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clean surface of metals under the action of light is really .a 
hemical phenomenon. It had been asserted by some expen· 

::Uenters thafthe most oxidisahle metals acted most powerfully, 
but my own experience ren?ers this ! now. fi!ld tha• 
gold platinum and carbon dtscharge wnh ;'ery fa!r raptdtty, and 
th>t nearly all substances have sam: dtschngtnj:. power .. A 
few materials, cobalt among dtscharge postuve :tectnfi· 
cation more rapidly than negattve. The matter ts there· 
fore now under investigation. 

In the foot-note to same column, end of first puagraph, the 
word "even" should be deleted. The assertion intended is 
that dried soil discharges rapidly, while damp soil discharges 
onlr slowly. 

Same pa!:e-, middle of second column, "two years ago" 
should be iour years ago; >ince Fitzgerald's Royal Institution 

was delivered in l\Iarch 1890, and reported in NATURE 
of June 19 the same year. 

Lower down, the name Kolacec, preceding that of D. E. 
Jones, has been omitted. . . 

Page 138, second column, . wtth to. the 
power.of different It may mterestmg to &tve. the 
followmg numbers, showmg the molten of the spot of hght 
when 8 inch waves were reflected into the copper hat, the 

angle of incidence being about 45•, by the following 
mirrors:-

Sheet of window glass 

Human body. 
Drawing board 
Towel soaked with tap-water 
Tea-paper (lead?)... . . . 
Dutch metal paper 
Tinfoil ... . .. 
Sheet copper 

o, ·or at most r, 
division. 

7 divisions. 
12 
12 , 

40 , 
70 , 
8o , 

100 anrl 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 is at right angles to the 
electric vibration, i.e. that when light is reflected from the 
boundary of a transparent substance at the polarising angle the 
electric vibration; of the reflected beam are perpendicular to 
the plane of reflection, I use, &c. 

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

DETECTORS OF RADIATION. 

Physiol.,gic.al Chemical 

Eye Photographic Plate 

X Frog's leg 
(II ertz .and 

Explosive Gases 

Ritter) 

Photo-electric cell 

Thermal 

Thermopile 

Bolometer 
(Rubens and Ritter) 

Expanding Wire 
(Gregory) 

Thermal Junction 
{Kiemencic} 

Electrical 

Spark 
(Hertz) 

{ Telephone, } 
Air-gap and Arc 

(Lodge) 

Vacuum Tube 
(Dragoumi>) 

Galvanometer 
(Fitzgerald) 

Air-gap and Elec
troscope 

(Boltzman11) 

Trigger Tube 
(War burg and )I 

lllechanical 

Electrometer 
(Blyth and Bjerknes) 

Suspended Wires 
( llcrtz and Boys) 

icrophonic 

Selenium(?) 

Impulsion Cell 
(l\linchin) 

Filings 
(13ranly} 

Coherer 
(Hughes and 

X The cross against the frog's leg indirat!S that it does ni'Jt appear really to r-espond to radiation, unless stimulated in secondarr rnanr:er. 
Th: names against the ether things are unimportant, but suggest the per.sons who applied the detector to elt.ctric radiation. The query against Seler.ium is 
placed there because of uncertainty as to its most appropriate column. 

STUDY OF FLUID MOTION BY .MEANS OF 
COLOURED BANDS. 1 

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

jN his charming story of "The Purloined Letter,'' Edgar (1) The motion of bodies ns a whole-as a grand illustration 
Allan Poe tells how all the efforts and artifices of the Paris of which we have the heavenly bodies, or more humble, but 

