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clean surface of metals under the action of light is really a
chemical phenomenon. It.had been asserted by some experi-
menters that'the most oxidisable metals acted most powerfully,
but my own experience renders this d_oubtful; !nowﬁ_nd that
gold platinum and carbon discharge with very fair rapidity, and
that neatly all substances have some discharging power. A
few materials, cobalt among metals, discharge positive glecmﬁ-
cation more rapidly than pegative. The whols matter is there-
fore now under investigation.

In the foot-note to same column, end of first paragraph, the
word ““even” should be deleted. The assertion intended is
that dried soil discharges rapidly, while damp soil discharges
only slowly. %

Same page, middle of second column, “two years ago
should be four years ago ; since Filzgerald's Royal Institution
Lecture was delivered in March 1890, and reported in NATURE
of June 19 the same year. )

iower down, the name Koladed, preceding that of D, E.
Jones, has been omitted. .

Page 138, second column, with reference to the reflecting
power of different substances it may be interesting to give the
following numbers, showing the motion of the spot of light

angle of incidence being about 45°, by the following
mirrors :—
Sheet of window glass ... <« 0, oOratmost I,
division.
Human body . ... .7 divisions.
Drawing board — ¥
Towel soaked with tap-water ... 12 $5
Tea-paper (lead ?)... .. 40 i
Dutch metal paper w70 is
Tinfoil s 90 =
Sheet copper . 100 and up against
stops. .

Page 139. It would have been clearer if the penultimate
paragraph, beginning ** To demonstrate,” had run thus :—

To demonstrate that the so-called plane of polarisation of
the radiation transmitted by a grid is at right angles to the
electric vibration, 7.e. that when light is reflected from the
boundary of a transparent substance at the polarising angle the
electric vibrations of the reflected beam are perpendicular to
the plane of reflection, I use, &e.

The following is a copy of one of the wall-diagrams; it is
interesting as showing how numerous the now-known detectors

when 8 inch waves were reflected into the copper hat, the

of radiation are :—

DETECTORS OF RADIATION,
Physiological Chemical Thermal ‘f Electrical Mechanical ; Micrephenic
Z R Selenium (?)
Eye Photographic Plate Thermopile Spark Electrometer Impulsion Cell
- (Hertz) (Blyth and Bjerknes) (Minchin)
; Telephone . e
X Frog's le Explosive Gases Bolometer { . 4 } Suspended Wires Filings
(l[er?z,andg b (Rubens and Ritter) Air gip and Arc (Hertz and Boys) (Branly)
Ritter) {Loilge)
Photo-electric cell | Expanding Wire Vacuum Tube Coherer
{Gregory) (Dragoumis) (Hughes and Lodge)
Thermal Junction Galvanometer i
(Klemencic} (Fiizgerald) ;
Air-gap and Elec-
troscope
(Boltzmann}
Trigger Tube
(\VarburgandZehnder)l

X The cross against the frog's leg indirates that it does not appear really to respond to radiation, unless stimulated in soms secondary mancer.
The names azainst the cther things are unimportant, but suggest the persons who applied the detector to electric radiation. The query against Selenium is

placed there because of uncertainty as to its most appropriate column.

STUDY OF FLUID MOTION BY MEANS OF |
COLOURED BANDS.}
'IN his charming story of ‘“The Purloined Letter,” Edgar

_Allan Poe tells how all the efforts and artifices of the Paris
pollge to obtain possession of a certain letter, known to be in a
particular room, were completely bafled for months by the
simple plan of leaving the letter in an unsealed envelope in a
letter-rack, and so destroying all curiosity as to its contents ;
and how the letter was at last found there by a young man who
was not a professional member of the force. Closely analogousto
this is the story I have to set before you to-night—how certain
‘mysteriesof fluid motion, which haveresisted all attempts to pene-
trate them, are at last explained by the simplest means and in
the most obvious manner.

This indeed is no new story in science. Themethod adopted
by the minister, £,, to secrete his'letter appears to be the
fﬂ}'ﬂunte of nature in keeping her secrets, and the history of
science teems with instances in which keys, after being long
sought amongst the grander phenomena, "have been found at
last not hidden with care, but scattered about, almost openly,

in the most commonplace incidents of everyday life which have
excited no curiosity,

! A lecture delivered at the Roya! Institation of Great Britain by Prof.

