-eastward direction. Taking the amount of movement in each
district as representing also the proportional measure of time, then
calculations can be made upon several of the beaches, and in terms of
the age of Niagara their antiquity can be inferred. The importance
of the computations in this paper is that they support the correctness
of the calculated age of the Falls. In the application of these results
it appears. that the rate of terrestrial uplift in the Niagara district is
about 1:25 ft. a century ; 2 ft. east of Lake Huron, and 2°5 ft. at the
outlet of Lake Ontario. Here was found the first long looked-for
indication of the rate of uplift.

13. The Relation of Niagara Falls to Geologtcal Time.—From the
study of the deserted beaches, it appears that the commencement of
the lake epoch was as long before the birth of Niagara Falls as the
Falls are old, so that the beginning of the lake age was probably
64,000 years ago, or perhaps even 80,000 years. Against this con-
jecture we have as yet no proof. On the other hand, some suppose
the lakes to have been held in by glacial dams, continuing for long
episodes at the same level, and by the withdrawal of the glaciers
the waters were lowered in addition to the terrestrial deformation.
With this assumption, the retreating ice continued until the end of
the Iroquois episode, or from our computations until 14,000 years
ago. But here we need much more investigation. The present paper
is merely a contribation in a field of work in America, in which only
a few workers have 80 far contributed the detailed labours upon which
this study is built.

14. The End of the Falls—From the rate of terrestrial elevation
and the rate of recession of the Falls, it appears that if the move-
ments continne as they have been progressing, then before the Falls
‘shall have retreated to Lake Erie, the Niagara outlet will have been
deserted, and the waters of the upper lakes will discharge by way of
Chicago into the Mississippi drainage, a change analogous to the
turning of the Huron waters into the Erie valley from the Ottawa
outlet. This change might be expected 7,000—8,000 years hence.

IV. “The Influence of Intra-Venous Injection of Sugar on the
Gases of the Blood.” By VAuGHAN HARLEY, M.D., Teacher
of Chemical Pathology, University College, London, Grocer
Research Scholar. Communicated by GEORGE HARLEY,
M.D., F.R.S. Received May 9, 1894.

In a paper on “The Effects and Chemical Changes of Sugar
injected into a Vein”® I showed that when grape sugar is injected

# ¢ Roy. 8oc. Proc.,’ 1893.
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into the jogular vein of a dog it causes an augmentation in the
quantity of lactic acid in the circulation, the quantity of the acid
steadily increasing until it reaches its maximum in about three hours
after the injection. It then gradually, hour by hour, decreases, until
in about six hours it returns to the normal amount. The question as
to the base with which the lactic acid combines to form a lactate is,
however, still unsettled.

The results of Walter's* experiments, in conjunction with the
often-noticed fact that ammonia is increased in the urine of diabetes,
led me to imagine that the lactic acid combined with ammonia, until
I found that the breaking up of sugar in the organism has no infiu-
ence whatsoever on the amount of ammonia in the blood, and conse-
quently it cannot be the base.

It then appeared to me probable that the lactic acid had combined
with the bases of carbonates in the blood, having driven out the
carbonic acid from its compound.

In order to try and settle this point, I estimated the quantity of
carbonic acid in the blood under different conditions.

The series of experiments I am now about to record were performed
in the Physiological Institute at Leipzig, and I wish to express my
gratitude to Professor C. Ludwig for the kind assistance he gave me
in the matter.

The experiments, which were made on dogs, were conducted in the
same maunner a8 in my previous researches, above alluded to, except
that blood was withdrawn only three times from each dog. In order
to obtain a normal standard, the first specimen of blood was taken
before the sugar was injected, the second was withdrawn in an hour,
and the third in from three to five hours after the intra-venous
injection of the sugar.

In order that the composition of the blood might be altered as little
as possible by the bleeding, only 30 c.c. of blood was collected each
time.

In all cases the blood was collected under mercary from the carotid
artery. The gases were pumped from the blood by means of a
Ludwig mercurial pump, and analysed by Bunsen’s method.

The quantities of gases found were calculated at 0° C. and 760 mm.
of mercury, and are expressed in volumes per cent.

Before alluding to the changes found in the blood gases, I will briefly
give, in a tabular form, the results obtained from each experiment :—

® Walter, ¢ Arch. Exper, Path. u. Pharm.,’ vol. 7, p. 168, 1877.
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Experiment 1.

‘ s 3 s Volumes per cent. at
Weicht | Quantity injected of 0°C. and 760 mm. Hg.
[2 a Condition.
anim . .
: Sugar, in NaCl | Carbonic
grams. solution. [  acid. Oxygen.
kilos. total. | per kilo. c.c.
7 Before sugar
injeotion ...| 60 866 120 87380 22°280
1 hour after ..| .. . e 27 -006 17071
6 hours after..| .. . .o 84367 14,-886

The only nerve symptoms after the sugar injection were manifested
in vomiting and muscular tremors. These were not accompanied by
coma or any other symptom.

The quantity of carbonic acid found in the standard specimen of
blood was 37-380 per cent., whereas, in that taken an hour after the
sugar injection it was only 27:006 per cent., that is to say, & diminu-
tion of 10374 per cent. in the amount of carbonic acid followed upon
the intra-venous injection of the sugar, while the blood withdrawn
five hours later contained 34:357 per cent. of carbonic acid, this being
only 3-023 per cent. less than that in the standard blood. The
carbonic acid, thus tending to return to the normal amount, showed
that the influence of the sugar on the carbonic acid in the blood is
merely temporary.

The quantity of oxygen in the standard blood was found to be
22-280 per cent. An hour after the sugar injection it had fallen to
17071 per cent., thus giving a diminution of 5209 per cent. Five
hours later it was still further decreased, being only 14:886 per cent.
Consequently, in this respect the effect of the sugar on the oxygen is
different from that upon the carbonic acid.

Experiment 2.
Quantity injected of Voolumes per cent. in
Weight 0°C.and 760 mm. Hg.
of ) Condition.
anima . .
* Sugar, in NaCl | Carbonic
gmmn, 5 solution. acid. Oxygen
kilos. total. | per kilo. c.c. *
6 Before sugar
injection ...| 50 10 100 38541 19902
- 1 hour after..| .. ve .o 28-042 | 7-220
44 hours after.| .. .e .. 28 ‘926 l 13968
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The, nerye; symptoms following the injection of the sugar were
greater in this case. The vomiting and tremors of the limbs were
followed by well-marked epileptic fits, which, an hoar later, were
succeeded by a semi-comatose condition. Although the animal counld
still be roused, it remained in a sleepy condition up to the third
bleeding, when it was killed.

The percentage of carbonic acid fell in the first hour after the
sugar injection, while the animal was in a drowsy condition, from
38-541 to 28'042. This gives a diminution of carbonic acid of 10499
per cent. Four and a half hours after the injection the carbonic acid
had risen to 28926 per cent. That is to say, it was 9-615 per cent.
less than the quantity found in the standard blood.

The oxygen which originally stood at 19902 per cent. fell, in the
first hour, to 7-220 per cent.; therefore it was 12:682 per cent. less
than the normal amount. In four and a half hours after the sugar
injection it increased to 13-968 per cent., which is only 5-934 per cent.
less than the original quantity found.

Thus it appears in this case there was a greater diminution in both
the carbonic acid and oxygen of the blood during the first hour than
in the former experiment ; a result corresponding with the far greater
nerve disturbances, and no doubt due, as stated in my former paper,
to a larger percentage of sugar to bodily weight baving been injected
iato the circulation. It was found in this case that the carbonic acid
was, four and a half hours after the injection of the sugar, while the
animal was in a semi-comatose state, almost as low as during the first
hour. The oxygen had by this time, on the other hand, markedly
increased in quantity. '

These results having been obtained, it was decided to withdraw the
third portion of blood somewhat earlier after the sugar injection than
in the foregoing cases.

Experiment 3.
ity ind Volumes per cent. at |.
Weight Quantity injected of 0°C.and 760 mm. Hg.
of Condition.
animal. Sugsr, in NaCl | Carbonic | or  en
grams. solution. acid. ygen.
kilos. total. | per kilo. c.c.
23 Before sugar
injection. ..| 240 10°4356 480 42260
1 hour after ..| .. e . 83-076 10-217
8 hours after..| .. . . 88°000 14°669

Here the nervons symptoms which showed themselves in the form
of vomiting, trembling, and two epileptic attacks were followed by
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drowsiness, which lasted until after the second bleeding, The drow-
siness in this case passed off before the third bleeding.

In the standard specimen of blood the carbonic acid was 42:260 per
cent., and an hour after the intra.venous injection of the sugar it
fell to 33:075 per cent., being a decrease of 9185 per cent. The
third portion of blood taken in three hours, that is to say after the
drowsiness had passed off, was found to contain 38'000 per cent. of
carbonic acid, a decrease from the normal of 4260 per cent.

The specimen of oxygen from the normal blood was lost. The
quantity found an hour after was 10-217 per cent., and three hours
after the sugar injection it had increased to 14-569 per cent.

The results of this experiment, as far as they go, correspond very
closely with those of Experiment 1; in which there was likewise
only a very slight nervous disturbanoe.

Experiment 4.
ity injected Volumes per cent. at
Weight Quantity inj of 0°C.and 760 mm. Hg.
o Condition.
animal. : .
Sugar, in NaCl Carbonic
grams. solution. acid. Oxygen.
kilos. total. | per kilo. c.c.
20'5 | Before sugar
injection. ... | 280 11.2 460 89-520 16 -025
1 hour after ..| .. . . 32140 15°561
8 hours after..| .. . . 24°725 17767

Although this dog had vomiting and marked tremor of the limbs
there were no epileptic seizures. Sleepiness, however, came on later,
and was marked at the time of the third bleeding.

In the first specimen of blood the quantity of carbonic acid was
39'520 per cent., and it diminished during the first hour after the
sugar injection to 32:140 per cent., being a decrease of 7-380 per
cent. Three hours after the injection of the sugar, the carbonic
acid fell still further, it being then only 27-725 per cent., that is to
say 14795 per cent. less than the original amount.

The oxygen, which at the beginning was 16-025 per cent., de-
creased during the first hour to 15561 per cent., being & loss of
0'464 per cent. By the third hour it again rose to 17767 per cent.,
that being 1:742 per cent. more than was found in the normal blood.

- As in Experiment 2, this dog had become semi-comatose by the
third bleeding, the carbonic acid being then even less than what it
was during the first hour.
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Having, now briefly. given the results met with in each separate
experiment, I will now consider the results as a whole.

In the first place, we see there was a decrease in the quantity of
carbonio acid in all the different specimens of blood during the first
hour after the sugar was injected, the diminutions being 10-374,
10-499, 9-185, and 7-380 per cent.

In the second place, the blood, taken five hours after the sugar was
injected, showed a decrease of 3:023 and 9615 per cent. (in Experi-
ments 1 and 2); while after three hours there was a decrease of
4-260 per cent. (in Experiment 3). In all the three cases it had
therefore shown, during the later hours, a more or less marked
tendency to return to the normal amount. In Experiment 4 the
blood at the third hour contained 14:795 per cent. less carbonic acid
than the normal blood, and 4-415 per cent. less than what it con-
tained at the first hour. This discrepancy may be due to the fact
that a greater percentage of sugar was injected, and the dog was in
consequence rendered more comatose. This view seems the more
likely, as in Experiment 2, when the dog was semi-comatose, the
carbonic acid was markedly diminished at the fifth hour.*

These united results support the view that the lactic acid derived
from the splitting up of the sugar in the animal body drives off
the carbonic acid from the sodium salts and replaces it. This view
is still further supported by the fact that the quantity of carbonic
acid in the blood withdrawn at the different periods after the sugar
injection, varied in the same manner as the quantity of lactic acid
had been found to do. In both cases during the first hour after
the sugar injection, one finds larger quantities than during the later
hours.

Whether the percentage decrease in the amount of the carbonic
acid hinders its elimination by the lungs or not will depend upon
how much power the combined lactic acid has of hindering the blood
from taking up the carbonic acid from the tissues and the tension of
the existing gas.

This point would be ascertained. by estimating the quantity of
earbonic acid expired after the sugar injection. The experiments I
have already publishedt on this point show that there is no decrease
in the amount of carbonic acid expired from an animal immediately
after sugar has been injected into its circulation. In fact there was
an actual increase of carbonic acid in all but one case} during the
first hour.

® «8mall dogs,” as I stated in my former paper, “are relatively much more sus-
ceptible than large ones to the effect of sugar injection.”

+ Vaughan Harley, “ Influence of Sugar in the Circulation on the Respiratory
Grases,” ¢ Journal of Physiol.,’ vol. 15, p. 139, 1898.

3 I%id., Exp. 9, p. 147.
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There, -was & marked decrease of carbonic acid during the later
hours in those cases which suffered from coma.

It would thus seem that in those cases when there are no nervous
symptoms caused by the intra-venous injection of sugar, while the
quantity of lactic acid is at its highest and the quantity of carbonic
acid in the blood is at its lowest, more carbonic acid is expired than
before the injection of the sugar.

An explanation to this fact, if it really exists, is at the present
moment impossible. In order to settle this point it would be neces-
sary in the same animal to make all the analyses at the same time;
which would be impossible without an exceptionally large dog, as
the quantity of blood needed would cause of itself changes in the
metabolism. .

In the next place the changes met with in the quantity of oxygen
in the blood are still more surprising, as there is no known reason
why hemoglobin should not take up the nsnal amount of oxygen as
it does in health after the intra-venous injection of sugar.

In all of the experiments the quantity of oxygen is seen to have
been markedly diminished during the first hour after the sugar in-
jection,

In three of them it fell 0464, 3:209, and 12:682 per cent. below the
normal standard during the first hour. This result can be partially
explained by the influence of the endosmotic flow of the juices of the
tissues into the circulating blood, which is known to occur when the
quantity of sugar in the blood is increased. For in a series of similar
experiments Brasol® found that during the first five minutes after
the injection of sugar the proteids of the serum were reduced to even
below one half of their previous amount, while one or two hours
after the injection the proteids had, as a rule, returned to the normal
amount.

During the third and fifth hours after the sugar injection it will be
noticed that the quantity of oxygen in the arterial blood was 14-886,
13-968, 14°569, and 17:767 per cent. ; that is to say the quantity that
is usunally found in venous blood.

The diminution in the quantity of oxygen, even from three to five
hours after the sngar injection, cannot therefore be explained on a
dilution theory.

® Brasol. Du Bois-Reymond'’s ¢ Archiv.,” 1884,
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V. ¢ Contributions to the Life-History of the Foraminifera.”
By J. J. LisTEr, M.A, St. John's College, Cambridge.
Communicated by Professor ALFRED NEwTON, F.R.S. Re-
ceived May 7, 1894.

(Abstract.)

The phenomenon of dimorphism is now known to be presented by
many different species of Foraminifera.

The individuals of a species fall into two groups. In one the
central chamber (the Megasphere of Munier-Chalmas and Schlum-
berger) is of considerable size, while in the other it is small (Micro-
sphere). These two forms of a species may be distinguished as the
Megalospheric and Microspheric forms.

They have been shown to differ, not only in the size of the central
chamber, but, in some instances (Miliolidee), in the plan on which
the chambers are arranged, in the size attained by the full-grown
shell, and also in the frequency of their occurrence, the megalospheric
form being much the more abundant.

It has been suggested that the different conditions under which
Orbulina universa is found represent the megalospheric and micro-
spheric forms, but the reasons urged in favour of this view appear
inconclusive.

Polystomella crispa (Linn.).

With the hope of throwing light on the life history of the
Foraminifera, a large number of specimens of this species have been
examined.

Like so many others, it is dimorphic. Though the two forms are
indistinguishable when the shell is complete, on examining decalcified
and stained specimens they may be at once referred to one form or
the other. The central chamber of the megalospheric form is gener-
ally about 80 x in diameter, while that of the microspheric form is
about 10u. Associated with the difference in the size of the central
chambers there is a marked difference in the nuclei of the two forms.
The relative frequency of the megalospheric form to the microspheric
in 1812 examples, is as 34 to 1.

In the Microspheric form numbers of small nuclei are present,
scattered through the protoplasm, but not extending into the terminal
chambers. Those in the inner chamber are smaller than those
situated farther on. The nuclei contain nucleoli of different sizes
lying in an apparently homogeneous internucleolar substance. It is
shown that the nuclei increase in number by simple division, and it
appears probable that they are so derived from a single nucleus.
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After maintaining their rounded form for a certain time, the nuclei
give off portions of their substance into the surrounding protoplasm.
This process appears to begin in the innermost chambers, but it ex-
tends to the nuclei in the outermost chambers, and ultimately the
whole of the nuclear material is distributed through the protoplasm
in the form, in preserved specimens, of irregularly branched and
deeply staining strands. Of the further history of the microspheric
form I have no clear evidence.

The Megalospheric form during the vegetative period of its life has
a single large nucleus, which grows in size with the growth of the
protoplasm, and passes on from chamber to chamber, moving to-
wards the centre of the protoplasm contained in the series of
<chambers, though lagging some distance short of it. It consists of
a nuclear reticulum, nucleoli which occupy the nodes of the reticu-
lum, and of a substance occupying the meshes. The nucleoli appear
to increase in number and diminish in size with the advance of the
organism. There is reason to believe that as the nucleus moves on
through the chambers portions of its substance are given off into the
protoplasm. It appears that this may occur either by the separation
of considerable portions, sometimes containing several nucleoli, which
lio strewn along the track of the nucleus, or by the dispersal of
minute fragments into the surrounding protoplasm, causing in
stained specimens a flush in the neighbourhood of the nuclens. In
some specimens the nucleus has lost its rounded form, and sends
irregular processes into the protoplasm. Its staining properties are
at the same time diminished. It appears probable that these nuclei
are such as have given off a large part of their substances as above
described, and are now in process of dissolution.