police to obtain possession of a certain letter, known to be in a not Jess effective, the motion of a pendulum, or a falling body. 
P.articular room, were completely bafi1ed for months by the (2) The relative motion of the different parts of the same 
stmple plan of leaving the· letter in an unsealed envelope in a fluid or elastic body-for the illustration of which we may go to 
letter-rack, and so destroying all mriosily as to its contents; the grand phenomena presented by the tide, the whirlwind, or 
and how the letter. was at last found there by a young man who the transmission of sound, but which i> equally well illustrated 
was not a professional member of the force. Closely analogous to by the oscillatory motion of the wave, as shown by the motion 
this is the story I have to set before you to-night-how certain of its surface and by the motion of this jelly, which, although 
mysteries of fluid motion, which have resisted all attempts topene· the most homely illustration, affords by far the best illustration 
"Irate them, are at last explained by the simplest means and in of the properties of an elastic solid. 
the most obvious manner. (3) The inter-motions of a number of bodies amongst each other 

Thi; indeed is no new story in science. The method adopted -to which class the motions of the molecules of matter 
by the mini>ter, D., to secrete his ·Jetter appears to be the resulting from heal, as the motions of the molecules of a gas, 
fayourite of nature in keeping her secrets, aml the history of in illustration of which I may mention the motions of indi
sctence teems with instances in which keys, after being long I viduals in a crowd, and illustrate by the motion of the grains 
sought amongst the grander phenomena, have been found at in this bottle when it ·is shaken, during which the white grains 
!ast not hidden with care, but scattered about, almost openly, at the top gradually mingle \Yith the black ones at the bottom
In most commonplace incidents of everyday life which have I which inter-diffusion takes an important part in the method of 
excited no curiosity. coloured bands. 

1 A lecture delivered at the Royal ln;titution of Great Britain by Prof. Now of these three classes of motion that of the individual 
Osborne Reynolds, F.R.S. 1 body is incomparably the simple;t. 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 Jaws 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 
Jaw of gravitation, and developed the theory of 

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 

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 
theory to the explanation of thtid 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 ordinary body 
will behave under any ordinary circumstances, so much so that 
any departure is a 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. 
I 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. 

\Vould 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? \Yell, 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 motion, 
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 ju<:!ge 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 he taken into account before 
the motion of the surface can be explained. You 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 colour 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 motion, 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 look at these balloons. They are 
familiar objects enough, and yet they are most sensitive anemo
meters, more sensitive 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 aerialmusengcr 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. You do 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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\O:ater 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 fluid 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, arid 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 ; these have 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 is hard 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 m'otion. 
Now what their figure shows is not motion, but it is the history 
or result of the motion of the particular strata of the air in 
through surrounding strata. Hence, to. interpret the figures 
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. If we could by a wish create 
coloured Jines in the water, these would be ideal colour bands. 
We cannot do this, nor can we exactly paint Jines 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 carefully round the 
coloured water ; the mass of coloured water will remain where 
placed. 

I distribute the colour slowly. It does not mix with the clear 
water, and the lines arc 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 generally 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 tl_le 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 be a very strik· 
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 sets up 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 clo.sses of internal motion of 
water or fluid. 'Vherever 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 illustrated in this long bottle, with the coloured water 
less heavy than the clear water. If I lay it down ir. order to 
establish equilibrium, the blue water has to leave the upper end 
of the bottle and spread itself over the clear water, while the 
clear watercruns under the coloured. 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 nat 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 nil 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 
ever occur to any one.. that the beautiful uniformity of our textile 

NO. I285, VOL. 50] 

fabrics has only been obtained by the development of processes 
of mixing the fibres? Or, again, the uniformity in our con
struction of metals; has it ever occurred to any one that the 
inventions of Arkwright nod Cort were but the application of 
the long-known processes by which mixing is effected in culinary 
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 nil 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 !Ire 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 the same 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 distortion. 

In fluids, no less than in· cooking, spinning and rolling-this 
atter.uation is only the first step in the process of mixing-all 
im·olve 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. If a wave on water is 
driven beyond n 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 
fluid to wind its elements round nn axis. In these w!lys, and 
only in these ways, we are released from the restriction of not 
turning or lapping. And in our illustration, we may fold up 
our dough, or lap it-roll it out again and lap it 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. Dut in the case of some fluids, and only in the case of 
some fluids, the physical process oi 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 n spoon these colour bands can be 
drawn and folded so fine that the diffusion will be instantaneous, 
and the fluid 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 ·get the clue 
to the elementary forms and processes of fluid motion. 