This was the case in physical astronomy—to which T shall
return after having reminded you that the motion of matter in
the universe naturally divides itself into three classes.

(1) The motion of bodies as a whole—as a grand illustration
of which we have the heavenly bodies, or more humble, but
not less effective, the motion of a pendulum, or 2 falling body.

(2) The relative motion of the different parts of the same
fluid or elastic body—for the illustration of which we may goto
the grand phenomena presented by the tide, the whirlwind, or
the transmission of sound, but which is equally well illustrated
by the oscillatory motion of the wave, as shown by the motion
of its surface and by the motion of this jelly, which, although
the most homely illustration, affords by far the best illustration
of the properties of an elastic solid.

{3) The inter-motions of a number of bodiesamongst each other
—to which class belong the motions of the molecules of matter
resulting from heat, as the motions of the molecules of a gas,
in illustration of which I may mention the motions of indi-
viduals in a crowd, and illustrate by the motion of the grains
in this bottle when it 'is shaken, during which the white grains
at the top gradually mingle with the black ones at the bottom—
which inter-diffusion takes an important part in the method of
coloured bands.

Now of these three classes of motion that of the individual

Osborne Reynolds, F.R.S.
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body is incomparably the simplest.  Yet, as presented in the
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phenomena of the heavens, which have ever excited the
greatest curiosity of mankind, it defied the attempts of all
philosophers for thousands of years, until Galileo discovered
the laws of motion of mundane matter. It was not until he
had done this and applied these laws to the heavenly bodies
that their motions received a rational explanation. Then
Newton, taking up Galileo’s parable and completing it, found
that its strict application to the heavenly bodies revealed the
law of gravilation, and developed the theory of dypamics,

Next to the motions of the heavenly bodies, the wave, the
whirlwinds, and the motions of clouds, had excited the philo-
sophical curiosity of mankind from the earliest time. Both
Galileo and Newton, as well as their followers, attempted to
explain these by the laws of motion, but, although the results
<o obtained have been of the utmost importance in the develop-
ment of the theory of dynamics, it was not till this century that
any considerable advance was made in the application of this
theary to the explanation of tluid phenomena; and although
during the last fifty years splendid work has been done, work
which, in respect of the mental effort involved, or the scientific
importance of the results, goes beyond ‘that which resulted in
the discovery of Neptune, yet the circumstances of fluid motion
are so obscure and complex that the theory has yet been inter-
preted only in the simplest cases. .

To illustrate the difference between the interpretation of the
theory of heavenly bodies and that of fluid motion, I would call
your attention to the fact that solid bodies, on the behaviour of
which the theory of the motion of the planets is founded, move
as one piece, so that their motion is exactly represented by
the motion of their surfaces; that they are not affected with
any internal disorder which may affect their general motion.
So surely is this the case that even those who have never heard
of dynamics can predict with certainty how any erdinary body
will behave under any ordinary circumstances, so much so that
any departure isa matter of surprise. Thus I have here a cube
of wood, to one side of which a string is attached. Now hold
it on one side, and you naturally suppose that when I let go
holding the string it will turn down so as to hang with the
string vertical ; that it does not do so is a matter of surprise,
1 place it on the other side, and it still remains as I place it. If
I swing it as a pendulum it does not behave like one,

Would Galileo have discovered the laws of motion had his
pendulum behaved like this? Why is its motion peculiar?
‘There is internal motion, Of what sort? Well, I think my
illustration may carry more weight if I do not tell you ; you can
all, I have no doubt, form a good idea. It is not fluid mation,
or I should feel bound to explain it. You have here an ordinary-
looking object which behaves in an extraordinary manner,
which is yet very decided and clear, to judge by the motion of
its surface, and from the manner of the motion I wish you to
judge of the cause of the observed motion.

This is the problem presented by fluids, in which there may
be internal motion which has to be taken into account belore
the motion of the sutface can be explained. Yeou can see no
more of what the motion is within a homogeneous fluid, how-
ever opaque or clear, than you can see what is going on within
the box. Thus without colonr bands the only visual clue to
what is going on within the fluids is the motion of their bound-
ing surfaces. Nor is this all; in most cases the surfaces which
bound the fluid are immovable.