In the reproductive phase no large nucleus is present, but hosts of
minute nuclei (1—2x in diameter) are found scattered through the
protoplasm. At the same time broad channels of communication
have become opened up, setting the inner chambers in direct com-
munication with the outer.

At first the small naclei are most abundant in the terminal cham-
bers, but ultimately they become uniformly distributed through the
protoplasm. They then divide by karyokinesis, the protoplasm being
aggregated about them in spherical masses, 3-5x in diameter, each of
which contains a dividing nucleus.

At a later stage each nucleus, presumably the daughter-nuclei of
this division, becomes the centre of a flagellated spore. These spores
are all of approximately equal size, in other words, they are tsospores.

In one instance spores of & different character were observed
escaping. These were antsospores. They consisted of maocrospores,
globular bodies having a diameter of 11—10u, and with indica.
tions of & flagellum, and microspores of a globular or oval shape, from
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6—1 p in diameter and provided with two flagella, one longer than the
other, rising close together from the body of the spore. Iam unable to
say whether the parent of these spores was megalospheric or micro-
spheric, but as the isospores are produced by the individuals of the
former type it is possible that the anisospores belong to those of the
latter.

Orbitolites complanata, Lamk.

In the Microspheric form, the centre of the disc is occupied
by small chambers. Numbers of rounded nuclei are distributed
through the protoplasm, often in pairs, and in some cases they may
be seen to be united by a constricted band, as though in process of
simple division. Larger solitary nuclei with a well marked reticulum
are also present.

In the later stages of growth large brood chambers are formed at.
the periphery of the disc, which Brady found to be crowded with
young (“primitive discs”’) of the megalospheric form. Examination
of specimens preserved in spirit in which the young are present in the-
brood chambers, shows that the inner part of the shell is empty, its
contents being represented only by the young. A large nucleas is
present in the * primordial chambers ” of the young discs.

The centre of the Megalospheric form is occupied by the * primitive-
disc.” This consists of a large ‘‘ primordial chamber ” (the megalo-
sphere), which is uswally pyriform, and measures about 100u in
length, surrounded by the very large ‘‘ circumambient chamber.””
The small chambers of the remainder of the disc are arranged about
the primitive disc in rings.

The nucleus which, as has been said, occupies the primordial
chamber in the young form, maintains that position during a large
pert of the growth of the shell. Ultimately it appears to break up
into irregular fragments, which become dispersed through the adjoin-
ing chambers.

The specimens of this form from Celebes have all attained a larger-
size than those from Tonga and Fiji. In three cases (out of 114) the
protoplasm has left the central region of the disc, and is massed in
brood chambers at the periphery in the form of megalospheric young,
exactly resembling in shape and size those borne by the microspheric
form. Itis thus established that both the megalospheric and micro-
spheric forms of Orbitolites under certain circumstances, prodace
young of the megalospheric type.

An examination of specimens of Rotalia beccarii (Linn.), Truncat-
ulina lobatula, Walker and Jacob, Calcarina hispida, Brady, and Cyolo-
clypeus has furnished evidence of the relation of nuclear characters
to the two forms of a species analogous to that obtained im
Polysiomella.
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Summary and Conclusions.

The following statements relating to the life-history of the For-
aminifera appear to be justified :—

1. The species are in a great number of cases dimorphic. The
dimorphism has been stated to exist in twenly-three genera, belong-
ing to four out of the ten families into which Brady divided the
group.

2. The two forms differ from one another—

(2) In the size of the central chamber. Their difference in this
respect i8 in many cases very marked but may be slight
(Truncatulina).

(b) In the shapeand mode of growth of the chambers succeeding
the megalosphere and microsphere.

(c) In the character of their nuclei. In this paper it is shown
that in several species the microspheric form has many com-
paratively small nuclei, while the megalospheric form has a
single large nucleus.

3. The megalospheric form of a species is much more numerous
than the microspheric.

4. The megalospheric form has been seen to arise in some cases (at
least seven genera) as a young individual already invested by a shell,
produced in the terminal or peripheral chambers of the parenmt.
While in some cases (Orbitolites) the parent of such megalospheric
young was microspheric, in others (Peneroplis, Orbitolites) it was
megalospheric.

5. Foraminifera, in certain conditions, give rise to active swarm
cells.

These have been previously recorded in Gromia and Cymbalopora.
In Polystomella the protoplasm of a megalospheric form was found
broken up into swarm cells of uniform size (isospores), and similar
bodies in a flagellated condition have been seen escaping.

The production of anisospores has been recorded in Miliola
(Schneider), and it occurs also in Polystomella as stated above.

The question has arisen: are the two forms of the Foraminifera
distinct from their origin, or is one a modification of the other?
The following reasons may be urged for rejecting the latter
hypothesis :—

Among the Miliolidse the plan of growth is often entirely different
in the two forms. The hypothesis of modification would in this case
require a remodelling of the whole shell.

If such modification were to occur, various stages in the replace-
ment of the megalosphere by small chambers should be found. So
far as I am aware such stages have not been found.
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‘While the megalospheric form is not found in process of transition
into the microspheric, it is found, either with the protoplasm broken
up into swarm cells (Polystomella), or containing megalospheric
young in the peripheral chambers, while the central chambers are
empty (Orbitolites). In both cases the megalosphere remained un-
absorbed at the centre of the shell.

The microspheric form is found in the young condttxon

The nuclear characters of the two forms are, at any rate, in the
species which I have examined, quite distinct.

It appears then that it may safely be concluded that the microspheric
and megalospheric forms are distinct from their origin.

What then is their relationship ?

‘When two forms of a species are met with in animals or plants
they generally either represent different sexes, or they are members of
a recurring cycle of generations.

The hypothesis that the two forms of the Foraminifera represent
the two sexes appears to be disproved by the fact that in Orbitolites
complanata, both megalospheric and microspheric forms are found
with the young of the megalospheric form (primitive discs) in their
brood chambers. Other genera furnish analogous, though less com-
plete evidence. Hence it is impossible to regard either form as
male.

We turn then to the other hypothesis that the two forms are

members of a recurring cycle of generations. On this view it is
necessary to suppose, from the evidence afforded by Orbitolites com-
planata, in which both microspheric and megalospheric forms have
been found with the young of the megalospheric form in their
brood chambers, that the megalospheric form may, at any rate in
some genera, be repeated for one or more generations, before the
microspheric form recurs. No evidence of such a repetition has,
however, been furnished by the examination of Polystomella.
" The view that the life-lnstory of the Foraminifera comprises more
than one generation is in harmony with the fact that the nuclear
history of the two forms in Polystomella, so far as it has been ob-
served, presents resemblances to that which Brandt has recently
described in Thalassicola among the Radiolaria. In this group, as is
well known, the individuals of a species fall into two sets, those pro-
ducing isospores and those producing anisospores, which are regarded
as an asexual generation alternating with a sexual.

The simultaneous division of nuclei by karyokinesis immediately
before the formation of the reproductive elements which was ob-
served in the megalospheric form of Polystomella is a phenomenon of
very general occurrence. A similar division has been shown to occur
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in several genera of the Mycetozoa immediately before the formation
of the spores, and it-uppears probable that the phenomenon is akin
to the division of the micro-nucleus which precedes conjugation in
the Infusoria, and to the division of nuclei which occurs in the
maturation of the reproductive elements in the higher forms of ani-
mals and plants.

Presents, June 7, 1894.
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June 14, 1894.
The LORD KELVIN, D.C.L., LL.D., President, in the Chair.

Mr. William Bateson, Mr. George Albert Boulenger, Professor
Hugh Longbourne Callendar, Professor William Watson Cheyne,
Mr. Robert Edmund Froude, Mr. Augustus Edward Hough Love,
Mr. Francis Cranmer Penrose, Dr. Dukinfield Henry Scott, the Rev.
‘Frederick John Smith, Mr. Joseph Wilson Swan, and Mr. Victor
Herbert Veley were admitted into the Society.

A List of the Presents received was laid on the table, and thanks
ordered for them.

The following Papers were read :—

I. « The Molecular Surface-energy of the Esters, showing its
Variation with Chemical Constitution.” By Professor W.
Raxsay, Ph.D., F.R.S., and Miss EMILY ASTON, B Sec..
Received April 26 1894,

The investigation of the thermal relations of a series of esters by
Professor Young™® has made it possible to determine their molecular:
surface-energics between ordinary temperature and their critical
points ; for the two important constants required for the calculation
of these properues, the densities of the liquids and of their vapours
in the saturated state (their orthobaric volumes) have been carefully
determined by him. Professor Young has had the kindness to place
his specimens at our disposal ; their purity is sufficiently guaranteed
by the proofs afforded in his paper. Before using them they were.
tested for acidity, to ensure that no hydrolysis had occurred during
accidental exposure ; but in no case was the reaction acid.

The chief question io which an answer was sought was: Do these
bodies confirm the general law of which experimental proof was far-
nished by one of the authors in conjunction with Dr. Shields, which
may be thus stated—

At approzimately equal intervals of temperature below their critical
temperatures all normal liguids possess equal molecular surface-energy ?

The analogy of this law with that of Boyle is very striking; the
latter may be expressed in almost identical terms—

# ¢ Trans. Chem. Soc.,” vol. 63, p. 1191,
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At equal intervals of temperature above absolute zero all normal gases
possess equal molecular volume-energy.

By “ molecular volume-energy ' is understood the product of pres-
sure into molecular volume, that is, into the volume occupied by the
molegular weight of the gas taken in grams; while molecalar surface-
energy signifies the product of surface-tension and molecular-surface,
that is, the surface on which equal numbers of molecules are supposed
to be uniformly distributed, equal to the two-thirds power of the
molecular volume of the liquid.

The apparatus employed for low temperatures was that figured in the
¢ Transactions of the Chemical Society,’” vol. 63, p. 1094. A double set
of observations was made, each set with a different capillary tube.
One of the tubes was accidentally broken during the experiments,
and was replaced by one of approximately the same radius. The radii,
a8 described in a previous paper, were measured by means of a micro-
scope with micrometer eye-piece ; tube A had a radius of 0:01843 mm. ;
tube B of 0°01708 mm. ; and tube C of 001046 mm. These measure-
ments were confirmed by determining the ascent of pure benzene in
the tubes at known temperatures, and this is, on the whole, the easiest
and most accurate method of determining their diameters.

For higher temperatures, the apparatus, described in the ¢ Philo-
sophical Transactions,’ 1893, A, p. 662, was employed. In order to
apply a correction for the capillary rise in the barometer-tube in
which the capillary tube D was confined, a determination was made
with each ester at some temperature (usually the boiling point of
alcohol under atmospheric pressure) at which capillary rise had been
determined in a wide tube with tube A, B, or C, where correction was
unnecessary, the ascent being taken, as customary, in inverse propor-
tion to the radii of the tubes. As the variation of capillary rise with
temperature is approximately a linear one, a sufficiently accurate
correction may be obtained by assuming a rectilinear relation. Thus,
for example, if at 78° the rise in the wide tube was 30 mm., and in
the narrow tube 27 mm., it was necessary to add 3 mm. to the rise in
the narrow tube at that temperature. At the critical temperature
the correction is, of course, zero, since at that temperature there is no
capillary ascent in any tube. It was held that this difference
decreased in the barometer tube proportionately with rise of tempera-
ture, so that, for example, if the critical temperature were 278° at
the temperature 178° the correction applied amounted to 1:‘5 mm.

We regarded it as unnecessary to increase labour by taking ob-
servations at each 10° rise of temperature, since a few points on the
curve serve to show whether the rectilinear relation holds. The plan
of experiment was as follows:—The pressure. tube containing the
capillary tube was heated in the vapour of chlorobenzene, boiling
under atmospheric pressure about 132°)-the exact temperature

L )
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naturally depending on the barometric pressure of the day. As none
of the esters boiled much above 100° at atmospheric pressure, it was
possible by lowering pressure to canse them to boil at 132°, especially
a8 in filling the tube a trace of air was purposely left in the liquid.
It is not necessary that this air should be visible as a bubble, but it is
sufficient if the liquid is not thoroughly boiled in vacuo. It may
appear strange that such a course was followed, but repeated expe-
rience has shown that if a liquid is wholly deprived of dissolved gas
by boiling it in vacuo, it is impossible to cause it to boil, even at
atmospheric pressure, although heated to 100° above its normal
boiling point. :

Having determined the capillary rise at 132° the pressure in the
jacket was lowered, so as to cause the chlorobenzene to boil at 78° or
80°, care being taken not to allow the gas present in the upper part of
the tube to condense wholly. The rise was again noted. The tube
was then jacketed with quinoline vapour at about 185°, as well as at
higher temperatures, and readings were again taken. Some six or
seven points on the curve were thus determined, a sufficient number
to characterise it.

It will conduce to clearness to give the essential data at this stage,
reserving details of experiment to the Appendix, where they are
tabulated. For completeness’ sake, the results previously published
in the ¢ Philosophical Transactions’ for methyl formate and for ethyl
acetate are here included.

As the molecular surface-energy of a liquid, provided it does not
dissociate with rise of temperature, may be calculated by means of the
equation

y(Mo)! = k(z—d)

(where k is a constant characteristic of each liquid but varying only
slightly from 21, 7 is the temperature measured from the critical
point downwards, and d is & constant), the liquid is sufficiently

characterised by giving the values of k, the critical temperature, and
d. They are as follows : —

Table I.
Critical
temperature,

KEster. C.’ k. d.
Methyl formate ....... 2140 2:042 59
Methyl acetate ....... 2337 2:109 45
Methyl propionate .... 257'4 2182 53
Methyl butyrate «s.... 28125 2220 375

Methyl isobutyrate.... 26755 2:248 525
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Table I—continued.

Critical
temperature.

Ester. c° ke d.
Ethyl formate........ 2354 2020 45
Ethyl acetate. .o ...... 251-0 2:226 67
Ethyl propionate....., 2729 2-240 49
Propyl formate ....... 26485 2110 4:85
Propyl acetate........ 2762 2227 50

It is evident at the first glance that it is the acid radical which
determines the value of , for it increases progressively with the pro-
gressive increagse of its molecular weight. Young has noticed a
similar relation to hold with the ratios of absolute temperatures at
corresponding pressures to absolute critical temperatures, but in other
relations which he has investigated, there does not appear to be any
analogous regularity.

As regards the values of d, they appear to fluctuate as the series
is ascended in the order of complexity of acid radical, but too great
dependence must not be placed on the values given. A very small
change in k& would make a considerable difference in the value to be
assigned to d. :

An attempt has been made to ascertain whether molecular volumes
admit of more regular comparison at temperatures at which mole-
cular surface-energies are equal. This appears, however, not to be

the case. Thus, at the value 390 ergs, the group of four isomerides
gives the following numbers :—

KEster. Molecular volume.
Methyl butyrate ...... ceeeees. 12617
Methyl isobutyrate.....co0-.0.. 125-93
Ethyl propionate........ verese 126-80
Propyl acetate .....co00vvenn. 127°16

The agreement is no better than at their boiling points under
normal pressure.

An attempt has also been made to find whether the boiling points
at corresponding pressures bear a constant ratio to the temperatures
of equal molecular surface-energy. Taking that ratio of pressure to
critical pressure given in the fifth line of the table on p. 1245 of the
paper in the ‘Transactions,’ and dividing the corresponding tem-
perature for each liquid by the temperature of equal molecular
surface-energy, the following ratios are obtained :—
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Ratio.

Methyl formatess'so...... 2956/280'1 = 1-055

- Ethyl formate.....,..... 311'4/31009 = 1002
-Methyl acetate .......... 31375/317'5 = 09879
Propyl formate.ooo...... 332:5/3482 = 0-9545
Ethyl acetate..cc..oe.... 327°7/342:1 = 09625

Methyl propionate ....... 331'1/346'3 = 0-9559
Propyl acetate........... 34675/369-2 = 09393
Ethyl propionate ....... . 3446/367°0 = 09391
Methyl butyrate......... 3483/375°0 = 09290

Methyl isobutyrate. ...... $38:75/362:0 = 0'9356

These numbers may be roughly arranged into four groups : methyl
formate, the isomerides of the formula C;HcO,, those of the formula
C,H;0,, and those of the formula CsH,,0;. They suffice to show that
the molecular surface-energies are not comparable for non-isomeric
bodies at corresponding pressures.

1t must, therefore, be concluded that, although a certain rough
analogy exists between the corresponding temperatures and pressures
of the esters and their molecular surface-energy, yet the causes
which determine deviation from the deductions from the equations
of condition for fluids, are still more operative in causing deviations
when surface forces are under consideration.

These experiments add eight more compounds to the list of six
given in the ¢ Phil. Trans.,’ 1893, A, p. 662, showing that within wide
limits of temperature the molecular surface-energy of non-associating
compounds is a linear function of the temperature; and as the law
has been found to hold between more restricted limits of temperature
for other thirty (‘ Trans. Chem. Soc.’, vol. 63, p. 1191), it may be
taken as placed on a firm basis.

A certain number of substances, among which are to be found the
alcohols and the acids, show deviation from this law. Reserving to
another occasion the grounds for inferring that this deviation points to
molecular complexity, it is advisable to inquire here whether it is legi-
timate to assume for compounds which follow the law that their mole-
cular weight in the state of liquid is the same as that of their gases.

Strictly speaking, the conclusion does not follow. The similar
form of the sarface-energy equation to that expressing volume-energy
is a mere analogy; there is no physical connexion as yet manifest
between the two.* There is no positive evidence to show that the
molecules of such liquids as follow the law do not associate in twos,
or threes, on assuming the liquid state. But one thing is certain, if
they do, all associate to an equal extent, and the degree of assqcia-
tion is not altered by rise of temperatare.

