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:A ProvisioNAL Report on this subject was presented to the Meeting held at
J.iverpool in 1838, and is printed in the Sixth Volume of the ‘Transactions.
‘That report was'a partial one. It states that « the extent and multifarious
pature of the subjects of inquiry have rendered it impossible to terminate the
examination of all of them in so short-a time ; but it is their duty to report
the progress which they have made, and the partial results they have already
obtuined, leaving to the reports of future years such portions of the inquiries
as they have not yet undertaken.” , g :

The first of these subjects of inquiry is stated to have been “to determine
‘the varieties, pheenomena and laws of waves, and the conditions which affect
their genesis and propagation.” T e
It is this branch of the duty of the Committee which forms the subject of
the present report. Ever since the date of that report; it has’ happened that
the author of this has been so fully pre-occupied by inevitable duty, that it
was not in_ his power to indulge much in the pleasures'of scientific inquiry ;
and as the active part of the investigation necessarily ‘devolved upon “ him,
it was not practicable to continue the series of researches on the amplé and
systematic scale originally designed, so soon as’ he had anticipated, so that
the former report has necessarily been left in a fragmentary state till now.
But I have never ceased to avail myself of such opportunities as I could
contrive to apply to the furtherance of this interesting investigation. * I have -
now fully discussed the experiments which the former report only registered.
' have repeated the former experiments where their value seemed doubtful, I
have supplemented them in those places where examples were wanting, I.
have extended them to higher ranges, and where necessary to a much larger
scale. In so far as the experiments have been repeated and more-fully dis-
cussed, they have tended to confirm the conclusions given in the former re-
yort, as well as to extend their application. .

The results here alluded to are those which concern especially the velocity

sand characteristic properties of the solitary wave, that class of wave which

© the writer has called the great wave of translation, and which he regards

- @8 the primary wave of the first order. The former experiments related

. chiefly to the mode of genesis, and velocity of propagation of this wave.
_They led to this expression for the velocity in all circumstances,

o . = Ag(h+ k),

.» being the height of the crest of the wave above the plane of repose of the
fluid, % the depth throughout the fluid in repose, and g the measure of gra-
“¥ity. Later discussions of the experiments not only confirm this result, but
arc themselves established by such further experiments as have been recently
nstituted, so that this formerly obtained velocity may now be regarded as the
E._m:oim:o: characteristic of the wave of the first order.

“ The former series of experiments also contained several points of research
oot published in the former report, because not sufficiently extended to be of