In the case of the wave on water the motion of the surface
shows that there is molion, but because the surface shows no
wave it does not do to infer that the fluid is at rest.

The only surfaces of the air within this room are the surfaces
of the floor, walls, and objects within it, By moving the
objects we move the air, but how far the air is at rest you can-
not tell unless it is something familiar to you.

Now I will ask you to lock at these balloons. They are
familiar objects enough, and yet they are most sensitive anemo-
meters, more seositive than anything else in the room ; but even
they do not show any motion ; each of them forms an internal
bounding surface of the air. I send an acrial messenger to them,
and a small but energetic motion is seen by which it acknow-
ledges the message, and the same message travels through
the rest, as if a ghost touched them, It is a wave that
moves them. Youdo not feel it, and, but for the surfaces of
the air formed by the balloons, would have no notion of its
existence.

In this tank of beautifully clear distilled water, I project a
heavy ball in from the end, and it shows the existence of the
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water by stopping almost dead within two feet. The fact that
it is stopped by the water, being familiar, does not raise the
question, Why does it stop?—a question to which, even at the
present day, a complete answer is not forthcoming. The question
is, however, suggested, and forcibly suggested, when it appears
that with no greater or other evidence of its existence, I can
project a disturbance through the water which will drive this
small disc the whole length of the tank. -

I have now shown instances of fluid motion of which the man-
ner is in no way evident without colour bands, and were revealed
by colour bands, as I showed in this room sixteen years ago. At
that time I was occupied in setting before you the manners of
motion revealed, and I could only incidentally notice the means
by which this revelation was accomplished.

Amongst the ordinary phenomena of motion there are many
which render evident the internal motion of fluids,  Small
objects suspended in the fiuid are important, and that their im-
portance has long been recognised is shown by the proverb—
straws show which way the wind blows., Bubbles in water,
smoke and clouds, afford the most striking phenomena, and it
is doubtless these that have furnished philosophers with such
clues as they have had, But the indications furnished by these
phenomena are imperfect, and, what is more important, they
only occur casually, and in general only under circumstances
of such extreme complexity that any deduction as to the elemen-
tary motions involved is impossible. They afford indication of
commotion, and perhaps of the general direction in which the
commotion is tending, but this is about all,

For example, the different types of clouds ; thesehave always
been noticed, and are all named. And it is certain that each
type of clouds is an indication of a particular type of motion
in the air; but no deductions as to what definite manner of
motion is indicated by each type of cloud have ever been
published.

Before this can be done it is necessary to reverse the problem
and find to what particular type of cloud a particular manner
of motion would give rise. Now a cloud, as we see it, does not
directly indicate the internal motion of which it is the result.
As we look at clouds, it is not in general their motion that we
notice, but their figure. It ishard to see that this figure changes
while we are watching a cloud, though such a change is con-
tinually going on, but is apparently very slow on account of the
great distance of the cloud and its great size. However, types
of clouds are determined by their figure, not by their motion,
Now what their fipure shows is not motion, but it is the history
or result of the motion of the particular strata of the air in and
through surronnding strata. Hence, to. interpret the fgures
of the clouds we must study the changes in shape of fluid
masses, surrounded by fluid, which result from particular
motions.

The ideal in the method of colour bands is to render streaks
or lines in definite position in the fluid visible, without in
any way otherwise interfering with these properties as part
of the homogeneous fluid. Tf we could by a wish create
coloured lines in the water, these would be ideal colour bands.
We cannot do this, nor can we exactly paint lines in the air or
water,

I take this ladle full of highly coloured water, lower it slowly
into the surface of the surrounding water till that within is
level with that without ; then turn the ladle earefully round the
coloured water ; the mass of coloured water will remain where

laced.
g I distribute the colour slowly. It does not mix with the clear
water, and although the lines are irregular they stand out very
beautifully, Their edges are sharp here. But in this large
sphere, which was coloured before the lecture, although the
coloured lines have gensrally kept their places, they have, as it
were, swollen out and become merged in the surrounding water
in consequence of molecular motion. The sphere shows, how-
ever, one of the rarest phenomena in nature—the internal state
in almost absolute internal rest. The forms resemble nothing
so much as stratus clouds, as seen on a summer day, though the
continuity of the colour bands is more marked. A mass of
coloured water once introduced is never broken. The discon-
tinuity of clouds is thus seen to be due to other causes than mere
motion.