® This conclusion must be modified in view of the recent memoir by van der
‘Waals (see p. 181).
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These,  two assertions are probably not true; it is unlikely that
mere liquefaction should produce in all cases equal association ; and
it is nnlikely that a rise of temperature should not cause the dissocia-
tion of an associated body. Change from the gaseous to the liquid
state may be regarded as essentially equivalent to increase of pres-
sure, since each produces approach between the molecules, diminish-
ing intermolecular distance, and bringing so-called chemical forces
into play. Now it is well known that equal rise of pressure does not
always produce equal increment of association; hence it is unlikely
that association to an equal extent should be caused by the reduction
of the volumes of compounds until they are approximately equal.

This kind of proof is not unknown to chemists; it is employed,
tacitly perhaps, in the fundamental statement that the molecular
formule of hydrogen, oxygen, nitrogen, &c., are H;, Oy, and N.. On
this basis rests the usually accepted molecular formulse of all com-
pounds, and they are accepted because they are the simplest expres-
sions which admit of equations of chemical interchange being
written. It is true that subsequently to the adoption of such a
standard its justice was confirmed by Kundt and Warburg’s deter-
mination of the ratio between the specific heats of mercury gas at
constant pressure and at constant volume, thereby rendering it ex-
tremely probable that the molecular formula of mercury is Hg,, and
consequently that of hydrogen H,;; and by the discovery by Victor
Meyer that the molecular formula of iodine at high temperatures cor-
responds with I,, But such confirmations merely supported the
generally received assumption (for assumption it was then) that the
molecular formulse of most gases are directly comparable with that of
hydrogen as H,.

Even at this present date the doctrine of the uniform expansion of
gases at high temperatures rests on a similar basis. It has been
shown by Victor Meyer that at the highest temperature attainable in
a gas-furnace—some 1700°—hydrogen, oxygen, and nitrogen main-
tain the same ratio of expansion towards each other. One of two
conclusions follows :—either that the expansion of all three gases is
uniform with increase of temperature, or that all three gases dis-
sociate equally with equal rise of temperature. Needless to say that
the first alternative is universaily adopted.

‘We have thought it well to state in full the reasons for adopting
the assumption that the molecular weights of such liquids as the
esters are not changed on their assuming the liquid state. It is now
evident that such a statement is an assumption, a hypothesis; but it
is one for which there is a great deal of probability, probability of
the same kind as that which led to the adoption of the usually
received molecular formulee for gases.
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Prof. W. Ramsay and Miss E. Aston.
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1I. Experimental Results at Higher Temperatures.
Radius of Tube = 0011197 cm.

[June 14,

| | y(Mo)L. | |
Substance. t A v (y(Mu)L [T | Fand d.
Methylformn.te..... .o .o .o .e .o 2042
d = 5-9°
Kthyl formate ......| 80°0° | 3-881 16°60 | 306°2 | 304°9 2020
1316 | 2°844 961 | 201°0 | 198°8 | d=4"5°
1860 | 1-224 386 91°6 927
210°0 | 0685 175 447 422
Methyl acetate......| 78°2° | 8°498 | 16-31 | 8189 | 818°5 2°109
1324 | 2-392 9'81 | 206°0 | 2042 |d=45
1860 | 1-202 380 91°0 93°2
2000 | 0°872 251 618 616
2160 | 0°612 1-21 316 30°0
Propyl formate .. ...| 85°0° | 3665 | 1660 |371'9 |369-2 | 2-110
1317 | 2+796 | 11-68 | 272'6 | 270°7 |d =4'85°
1850 | 1-740 6-14 | 1572 | 168-2
2100 | 1-261 3'86 | 104°2 | 1054
2370 | 0-659 1-68 49°2 485
Ethyl acetate ...... . . . . 2226
d =67
Methyl propionate ..| 78°0° | 8:750 | 17-31 383°1 | 3793 2°182
132°6 | 2:682 | 11°09 | 2618 | 260°7 | d = 53° .
1849 | 1-634 6573 | 147°0 | 1467 i
2377 | 0500 114 343 314
240°0 | 0-440 0°96 29-3 264
| Read from °“"°"{ 2500 |0-188 | 081 | 10°1 | 44
Propyl acetate......| 100°0° | 3'474 | 156°10 | 382'8 | 381°3 2227
1326 | 2877 |11-78 |[310°2 | 3087 |d =50
1850 | 1-893 676 | 1916 | 1920
2100 | 1-412 457 | 1865 | 1363 !
. 2382 | 0°854 230 73°5 736 i
Ethyl propionate....| 100°0° | 3:442 | 14°97 | 380°1 | 376°2 2240
1822 | 2:880 | 1177 [ 3102 |304'1 | d=49°
1850 | 1864 6°69 | 1875 | 1859
210°0 | 1-384 4-41 | 1315 | 1299
2376 | 0°812 214 688 68°1
Methyl butyrate....| 1000° | 3591 | 1592 | 400-2 |394-1 | 2-220
1826 3001 12-49 3253 3219 |d = 375°
1860 | 2-033 7-41 20783 | 205°3 1
2100 | 1-532 509 | 1487 | 1498
2380 | 0°980 2-81 877 877 ‘
Methyl isobutyrate..| 1000° | 3:311 | 14:36 [ 365°0 | 8648 | 2-248 |
132°2 | 2728 | 11°10 | 292'8 | 292'3 |d = 525°.
185°0 | 1-726 6:03 |172-1 | 1788 \
2100 | 1-250 390 | 1170 {1176 i
2376 | 0694 173 66 -6 656
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II. “The Complexity and the Dissociation of the Molecules of
Liquids.” By Professor W. Ramsay, Ph.D., F.R.S. Re-
ceived April 26, 1894.

Since the publication of a research on the molecular complexity of
liquids by Ramsay and Shields (‘ Trans. Chem. Soc.,’ vol. 63, p. 1191)
two questions have arisen :—First: What other evidence is there as
to the existence of complex molecules’in certain liquids ?

Second : How can the amount of dissociation of associating liquids
be inferred from measurements of their surface-energy ?

The first of these questions has been treated of by Professor
Philippe Guye, in the ¢ Archives des Sciences Physiques et Naturelles
de Genéve,’ 31; and as that periodical is not easily accessible to
English readers, a short account of his article is given here.

I. Bvidence in favour of the Molecular Complexity of Certain
Iiquids.

a. Guye has shown (‘ Annales,’ vol. 31, [6], p. 206) that the quotient
obtained by dividing the absolute critical temperature of a liquid by
the critical pressure measured in atmospheres is equal to the
molecular refraction of the liquid multiplied by a factor which is
approximately equal to 1'8. His reason for this statement is as
follows :—Equations such as that of van der Waals, which express
approximately the constants for gases and liquids in terms of temper-
ature, pressure, and volume, assume as one of their data the *co-
volume ”” (b) of the substance; t.e., a number proportional to the
actual volume of the molecules, supposing them to be spherical. The
dielectric constant of a body k, according to Clansius, depends on
the ratio u of the real volume to the apparent volume occupied by
the molecules, in such a manner that

u= (k—1)/(k+2).

Maxwell has shown that according to the electro-magnetic theory of
light, the dielectric constant k¥ should be equal to the square of
its index of refraction for a ray of light of xnﬁmte wave-length ;
henca

= (W=1)

(W+2)’

The name molecular refraction is given to this quantity referred to
the volume of 1 gram, and multiplied by the molecular weight, or

_ (w=1) M
CEDN
where MR signiﬁes molecular refraction.

= MR,
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Now van der, Waals has shown that the relations between critical
temperature, pressure, nd volume are given by the equation

™
$1+0) = s o)

The denominator on the right-hand side of the equation is mnearly
equal to unity. Assuming this to be the case, and introducing the

1
value of 2 = 373
k=23 i-' = $.213¢,

where k is the “critical coefficient,” or the critical temperature
divided by the critical pressure.
Now the value of ¢ is related to b by the equation

¢ = 38b,
and b being proportional to the molecular refraction, the relation

21346 _1 n’—1 M _1

x  f w+2’d _fMR

should hold. That is, k, the quotient obtained on dividing the abso-
lute critical temperature by the critical pressure, should, when
maultiplied by a constant, be equal to the molecular refraction.

While the majority of substances examined by Guye appear to
consist of simple molecular groups at their critical points, water,
methyl alcohol, and acetic acid yield numbers which point to associa-
tion, inasmuch as the constant f, instead of having its usual value 1'8,
has decreased to about 1-1.

b. The densities of most liquids at their critical points may be:
found by multiplying their theoretical densities by a number approxi-
mately equal to 3-85 (Young and Thomas, ‘ Trans. Chem. Soc.,’ 1893,
p- 1251 ; also ¢ Phil. Mag.,’ 1892, p. 507). But for a few substances
the following values were found :—

Methyl alcohol.......... 452

k=

Ethyl alcohol........... 402
Propyl alcohol.......... 402
Aceticacid.oo..vuvnnnn . 500

The factor should be greater, if association occurs, because the
theoretical density calculated by Boyle’s and Gay-Lussac’s laws
would then be greater thau if it were supposed that the molecules of
methyl alcohol, for example, were represented by the simple formula.
CH,O. Here, again, the evidence points to complex molecules at the
critical temperature.
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c., Cailletet and Matthias have suggested a simple plan for finding
the true volume of a substance at its critical point. It consists in
mapping the densities in the state of liquid and of gas against
temperature (as seen, for example, in the diagram given by Ramsay
and Young in their memoir on alcohol in the ¢ Philosophical Transac-
tions,’ 1886, Part I, plate 7), and bisecting the lines of equal pressure,
which cross the diagram horizontally. Such lines are lines of equal
pressure at constant temperature. On joining the points where the
lines are bisected, a straight line is obtained in the case of most
liquids, which, when continued vertically, cuts the curve at the
critical density. But to this rule Young and Thomas find that water,
and methyl, ethyl, and propyl alcohols are exceptions, for they give
curved lines. These substances are not associated in the state of
gas, although in the liquid state they display association. Acetio
acid, however, which displays association both in the state of liquid
and of gas, gives a line which is, if not quite, at least very nearly
straight.

It may thereforo be concluded that while a curved line implies
association in the state of liquid, a straight line implies either no
association or association in both conditions.

d. The heat required to vaporise a dissociating liquid is employed
in two ways when the gas, as is always the case, has a simpler
molecular formula than the liquid. A portion of the heat is em-
ployed in vaporisation alone ; while a portion is absorbed in effecting
the decomposition of complex molecular groups. The heat of
vaporisation alone diminishes as temperature rises, till at the critical
point it is zero ; but the heat required to dissociate molecular groups
may increase, if that term is of importance, and may cause the
total heat to increase. The researches of Ramsay and Young on
ethyl alcobol and on acetic acid have shown that there exist maxima
in the heats of vaporisation of these substances. Thus at 0°, the
heat cf vaporisation of ethyl alcohol is 220'9 cal.; at 10°, 221-2;
at 20° 220'6; and at 30°, 220'1. The numbers then decrease as
usunal. With acetic acid at 80°, the value is 916 cal.; at 100° 92:3;
at 110°, 92'8; at 120°, 92'7; at 130°, 92'4, and so on. It may be
stated, then, that when the numbers representing heats of vaporisa-
tion of a compound increase to a maximum, and then diminish, the
compound contains complex molecules in the liquid state. It does
not follow that all substances which possess complex liquid molecules
must exhibit such a maximum, for this peculiarity evidently depends
on the relative importance of the heats of dissociation and of vapori-
sation.

e. The curves representing the vapour pressures of non-dissociating
liquids do not cut one another at any point in their course. Liquids
which associate give vapour-pressure curves which cut some of thase
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of non-dissociating liquids and frequently cut those of dissociating
liquids.’' Thé' fact, then, that the vapour-pressure curve of a liquid
cuts those of undeniably simple substances, such as benzene, carbon
tetrachloride, &c., may be taken as a proof that that liquid contains
complex molecules.

f- This relation may also be expressed by the factor in van der
Waals’ equation for calculating vapour-pressures, viz. :—

Te—T
logpe—logp = f —5—>

where pc is the critical pressure; Tc the critical temperature; and p
some other pressure at temperature T. The constant f has a value
close to 3 for all non-associating compounds. Thus from Young’s
results the following values of f are calculated :—

S S
Benzene.e.o.ev..... 28 Propyl formate .... 304
Chlorobenzene .. .... 295 Methyl acetate .... 3-07
Fluorobenzene ...... 299 Ethyl acetate...... 326
Carbon tetrachloride 281 Propyl acetate .... 3-22
Tin tetrachloride .... 301 Methyl propionate.. 38'13
Ethyl oxide. ....... . 300 Ethyl propionate .. 3-22
Methyl formate ..... 3:00 Methyl butyrate.... 3:25
Ethyl formate ...... 297 Methyl isobutyrate.. 3:15

The mean value is 3:06. .
But for liquids with complex molecular groupings the values are
considerably higher, and, moreover, are not constant. :

S
Methyl alcohol. ..... . 356 to 377
Ethyl alcohol ........ 358 ,, 402
Propyl alcohol ....... 349 ,, 377
Aceticacid c..vvveee. 336 ,, 349
Water........ cever. 320, 324

Other relations besides those mentioned by Guye, of whose
memoir the preceding pages give an abstract, also point towards
the molecular complexity of the alcohols and acids. Among them
may be mentioned the ratios of the volumes of saturated vapour at
some chosen pressure to that at the critical pressure, as shown in
p- 1257 of Young’s memoir (loc. cit.); the greater values of the ex-
pression (dp/dt)T for the alcohols and for water compared with those
of other substances (see Ramsay and Young, ¢ Proc. Phys. Soc.,” VII,
p- 303) ; this really means the greater heat of vaporisation for unit
increase of volume, for (dp/dt)T is equivalent to L/(S,—S,). This
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fact indeed is: pointed out in the first part of the series of papers
(ibvd., 29Y).’- | Again the ratios of total to external work produced on
evaporation (bid., 293) show that the total work is a higher multiple
of the external work or work employed in expansion against pressure,
in the case of the alcohols, acetic acid, and water, than in the case of
other compounds.

Enough has been said to show that a great mass of evidence exists
in favour of molecular complexes in certain liquids. It remains now
to consider the methods by which the degree of complexity can be:
ascertained.

II. Methods of Deducing the Molecular Complexity of Liquids from
Measurements of their Molecular Surface-energy.

It was shown by Ramsay and Shields (‘ Phil. Trans.,’ 1893, A, 662)
that the relation of molecular surface-energy of many liquids to.
temperature may be expressed by the equation

1)) v (Mo)t = k(=—d),

where 4 is surface-tension, measured in dynes, (Mv)! the molecular
surface measured in square centimetres, k is an approximate constant
for most liquids varying little from 2-12, and = is the temperature
numbered downwards from the critical point; d is a nearly constant
namber of degrees, usually 5° which must be subtracted from =.

For liquids which associate, such as the alcohols and fatty acids,
the value of % is not constant, but increases with rise of temperature.

The problem is, knowing the average value of k for non-associating
liquids, to deduce the average molecular weights of associating liquids.
at any given temperatare.

Differentiating equation (1) we obtain

d
SOt =k,

for non-associating liquids; or, if we insert a term «, to represent a
factor with which the gaseous or normal molecular weight of a liquid

should be multiplied in order that the normal value of k should result
from the equation, we obtain

@ 2y Mot =4,

In our first attempts to deduce the trne average value of M for
associating liquids, equation (2) was expanded, thus:—

d o dat
® 24, 2y (Mo)bhy O T = k5
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and it was assumed, as a first approximation, that the second term,
the variation  of 2! with temperature, was negligible. In such a
case

4) = {k(i'_‘l(_thu—)‘-}‘,

and it was on this assumption that the results given in the papers
referred to for the alcohols, the acids, and water were calculated.

The numbers obtained were, however, as will be shown, much in
excess of the truth.

An attempt was made to approximate to the true value of «, by
calculating it by means of equation (4) approximately, and using the
results obtained to correct equation (3), by inserting the neglected
second term. This was found to be impossible, and to lead to absurd
results; hence it was inferred that the variation of = with tem-
perature was such as to make it imperative that attention should be
paid to the second term of equation (3). At the same time it was
noticed in mapping  that its alteration with temperature was
approximately linear ; and this fact greatly simplified the problem.

Mr. J. Rose-Innes, who has taken much interest in this work, and
has on several occasions given valuable assistance, was kind enough
to endeavour to find an expression which would satisfy these condi-
tions,

A formula of the form
_k(=—=4d)

(5) . “Mvt = 1T A

agrees admirably with the experimental values of molecular surface-
energy for methyl and ethyl alcohols, water, and acetic acid between
low temperatures and some 80° below their critical points. Even at
—898°, it will be noticed, the agreement for methyl and ethyl alcohols
is reasonably good.

The constants for these substances are :—

Critical
k. d. B. temperature.
Methyl alcohol...... 1489 —4:22 000104 240-0°
Ethyl alecohol....... 2170 48 000193 2431
Water........... . 2631 195 000218 3581
Acetic acid. .. .a... 1-910 119 000163 8215

A comparison between the calcalated and found values of y(Mv)lis
given in the following table :—
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It may be remarked that at temperatures within 20 or 30 degrees
of the critical point the former no longer accurately expresses the
results. This is not peculiar to associating compounds, as has already
been shown in the ¢Phil. Trans.,’ loc. cit.,, p. 657. Should it be
desired to secure more accurate correspondence between the found
data near the critical temperatures and those calculated, the last term
may be modified. The equation then becomes

kr—kd(1—10727)

y(Mo)t = T+

For ethyl alcohol, the value of A is 0-044, and, on introducing this
correction, the calculated values near the critical point, above 180°,
are as follow :—

Mol Mol

T r T. T -_

Found. | Caletd. Found. | Calctd.

o -]

240 31 37 39 200 43°1 757 76-9
236 71 9-9 9-9 190 63°1 94°9 95°1
234 91 133 18°2 180 63°1 1126 1128
2380 13°1 19°8 20°3 178 731 130°1 129 -9
220 231 39-2 390 160 83°1 1472 146 °4
210 331 57°1 681 160 93°'1 163 -0 162°5

Similar corrections could be introduced for methyl alcohol, acetic
acid, and water, which would have the effect of reproducing the
experimental numbers at low values of .