s”M m~ cannot allow these pages to leave my hands without expressing my deep regret that
i eath of Sir John Robison has suddenly deprived the Association of a zealous and di-
. Aﬁﬂa«_mm office-bearer, and myself of a kind friend. In all these researches the responsible
inves  were mine, and I alone am accountable for them; but in forwarding the objects of the
: tigation I always found him a valuable counsellor and a respected and cordial cooperator.
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the desired value. Among these were a series of observations on the aetyy)
motion of translation of particles of the fluid during wave transmission ; these
have since been completed and extended, and the results of the whole are gy
iven. : -
& The former report was inevitably a fragment. I have endeavoured to give
to the present report a somewhat greater degree of completeness. For g,
purpose I have now incorporated under one general form all those Tesults of
the present as well as of all my former researches, which could contribute t
the unity and completeness of the view of a subject so m.ﬁmummm:m and ip.
portant. I have re-discussed my former experiments, combined them with the
more recent observations, and thus, from a wider basis of induction, obtaineq
results of greater generality. Until the date of these observations, there hag
been confounded together in an indefinite notion of waves and. wave motioy,
pheenomena essentially different,—different in their genesis, laws of propagation,
and other characteristics. I have endeavoured, by a rigid course of examina.
tion, to distinguish these different classes of pheenomena from each other, ]
have determined certain tests, by which these confused pheenomena have
been made to divide themselves into certain classes, distinguished by certain
great characteristics. Contradictions and anomalies have in this process gra.
dually disappeared; and I now find that all the waves which T have observed
may be distinguished into four great orders, and that the waves of each order
differ essentially from each other in the circumstances of their origin, are
transmitted by different forces, exist in different conditions, and are governed
by different laws. It is now therefore easy to understand how much has been
hitherto added to the difficulty of this difficult subject, by confounding together
phanomena so different. The characteristics, pheenomena, and laws of these
great arders I have attempted in the présent report to determine and define,
The knowledge I have thus endeavoured to obtain and ‘herein to set forth
concerning these beautiful and interesting wave phenomena, is designed to
form a contribution to the advancement of hydrodynamies, a branch of physical
science hitherto much in arrear, But besides this their immediate design,
these investigations of wave motion are fertile in important  applications, not
only to illustrate and extend other departments of science, but to subserve
the purposes and uses of the practical arts. I have ascertained that what I
have called the great wave of translation, my wave of the first order, furnishes
a type of that great oceanic wave which twice a day brings to our shores
the waters of the tide. 'This type enabled us to understand and explain by
analogy many of the phenomena of fluvial and littoral tides, formerly ano-
malous (see Proceedings R.S. Ed., 1838) ; and thus do these wave researches
contribute to the advancement of the theory of the tides, a branch of physical
astronomy long stationary, but which has recently made rapid strides towards
the same high perfection which other branches of predictive astronomy have
long enjoyed, a perfection which we owe chiefly to Sir John W, Lubbock,
to Mr. Whewell, and the co-operation of the British Association. It is the
wave of the first order enumerated in this repert which furnishes to us the
model of a terrestrial mechanism, by means of which the. forces primarily
imparted by the sun and moon are taken up and employed in the transjort
of tidal waters to distant shores (see previous Reports of Brit. Ass.), and
their distribution in remote seas and rivers, which they continue in successiot
to agitate long after the forces employed in the genesis of the wave b
ceased to exist (see Report on Tides).  This application of the phanomens
of waves to explain the tides is not their only application to the advancement
of other branches of science. The phasnomena of resistance of fluids 1 have
found to be intimately connected with those waves (see Phil. Trans. Edin
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1887). . The;resistance which the water in a channel opposes to the passage
of a floating body .glong that channel depends materially on the nature of the
m_,m& wave of-the first order, which the Hoating bady generates Em the force
“which propels it,. and its motion is materially affected by the genesis of waves
also, of the second order, arising from the same cause. These waves are
" therefore important elements in the resistance of mﬁ%w and mnmnaﬁﬁ.sn
with their pheenomena is essential to the sound determination wﬂm. explanation
- of the motion.of floating bodies, 1f to these two branches of science we add
the useful arts, in which an accurate acquaintance with wave  pheenomena
may be of praetical value to the purposes of human life, we shall find that
. the improvement.of #idal rivers, the construction of publie works expased to
the action of waves and of tides, and the formation of ships (see Reports of
Brit. Ass. passim), are among the most divect and necessary. applications of
this knowledgs, . which is indeed essentjal to the just, understanding of the
best methods .of epposing the violence of waves, and converting their motion
~to our own uses.. . By a careful study of the laws and pheenemena. of waves,
we are enabled. to convert these dangerous enemies into powerful slaves, . By
“such applicatiqns of our wave researches, we therefore extend gqur Wu@immm@
iv conformity with the maxims of the illustrious founder of our inductive phi-
- lusophy, who enjoins that we always study to combine with oyr experimenta
lucifera such, experimenta. fructifera, that while science is advanced society
way be advantaged, , o o ,

""" The Nature of Waves and their Variety.

When the surface of water is agitated by a storm, it is difficult to recog-
nize in its tumultuous tossings, any semblance of order, law, or definite form,
which the mind can embrace so as adequately to conceive and understand,
Yet in all the madness of the wildest sea the careful observer may find some
traces of method ;. amid the ehaos of water he will observe some moving forms
which he can group or individualize ; he may distinguish some which are
round and long;, others that are high and sharp; he may observe those that
arc high gradually becoming acuminate and breaking with a foaming crest,
aud may noticg that the motion of those which are small is short and guick,
while the rising and falling of large elevations is long and slow. Some of the
crests will advance with a great, others with a less velocity ; and in all hewill -
Tecognize a general form familiar to his mind as the form of the sea in agita-_
tion, and which_at once distinguishes it from all other phaenomena,