Now, having called our attention to the rarity of water at
rest, I will call your attention to what is apt to bea very strike
ing phenomena, namely that when water is contained, like this,
in a spherical vessel of which you cannot alter the shape, it is
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impossible by moving the vessel suddenly to set up relative
motion in the interior of the water. I may swing this vessel
about and turn it, but the colour band in the middle remains as
it was, and when I stop shows the water to be at rest.

This is not so if the water has a free surface, or if the fluid is
of unequal density. Then a motion of the vessel setsup waves,
and the colour band shows at once the beautifully lawful
character of the internal motion. The colour bands move back.
wards and forwards, showing how the water is distorted like a
jelly, and as the wave dies out the colour bands remain as they
were to begin with.

This illustrates one of the two classes of internal motion of
water or fluid. Wherever fluid is not in contact with sur-
faces over which it has to glide, or which surfaces fold on them-
selves, the internal motions are of this purely wave character.
The colour bands, however much they may be distorted, cannot
be relatively displaced, twisted, or curled up, and in this case
motion in water once set up continues almost without resistance.
‘That wave motion in water with a free surface, is one of the most
difficult things to stop is directly connected with the difficulty of
setting still water in motion ; in either case the influence must
come through the surfaces. Thus it is that waves once set up
will traverse thousands of miles, establishing communication
between the shores of Europe and America.  Wave motion in
water is subject to enormously less resistance than any other
form of material motion.

In wave motion, if the colour bands are across the wave
they show the motion of the water; nevertheless, their chief
indication is of the change of shape while the fluid is in motion.

This is illastrated in this long bottle, with the coloured water
less heavy than the clear water. IfI lay it down in order to
establish equilibrium, the blue water has to leave the upper end
of the bottle and spread itselfl over the clear water, while the
clear waterruns under the coloured. This sets up wave motion,
which continues after the bottle has come to rest.  But as the
colour bands are parallel with the direction of motion of the
waves, the motion only becomes evident in thickening and bend-
ing of the colour bands.

The waves are entirely between the two fluids, there being no
motion in the outer surfaces of the bottle, which is everywhere
glass. They are owing to the slight differences in the density
of the fluids, as is indicated by the extreme slowness of the
motion. Of such kind are the waves in the air, that cause the
clouds which make the mackerel sky, the vapour in the tops of
the waves being condensed and evaporated again as it descends
showing the results of the motion.

The distortional motions, such as alone occur in simple wave
motion,or where the surfaces of the fluid do not fold in on them-
selves, or wind in, are the same as occur in any homogeneous
continuous material which completely fills the space between
the surfaces,

If plastic material is homogeneous in colour it shows nothing
as to the internal motion ; but if I take a lump built of plates,
blue and white, say a square, then I can change the surfaces to
any shape without folding or turning the lump, and the coloured
bands which extend throughout the lump show the internal
changes, Now the first point to illustrate is that, however I
change its shape, if I bring it back to the original shape the
colour bands will all come back to their original positions, and
there is no limit to the extent of the change that may thus be
effected, I may roll this out to any length, or draw it out, and
the diminution in thickness of the colour bands shows the
extent of the distortion. This is the first and simplest class
of motion to which fluids are susceptible. By this motion alone
elements of the fluid may be, and are, drawn out to in-
definitely fine lines, or spread out in indefinitely thin sheets,
but they will remain of the same general figures.

By reversing the process they change back again to the original
form. No colour band can ever be broken, even if the outer sur-
face be punched in till the punch head comes down on the table ;
still all the colour bands are continuous under the punch, and
there is no folding or lapping of the colour bands unless the
external surface is folded.