The following considerations show how it is possible to calculate
the degree of association of such compounds at any desired tem-
perature. Neglecting for the present the ‘A" term, which is intro-
duced to secure concordance at temperatures near the critical point,
let us consider equation (1), where & has the value 2-121 for unasso-
ciating liquids, viz.,

(M)t = 2:121 (v—d).

Supposing that the liquid is composed partly of complex molecules,
and that « is & measure of the complexity, we should have

v (2Muv)t = 2-121 (v—d),

or ¥ (M) = 2121 X — X (=d).
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Comparing, this with equation (5), which reproduces the results for
associating liquids with fair accuracy,

v (M)t =k (r—d)/(1+p7),

it is evident that & corresponds to the expression
2:121 !
{Frasm}

It is, of course, easy to include the “\” term, when 2 follows, as
before.

There can, I think, be no doubt that this method gives a correct
value to the factor of association, within certain limits. These limits
are conditioned by the fact that the number chosen for k, viz., 2-121,
is not absolutely constant, but varies with the nature of the com-
pound. The extreme variation found for the fourteen substances
which have been most carefully investigated is between 2:020 for ethyl
formate, and 2:248 for methyl isobutyrate. On the assumption that
this is the extreme divergence, there may be an error of 5 per cent. in
a negative or positive direction caused by assuming the mean value
2-121. ‘
But there is another assumption involved in such calculations. It
i8 that a mixture of two liquids possesses such a molecular surface-
energy that the mean molecular weight of the mixture, calculated
from the proportion in which they are present in the mixture, shall
be deducible from the molecular surface-energy. It is conceivable
that the surface of such a mixtare should not exhibit the same dis-
tribution of molecules as the interior, and evidence is required to
show that the assumption that it does is correct. This evidence is
given in another communication, and it appears therefore that the
assrumption is justified.

‘With these premises, therefore, I proceed to give the molecular .
association of methyl and ethyl alcohols, water, and acetic acid.

X2
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Addendum.

Since the foregoing pages were written, Professor van der Waals
has published a long memoir on the “Thermodynamic Theory of
Capillarity on the Assumption of Continuous Change of Density .
(* Zeitschrift fiir physikalische Chemie,’ vol. 13, pp. 657—725). On
the main part of his work I have no criticism to offer; but on.
p. 714, he states some objections to the method previously employed
by Ramsay and Shields in calculating the factor of association z.
These remarks are fully justified, as will have been seen from the
preceding pages of this paper; but in the formula which he suggests
to replace it, he makes an assumption which, at first sight, is no less
untenable than our assumption that the factor of association, «, does
not vary with temperature. In placing the factor of association as
equal to unity at temperatures near the critical temperature, he
obtains the formula

4 k(=) oy (M)
y(Mo)

and, inasmuch as this assumption is apparently very nearly true for
methyl and ethyl alcohols and for acetic acid, the numbers he gives
are nearly identical with those in the last table of this paper. But
they differ in the case of water, and 2, according to him, is equal to
19, instead of to 1:707.

The formula given by him on p. 716 to calculate g yields remark-
ably good results. In fact, if 4 be calculated for ether at —89'8° a
result is obtained identical with that found. This result was unfore-
seen by van der Waals, for the value for «, 30-65, was not given by
us at that low temperature in our previous paper.

Professor van der Waals, however, makes two criticisms which
appear to me to be hardly justified. The first refers to a correction
applied by us in order to allow for the capillarity in the wider, yet
still narrow, tube in which the capillary tube stood. He thinks that
this correction wounld be affected by the curvature of the meniscus
not being the same at high as at low temperatures. The remark is
certainly true; but as the alteration in height due to altered curva-
ture of meniscus would be well within the range of experimental
error, it is negligible. The second criticism deals, with the capil-
larity near the critical point, and van der Waals states that the
simple formula, applicable to narrow tubes, no longer holds when
the capillary rise is oply a few times greater than the radius of the
tube. This objection would be justified were it not that the
capillary heights are nearly a linear function of the temperature;
and with non-dissociating liquids, which he is here considering,
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it is guite, nnnecessary to take measurements at temperatares very
close to the critical temperature, becanse, if that temperature is
known, there can be only one curve joining the points experiment-
ally found at somewhat lower temperatures and the critical tempera-
ture. The form of the curve is such that no doubt can exist as to its
course. Indeed, with chlorobenzene, measurements were not carried
out at all in the immediate neighbourhood of the critical point, but
only at much lower temperatures, and yet there could be no question
a8 to the course of the curve, when it was mapped. But these are
minor points; and it is very gratifying to find that the material
provided by Dr. Shields and myself affords such a remarkable con-
firmation of the justice of Professor van der Waals’ views.—18th May,
1894.

III. «The Molecular Surface-Energy of Mixtures of non-
associating Liquids.” By Professor WILLIAM RAMSAY,
Ph.D., F.R.S, and Miss EMiLY AsTON, B.Sc. Received
April 26, 1894.

It has been shown in the previous paper that it is possible to cal-
culate the degree of association of an associating liquid such as
alcohol, on the assumption that molecules of less complexity remain
uniformly distributed along with molecules of greater complexity
throughout the liquid, and that no one kind of molecule tends to
congregate on the surface to the exclusion of the other. It is neces-
sary, however, to justify this assumption ; and for this reason experi-
ments have been made on mixtures of liquids the molecules of which
do not unite to form complex groups; sach are most of the liquids
investigated by Ramsay and Shields (‘Trans. Chem. Soc.,’ vol. 63,
p- 1099, et seq.).

The experiments of which an account is here given, show that
while the height to which a mixtare of two liquids ascends in & capil-
lary tube is not the mean of the heights to which each singly would
ascend at the same temperature, while the surface-tensions and the
surface-energies are not necessarily the mean of those possessed by
the liquids unmixed with each other, regard being paid to their rela-
tive proportion in the mixture, yet the coefficient of decrease of mole-
cular surface-energy, and consequently the calculated molecular
weights, are true means of those of the two liquids.

The substances used in these experiments were chosen in pairs, and
a8 it was necessary in closing the tubes to evaporate some of the con-
tained liqunid in order to ensure the expulsion of air, mixtures of such
liquids were taken as possess approximately equal boiling points, so
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that each should evaporate to nearly the same extent. For this
reason the following liquids were chosen :—

Toluene.oe.vvun... . '110°6 at 761'2 mm. pressure.
Piperidine ......... 105—106°2 at 769 mm. pressure.

. { Benzene .......... Constant, abont 80°.
Carbon tetrachloride  Constant ,, 77°.

Chlorobenzene...... Constant , 132°
Ethylene dibromide . Within 0-5°, about 131°,

Carbon disulphide... Constant, about 46:2°.
Chloroform ........ Constant, about 62°,

The amount of toluene distilled was 750 c.c. The thermometer did
not vary during the distillation by the fiftieth part of a degree. The
amount of piperidine was much less, about 75 c.c. The alteration of
boiling point appears to be due, in part at least, to its eager absorp-
tion of carbon dioxide. The benzene was part of a large stock which
had been repeatedly frozen and thawed. It was free from thiophene,
and had an absolutely constant boiling point. The carbon tetra-
chloride boiled constantly while 400 c.c. passed over. The chloroben-
zene was part of a stock used for securing constant temperatures,
and had been repeatedly fractionated; it boiled with absolute con-
stancy while 750 c.c. passed over. The ethylene dibromide was not
quite so pure; the rise of 0'5°, however, was spread over 200 c.c.;
while the purity of the carbon disnlphide and the chloroform was
guaranteed by the constancy of boiling point while large quantities
distilled.

The molecular surface-energies of the pure substances were first
determined. They are given in the tables which follow :—

t = temperature.
h = rises in centimetres in capillary tube.
p = density of liquid.
« = surface-tension calculated by the equation y = }rghp.
r = radius of tube.
 (Mv)t = molecular surface-energy, where
M = molecular weight, and
v = volume of one gram.

® The constancy of the boiling-point of a liquid is the guarantee of its purity,
provided a considerable quantity boils at a constant temperature. The determina-
tion of the actual temperature involves the accuracy of the thermometer.
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These results call for no special remark, except that, contrary to
the experiments of Ramsay and Shields, carbon disulphide appears
to associate somewhat at low temperatures. Further experiments will
be made on this matter at still lower temperatures. The result given
here may be taken as reliable, for it was carefully repeated several
times, special precautions being taken to ensare the absolute purity of
the bisulphide, and using a different capillary tube.

The densities were taken from the following sources :—

Toluene, Nasini and Pagliani, ¢ Jahresb.,” 1862, p. 63.

Piperidine, Beilstein, ¢ Organische Chemie,’ vol. 3, p. 616.

Benzene, Kopp, ¢ Annalen,’ vol. 64, p. 215.

Carbon tetrachloride, Thorpe, ¢ Trauns. Chem. Soc.,’” vol. 37, p. 200.

Chlorobenzene, determined by ourselves at the temperatures chosen.

Ethylene dibromide, Thorpe, ¢bid., p. 197.

Chloroform, ¢bid., p. 197.

Carbon disulphide, ibid., p. 364.

DETERMINATION OF THE CAPILLARY Rise oF MIXTURES.

L. Toluene and Piperidine.

(a.) 5C¢H;.CH, to 1C,H,.NH.

In filling the tube with this mixture 0-113 gram was lost out of a
total of 4 grams, or a little over 2 per cent. It may be assumed that,
owing to these liquids baving 8o nearly the same boiling point, no
material alteration of their ratio is due to this canse. The density of
the mixture was assumed to be the mean of those of the constituents,
taken in the proportion in which they were present. As will be after-
wards shown, no appreciable error is involved in this assumption.
The values of A are the mean of four observations in each case.

In the columns with the heading * calculated” the mean height,
surface-tension, and surface-energy have been inserted, together with
the mean values of k.

5C.Hs-CH, to 1C,H,.-NH.
Found. Caloulated. ‘
t. h. |p(caletd.).| v. [y(Mu)L| &. h. y. |y(Mv)L{ &
147'5 3647 0°8684 |28-63] 635°5 [2-191|3°622(28°63' 6318 (2079
466 {3°285| 0°-8377 |24°88| 5666 |2°032|83°283/24°68| 565°0 (2°277
784 {2:945| 0°8077 |21°64] 60L°0 |2°123{2°904]|21°19| 492:6 |2-013
132°5 | 2°323] 0°76356 |[15°82| 386°1 2-:309)15°73| 383°7
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The , mean [yalue-of-K; calculated over the whole range of tempera-
tore, is 2'115; the mean value found is 2:123; hence it may be con-
cluded that these liquids are without influence on one another. It
will also be noticed that the found and calculated values of « and of
y(Mv)! are in very close correspondence.

To check these results the proportions were reversed, and a mix-
ture of

(b) 5CH;wNH to 1C,H,CH, was investigated.

5CsH,-NH to 1CH,CH,.
Found. Calculated.
t. A |p(caletd.).| . |y(Mv)i| & A 7. |y(Mu)l| %
149 |8-767| 0-8674 |29-48| 632°0 |2-°094(8-752({20-42] 634:9 |2-080
466 [3-404| 08366 [25-74| 5656:6 |2-069(8-429|26-94| 5696 |2-190
78-4 [3-048| 0-8052 |22-17| 499'8 [2-056|3-050|22°21| 499'9 | 2047
1326 |2-422| 0-7627 |16-48| 3886 2-427 |16-62| 889-2

The mean value of k, calculated over the whole range of tempera-
ture, is 2087 ; the mean value found is 2:067. Here again the found
values of surface-tension and of surface-energy agree very closely with
those calculated.

It is possible, without assuming & molecular weight, to calculate
the mean molecular weights of such mixtures by means of the equa-

tion @
S RIGEORE
u= {5}

In doing this, the mean value of % for each mixture has been taken,
and the value of M has been calculated between extreme limits of
temperatare. For the first mixture the mean molecular weight found
i8 90°61; that calculated for a mixture of five molecules of toluene to
one of piperidine is 90-83 ; for the second mixture the mean molecular
weight found is 8612, and the calculated value for a mixture of five
molecules of piperidine to one of toluene is 86:17. This, of course,
constitutes only an arithmetical check on the other results, but if a
mean value for k had been chosen, e.g., 2:121, the results would have
been practically the same.

It is obvious that in this case the liquids are without influence on
each other,
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11, Benzene-and Carbon Tetrachloride.

(a.) 1C¢H, to'1CClL,.

Similar experiments were made with the above mixture; the
densities of the mixture were determined experimentally, and & com-
parison is given at each temperature of the numbers found, with the
mean density of the mixture, calculated from the found densities of
the components. The loss of weight on sealing showed that 45 per
cent. of the mixture had evaporated; but here, too, the boiling points
of benzene and of carbon tetrachloride are so near that it is probable
that no important change in composition occurred.

IC.HQ to ICC"-
h. '3 7. y(Mv)l k.
-l -] L] ] L=l
e |5 23083 B2 EE|E
[}
5 | 8 4 S 2| S| & |8 | & | S
16’0 2°421|2:709]1°2697|1-2558| 2770|2758 | 561°9| 6562°4|2-331 | 2°148
46°2 | 2°150|2-428|1°2095| 1 2098 | 2350 | 28 80| 492°0| 4975 2°110| 2118
78°2 |1°880|2°126{1°1596|1°1590|19°71| 1998 | 424 5 | 429 -7

The calculated values of & are the means of the heights of benzene
and carbon tetrachloride at the respective temperatares. It is to
be noticed that the observed heights are widely different. But,
owing to the different densities of the two liquids, the calculated
values of «, the surface-tensions, are nearly the means of those of each
taken singly; and the agreement of the found and calculated molecu-
lar surface-energy, y(Mwv)}, is also a close one. The value of %
exaggerates the error of experiment, yet, on the whole, the agree-
ment is satisfactory. It would also appear that the operation of
mixing does not affect the density of either liquid appreciably.

() and (¢). The tables which follow show the effect of varying
the relative proportions :—

(b.) 10C.H, to 17CCl,.
X
h. p. 7. y(Mu)d. k.
3 g -] 3 -]
t | 8 g E § ERERR: g g | 3
[
S| S| & S |12 |8 |&|S|&|S
1.0‘2 2+265|2-508|1-3509|1 3505 | 27 *66| 27 ‘64| 568°1 | 566 ‘9| 2°127| 2°119
46°6 | 2:010| 2-224|1-2942|1-2963 | 2851 {28 57| 4970/ 496-1|2°280| -119f
78°4 |1°740|1°948(1°2411{1°2422|19°52|19°79| 424 2| 428°7
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() 2CH, to 1CCL.
A p- 7. y(Mv) . k.
-] 3 g ] -] ] -] g 9
S T R A I B N
g | S| & S |m|S|& |8 | &[S
108 {2769 |3-052|1-1384 | 1-1395 | 2855 | 2837|5762 | 674 1 | 2198 | 2 083
46-2 |2°440| 2689 | 1-0877 | 10899 | 23-99 | 2411 | 4995|4991 |2 -231 | 2133
78-2 | 2-121|2-354|10431 | 10445 |20 00| 2022 | 4281|430 8

The same remarks apply to these results.

The mean values of &, calculated over the whole range of tempera-
tare are given in the next table, together with the values of M, also
deduced between the extremes of temperatures by the equation
already given.

k. M.
Found. Calculated. Found. Calculated.
a. 2°125 2131 1131 1129
b 2-207 2-124 1258 125 -72
e. 2077 2-106 108 5 103 -3

Here, again, within limits of experimental error, it is seen that the
values of ¢ of y(Mv)!, and of % are uninfluenced by the operation of
mixing, and that the mean molecular weight of the mixture is
calculable from the data found.

III. Mixtures of Chlorobenzene and Ethylene Dibromide.

A mixture of equal molecular proportions of these liquids gave the
following results :—
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K. . 7. y(Mu)d. k.
L=l 3 ] L] o L] ]
AR EEEEEEEE AR NN
e8| 2|8 |e|8|&|8|& |3
16-2 4-292(4666(1°6084|1 6107 |85 38| 86°40(729-0|748°5|2°147|2-190
45°06 | 3°890( 4282155191 6564|3097 |81°89(658°0}67L°0|2 1622142
778 |3°615( 38361 50141 5056 | 27 08| 27 -98 | 683 71 6020|1989 2113
1313 | 2-925(8°178|1°4164|1 ‘4184 21 -28 | 21 ‘88| 477 ‘3| 486°9

The radius of the tube was 0-01046 cm.

The calculated height given is the mean of the heights of chloro-
benzene and ethylene dibromide, corrected for temperature-difference,
on the assumption (which is practically without error for such small
differences) that the variation of height with temperature is a linear
one. The calculated density is a similar mean. But these heights
and densities are not made use of in calculating the values of the
“ calculated ” 4. It, too, is the mean of the found values (see p. 184),
and similarly the values of (Mu)! are calculated from the calculated
values of v, and from the calculated densities.

The molecular weight, computed by means of the equation given
on p. 187, for the whole range of temperature employed, is 1486
instead of the theoretical mean 150°25.