Just as the waters of a reservoir or lake when in perfect repose are cha-
facterized by a smooth and horizontal surface, so also does a condition of dis-
turbance and agitation give to the surface of the fluid this form characteristic
of that condition and which we may term the wave form. When any limited
bortion of the wave surface presents a defined’ figure or boundary, which
ppears to distinguish that portion of fluid visibly from the surrounding mass,

s

vur mind gives it individuality,—we call it & wave. . ,
ltis not easy. to give a perfect definition of a wave, nor clearly to explain
3 nature so ag to convey an accurate or sufficiently general conception of it,
Perons whe are placed for the first time on a stormy sea, have expressed to
He their surprise to find that their ship, at one moment in the trough between
o waves, with every appearance of instant destruction from the hyge heap of
»aiers rolling over if, was in the next moment riding in safety on the top of
- the billoy, They discover with wonder that the large waves which they see rush-
g along with g velocity of many miles an hour, do not carry the floating
budy along with them, but seem to pass under the bottom of the ship without

 Muring it, and indeed with searcely a perceptible effect in carrying the vessel
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out of its course. In like manner the observer near the sho; i
pieces of wood, or any floating bodies immersed in the ﬁﬁmwﬁmﬂmﬂmu%ﬂmg
and the water in their vicinity, are not carried towards the shore with th T
pidity of the wave, but are left nearly in the same  place after the s%m%.
passed them, as before. Nay, if the tide be ebbing, the waves may even wa M ]
mm?&. coming with oo.smmamEEm velocity towards the shore, while the _uom e
water is actually receding, and any object floating in it is carried in the o M.a E
direction to the waves, out to sea. Thus it is that we are mB?.mmmmm\ sw_.,w% u__”a u
idea, that tke motion of a wave may be different from the motion of the §.~ .
_M iuﬁw it Woe.mm ; that the water may move in one direction and the sﬂm .
in an ; . A .
mmﬂ_m W FMM , at water may transmit a wave while itself may remain in the
f then we have learned that a water wave ¢s not what it s
.,Mﬁmu ﬂoﬁynm along the surface of the sea with a velocity .&mwmﬁmmomﬁwwwmh
.\M. owm§ =MQ_MW. %m “MMMW—S what a wave really g.mw what is wave-motion as distin
For the purpose of this inquiry let us take a simple ex
long narrow trough or channel om water, filled to wrm %WM_EMW_ h _,MM mh
length. I place my hand in the water, and for a second of time push M.Ssma 3
along the channel the water which my hand touches, and instantly cease fron
further motion. The immediate result is easily conceived ; I have simply
pushed forward the particles of water which I touched, out of their *.cammw a
place to another place further on in the channel, and they repose in their new
place at rest as at first. Here is a final effect, and here my agency has ceased
—not so the motion of the water; I pushed forward a given mass out of its
place into another, but that other place was formerly occupied by a mass of
water equal to that which I have foreibly intruded into its place ; what then

particles gives to the surface of the water constitites the
form 0 the wave. The distance (in the direction of the transmission) along
which the crowd extends, is called the length or amplitude of the wave. The
pumber of particles which at any one time are out of their place, constitute
the volume of the wave ; the time which must elapse before particles can effect
their translation from their old places to the new, may be termed the period
of the wave. The Height of the waveis to be reckoned from the highest point
or crest to the surface of the fluid when in repose.

Such is the wave motion—very different is the water motion. Let us
- clect from the crowd of water particles an individual and watch its behaviour
during the migration. The progressive agitation first reaches it while still in
perfect repose ; the crowd behind it push it forward and new particles take
its place. One particle is urged forward on that before it, and being still
urged on from behind by the orowd still swelling and increasing, it is raised
out of it place and carried forward with the velocity of the surrounding par-
ticles; it is urged still on until the particles which displaced it have made
E room for themselves behind it, and then the power diminishes. Having now
E {11 its turn pushed the particles before it along out of their place, and crowded

them fogether on their antecedents, it is gradully left behind and finally settles
quietly down i its mew place. Thus then the motion of migration of an in-
dividual particle of water is very different from the motion of transmission of
the wave. . ,