When I put the spoon 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. Such is the instability of fluid that to 
accomplish this at first appeared to be difficult. At last, 
however, as the result of much thought, I found a simple 
process which I will now show you, in what I think is 
a novel 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 n 
cylindrical vortex sheet resulting from the motion of a solid 
surface. To make it visible to all I am obliged to limit the 
colour h:10d to one section of the sheet, otherwise only those 
immediately in front would be able to see between the convolu
tion of the spiral. Dut you will understand that what is seen 
is n section, a similar state of motion extending right across the 
tank. From the surface you see the plane v:mc extending half· 
way down right across the tank ; this is attached to a float. 

I now institute n 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 move it to the right, and at once the spiral forw is 
seen from the tube. Similar spirals would be formed nil across 
the \!Ink if there were colours. The float has moved out of the 
way, leaving the revolving spiral with its centre stationary, 
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in·• the hcriwntal a xi; of tbe HH1al i> l• .1lf·\la)' between tl:e 
bo:toma ;·,Lrbce of the tar.k, in which the water is now 
simply rc\'Olving ro-.;nd thi< :ai;. 

Tlti; in ils :H:d r:ue;t form (for .1 \'Ortex 
cxiSI wilh it< expo;cJ). like it Ill US! h:.,·e 

0:1.nb her:cl :-c ,·ortcx only exist 
\•·here it tt\·o to its fbnl>', nnd Hr· 
tie"! :ue ll•'t common In mture. Thl" can bmd, 

:1 c:tr. rt't it..:; C:". tl:c 
J·Jrbcc, thii piece of cl3y, or unite its end; with a rin;:: :txis, 
,\·hic)l is its com:nocc<l form, :L< in the 5moke rir.g. In both 
the.<e the \'OTtCX wiiJ l;c: in motion tt.rO'JGh the Ou:.f, ;lr,(j 
fes• to ob>er\'c, 

'ln{>e kLI'e no motion l>eyond the ion because 
ther are half-way <lown the t:1.nk. If the •·ant" were 5horter 
they wo·Jid follow tLc \'ane; if it were the)' would 
h:;a..,·c it. 

In th! wa>'• if imteld of one Yortcx there two 
vo•tice;, with their parallel, cxtcndir:g ri1:ht ncro!5, the 
one at.o,·c they would move to;:ether the tank. 

I repb:c the f!oat by ar.o:her which ha:; :1 \"3Ue 

from it, sv that the water can loth :1bovc below the 
,·anc cxtendiu;:: the middle portion of the In 
thi> I two colour b.1nds, or.e to J!:l!S ovu the tup, 
the other underneath t!:e nne, "hich colour will render 
\ ioLble a or c:.ch \'OTt ex jl:SI the Jau C.1!e". I now 

the that in mo:ion, Olnd the two \'Ortice; turn tOW;'LrU> each 
other in oppu$ite directions. T!;ey :ue formed by the W!lter 
mo\·inr; over the surface of the \".lne, to under it, 

to c\·er it, ,;o that the rotation in 1he Upjler \'Ortcx 
i5 <•ppo5ite to th3t in the lower. All this is just the same as 
hdvrl', b::t instead of the!e \"Ortices st3ndinr: still before, they 
follow :t.t :t definite distance from the nne, which continues iU 
mo:bn a Jon;: the tack without resi>t:t.nce. 