IV. Mizture of Chloroform and Carbon Disulphide.

Here also equal molecular proportions were used.

r = 001046 cm.
h. p. 7. y(Mv)l k.
g ] -] -] < g g L]
el BIELE SRR RS
@
g | S| & S |2 |8 |& |8 | & |8
90'0 4'050|4-728|1-4026| 14132 29 -16| 3030|493 *7| 5106 1-847 |1 -897
449 [8560|3-788| 1 :3406| 1 ‘3496 | 24 °49 | 25 *47 | 427 "4 | 442°5| 2168 2062
61°0 13:300(3°520|1-81281-3213, 2223 | 28 ‘23 | 392 *6 409 3
) )

As the value of k for this mixture points to association at low
temperatures, the mean molecular weight has not been calculated.
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We see, from these experiments, that a mixture of two liquids
may either behave as a mean, or the liquids may influence each
other. With the first two pairs, toluene and piperidine, and
benzene and carbon tetrachloride, the liquids belong to very different
chemical types. With the second pair, the heights and densities
differ very greatly from each other, and although the values of
v and of y(Mu)! approach more nearly, there is still a marked differ-
ence. Yet the values of p, the demsity, «, the surface-tension,
and «(Mv)}, the molecular surface-energy of the mixtures, are iden-
tical with those calculated, within limits of experimental error.
Perhaps this statement should, in strictness, not apply to the den-
sities, yet there is no great divergence from the mean.

It is therefore legitimate to state that in certain cases the molecular
surface energy of a mixture is the mean of those of its constituents
determined at the same temperature.

The third pair of liquids, chlorobenzene and ethylene dibromide,
give results belonging to a different category. Here the calculated
density is greater than that found. This implies expansion on
mixing. The values of v are also greater, and together with these
the values of o(Mv)l. But the rate of alteration of (Mv)! with
temperatare is practically normal, and the mean molecular weight
can therefore be calculated with fair approach to uccuracy. The
fourth pair of liquids give still more abuormal results, owing probably
to the fact that one of them has some power of association.

It would be premature to discuss these results without much more
extended experimental evidence. Experiments have already been
made with mixtures of alcohol and other liquids, and an investigation
of mixtures of acetic acid is still in progress. The problem is a
complex one; we have to deal with the extent to which the associa-
tion of an associated liquid is altered by dilution; and it will form
the subject of a further communication. We have, however, thought
it advisable to bring forward some results in this paper to avoid the
possible generalisation from the behaviour of the first two pairs of
liquids that the molecular surface-energy of all liquids is the mean of
those which they possess when unmixed.

One question remains to bo considered ; it is this : Is it justifiable
to assume that the molecular surface-energy of a mixture of the
associated and dissociated molecules of a substance whose molecular
complexity alters with temperature is the mean of each taken singly ?
For, on that assumption, the mean molecular weights of associating:
liquids have been calculated. In our opinion it is; but, as direct ex-
perimental evidence is not as yet attainable, it may be well to bear in
mind that, although a fair working hypothesis, it cannot be taken as
a proved fact.
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IV. “Flame Spectra at High Temperatures. Part II. The
Spectrum of Metallic Manganese, of Alloys of Manganese,
and of Compounds containing that Element.” By W.N.
HARTLEY, F.R.S. Received April 25, 1894,

(Abstract.)

The spectrum of manganese has been the subject of much investi-
gation; the spark spectrnm was examined by Huggins, Thalén, and
Lecoq de Boisbaudran ; the arc spectrum was studied by Angstrom,
Thalén, Cornu, Lockyer, also Liveing and Dewar; the flame spectra
obtained from compounds of manganese were investigated by Simmler,
Von Lichtenfels, Lecoq de Boisbaudran, and Lockyer, while Marshall
Watts has given us accurate measurements of the wave-lengths of
lines and bands observed in the spark and oxyhydrogen flame-spectra
of spiegel-eisen, manganese dioxide, and other compounds of this
metal.

When investigating the spectrum of the Bessemer flame, I found it
necessary to compare the spectrum of elementary manganese under
different conditions with that of its oxide when heated in the oxy-
hydrogen flame. Comparative experiments were made also with
various alloys, as spiegel-eisen, silico-spiegel, ferromanganese, tool
steel, and malleable nickel which contains manganese; also with
compounds containing similar quantities of metal.

Metallic manganese was prepared by the electrolysis of manganese
chloride, from which all other metals had been carefully separated.
One preparation of pure manganese oxide was precipitated from a
solution of potassium permanganate by the action of alcohol and a
small quantity of sulphurous acid. Other specimens were precipitated
from solutions of potassium permanganate by the addition of hydrogen
peroxide. By this treatment pure manganic oxide containing only
traces of potash was obtained. From one preparation even the potas-
sium was removed.

Photographs of the spectra of metallic manganese and of manganic
oxide were taken and compared. They were also compared with the
spectra of the alloys of manganese. The periods of exposure varied
from a mere flash in the case of spiegel-eisen when being poured into
& Bessemer converter, to 30 minutes and even as much as 80 minutes
with manganic oxide.

The leading features of the epectra of manganese and manganese
oxide are the same, but they differ in detail, a8 may be observed by
comparing the wave-lengths of the lines and bands in their respective
spectra.
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It will be readily understood that the bands can be measured with
far less'accuracy than-lines; and that they are subject to some degree
of variation in width, according to variation in the time of exposare
and the temperature.

A striking group of lines, the most persistent in the whole of these
spectra, is situated in the violet. The following measurements were
made :—

40365 40349 Angstrom, also Cornu.
o [ 40329 .

40320 { 4031,8}Angstmm.

40295 40294 Angstrém.

Another line is just visible about 40318, but it is so close to 4082:0
that it could be discerned only when the extreme points of three very
strong lines were examined, and the plate was in perfect focus for
that region. The whole group of lines appears as two bands very
closely adjacent, or in the manganese oxide spectrum as one band
with the centre appearing as if reversed, the less refrangible- edge of
the band being very strong and sharp, the more refrangible being
degraded and diffuse. These lines remain after the bands in the
yellow and green have disappeared from the photographs, but the
result may be quite otherwise with eye observations, owing to the
greater visibility of the yellow over the violet rays.

Photographs of the spectra obtained with a dispersion of four
quartz prisms of 60° and lenses of 15 inches in focal length, are pre-
sented with the paper.

V. “Flame Spectra at High Temperatures. Part III. The
Spectroscopic Phenomena and Thermo-Chemistry of the
Bessemer Process.” By W. N. HArTLEY, F.R.S., Royal
College of Science, Dublin. Received May 4, 1894. '

(Abstract.)

The flame issuing from the mouth of a Bessemer converter was
first investigated by Sir Henry Roscoe® in 1863 ; by Lielegg,t and by
Marshall Watts in 1867 ;1 by Tunner,§ J. M. Silliman, Rowan,|| Von

® ¢Literary and Phil. Soc., Manchester, Proc.,’ vol. 8, p. 57, and ‘ Phil. Mag.,’
vol. 84, p. 487.
+ Sntzungibenchu Kaiserl. Akademie derWusemch&ffen,’ ‘Wien, vol. 66, Part I1.
1 *Phil. Mag.’ vol. 34, p. 437.
§ * Dingler’s Polytech. J.," vol. 178, p. 465.
f| * Phil. Mag.,’ vol. 41, p. 1.
VOL. LYI. \)
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Lichtenfels,* Spear Parker,t Kupelwieser,} Brunner,§ and Wedding
in 1868 ;|| also by A. Greiner in 1874.9

Up to the present time the precise nature of the spectrum, the
cause of its production, its sudden disappearance when decarbarization
of the metal takes place, and the connexion between the decarburiza-
tion of the metal and the extinction of the spectrum, have not been
satisfactorily explained. According to Roscoe, Lielegg, Kupelwieser,
and Spear Parker, the spectrum is characterised by bands of carbon
or of carbon monoxide, which disappear when all carbon is burnt out
of the metal.

On the other hand, a,ccordmg to the investigations of Simmler,**
Brunner, Von Lichtenfels, and Wedding, the spectrum is not due to
carbon (Roscoe) or to carbon monoxide (Lielegg and Kupelwieser),
but to manganese and other elements in the pig-iron.

The very careful examination of these spectra by Watts and his
comparison of them with that of the Bessemer flame led to the con-
clusion that it was not the spectrum of carbon in any form nor of
manganese, but that of manganic oxide. Lielegg established the fact
that carbon monoxide yields a continuous spectram, and that this gas
causes the continuous bright spectrum of the Bessemer flame; but
he also attributed certain lines or bands to the high temperature of the
carbon monoxide. All observers are agreed as to the appearance after
a certain interval of the lines of the alkali metals which were origin-
ally discovered by Roscoe to be present during the first period of the
“blow.” Watts observed the C line of hydrogen during wet weather.

This research was undertaken in 1882, and an instrument was
devised for the purpose of photographing the spectra of various
flames emitted daring metallurgical operations. The work was left
in abeyance until certain practical difficulties encountered in study-
ing flame spectra at high temperatures in the laboratory had been
overcome. The original mounting of the instrument was too light,
but that which has recently been used with snccess is described.

Owing to the courtesy of Mr. F. W. Webb, the engineer of the
Locomotive Department of the London and North Western Railway,
and of Mr. E. P. Martin, the manager of the Dowlais Ironworks,
observations have been made at Crewe and at Dowlais during the past
‘year. About ninety spectra were photographed, about fifty of which
were available for study.

* ‘Dingler’s Polytech. J.,’ vol. 191, p. 213,
* % ‘Chem. News,’ vol. 23, p. 25.
T ¢ Oesterreichische Zeitschr. fiir Berg- und Hiitten-Wesen,” No. 8, p. 69, 1868.
. § Loc. cit., No. 29, p. 227, 1868.
|| ¢Zeitschrift fiir das Berg- Hiitten- und Salinen-Wesen,’ vol. 27, p. 117, 1869.
9 ‘Revue Universelle,’ vol. 35, p. 623, .
#8 < Zeitachr. fir Analytische Chemie,’ 1863.
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The spectra studied extended from the red potassium line A\ 7697,
and on some of the plates to about the line P on Cornu’s map of the
solar spectrum, \ 3380-8 ; but the least refrangible line photographed
was that of lithium A 6707. The bands and lines in various spectra
taken at Crewe and Dowlais have been measured, and their wave-
lengths determined. Descriptions of the spectra and how they were
obtained are given. The description of each band and line measured
is given, with its wave-length, its origin, and other references. Photo-
graphs of the spectra are presented, and a map has been drawn for the
identification of the lines on these photographs. About ninety-two lines
were identified with lines in the solar spectrnm, with lines in Kayser
and Runge’s map of the arc spectrum of iron, and on spectra from
steel and ferric oxide heated in the oxyhydrogen flame.

The Constitution of the Bessemer Spectrum.

The spectrum is a complex one which exhibits differences in con-
stitation during different periods of the ‘‘ blow,” and even during
different intervals in the same period. As originally observed by
‘Watts, the spectram differs in different works, the difference being
due to temperature and to the composition of the metal blown.

The lines of the alkali metals, sodinm, potassium,
and lithium, are seen unreversed on a bright con-

ili)r::mg t:; tinuous spectrum caused by carbon monoxide. The
PerIoC- | G line of hydrogen and apparently the F line were
seen reversed during a snowstorm.
. Bands of manganese are prominent, overlying the
ring h ga p ] ying
Dun d pe:'ioed continuous spectrum of carbon monoxide. There are

«1.:1» | lines of carbon monoxide, manganese, and iron, also

The “boil. those of the alkali metals.

During the The spectrum is the same as the foregoing, but the
third period. ) lines of iron are not so strong and mot quite so well
The “fining | defined. Some of the short lines disappear. The

stage.” lines of the alkali metals are visible.

Tt is also probable that some of the bands of manganese oxide are
present, but they are obscured by the continuous carbon monoxide
spectrum. No absorption bands were seen, no nitrogen bands, nor
bands of calcium and magnesinm oxide, neither did the lines of these
metals ‘appear. There is no trace of cobalt, nickel, chromium, or
copper; certain carbon bands overlie those of manganese, and are
recognised by measurements of their edges. Some of the lines not
identified by Watts prove to be iron lines, others belong to man-
ganese. The manganese bands are all degraded towards the red, the
carbon bands towards the blue.

o2



196 Prof. W. N. Hartley. [June 14,

The cause dfithe Nonsappearance of Lines at the Commencement and
Termination of the * Blow.”

Some controversy followed upon the publication of the papers by
Roscoe and Lielegg. Tunner stated that in Sweden the Bessemer
process was not facilitated by the use of the spectroscope. Brunner
pointed out that the spectroscopic phenomensa were not dependent on
the combustion of carbon, but were characteristic of the various
impurities in the metal. Wedding and Silliman discussed the origin
of the spectrum seen at different periods of the *blow,” and failed to-
account fully at that time for the non-appearance of lines at its com-
mencement and termination. Their views did not harmonise. Many
facts were discovered which were not understood, appeared contra-
dictory, and required verification. These have all been carefully
examined and accounted for.

Support is given to Wedding’s view, based on the analyses of
Brunner, that the non-appearance of the lines of manganese at the
commencement and termination of the blow is aqwing to the quantity
of metal volatilised at those periods being insufficient for the produc-
tion of a spectrnm. At the commencement the temperature is too-
low, being very little above that of the molten metal; and, as free
oxygen escapes along with carbon dioxide, the gaseous mixture con-
tains too small a proportion of carbon monoxide. The alkalies which
come from the ganister lining of the converter are present as silicates,
and in very small proportion; many silicates, such as, for instance,
felspar, do not exhibit spectra of the alkalies they contain until
heated in the oxyhydrogen flame, but at this temperature the metals
potassium, lithium, and rubidium have been detected with the
greatest ease in such silicates. Similarly, the alkali metals do not
show themselves in the Bessemer flame nntil a layer of slag has been
formed, and the temperature has risen sufficiently high for these
basic constituents to be vaporised. At the temperature of the
“boil,” or second period, both metallic manganese and iron are freely
vaporised in a current of carbon monoxide, which, in a highly
heated state, rushes out of the bath of molten metal. The evidence
of this is the large number of bands of manganese and lines of iron
in the spectrum. .

When the metal blown contains but little manganese, as, for
instance, heematite pig, this is all converted into silicate during the
first period. The manganese spectrum in the flame does not arise
from that substance being contained in the bath of metal, it must be
vaporised from the slag. That this is so has been proved by photo-
graphs of thespectrum from samples of slag obtained from the Crewe
works. There is very little difference between these and the photo-
graphs of the flame-spectrum taken at Crewe, during the *boil,” the



1894.] Flame Spectra at Hiéh Temperatures. 197

difference/\being (¢hiefly in"the iron line being stronger in the slag
-spectrum. This explains the fact observed by Brunner, namely,
that when a converter is being heated with coke after it has been
used, but not re-lined, the spectrum of the Bessemer flame makes its
appearance ; manifestly it comes from the adhering slag.

The luminosity of the flame during the * boil ” is due, not merely to
the combustion of highly heated carbonic oxide, but also to the pre-
sence of the vapours of iron and manganese in the gas.

The disappearance of the manganese spectrum at the end of the
“ fining stage,” or third period, is primarily due to a reduction in the
quantity of heated carbon monoxide escaping from the converter,
which arises from the diminished quantity of carbon in the metal.
When the last traces of carbon are gone, so that air may escape
through the metal, the blast instantly oxidises any manganese, either
in the metal or in the atmosphere of the converter, and, furthermore,
oxidises some of the iron. The temperature must then fall with
great rapidity,

The entire spectroscopic phenomena of the “ blow ” are undoubtedly
determined by the chemical composition of the molten iron, and of
the gases and metallic vapours within the converter, the temperature
of the metal and that of the issuing gases.

The Temperature of the Bessemer Flame.

The probable temperature of the Bessemer flame at the finish is
that produced by the combustion in cold air of carbonic oxide heated
to about 1580° C., that is to say, to the temperature which, according
to Le Chatelier (‘ Comptes Rendus,” vol. 114, p. 670), is that of the
bath of molten metal from which the gas has proceeded. The bath
of metal acts simultaneously as a means of heating the blast, producing
the gas, and as a furnace, on the regenerative principle, which heats
the gas prior to its combustion. The heating effect is therefore
cumulative. The temperature, as is well known, can easily rise too
rapidly, aud the metal has then to be cooled by throwing cold pig-
iron, or even old ingot moulds, into it.

If we may judge by the lines and bands belonging to iron and
manganese which have been measured in photographed spectra of the
Bessemer flame, the temperature must nearly approach that of the
oxyhydrogen flame, and may easily attain the melting point of plat-
inam, namely, 1775° C. (Violle).

Marshall Watts observed (‘Phil. Mag.’ 1870) that the sodinm
lines 5681 and 5687 may be employed as an index of temperature,
since they are present in the spectrum of any flame containing sodium
which is hot enough to melt platinum, but do not appear at lower
temperatures. The Bessemer flame does not show this double line,
but only the D lines.
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We\\cannot,Obowever,Ciconclude from this that the flame is not
hot enough to produce these lines, for though the temperature may
be high enough the quantity of material present is not sufficient to
cause their appearance. Moreover, there are two intensely brilliant
bands of manganese closely adjacent, one of which certainly overlies
these lines. Lastly, they are not to be seen in the photographed
spectrum obtained from slag heated in the oxyhydrogen flame, which
melts platinum easily and slowly volatilises iridium wire.

From thermo-chemical data the heat evolved during the “ blow
has been calculated, but the specific hoats of .cast iron, slag, carbon
monoxide, and nitrogen are unknown at temperatures between
1200° C. and 2000° C. If we allow for 50 per cent. of the heat
developed at high temperatures being lost by radiation or absorbed,
then the estimated temperature of the metal in the converter is more
than 1900° C.

Le Chatelier (‘ Comptes Rendus,’ vol. 114, p. 670) found the steel
in the ladle of a Robert converter to be at 1640° C. Reasons are
adduced for believing that it must certainly have been hotter than
this at the highest temperature of the * blow.”

The Technical Aspect of this Investigation.

The spectrum obtained from Bessemer-slag by the oxyhydrogen
flame is composed of precisely the most characteristic features of the
flame spectrum, as seen issuing from the converter at Crewe. Hence
at this temperature iron and manganese are freely volatilised, as
they are in the oxyhydrogen flame. As a matter of course the
continuous spectrum of carbon monoxide, the bands and lines of that
compound and of elementary carbon are absent from the slag
spectrum. The flame spectrum at Dowlais differs from this, and
resembles the spectrum of metallic manganese or more closely that
of ferro-manganese. For reasons given, I conglude that the spectrum
at Crewe results from materials in the slag ; but that at Dowlais from
constituents vaporised from the bath of metal.