The general idea of mixture is so familiar to us that the vast
generalisation to which these ideas afford the key, remains un-
noticed. That continued mixing results in uniformity, and that
uniformity is only to be obtained by mixing, will be generally
acknowledged, but how deeply and universally this enters into
all the arts can but rarely have been apprehended. Does it
€ver occur to any oneathat the beautiful uniformity of our textile
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fabrics has only been obtained by the development of processes
of mixing the fibres? Or, again, the unilormity in our con-
struction of metals; has it ever occurred to any one that the
inventions of Arkwright and Cort were but the application of
the long-known processes by which mixing iseffected inculinary
operations? Arkwright applied the draw-rollers to uniformly
extend the length of the cotton sliver at the expense of the
thickness ; Cort applied the rolling-mill to extend the length of
the iron bloom at the expense of its breadth ; but who invented
the rolling-pin by which the pastrycook extends the length at
the expense of the thickness of the dough for the pie-crust ?

In all these processes the object, too, is the same throughout
—to obtain some particular shape, but chiefly to obtain a uni-
form texture. To obtain this nicety of texture it is necessary
to mix up the material, and to accomplish this it is necessary to
attenuate the material, so that the different parts may be brought
together.

The readiness with which fluids are mixed and uniformity
obtained is a byword ; but it is only when we come to see the
colour bands that we realise that the process by which this is
attained is essentially thesame as that so laboriously discovered
for the arts—as depending first on the attenuation of each
element of the fluid—as I have illustrated by distartion.

In fluids, no less than in cocking, spinning and rolling—1his
attenuation is only the first step in the process of mixing—all
involve the second process, that of folding, piling, or wrapping,
by which the attenuated layers are brought together. This
does not occur in the pure wave motion of water, and constitutes
the second of the two classes of motion. Ifa wave on water is
driven beyond a certain height it leaps or breaks, folding in
its surface. Or, if I but move a solid surface through the
water it introduces tangential motion, which enables the
Auid to wind its elements round an axis. In these ways, and
only in these ways, we are released from the restriction of not
turping or lapping. And in our illustration, we may fold up
our dough, or lapit—roll it out again and lapit again ; cut up our
iron bar, pile it, and roll it out again, or bring as many as we
please of the attenuated fibres of cotton together to be further
drawn. It may be thought that this attenuation and wrapping
will never make perfect admixture, for however thin each
element will preserve its characteristic, the coloured layers will
be there, however often I double and roll out the dough. This
is true. But in the case of some fluids, and only in the case of
some fluids, the physical process of diffusion completes the ad-
mixture. These colour bands have remained in this water,
swelling but still distinct ; this shows the slowness of diffusion.
Yet such is the facility with which the fluid will go through the
process of attenuating its elements and enfolding them, that by
simply stirring them with a spoon these colour bands can be
drawnand folded so fine that the diffusion will be insiantaneous,
and the floid become uniformly tinted. All internal fluid
motion other than simple distortion, as in wave motion, is a
process of mixing, and it is thus from the arts we pet the clue
to the elementary forms and processes of fluid motion.

When I put the spooun in and mixed the fluid you could not
see what went on—it was too quick. To make this clear, it is
necessary that the motion should be very slow. The motion
should also be in planes, at right angles to the direction in
which you are looking. Suchis the instability of fluid that to
accomplish this at first appeared to be difficult, At lasy,
however, as the result of much thought, I found a simple
process which I will now show you, in what I think is
a nmnovel experiment, and you will see, what I think
has never been seen before by any one but Mr. Foster and
myself, namely, the complete process of the formation of a
cylindrical vortex sheet resulting from the motion of a selid
surface. To make it visible to all I am obliged to limit the
colour band to one section of the sheet, otherwise only those
immediately in front would be ahleto see between the convolu-
tion of the spiral. But you will understand that what is seen
is a section, a similar state of motion extending right across the
tank, From the surface you see the plane vane extending half-
way down right across the tank ; this is attached to a float.

I now institute a colour band on the right of the vane out of
the tube. There is no motion in the water, and the colour
descends slowly from the tube. 1 now give a small impulse to
the float to mave it to the right, and at once the spiral form is
seen from the tube. Similar spirals would be formed all across
the tank if there were colours. The float has moved out of the
way, leaving the revolving spiral with its centre stationary,
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showing the herizontal axis of tbe spital is hall-way between the ¢
bottoms and surface of the lank, in which the water is now
simply revolving round this axis.