[';ow this sho.,.·s, in the form, the modus 
C/lr.Jt!li h)' in:ero::.l can ex:st ia (LiJ =n>' 
motbn in the extern31 bocn<hry. !'{ot only is thi5 plate moving 
lhtwise tht·ough the: water, but it br all the w3ter, 
coloured c:ocolourcd, cnclo;cd in these cyhnJricll 

ahhou1:h there is no :tbsolute visihfe, yet there a 
<lcfLnne surface which cndo;e-s these and 
sep:u.lte; them from the which mo\·c; out of their way. 
Thi> sudJ.cc will he rendere•l l'i>il,Je in another experiment I 

show 1'hu;, the w:ttcr which only wHc motion 
i> boucded by adelinite the r.Jotion "fwhich C)rrcsponus 
to the wa>e ; bat inside this close<! there is also water, 
so we cannot see the surface, and "'•.tter insi,Je is mo\·ing 
round an<t round, but so motion at the sur flee 
is c•·eryw}.cre the as that of the outside w:1tcr. 

The two hLassC$ of wlttr do not mix. Thlt outside moves 
ou: of the 11<.1y of an<l p1st the ,-on O\'n the boundinr: sur

while the \'Ortices mo\'e round t.nd round imide the surface 
in such a it is in exactfy the same manner nt 
the 5urf.,ce wa1·e suifa:e outside. 

is the ke)' to the internal motion of o.·a!er. You canr.ot 
h::.•c :1 \\'a\'Cinotion ir.5ide 3 of fluid with iu hnunduies 
at bat )'OU h:we::.. compound motioc, 3. W.t\'C motion out. 
s:d.:, and n \·ortex within, which the condition that there 
s!lall t..e I:o slid in;; of tbe Oui:! over tluid :tt the bounrlo.t)'· 

A me.u:; whkh I rna)' make the e.1cntial condition> of 
thi' occarred to me while p•ep3rin;: this lecture, 
an•l to thi; I will now a<k yuur 1 have htre anum
l•cr a! uf :w:+lin;;:-:. X ow I fu:cc :!!:}' 

hn:i>• :tlo::;: these byers 11( The)' )·ield, ns by 
:1 wne, let it throu;:h; the w.Lc!Jinr: slide over 
the surl.\ce of the Lody so wo1<ing through it. 1\nd this it m::st 

it the conditions of tluid motion. r>o .. ·, there 
is one on I>· une way, in which materbl can he 
thrOUf:h the sheW< of wa:ldir.;: wi1hout slippinr:. It 
mu;t roll ; bat this ii not enOUi:,h. if it rolls on 
the under s:11bce it will be slippin,; on the upper, Jtut if we 
ha1·e llYn rollu;, one on the top of the other, hetween the sheets, 
then the lol\er roller rol!s on the b-:>ttom shee1, upper roller 
roll; the upper s1<eet, so that there is no between 
the rolle•s or the w;'l<!cinr;, and, equally importar.t, there is no 

between the rollers they roll on each other. I l:ne 
on y to pbcc a sheet of between the roller> :t:HI dr:-.w it 

the lbnnd rollers roll on the cam:tS on the 
waddLn!':. wl•ich tl.ey p.l» throu;;h causinb' t!:e 
w:vldin;: to iu a ouh.de theiCI. and :1. com
plete of the motion. 
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I will now by colour some uf the more striki::t; 
of rnohon, hy na1urc\ 

fa\·ourit.: form of \"ortex, the ,·ortcx ling, which '"")' t.e de. 
5crihed :1.; two horse-shoe vortices 11ith tl;eir ends founded on 
e:1ch ot 

To the the 1ratcr lllOI'ing wiLh 
froot 10hich ""'Y I thi' 

orifice :1 m:\53 Of W:tlcr, which h3> a rin1; in it 
!o::ned tr the You sec: the 

rt1JS5 mo1·in;: on slowly the lluid, 
with the proper \"ortcx rin;: motion, but •low. It "ill not 

hr before a takes phce, owing Ia the <l•liu>ion of 
the motionacro>s the boandin;: then colourc<l 

will he woand into the rir.g which will appc3r, The 
1naH 1!:c di5ein fro,t, It cannot hac will come 
up 3nd c .HI}' disc forwar<l ; b·Jt the disc, :1ltho'Ja;h it d(ks not 
de;troy the disturbs the motion, 