The complete termination of the ‘ fining stage '’ is clearly indicated,
but there is no indication by the flame of the composition of the
metal within the converter at any previous stage. As the progress of
the “ blow ” is governed by the composition of the metal and its tem-
perature in the converter, and as these cannot be controlled with
perfect exactitude during each “ blow,” it follows that the practice of
complete decarburization* is the best course to pursue, the required

* The words “ carburizing” and *decarburizing’” are to be preferred to
“ carbonising " and “ decarbonising ” when applied to metals, because these expres-
sions were those originally used in the older works on metallurgy, and they aveid
confusion with the other signification of the word ‘ carbonising.”
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amount, of / ¢carbon) and/manganese being added subsequenly in the
forms of grey iron, spicgel,.or ferro-manganese.

I propose to continue this work by extending my observations to
the flame from the basic Bessemer process and the gases in the Siemens
steel furnace.

VI. “On a Method for determining the Thermal Conductivity
of Metals, with Applications to Copper, Silver, Gold, and
Platinum.” By James H. Gray, M.A., B.Sc., 1851 Exhibi-
tion Scholar, Glasgow University. Communicated by LORD
KeLviy, P.R.S. Received May 24, 1894,

(Abstract.)

The object of this investigation was to obtain a method for deter-
mining thermal conductivities of metals, which would not require
either elaborate preparations or large quantities of the substances to
be tested, and by means of which a test conld be made in a few
hours.

The method about to be described was suggested by Lord Kelvin
thirty years ago, and is the experimental realisation of the theoretnca.l
conditions implied in the fundamental formula

Q_

where the symbols have their usnal meaning.

The apparatus was made 8o a8 to be suitable to test the metals in
the form of wires of circular section.

The diameters found most convenient were {from 2 to 4 mm., the
lengths from 4 to 8 cm.

One end of a given length of the wire is kept at a constant known
temperature. The rise of temperature of the other end of the wire
is noted every minute, and, if proper precautions be taken to prevent
loss by radiation from the sides, the data are obtained for calculating
the thermal conductivity.

The wire to be tested is soldered at one end into the bottom of a
copper box, 16 cm. long, 6 cm. wide, and 7 cm. deep. The bottom of
the box is made of copper 3 mm. thick, the sides of thin sheet copper.

In the box, immediately above the hole into which the wire is
soldered, there is a large block of copper, in which & hole has been
made sufficiently large to admit a small thermometer.

The box is filled with water and supported at its middle by being
fitted into an asbestos-lined wooden screen, 24 x24 cm. The water
is heated by a Bunsea burner placed on the other side of the screen
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from that on|which the wire is. No heat can therefore be communi-
cated directly to the wire from the lamp. In the bottom of the box
above the lamp a number of thick copper pins is fixed, so a8 to catch
and distribute the heat. 3 mm. length of the other end of the wire
is soldered into a solid copper ball, diameter 55 cm. In the ball a
hole 3 cm. deep is made, so as to admit the bulb and part of the stem
of a small and very sensitive thermometer. This thermometer is
graduated from 5° C. to 20° C., and can be easily read to within one-
fortieth of one degree. The balb is surrounded by water.

To prevent radiation from the surface of the wire, a tube of circular
section, diameter 1 cm., made of several layers of thin paper, sur-
rounds the wire all along its length. The air inside this tube soon
takes up the temperature of the part of the wire with which it is in
contact, and so practically eliminates radiation.

A rough calculation gives for the maximum value of the loss due
to radiation, 55 per cent. when the surface of the wire is exposed to
the air, the length being 4 cm. Unless the paper tube is effective,
the error due to radiation ought to be greater, the greater the length.
Exhaustive trials, however, proved that different lengths gave prac-
tically the same value for the conductivity.

The other possible errors, besides radiation, to be tested for are : —

(1) The thermometer in the hot water may not indicate the tem-
perature of the end of the wire.

(2) The solder may cause some error.

(3) The thermometer in the ball may not indicate the average
temperature.

(4) There may be a lag in the thermometer.

(5) The temperature of the ball may not be the same throughout,

" and the thermometer may not indicate the temperature of

the wire where it enters the ball.

All these ervors are practically tested by using different lengths or
diameters of the wire, and the results obtained in the present investi-
gation indicate that the errors have been eliminated.

To test whether the thermometer in the hot water indicated the
temperature at the end of the wire, a thermo-electric junction, made
of very thin platinoid and copper wires, was soldered to the wire just
where it entered the box. The other junction was tied to a thermo-
meter and immersed in water, which was heated till there was no
deflection in the sensitive mirror galvanometer which was used. The
temperature indicated by the thermometer was then found to be the
same a8 that of the thermometer in the hot water.

An approximate calcalation for the other end of the wire shows
that the temperature of that end is somewhat lower than that of the
ball, the greatest difference being 1'5 per cent. This difference was
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always\ allowed(for cby applying an approximate formula to each
different length.

In order to make a complete test of a metal it is only necessary to
take a wire of 5 or 6 cm. length and solder it firmly, the one end into
the bottom of the heating box, the other into the calorimeter ball.
The water in the heating box is kept boiling briskly, and readings
are taken every half minute from the thermometer in the ball.
These readings are then pat upon a curve as ordinates, with the
time in minutes as abscissee. From this curve the rise of temperature
per unit time can then be accurately read off, and, the thermal
capacity of the ball being already determined, the flow of heat per
unit time is obtained.

In order to eliminate radiation from the surface of the calorimeter
ball, the latter is, at the beginning of the experiment, cooled to about
6° or 7° C. below the temperature of the air, or rather of the water-
jacket which surrounds the ball.

Let « be the quantity of heat that passes from the surface of the
ball, when the latter is 6° above or below the temperature of the
water-jacket; Q, the quantity of heat that flows into the ball at the
temperature 6° above that of the water-jacket; Q, the quantity that
flows in when the ball is 6° below that of the jacket; T the tempera-
tare of the hot end of the wire.

Then if « is the mean conductivity,

Q= x(T—t+6)—a
Q=x« (T-—m)-{-a,
S 3 ( Qi+ Q) =« (T—12).

If, therefore, the rise in temperature per half minute at 6° abore
that of the water-jacket be taken from the curve and added to the
rise for 6° below the temperature of the jacket, the quantity 4(Q:+Qa)
is obtained, and is the flow of heat when the temperatures of the ends
of the wire are T° and ¢° C., the radiation from the ball being thus
eliminated. If ten or fifteen of these values be taken from the curve
and the mean found, a very accurate result is obtained. It is thus
immaterial whether the surface of the ball changes between each test,
as long as it remains constunt during the test.

The metal which was chiefly used for the exhaustive tests of the
method was copper wire, of diameter 0'21 cm., density 885, volume
specific (electrical) resistance at about 13° C. 1834 in absolute units.

The number obtained for the absolute value of the thermal conduc-
tivity was 0-88838 C.G.S. units, which was the mean of the values for
different lengths of from 4 to 7 cm., the greatest variation being a
little over 1 per cent.
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The, greatest value,obtained for copper was 09594 C.G.S. units,
which was for wire obtained from Messrs. Glover and Sons. The
specific (electrical) resistance was found to be 1730.

It must be noted that these values are the means of the conduc-
tivities corresponding to the temperatures at the ends of the wire.
When compared with the values obtained by other experimenters, the
results of the latter must be taken for the mean'of 97° C. and 10° C.,
that is 53° C.

For this temperature Angstrﬁm gives 09208,

Several qualities of copper were tested, as well as pure gold, silver,
and platinum, kindly lent for the investigation by Messrs. Johnson,
Matthey, and Co.

The values are given below :—

Mean Conductivity between Temperatures 10° C. and 97° C.

Thermal
conductivity
in C.G.S. units.  Diameter. _
Copper, Specimen 1.............. 09594 2:00 mm.
” » 2ttt 0-88838 211 ,,
” ” Beveiiaiiiinnn . 08612 309 ,,
» ’ 4 (very impure) 0:3497 204 ,,
” » ” .. 0-3198 204 ,,
Silver (pure).eeseceecceeceonns 09628 202 ,,
Gold 19 eeeesecesieenianne 0-7464 2:00 ,,
Platinum ,, .occceceeeneceeens 0-1861 200 ,,

Experiments to find out if there is any relation between the elec-
trical and thermal conductivities confirmed what has been found by
previous investigators, that if one metal is a better conductor for
heat it is also a better conductor for electricity. The results did not,
however, prove that the ratios were always the same, although in some
cases they agreed very closely.

For example—

Conductivity of Specimen 2 in above table 2-78 for h
=2 t.
Conductivity of Specimen 5 in above table 78 for hea

= 286 for electricity.

Condncti\ntty of S'pec'fmen 2 _ 954 for heat.
Conductivity of Specimen 4 <

= 2'56 for electricity.
Conductivity of Specimen 1 _ 108 for heat,

Conductivity of Specimen 2
= 1-066 for electricity.
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Wtile) hlowever, thesel ntimbers agree very closely, other wires were
tested in which the numbers varied considerably.

It is intended to go on with tests of alloys, such as platinoid and
German silver; also, by using liquids other than water, to obtain
values of the variation of conductivity with temperature.

Presents, June 14, 1894.
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June 21, 1894.
The LORD KELVIN, D.C.L., LL.D., President, in the Chair.

Dr. John Rose Bradford and Professor M. J. M.'Hill were admitted
into the Society.

A List of the Presents received was laid on the table, and thanks
ordered for them.

The following Papers were read :—

I. “Researches on Explosives. Preliminary Note.” By Captain
Sir A. NoBLE, K.C.B,, F.R.S., M.I.C.E,, &c. Received June
13, 1894.

The researches on which I, in conjunction with Sir F. Abel, have
been engaged for very many years, have had their scope so altered
and extended by the rapigd advances which have been made in the
science of explosives, that we have been unable to lay before the
Society the results of the many hundreds of experiments under
varied conditions which I have carried out. We are desirous also
of clearing up some difficulties which have presented themselves
with certain modern explosives when dealing with high densities
and pressures, but the necessary investigations have occupied so
much time that I am induced to lay a few of our results before the
Society, trusting, however, that before long we may be able to submit
& more complete memoir. '

A portion of our researches includes investigations into the trans-
formation and ballistic properties of powders varying greatly in
composition, but of which potassium nitrate is the chief constituent.
In this preliminary note I propose to refer to powders of this descrip-
tion chiefly for purposes of comparison, and shall devote my
attention principally to gun-cotton and to those modern explosives
of which gun-cotton forms a principal ingredient.

In determining the transformation experienced during explosion,
the same arrangements for firing the explosive and collecting the
gases were followed as are described in our earlier researches,* and
the gases themselves were, after being sealed, analysed either under
the personal superintendence of Sir F. Abel, or of Professor Dewar,

# ¢ Phil. Trans.,’ vol. 165, p. 61.
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and to Professor Dewar’s advice and assistance I am indebted, I
can hardly/say to'what extent.

The heat developed by explosion, and the quantity of permanent
gases generated were also determined as described in our researches,
but the amount of water formed plays so important a part in the
transformation that special means were adopted in order to obtain
this product with exactness.

The arrangement employed was as follows :—

After explosion the gases formed were allowed to escape through
two |J-tubes filled with pumice stone and concentrated sulphuric
acid; when the gases bad all escaped the explosion cylinder was
opened, and the water deposited at the bottom of the cylinder was
collected in a sponge, placed in a closed glass vessel and weighed.
The cylinder was then nearly closed and heated, and a measured
quantity of air was, by means of an aspirator, drawn slowly through
the |J-tubes till the cylinder was perfectly dry. This was easily
ascertained by observing when moisture was no longer deposited
on a cooled glass tnbe through which the air passed.

The |J-tubes were then carefully weighed, the amount of moisture
absorbed determined, and added to the quantity of water directly
collected. The aqueous vapour in the air employed for drying was,
for each experiment, determined and deducted from the gross
amount. o

Numerous experiments- were made to ascertain the relation of the
tension of the various explosives employed, to the gravimetric
density of the charge when fired in a close vessel, but I do not pro-
pose here to pursue this part of our enquiry, both because the sub-
ject is too large to be treated of in a preliminary note and because
approximate values have already been published* for several of the
explosives with which we have experimented.

With certain explosives, the possibility or probability of detona -
tion was very carefully investigated. In some cases the explosive
was merely placed in the explosion vessel in close proximity to a
charge of mercuric fulminate by which it was fired, but I found that
the most satisfactory method of experiment was to place the charge
to be experimented with in a small shell packed as tightly as possible,
the shell then being placed in a large explosion vessel and fired by
means of mercuric fulminate. The tension in the small shell at the
moment of fracture and the tension in the large explosion vessel were
in each experiment, carefully measured.

It may be desirable here to explain that I do not consider the
presence of a high pressure with any explosive as necessarily denot-
ing detonation. With both cordite and gun-cotton I have developed
enormous pressures, close upon 100 tons per square inch (about

# Noble, ‘ Internal Ballistics,” 1892, p. 83 ; ¢ Roy. 8oc. Proc.,’ vol. 62, p. 128.
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15,000 atmospheres), but the former explosive I have not succeeded
in detonating, while gun-cotton can be detonated with the utmost
ease. - It is obvious that if we suppose a small charge fired in a
vessel impervious to heat, the rapidity or slowness of combustion will
make no difference in the developed pressure, and that pressure will
be the highest of which the explosive is capable, regard being of
course had to the density of the charge. I say a small charge, be-
cause, if a large charge were in question and explosion took place
with extreme rapidity, the nascent gases may give rise to such
whirlwinds of pressure, if I may use the term, that any means we
may have of registering the tension will show pressures very much
higher than would be registered were the gases, at the same temper-
ature, in a state of quiescence. I have had innumerable proofs of
this action, but it is evident that in a very small charge the nascent
gases will have much less energy than in the case of a large charge
occupying a considerable space.

The great increase in the magnitude of the charges fired from
modern guns has rendered the question of erosion one of great im-
portance. Few, who have not had actual experience, have any idea
how rapidly with very large charges the surface of the bore is re-
moved. Great attention has therefore been paid to this point, both
in regard to the erosive power of different explosives and in regard
to the capacity of different materials (chiefly different natures of
steel) to resist the erosive action.

The method I adopted for this purpose consisted in allowing large
charges to escape throngh a small vent. The amount of the metal
removed by the passage of the products of explosion, which amount
was determined by calibration, was taken as a measure of the erosive
power of the explosive.

Experiments have also been made to determine the rate at which
the products of explosion part with their heat to the surrounding
envelope, the products of explosion being altogether confined. I
shall only briefly allude to these experiments, as, althongh highly
interesting, they have not been carried far enough to entitle me to
speak with confidence as to final conclusions.

Turning now to ballistic results. The energies which the new ex-
plosives are capable of developing, and the high pressures at which
the resualting gases are discharged from the muazzle of the gun, render
length of bore of increased importance. With the object of ascer-
taining with more precision the advantages to be gained by length,
the firm to which I belong has experimented with & 6-inch gun of
100 calibres in length. In the particular experiments to which I
refer, the velocity and energy generated has not only been measured
at the muzzle, but the velocity and the pressure producing this
velocity have been obtained for every point of the bore, consequently
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the loss of velocity and energy due to any particular shortening of
the bore can'be’at once 'dednced.

These results have been obtained by measuring the velocities every
round at sixteen points in the bore and at the muzzle. These data
enable a velocity curve to be laid down, while from this curve the
corresponding pressure curve can be calculated. The maximum
chamber pressare obtained by these means is corroborated by simul-
taneous observations taken with crusher ganges, and the internal
ballistics of various explosives have thus been completely de-
termined.

Commencing with gun-cotton, with which a very large number of
analyses were made, with the view of determining whether there was
any material difference in the decomposition dependent mpon the
pressure under which it was exploded, two descriptions were em-
ployed : one in the form of hank or strand, and the other in the form
of compressed pellets. Both natures were approximately of the same
composition, of Waltham Abbey manufacture, containing in a dried
sample about 44 per cent. of soluble cotton and 95'6 per cent. of
insoluble. As used, it contained about 2:25 per cent. of moisture.

The following were the results of the analyses of the permanent
gases. They are placed in five series, viz.:—

First. Analyses showing the decomposition of the strand or hank
gun-cotton. Second. Analyses showing the decomposition of pellet
gun-cotton.

In both these series the analyses are arranged in the order of the
ascending pressures under which the decomposition took place.

Third and fourth. Examples of the decomposition of strand and
pellet gun-cotton when exploded by means of mercuric fulminate;
and, fifth, a series showing the decomposition experienced by pellet
gun-cotton saturated with from 25 to 80 per cent. of water, and deto-
nated by means of a primer of dry gun-cotton and mercuric fulminate.

I leave these results for discussion in the memoir which Sir F. Abel
and I hope before long to submit, and will only remark that, in
Tables I and II, the same peculiarity we have before remarked upon
in reference to gunpowder, is again exhibited; I mean the marked
manner in which the carbonic anhydride increases with the pressure.
It will be noted that in Table I the volumes of carbonic anhydride
and carbonic oxide are mnearly exactly reversed ; again, considering
that the composition of the pellet and strand gun-cotton is practically
the same, the distinct difference between the proportions of these pro-
ducts in the two series is sufficiently remarkable. It not improbably
is connected with the rapidity of combustion of the two samples.
Another striking peculiarity is the manner in which the CO, ig in-
creased (as exhibited in Table V) when saturated pellet cotton is
detonated. :
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ITI. Results of the Analyses of Strand Gun-cotton when fired in a
Close Vessel by Detonation.