This is the vortex in its simplest and rarest form (for a vorlex
canro! exist with its ends expozed).  Likean army 1t must have
its Aanks protected ; heree nostraight vortex can only exist
where it has two surfaces 1o cover ils flanks, and paralle) ver-
tieal saefaces aze nol commen In nature,  The vortex can bend,
znd; witha hurse shee axis, ¢an rest both its fanks ca thesace
sacdacé, as this piece of clay, or unite its ends with a ring axis,
sehich is its commeacst form, 25 in the smoke ring. In both
these cases the vortex will be in motion through the Auil, and
less casy to abserve,

Thése vartices have no motion Leyond the rotalion Lecause
they are hall-way down the tank, I the vane were shorter
they would follow the vane; il it were lorger they would
leave it

Tn the same way, il instead of ane vortex there were two
vortices, with thelr axis parallel, extending right across, the
one above another, they would move together along the tank,

I teplace the float by arother which has a vane suspended
from il, so that the water can pass both aboxe and below the
vanz extendicg sight across the middie portion of the tank. In
this case I institute two colour bands, ore ta pass over the tup,
1he ¢thier underncath the vane, which colour bands will render
vistble a section of cach vortex just as in the last case. I now
set the tlaat in wmotion, and the two vortices turn towards each
other in opposite directions. They are fornsed by the water
moving over the surface of the vane, dowawards taget under it,
upwards to get cver i, so that the rotation in the upper vortex
is opposite 1o that in the lowee, All this iz just the same as
belere, butinslead of theese vortices standing still as befoce, they
fullow at 2 dehaite distance from the vane, which continues its
maoiivn alon;r the tack without resistance.

Now this experiment shows, in the simplest form, the nodis
cperamdi by whizh internal waves can exist in fluid withou any
motion in the external boundary,  Not only is this plate moving
flatwise through the water, but it is foltowed by all the water,
coloured asd uncoloured, enclosed in these cylindrical vottices.
Now, alithouph there is no absolute suclace visible, yet there is a
definite surface which encloses these maving vortices, and
separates them from the water which moves out of their way.
‘This sutface will be renderad visible in another experiment [
shall show you, Thus, the water which has only wave motion
is bounded by a definite surface, the motion of which earresponds
to the wave ; but inside 1his closed sucface there is also waler,
so that we ¢annot see the surface, and this water inside is moving
round and round, but so that its motion at the bounding surface
is everywhere the same as that of the oulside water,

The two masses of water do not mix. That cutside moves
out of the way of and past the vortices over the boundinp sur-
face, while the vortices move round and round inside the sucface
inm such a way that it is moving in exactly the same manner at
the surflace asthe wave sucface outside,

This is the key to the internal motion of mater.  Youcanrot
hase a pere wave motioninside a mass of fluid with its baundaries
at res!, but you have a compaund motien, a wave motion out-
side, and a vortex within, which fulfils the condilion 1hat there
shall bz no sliding of the fluid over fluid 24 the boundary.

A means which I hope may make the £asential canditions of
thiz mation clearer uccurred to me while preparing this lecture,
and 1o this T wall now aik your attention, 1 have here a num-
her of Izyars of cotion-wasal {wadding),  Now [can force any
Lodyalong between these layers of wadding,  They yield, as by
a wave, and let it go through 3 but the widdiog must slide over
the surlace oof the body so woving through it.  And this it must
not do il i 1lastrate the cunditioas of tuid motion, Now, there
is ong way, and only one way, in which material can he got
thraugh Between the sheels of waddicg without slipping, It
must roll through ; bat this is not enough, besause if it rolls on
the under surface it will be slipping on (he upper. Rut if we
have two rollers, one on the top of the other, hetween the sheets,
then the loner roller rolls on the bottom sheet, the upper roller
rolls againstitie upper sheet, so that there is no slipping between
the rollers or the wadding, anid, equally important, there is no
slipping between the rollers as they roll on each other. [ have
oaly to plice a sheet of canvai between the rallers and draw it
throczh ; bolh the Aanned rollers roll oa the canvas and on the
waddinn, which they pass through without slippioz, causing the
wadding to move ina wave oulside them, nad afierding a com-