If r send a LLlllte enl"r;:ctic itllitl the pheno;JJenon 
I 5howcd )O:t at the thi> kctare; itc:trrk> Lhc Jbc 

if with a hammer. This blow i; not simply 
tl-.e wci;;ht ol the coloare<l rint;, b·Jt ol the wl:ole moving 
and the wave Tl:e ri"R caonot pass the w1thout 
de5tn:ction with the atler:dant 

N'ot unly caa a rir.g follow .l di;c, b;;t, with the phnc 
with the if we start 01. di;c, .,..e m:tst a 

behind it. 
I will r:ow· fulfil coy pro:nisc to reveal the silent I 

sent to tl:ose balloon<, The appc3rs in the Conn of a 
br&c rin1:, which is " ring in air ren<lcre•l ,·isihle 
b)· smoke in<ttad of colour. The of these h:IS 
hecn c"refully set so that the b31loocs arc beyocd the 
which the uhss of water frum the w;we, so that 
they ;'Ire to the motion vnl)·· lf they whhin 
this they wilt dis:urb the d'rec!ion of tlle ring, if they do 
not hre.,J; it up. 

:11e, if I ccay 5:1)' the phcncn:enal instar.ces of in· 
tcrn3l n:otion <Jf 11uids. I'hcnomenal in their siccplicit)·, they 
are of inteme ioterest, like the pendulum, as due 
to the 1noro: .;omplcx. It i> by the li;;ht we 1:ather lru:n their 
study that 1ft can hope to intcrprot the p:t.r.1ble of the \"Ortex 
wrapped up in the wJ.ve, :t; applied to the wind of hc:t.vcn, 
the phcno:nrnon of the as well tho;e 
wbich directly concern us, s'.lch the rcsi5t!lnce of our ship>. 

UN!VERSJTV AND EDUCATIONAL 
1/111 ELL!GENCJ::. 

OxFoRD.-The Cur:<.\N$ of the Unh·ersity been 
h)' to pl)' the follo1o:inj! sums. 

To the IJefq:atc; of the :1 sam of £140 for uch of 
the )'C;l,IS JS9.t. ISg;, for the ;:<neral upensti or the 

To the Curators of the n )t:o.nic (;uJen :1 sum not elCCeding 
£200, to provide for incurn·J in with the 

of new in the 
The of the Uni\·crsity ChcH been authorised 

to expend .l 5um not cxcecdil';: £joo in m1kin;; the rooms in 
the corridor in the Muscam, and the lofts O''er them, 

for the u;e of tl:e l'rofes;or of Zoology, ;1n:i to 
p3y to tl:c Hope Profe>sor of Zooloby, in a•ldition to I he stJ.tut· 
J.ble grant, the sum of for e3eh or the years tS'}.t-tSgS, 
tn prm·ide for the s:t.la;y o( the :1nd o:hcr ex of 
1he D.:p:trtment. 

The Delegates of Loc.'l Ex:o.min:ltion; h:o.•·e :<.('J•ro•·e;l of the 
introdunion of a new in the lor can· 
didates in h)·gicne. 

Arnong•t those on whom it is propo>ed to confer the honor:try 
dc;;ree ot D.C. L. at tbe Eucxnb, is the n:t.mc of .\lr. Francis 
Galton. F.R.S. 

On.:· or more r>"tural Sder:re an•l 1\aturll 
Science Exhihi:ions wi!l be aw:o.rdcd by Colle;:c in 

the curnin:ltion t" on 
9· 

At Wadh:l.Tn College, in t!:c which 
will bt-gin on Thursday, KoHml>er no pape" ic 

will be sd, b'Jt lJl the dccdon to ur.e cf the 
prefertT\Ce II' ill be to :tny candi(bte undertake to 

for hor.oar< in n3\Ur31 ar.<l to pro,eed to a 
in rnedici;;c in the unh·crsity of . . 

At College an elect1uu uill be hdd to or.c 
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