Pressure® per sq. inch.

{ ton. 3 ton:.
CO, (vols.) ...... 19-21 29-08
co , ... . 4125 32-88
H 5 seeeee 28-07 20°14
N 5y eeeeee 16-21 17-50
CH, , ceee.. 026 075

IV. Similar Results for Pellet Gun-cotton.
Pressure per sq. inch.

é tons. 10 ton}.
CO; (vols.) ..... . 2576 26-50
Cco 99 esesee 39-34 37-48
H 9w eseese 1871 2097
N W eseses 1619 15:05
CH, , ‘...... Nil Nil

V. Resaults of Analyses of Saturated Pellet Gun-cotton fired in a
Close Vessel by Detonation.

Pressure per square inch

{Tnder 10 tons. 10 °5 tons. 16 tons. 165 bon?.
CO, (vols.) .... 3214 33:25 32:93 3560
co , .... 2704 2590 2725 23:43
H sy ee.. 2680 26-53 2576 2422
N s eees 1383 14-32 1406 15-25
CH, , .... 019 Nil Nil 150

Such are the average analyses of the permanent gases generated
by the decomposition of gun-cotton under the various conditions I
have described, and it will be evident from these analyses that the
volumes of the permanent gases may be expected to differ to some
very appreciable extent, depending both upon the density under
which it is exploded, and also upon the mode of explosion. I have
found it most convenient to explode the charges, the permanent gases
from which were to be measured, under a pressure’of about 10 tons
per square inch (1,524 atmospheres), and, under these circumstances,.
the average of several very accordant determinations gave, at 0° C.
and 760 mm. of mercury, 689 c.c. per gram of strand gun-cotton and’
725 c.c. per gram of pellet gun-cotton.

® The pressures given are those due to the gravimetric density of the charge.
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At the temperature of explosion the whole of the water formed is
in the gaseous state. It is therefore necessary, in order to obtain the
total gaseous volume, to add to the above volumes of permanent gases
the equivalent volume of aqueous vapour at the temperature and
pressure stated. Now the quantity of water formed by the explosion
of 129'6 grams of gun-cotton was found to be 16985 grams ; hence
1 gram of gun-cotton generated 0-1311 gram of water, equivalent to
162:6 c.c. of aqueous vapour, and the total volume of gaseous matter
at the temperature and pressure stated is for strand gun-cotton
8522 c.c. per gram, for pellet 8876 c.c.

The heat measured reached, with strand gun-cotton, 1068 gram-
units water fluid, or 988 gram-units water gaseous, while with
pellet gun-cotton these figures were 1037 or 957 gram-units respec-
tively.

Pellet gun-cotton made at Stowmarket generated 738 c.c. of
permanent gas and 994 units of heat per gram, while dinitro-cellulose
containing 12'8 per cent. of nitrogen generated 748 c.c. of gas and
977 units of heat, the water in both cases being fluid.

Gun-cotton, both pellet and strand, I have detonated by means of-
mercuric falminate with ease and certainty. The effect of employing
this means of ignition in & close vessel is very striking, and the
indications of intense heat are much more apparent than when the:
charge is fired in the ordinary way. This effect is probably partly
due to an actual higher temperature, cansed by the greater rapidity
of combustion. I allude elsewhere to the extreme rapidity with:
which the gases part with their heat, but this higher heat is, I think,
clearly indicated by the surfaces of the internal crusher gauges
becoming covered with innumerable small cracks and by thin laminse
occasionally flaking off exposed surfaces; but perhaps the most
striking proof of the violence of this detonation is shown by its action
on a cast-iron shell fired as I have described ; where no detonation
takes place the shell is broken into fragments of various sizes, such
a8 are familiar to all acquainted with the bursting of shell ; but when
detonation, with gun-cotton, for example, takes place, the whole
shell is reduced to very minute fragments, and, what is more remark-
able, two-thirds of the total weight are generally in the form of.
small peas and of the finest dust.

The ease with which gan-cotton can be detonated renders it unsuit-
able for use as a propulsive agent unless this property be in some way
neutralised. I have, therefore, made but few experiments in this
direction, and shall not further allude to them in this note, as more
suitable explosives, explosives also of which gun-cotton is a principal
component, have been elaborated, and these not only possess to the
full the high ballistic properties of gun-cotton, but are more or less
free from the tendency to detonate, which, however useful it may be

v 2
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in other directions, is a fatal objection to the employment of gun-
cotton for propelling” purposes.

Turning now to cordite; cordite consists, as is well known, of
nitro-glycerine and gun-cotton as its main ingredients. As now
made it contains 37 per cent. of gun-cotton (trinitro-cellulose with a
small proportion of soluble gun-cotton), 58 per cent. of nitro-glycerine,
and 5 per cent. of a hydrocarbon known as vaselin. On account of
the importance of this explosive, I have made numerous experiments,
both with large and small charges, to determine the relation of the
tension to the density of the charge. Up to densities of 055 the
relation may be considered to be very approximately determined ;
above that density, although many determinations have been made,
these determinations have shown such wide variations that they
cannot, until certain discrepancies are explained, be assumed as at all
accurate.

The average results of some of the analyses of the permanent gases
are given below :—

The first four analyses were ma.de from experiments with the
earlier samples of cordite when tannin formed an ingredient of
oordite. They are not, therefore, strictly comparable with the later
analyses. There appears also to be a difference in the transformation,
slight but decided, which the same cordite experiences, dependent
upon the diameter of the cord, and this difference is shown at once in
the analyses, in the volame of permanent gases, in the heat developed,
and, I think, in the amount of aqueous vapour formed.

The following are some of the analyses :—

VI

Pressure per square inch.

0048 Cordite. 0256 Cordite.

26 tons. 6 tons. 10 tons. 14 tons. 10 tons. 12 tons. 11 tons. 14 tons.
CO;, .... 299 304 320 316 270 284 239 268

CO...... 283 3007 3829 321 342 338 372 358
H...... 193 2000 180 216 269 244 284 261
N ...... 225 189 171 148 120 134 104 118
CH, .... : traces.

In the whole of these analyses the water formed by the explosion
smelt strongly of ammonia.

The quantity of permanent gases measured, nnder the same con-
ditions as in the case of gun-cotton, was found to be—

For the earlier cordite, 655 vols.

For the present service cordite, 0'255 in. in diameter, 692 vols.,
and for that 0°048 in. in diameter, 698 vols. In the two latter
samples the aqueons vapour was determined, and was found to
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amount to 20-257 grams for the 0-255-in. cordite, and to 20'126 grams .
for the 0-048-in. cordite; or, stating the result per gram, these
figures are respectively equivalent to 01563 gram, or 194 c.c.
aqueous vapour, and to 0'11553 gram, or 1925 c.c. per gram of cordite.

Hence the total gaseous products generated by the explosion of
cordite amount per gram to 886 c.c. for the 0°255-in. cordite, and to
890°5 c.c. for the 0'048-in. cordite, the volumes being, of course, taken
at 0° C. and 760 mm. atmospheric pressure.

The heat generated was found to be:—For the earlier cordite,
1214 gram-units water fluid; for the service 0-255-in. cordite, 1284
gram-units water fluid or 1189 units water gaseous; for the service
0-048-in. cordite, 1272 units water fluid or 1178 units water gaseous.

From my very numerous experiments on erosion I have arrived at
the conclusion that the principal factors determining its amount are :
(1) the actual temperature of the products of combustion, (2) the
motion of these products. But little erosive effect is produced, even
by the most erosive powders, in close vessels, or in those portions of
the chambers of guns where the motion of the gas is feeble or nil;
but the case is widely different where there is rapid motion of the
gases at high densities. It is not difficult absolutely to retain without
leakage the products of explosions at very high pressures, but if there
be any appreciable escape before the gases are cooled they instantly
cut a way for themselves with astonishing rapidity, totally destroying
the surfaces over or through which they pass. Among all the ex-
plosives with which I have experimented I have found that where
the heat developed is low the erosive effect is also low.

With ordinary powders, the most erosive with which I am ac.
quaioted is that which, on account of other properties, is used for the
battering charges of heavy guns: I refer to brown prismatic powder.
The erosive effect of cordite, if considered in relation to the energy
generated by the two explosives, is very slightly greater than that of
brown prismatic, but very much higher effects can, if it be so desired,
be obtained with cordite, and, if the highest energy be demanded, the
erosion will be proportionally greater. There is, however, one curious
and satisfactory peculiarity connected with erosion by cordite.
Erosion produced by ordinary gunpowder has the most singular effect
on the metal of the gun, eating out large holes and forming long
rough grooves, resembling a ploughed field in miniature, and these
grooves have, moreover, the unpleasant habit of being very apt to
develop into cracks; but with cordite, so far as my experience goes,
the erosion is of a very different character. The eddy holes and long
grooves are absent, and the erosion appears to consist in a simple
washing away of the surface of the steel barrel.

Cordite does not detonate ; at least, although I have made far more
experiments on detonation with this explosive than with any other,
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I haye never: sncceeded -in detonating it. With an explosive like
cordite, capable of developing enormous pressures, it is, of course,
easy, if the cordite be finely comminuted, to develop very high
tensions, but, as I have already explained, a high pressure does mot
necessarily imply detonation.

The rapidity with which cordite gases lose their temperature, and
consequently their pressure, by communication of their heat to their
surrounding envelope is very striking. Exploding a charge of about
1§ 1bs. of cordite in a close vessel at a tension of a little over 6 tons
on the square inch, or say 1000 atmospheres, I have found that the
pressure of 6 tons per square inch was again reached in 007 sec.
after explosion, of 5 tons in 0171 sec., of 4 tons in 0731 sec., of
3 tons in 1764 secs., of 2 tons in 3:523 secs., and of 1 ton in 7-08 secs.
The loss of pressure after 1 ton per square inch was reached was, of
course, slow, but the figures I have given were closely approximated
to in two subsequent experiments. With ordinary gunpowder the
reduction of pressure was very much slower, as was to be expected,
on account of the charge being much larger; on account, also, of the
temperature of explosion being much lower.

These experiments are mow being continued with larger charges
and higher pressures.

It only remains to give particulars as to ballistics, that is as to the
velocities and energies realisable by cordite in the bore of a gun, but
these will be most conveniently given with similar details regarding
other explosives with which I have experimented.

The ballistite I have used has, like the cordite, been changed in
composition since the commencement of my experiments. The
sample I used for my earlier experiments was nearly exactly com-
posed of 50 per cent. of dinitro-cellulose (collodion cotton) and 50
per cent. of nitro-glycerine. The cubes were coated with graphite,
and the nitro-cellulose was wholly soluble in ether alcobol.

The second sample was nominally composed of 60 per cent. of
nitro-cellulose and 40 per cent. of nitro-glycerine. The proximate
analysis gave

Nitro-glycerine ......... oo 41062
Nitro-cellolose «........... 5905

as before the whole of the nitro-cellulose was solable in ether alcohol.
The earlier sample gave the following permanent gases under pres-
-gures of six and twelve tons per square inch respectively.

CO; cvvvvnnnnn. 373 38-49
' CO ..vvvnninnen 27-8 2835
H......... R £ § 19-83
N.ooovevaannnn. 158 13-32

CH  ..ocovvvenne traces.
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One, gram iof -this-ballistite gives rise to 610 c.c. of permanent
gases, and to 0°1588 gram of aqueous vapour corresponding to 197 c.c.
at 0° C and 760 mm.

Hence the total volume of gas is 807 c.c., and the heat generated
by the explosion is 1,365 gram-units (water fluid), 1,269 gram-units
(water gaseous).

Although I have not made nearly so many experiments on detona-
tion with ballistite as with cordite, those I have made with the
earlier samples (50 per cent. gun-cotton and 50 per cent. nitro-
glycerine) neither detonated, nor did they show any tendency to
detonate, but the case is different with respect to a sample of ballis-
tite consisting of 60 per cent. gun-cotton and 40 per cent. nitro-
glycerine. This sample, 0-2-in. cubes, detonated with great violence
on two occasions, but I am unable, without farther experience, to say
whether this result was due to the change in the composition of the
ballistite or to defective manufacture.

The erosive action of ballistite is, as might perhaps be anticipated
from the higher heat developed, greater than with cordite, but the
remarks made with respect to the action of cordite apply also to
ballistite.

The French B.N. powder consists of nitro-cellulose partially
gelatinised and mixed with tannin, with bariam and potassium
nitrates.

When exploded uuder a pressure of six tons per square inch the
permanent gases were found to consist of

CO;s covevevenene.. 281 vols.
00 ceeiiiieieees 324 ,,
H....oooeeivneea. 2109
N.oitieevetenneass 168
CH{ eoccevvecene.. 08vol

These permanent gases occupied at the usual temperature and pres-
sure a volume of 616 c.c.; the aqueous vapour formed occupied in
addition 206 c.c., so that the total gaseous volume was 822 c.c.

The heat generated was 1,003 gram-units (water fluid) or 902
gram-units (water gaseous) ; the ballistics obtained with this powder
are given along with those furnished by other explosives.

For purposes of comparison I have introduced among the ballistic
results those obtained with amide prismatic powder, and with R.L.G.
Particulars as to both these powders have already been given* and
need not here be repeated.

In a preliminary note like the present, the most convenient mode

# ¢ Boy. Soc. Proc.,’ vol. 52, p. 125; ‘ Phil. Trans.,’ Part I, 1880, p. 278.
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of comparing, the velocities and energies developed by the new explo-
sives is by the aid of diagrams.

Accordingly, in Fig. 1, I show the velocities of seven different
explosives from the commencement of motion to the muzzle of the
gun; the position of the points at which the velocity is determined
are shown, and on the lowest and highest curves the observed
velocities are marked where it is possible to do so without confusing
the diagram. Lines are drawn to indicate the velocities that are
obtained with the lengths of 40, 50, 75, and 100 calibres.

Fig. 2 shows the pressures by which the velocities of Fig. 1
were obtained. The areas of these curves represent the energies
realised, and the lines intersecting the curves indicate the pressures
at which the gases are discharged from the muzzle for lengths of
40, 50, 75, and 100 calibres respectively. The chamber pressures
indicated by crusher gauges are also shown in Fig. 2, and it will
be observed that the two modes of determining the maximum pres-
sure are in general in close accordance.

It will further be observed that with the slow-burning powders
the chronoscopic maximum pressures are somewhat, though not
greatly higher, than are those indicated by the crusher gauges.
This observation is not new.* It was noted in the long series of
experiments with black powders carried on by the Committee of
Explosives.

The result is widely different where an explosive powder or a
quickly-burning powder, such as R.L.G., giving rise to wave-pressure
is employed; the crusher gauge in such casest gives considerably
and frequently very greatly higher pressures, and this peculiarity is
illustrated in the curve from R.L.G. in Fig. 2.

It is, perhaps, hardly necessary to point out that the results given
in Fig. 1 have to be considered in relation to the facts disclosed in
Fig. 2. Thus it will be noted that the velocities and energies
realised by 22 1b. of 0-35-in. cordite and 20 lb. of 03-in. cordite are
practically the same, but reference to Fig. 2 shows that with the
0-3-in. cordite this velocity and energy has been obtained at the cost
of nearly 30 per cent. higher maximum pressure.

A similar remark may be made in regard to the French B.N.
powder if compared with the ballistite. Its velocity and energy are
obtained at a high cost of maximum pressure, and it is interesting
to note how the velocity curve of B.N., which for the first four
feet of motion shows a velocity higher than that of any other ex-
plosive, successively crosses other curves, and gives at the muzzle a
velocity of 500 f.s. under that of cordite.

The velocities and energies at the principal points indicated in

#* Noble and Abel, ¢ Phil, Trans.,’ vol. 165, p. 110.
+ Compare Noble and Abel, loc. eit., p. 109.
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Figs. 1 and 2 are snmmarised in the annexed table, which shows for
each nature of explosive the advantage in velocity and energy to be
gained by correspondingly lengthening the gun.

Fig. 8 is an interesting illustration of a point to which I have
elsewhere adverted. Cordite and ballistite leave no deposit in the
bore. Round 1 with R.L.G. was fired with a clean bore. The differ-
ence in velocity between round 1 with a clean bore and rounds 2 and
3 with powder deposit in the chase is very clearly marked, and it
will be noted that in this instance the effect of the foul bore is only
distinctly shown when the length exceeds 40 calibres.

From 40 calibres onwards the loss of velocity due to a bore
encrusted with deposit is very distinctly shown.

II. “Measurement of Colour produced by Contrast.” By
Captain W. pE W. ABNEY. C.B., D.C.L.,, F.R.S. Received
June 5, 1894.

No definite measurements, as far as I am aware, have been made
of the change in colour produced by contrast, except in & small work
of my own in which results were given in terms of colour mixtures,
and earlier by a brief reference in a work by Rood, in which the
‘change produced was endeavoured to be matched by means of
rotating disks.

The method of registering any colour in terms of some definite
wave-length of light, together with white light (see ¢ Proceedings
Royal Society,’ vol. 49) renders the registration of any colour
readily effected, and by applying it to the contrast colours, very fair
results have been obtained, which cannot be very far from the truth.
It is usually stated that the contrast colour produced on a white
surface by an adjacent colour is the complementary colour, of course
largely diluted with white light. I should like to point out that in
the first place we have to know what a complementary colour is,
and in the second what the added white light may be. As a matter
of fact the kind of white light employed has to be defined beforeit can
be stated what the complementary to any colour may be. If, for instance,
we wish to define what the complementary of orange may bc, we must
know what is the nature of the white light before we can give the com-
plementary. Suppose we take the white of daylight, or of the electric
light, we know that to make a white of this character we must add a
certain quantity of blue of a certain wave length to the orange. When
it is prodnced under these circumstances, the blue is the comple-
mentary to the orange. Suppose, however, we wish to know the
complementary to the orange, in what is called the white light of the
amyl acetate lamp, or of a candle, we are at once met by & difficulty.
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The colour of the light of these two sources, can, as far as the eye can
distinguish, be 'very closely matched—if not exactly—by an orange
ray in the spectrum. Evidently then in such a case there can be no
complementary to this ray. We know as a matter of observation
that these lights do contain a certain quantity of rays of the higher
refrangibility, but so small proportionally to that found in daylight
that it is negligible. Again, we may take a light, such as the oxy-
hydrogen light, and may match its whiteness by placing in the
electric light spectrnm three slits, one in the red, another in the
green, and another in the blue, mixing the three rays, and altering
the apertures of the slits as required. The complementary of the red
for the oxyhydrogen white light will be obtained by shutting off
the red ray, leaving the mixture of the green and blue rays. Keep-
-ing the slits in the same position in the spectrum, a match may next
be made with the white light of the electric (arc) light. The comple-
mentary of the red may again be found as before, when it will be
found that the mixture of green and blue forming it will be bluer
than in the case of the oxyhydrogen light.