L will now show by caluur bands some of the more striking
phenomena of internal molion, as presented by pature's
favourite {form of voriex, the vortex ring, which way le de.
seribed a3 two horse-shoe varlices with their ends foundsd on
cach other,

Vo show the sutface separating the watee moving with the
vorlex hom that which gives way ouatside, I discharge frent this
orifice 3 mass of coloured water, which has a vortex ring in it
formed by the surfoce, as already described. You sce the
beactifully.-defited rmass moving on stowly through the fluid,
with the proper vortex ring motion, but very slow. It will not
%0 far before a change takes place, owing to the chffusion of
e vorlex moticn across the bounding surface ; thenthe coloured
sutfage will be wound into the ricg which will appear, The
masi approackes thediscin front, 1t cannot pass, but will come
up and carey thedise forward 3 butthe dise, although it dées not
destroy the ting, distutbs the motion,

10 I'sead ainue energeticring, it will explain the phenomenon
I showed you at 1he bepioning of this lecluce ; it carrics the dise
forward as if struck with 4 hammer.  ‘This blow is not simply
the weight of the coloured ring, but of the whole maving raass
and the wave outside. The ring cannot pass the disc without
destruction with the attendant wave,

Not unly can a ring follow a dise, but, as with the plane
vane, 50 with the disc ; if we starf a diss, we must stact a ring
Lehand i,

[ will pow [ulil] my promisc to reveal the silent messenger [
sent to those balloons,  The messenger appears in the form of a
large smoke ring, which is a vortex ring in air rendered visible
by smoke instead of colour. The wrigination of these rirgs has
been exrelully set so that the balloons are beyund the surface
which separates the moving 1iass of waler fram the wave, sothat
they are subject to Lthe wave motion only, 1If thzy are within
this surface they will disturb the direction of the ring, if they do
not break it up,

These are, if I may say o, the phencmenal instances of in-
ternal mativn of Quids. Phenomenal in theie simplicity, they
are of intense interest, like the penduluay, as furnishing the ¢lue
to the wore complex, It is by the light we gather from their
study that we can hope to interpret the parable of the vortex
wrapped up in the wave, as applied to the wind of heaven, and
the grand phenomenon of the cloads, as well as those things
which dicectly cancern us, such as the resistance of our ships.

plete parable of the vertex motian,
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UNITVERSITY AND EDUCATIONAL
INTELLIGENCE,

Oxrarn,—The Curators of the University Chest Lave been
authaorised by Congregation to pay the lollowing sums.

To the Delegates of the Museum, a sum of L140 for each of
the years 1894, 1893, for the general expeases of the Museum.

To the Curators of the Boatanie Garden a sum not exceeding
£200, tu provide for expenses incurred in conoection with the
erection of new kouses in the garden.

The Curators of the University Chest have hren authorised
1o expend a sum not exceedicrg £700 in makiog the rooms in
the south corridor in the Museam, and the lofts over them,
available for the use of the Hope Professor of Zoology, and to
pay 10 the Hope Professor of Zoology, is addition to the statut-
able grant, the sum of £100 for cach of the years 18g1-1898,
ta provide for the salary cf the attendznt and other expenszs of
the Department,

The Delegates of Tocal Examinations have approved of the
introduction of a new examination in the courst Jor juasior cane
didates in elementary physiologyand hygicns,

Amangst those on whom it is proposed to confer the honorary
degree or 13.C,L. at the Lucwenia, is the name of Mr. Franeis
Galton, F R.S,

One o more Natural Science Demyships, aad Natueal
S¢ience Exhibitions will be awarded Ly Magdalen Colleze in
Qctober this year, the examinatton 1o commenge on ‘Tuesday,
October ¢

At Wadham Callege, in the Scholarship examinations which
will bzpin on Thursday, November 29, nv papers in natural
science will be sct, but in the elesiien to uae of the Exbibitions
preference will be given to any candidate whoshall undestake to
1ead for horours in natural science, and 1o proceed Lo a degree
in mediciane in the University of Oxford.

At Keyle College an election will be held to ore Scholarship
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