From the above it will be seen that no complementary colours can
be definitely stated unless the quality of the white light be known.
Sunlight and daylight being always yellower, at sea level, the lower
" the altitude of the sun, it follows that any attempt to fix accurately
the wave-length of the complementary for daylight to any ray of the
spectrum must be exceedingly difficult. Wave-lengths of comple-
mentaries are given, however, in various text-books, but without any
statement as to the quality of the white light to which they refer. It
follows that if we do know the complementary colour, then the white
light which has to be added to it in order to match the contrast colour
must refer to the same white to which the complementary is referred.

In the experiments which were undertaken as to the true colour
produced by contrast the light employed was that which I have
always used in colour experiments, viz., that emitted by the crater
on the positive pole of the electric light—a light which is unchange-
able, and which can be relied upon as always being of the same
quality, the relative luminosities of the different parts of its spectram
being fired. Two complete sets of apparatus for producing colour
patches as described in the Addendum in * Colour Photometry,”
(¢ Phil. Trans.,’ 1886) were provided each with its electric light. Each
colour patch was thrown on the whitened surface of a cube (No. II)
of 14 inch side placed 12 inches apart from one another. With No. II
instrument the colour contrast was formed between white and a
diluted spectrum colour, the colour emerging through a slit placed in
the spectrum and forming & patch on the cube, and the white being
that reflected from the first surface of the prism, and re-reflected by
a silvered mirror, a magnified image being thrown, by means of a
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lens, also, on the cnbe. A thin rod 3 inch diameter placed in the
paths of the two beams cansed two shadows to be cast on the
cube, one illuminated by pure white light and the other by the
spectrum colour. These were separated from one another by an
interval illuminated by a mixture of the spectral colour and white
light, and on each side of the shadows the same diluted colour was to-
be found. The appearance of the side of the cube was us below.

Fia. 1.
B

(4 (4

A was a stripe of white light, B of colour, ¢ ¢ ¢ of the same colour-
dilated with white. The intensity of the D sodium light thrown on
the surface was 0'5 of an amyl acetate lamp at 1 foot, the intensity of
the other colours can be obtained from the luminosity curve in the
¢ Phil. Trans.,” ¢ Coloar Photometry,” Part III, 1892.

The patch of colour from instrument No. I was thrown on the
face of a cube (No. IT) 1 foot away from the first cube, and was used
to match the contrast colour produced on A, fig 1. The beam of white
light also fell on the same face of the cube, and the intensities of each
could be altered at will, that of the colour by opening or closing the slit
through which the colour came, and that of the white light by rotat-
ing sectors. By this means any dilution of colour counld be secured.
It may be mentioned that the effect of using a strip of the face of the
cube equal in width to the width of A was tried, but no advantage
was found by so doing. The method of procedure was as follows :

With instrument No. II the colour to be used and the white beam
were thrown on the face of the cube No. II. The luminosities of
the two were made as nearly equal as possible. With instrument No. I
a colour, which it was judged was nearly the dominaut colour of the
contrast colour on A, was thrown on the face of the cube No. I
and white light added. When it was found that a match was per-
fected by slight changes in the colour and in the intensity of the.
added white, the scale No. of the colour was read, from which the
wave-length would be determined, and the relative luminosities of
the white and the colour measured directly. The aperture of the s\\
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used in making the match being known the dilution of the colour
would be determined readily.

It was found that a slight change in the contrast took place after
repeatedly shifting the eyes from the one cube to the other. For in-
stance, the contrast cansed by green appeared to lose a little of its
red hue, degenerating into & brown-yellow. To avoid this, an artifice
was employed, which appears to be completely successful. An ordi-
pary box stereoscope, with the lenses removed, was mounted on a
stand, and in such a position that when the left eye only saw cube
No. II, the right eye saw but No. I cube. Thus, the right eye never
saw the contrast colour, whilst the left never saw the match. In
this way, by alternately changing the direction of the eyes to the two
cubes, a match could be readily made. When the match was con-
sidered satisfactory, the eyes were directed to a moderately weak
white light, and, after a short interval of time, tuarned to the two
cubes, when, if the contrast colour on the one cube and the mixed
colours on the other appeared to match accurately, the necessary
readings were taken.

* Fia. 2.

A

c c

Subsequently it was found more ccnvenient to move the rod
placed in the paths of the two beams of the imstrument No. II, so
that only one shadow appeared, as in fig. 2. In fig. 2 the stripe of
white light, A, is shown. It is obvious that the stripe of colour
could be equally well isolated. There is no difference in the contrast
colours created in the white by this plan, so that only one table of
results need be given. -

It will be seen from the table that different and representative
parts of the spectrum were used, being the red, yellow, green, blue,
and violet, and that in every case the contrast colours provoked
in the white could be matched by a single colour of definite wave-
length when diluted by white light. If the contrast colour caused
by the green were its complementary diluted by white light, it
should be by a purple, which requires a mixture of red and blue,
whereas it is an orange. The fact as to whether the contrast colour
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Colour contrasted with white. Colours produced by contrast.
. Luminosity in | Dominant wave- | Proportion of
W&v;)llg‘l:st b of terms of amyl length of whitgoto colour.

: acetate lamp. | contrast colour. White = 1.
672 0°156 483 0°064
636 . 0-22 481 0-057
612 0-44 485 0-066
| 598 0-46 487 0070
685 050 489 0-100
I 569 0-49 671 0-120
| 558 044 610 0165
| 541 0-33 598 0°165
| 517 0-18 592 - 0-170
| 499 007 687 0-175
| 481 00238 685 0200
466 0-012 683 0-250
| All violet. 681 0°300

as matched could ever make white when mixed with the colour which
caused it was very readily proved. The two colours were thrown on
the same cube, and the proportions of the colours altered. In some
few cases there was a very close approximation to the formation of a
white which matched the electric light, but in the majority no match
could be made.

Another set of experiments further exemplified this. In instra-
ment No. Il three colours were chosen—one in the red, another in
the green, and the third in the violet. - The same three colours were
found in instrnment No. I, and three adjustable ones placed in them.
With these three slits a match was made with the white of the
electric light in the first instance—a contrast between white and the
red was then formed on the cube, illuminated by No. II instrument.
The red was then shut off from instrument No. I, and the mixed
violet and green lights were diluted with white light, but in no state
of dilution did the white stripe as coloured by contrast appear of the
same tint as the complementary colour of the red as obtained from
the dilated mixture. The same negative results were obtained by
making the contrast with the green. With the violet a much nearer
approach was made.

This experiment was varied by matching the light from an
Argand gas burner, and by forming the contrasts by means of the
same quality of light.. The same negative results were again obtained.

The difference, if any, was next observed between a contrast made
by a saturated colour and that given by the dilated colour.

VYOL. LVI. Q
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In order to get a stripe of white inclosed between two saturated
stripes/\of/ 'colour(4) Viérnon Harcourt screen was employed instead
of arod. The principle of this may not be known generally, so a
brief description of it may be necessary. It consists of a rectan-
gular metallic sheet of about two inches wide, in which two broad
slits are cut and separated from each other by the width of the slits.
This sheet, if placed in the path’ of the beam allows two stripes of
colour and of white to pass. By carefully adjusting the position of
this screen a stripe of white may be enclnsed between two stripes
of colour, The results are given in Table II. °

Table II.—Saturated Background.

Colour contrasted with white. Colour produced by contrast.
Luminosity in | Dominant wave- | Proportion of
Wave-}engt hof | yorms of amyl length of white to colour.
colour. acetate lamp. contrast colour. White = 1.
672 0°15 481 0015
636 0-22 485 0°020
612 044 486 0°022
598 0-46 487 0°024
585 0°50 491 0-026
569 0-49 671 0085
6568 0°44 611 0°052
541 0-33 598 0066
517 0-13 590 0066
499 0-07 586 0 066
481 0023 688 0-068
466 0-012 682 0-070
All violet. 680 0-070

The contrasts with gas light, using the same light to dilute
spectrum colour in instrument No. 1, were also measured, and these
are given in Table III.

Table ITI.—Contrasts in Gaslight.

Warve-length of | Dominant wave-
colour. length of contrast.
636 483
585 590
558 598
49) 6592
465 589
Al violet. 688
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There are such small differences in the wave-lengths of the con-
trasts ‘produced’ by' the' diluted and saturated colours that it may be
presumed they are due to error of observation, although each table
is derived from the mean of several observations extending over a
period of three years. It may be interesting to state that in every
case the extremes in the one series embraced the mean value tabulated
in the other series, and that in no case did the mean differ from any
single observation more than A 3'5.

There is, however, a very simple means of noting the accord-
ance between the contrasts caused by the diluted and saturated
colours. With one instrument the contrast caused by the saturated
colour was shown on one surface, aud with the other that by the
same colour, but diluted, on another surface, so that the two could be
directly compared. To the eye the only difference between the two
was in the amount of dilution of the colour produced by contrast;
otherwise they appeared absolutely identical.

An endeavour was made to ascertain at the same time what dark
interval between the white and the colours would prevent the con-
trast being appreciable. To do this a cube with a whitened surface
was placed as shown on the top of another white surface with a black
interval between the two (fig. 3).

Fia. 8.
A

The colour patch was thrown so as to fall only on the cube ¢,
whilst the white beam illuminated the white surface a as well. When
the white beam was also thrown on another cube a foot away it was
practicable to form an idea of the colour of “a.” The effect was
carious and interesting. When the black band b was just } inch in
depth, whilst the white stripe A appeared strongly coloured, a
appeared very nearly white, and if by an artifice saturated colour
surrounded A it was pure white. If black intervals were placed on
each side of A the colour in A did not disappear, bat appeared to be
more dilnted, probably owing to contrast in the white caused by
black, but the colour still remained. If, however, a black interval
was on one side of A (that is by placing the shadow against the edge

Q2
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of the square and making the black interval between the colour and
A), when' the ' colour ‘was'saturated white appeared perfectly white,
whilst if dilute just a shade of contrast colour was visible.

By placing a diluted culoured space in contact with a pure white
space which was in its turn in contact with a saturated colour,
it became possible with several colours to make the diluted colour
appear white in contrast to the contrast colour itself. With red
this became impracticable, and for a reason which will be apparent
in a paper which I propose shortly to communicate.

In this paper it i8 not intended to include the changes made in
undiluted colours by contrast with white or other undiluted colours,
or between colour mixtures. It may, however, be said that except
for the red and the violet there is a tendency for the two colours to
become more widely separated in the spectrum. Thus with red and
yellow the red remains of the same hue, bat appears slightly more
saturated, whilst the yellow appears greener. This would necessarily
follow from the contrast colours produced on a white stripe by satu-
rated colours.

The reasoning given to explain contrast colours on the Young
theory, or on that of Hering seems insufficient, and very hypothetical.
I would, however, call attention to a curions phenomenon which
General Festing and myself described incidentally in ¢ Colour Photo-
metry, Part IIL.” When getting the final extraction of colour
from a red ray by a direct comparison with very faint white it was
found that when apparently both appeared of the same grey hue,
if the white light were increased in intensity, the colour of the red
immediately appeared, and it was only after making a comparison
for colour with the stronger white that the red.colour truly ap-
peared to be colourless. In this then evidently the part of the retina
on which the red colour was received was stimulated by the white
adjacent to it and to such an extent that the supposed extingnished
colour reappeared. Presumably then whilst the retina is excited br
diluted colonr, the part on which the pure white may fall may also
be excited by it, and not necessarily by the exact complementary
colour, since the eye is more sensitive to some colours than to others.
Whatever view may be taken of this hypothesis, must not, however,
be allowed to detract from the results of the experiments, which are
facts—recorded and observed with all possible care—and after due
precauiions were taken to avoid error.
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IIL. “ On some Phenomena in Vacuum-tubes.” By Sir DAvID
SaLoMmons, Bart.,, M.A,, V.-P,, Inst. Elec. Engrs. Commu-
nicated by Prof. D. E. HugHES, F.R.S. Received April 30,
1894.

This paper is a contribution upon the phenomenon known as stris,
or bands, in vacunm tubes.

As far as I can learn from the sources of information available to
me, no one has yet discovered how to produce a predetermined number
of bright and dark bands in & tube having an open or free path.

After a prolonged investigation I have succeeded in producing this
resalt.

This first step having been attained, it is evident that & number of
experiments are available for confirming the theories at present held
in regard to the subject, or possibly for modifying existing views, or
even to form some additional theory, if necessary.

I do not think that it would be judicioas, at the present stage of
my experiments, which are by no means complete, to enter upon
any theoretical considerations, although some conclusions might
suggest themselves which, however, until the work has been greatly
extended, would possibly lead to error.

It would appear that the main efforts of those experimenting with
vacuum-tubes have been in the direction of securing very high ex-
haustions and using currents of very high electromotive force. In
many cases also currents having a high frequency have been em-
ployed.

When I began these investigations, about twenty years ago, the
chief difficulty was to know at what point to commence. After due
consideration I decided upon the following course :—

A very large number of vacuum-tubes were * lit up,” and all tubes
which showed a somewhat similar phenomenon were carefully ex-
amined, and their characteristics noted. It is probable that the
number of tubes so examined considerably exceeded a thousand,
perhaps several thousands.

At last it became quite clear that, to produce & definite pheno-
menon, the tnbe must be given some definite characteristic; and
having settled this point J was enabled to start upon a systematic in-
vestigation. _

There is no object to be gained by detailing the reasons which led
me to work in the manner I did, and, therefore, I will be content to
give the resolts.

When I use the word vacuum-tube I employ it in the ordinary
sense. In all the experiments to be described the tubes contain ex-
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hausted air; and the eurrent-employed is an alternate current. The
experiments here mentioned maust, therefore, be regarded as & first
instalment. They will have to be repeated, with an intermittent
direct current and with tubes containing various gases, and probably
also tubes containing various vapours, and all these at various ex-
haustions and temperatures.

I have already made a large number of experimenis employing
tubes containing different gases and with direct, as well as alternate
current. I may, therefore, mention that the phenomena about to be
described, when using the alternate current, appear to be the same
with the direct carrent, except that the phenomena peculiar to direct
carrents, in the form of the bands, make themselves apparent. But,
until these experiments have beeu completed, I will not refer to them
any further in this paper. I find it necessary to work in the con-
trary marmer to that which is usually adopted.

1. The alternations are made so slow that blinks are produced in
the tube under observation, which correspond to the reversals; and
then the alternations are increased in speed until the tubes appear
continuously lightened. This is my starting point. I have the
means of raising the frequency when desired. The apparatus for
producing the alternate current, in the first instance, is a Pyke and
Harris alternator driven by an electromotor, hence as the frequency
increases so does the electromotive force; I am therefore obliged,
when describing the experiments, to employ the expression * electric
energy ” or “current” in order to avoid confusion.

2. Since I use currents of such low frequency the electromotive
force also is very low; and the quantity of current traversing any
tube is small.

3. The tubes are not very highly exhausted, they are only ex-
hausted to approximately 0'5 mm. of mercury, according to the usual
mode of comparative measurement. But I find that, whether the
tubes are highly exhausted or not, provided the current passes, all
the phenomena ure the same. At a very early stage of the investi-
gation I observed that the ordinary methods of working, i.e., with
currents of high electromotive force, masked the effects I was
seeking.

In giving the subject a logical sequence so that each step may be
noted, I have no doubt that I shall describe several effects which are
already known. But to omit these, which I am unable to single out,
would be to lose the thread of the history.

In a scientific paper it is usual to prove some definite point or to
show some special new phenomenon. It is therefore desirable to
point out the object aimed at in this commaunication.

The object I originally had in view was simply to discover a
method by which vacuum-tubes could be made to give a prede-
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termined npmber of bright-and dark bands, as it appeared to me this
would be the first step in examining the laws which govern their pro-
duction. In this I succeeded at a very early stage. But, in order to
make the proofs more convincing, other experiments were entered
upon which brought to light & number of new points of considerable -
interest; and many of these experiments appeared to throw con-
siderable light as to the origin of the bands.

The object of this paper, therefore, is, first, to show the methods
by which a definite number of bright and dark bands can be pro-
duced in a vacuum-tube; and, secondly, to describe a number of
interesting phenomena which have a bearing on the production of the
bands in general.

The first step is to describe the apparatus employed in makmg the
experiments. A small direct-current motor is coupled directly to the
smallest sized Pyke and Harris laboratory alternator. The alternate
carrent-produced can be made to vary its E.M.F. according to the
speed given to the motor and also by varying the exciting current.
‘The E.M.F. of the alternate current can be made variable from 0 to
100 volts, and the maximum current which the machine is intended
to give is 3 ampéres.. The pressure of this current is raised hy
means of a Pyke and Harris oil transformer or with & Salomons and
Pyke combination transformer. Sometimes one form of transformer
is. used and sometimes the other. It is usual to give the. exact
electromotive forces of the current employed, as well as its periodi-
city, but in the following experiments it is not necessary that this
should be known accurately,