The wave goes still forward along through the channel, but each individual
water particlé remains behind. The wave passes on with a continuous un-
interrupted motion. The water particle is at rest, starts, rises, is accelerated,
is slowly retarded, and finally stops still. The range. of the particle's motion

he crowding of the

E
&

£

i

has become of the displaced occupant ? it has been forced i

that immediately before it, and the occupant which it has &MW@MMM w“wwmwﬂ
pushed forward on the occupant of the next place, and thus in succession
volume after volume continues to carry on a process of displacement which
only ends with the termination of the channel, or with the exhaustion of the °

displacing force originally impressed by my hand, and communicated from
one to another successive mass of the water. 'This process continues without
the continuance of the original disturbing agency, and is prolonged often to
great distances and through long periods of time. The continuation of this
motion is therefore independent of the volition which caused it. It is a pro-
ommm.oﬁ.zom on by the particles of water themselves obeying two forces, the
original force of disturbance and the force of gravity. It is therefore ME;
drodynamical phenomenon conformable to fixed law. I have now ceased
to exercise any control over the phmnomenon, but as I attentively watch
the processes I have set a-going, 1 observe each successive portion of waterin
the act of being displaced by one moving mass of water, and in the act of
displacing its successor. ~As the water particles crowd upon one another in
the act of going out of their old places into the new, the crowd forms a ten-
porary heap visible on the surface of the fluid, and as each suécessive mass
displacing its successor, there is always one such heap, and this heap travel
apparently along the channel at that point where the process of displacemett
is going on, and although there may be only orie crowd, yet it consists su
cessively of always another and another set of migrating particles.

.H,Em Gﬁ&m moving heap of erowding particles is a true wave, the rapidity
with which the displacement of one outgoing mass by that ﬁ&wor takes it
place, goes. forward, determines the velocity with which the heap appears ¢
move, and is called the velocity of transmission of the wave. The shape which

is short ; its translation is interrupted and final. Its vertical range and hori-
zontal range are finite. It describes an orbit or path during the éransit of the
wave over it, and remains for ever after at rest, unless when a second wave
happens immediately to follow the first, when it will describe a second time
its path of tramslation, passing through a series of new positions or phases
during the period of the wave. The motion of the particle is not therefore
like the apparent motion of the wave, either uniform or continuous. The
motion of the water particles is a true motion of translation of matter from
one place to another, with the velocity and range which the senses observe.
But the wave motion is an ideal individuality attributed by the mind of the
observer to a process of changes of relative position or of absolute place, which
i 4t no two instants belongs to the same particles in the same place. The
L water does not travel; the visible heap at no two successive instants is the
§ same. It is the motion of particles which goes on, now at this place, now at
that, having passed all the intermediate points. It is the crowding motion
alone whick is transmitted. This crowding motion transmitted along the
water idealised and individualised is a true wave. :

_ Wave propagation therefore consists in the transmission from one class of par-
ticles to another, of a motion differing in kind from the motion of transmission.
Wave motion is therefore transcendental motion ; motion in the second degree;
the motion of motion—the transference of motion without the transference
of the matter, of form without the substance, of force without the agent.

It is essential to the accurate conception and examination of waves, that
this distinction between the wave motion and the water motion be clearly coun-
ceived, It has been well illustrated by the agitations of a crowd of people,
and of a field of standing corn waving with the wind. If we stand on an
cminence, we notice that each gust as it passes along the field bending and
crowding the stalks, marks its course by the motion it gives to the grain, and
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m from each other. I find that water waves may be distribute

orders. "The wave of translation is the wave of thé FIRST ORDER;

ists in & motion of translation of the whole mass of the fluid from one

to another in which it finally reposes ;. its aspect is; 8 solitary
moving along the surface with & uniform

velocity and ‘hence it presents two species, posilive §&§§m§.§um mmgﬂ~
of these may be found in & condition of free motion, or affected in form and
e continual interference of a force of the same nature with that

yelocity by th .
from which its genesis was derived. The wave of the SECOND ORDER is partly

positive and partly negative, each height having a companion hollow, and this
is the commonest order of visible water wave, being similar to the usual wind
waves, in which the surface of the water visibly oscillates above and below

the level of repose ;- these waves appear in groups ; in somé cases, as in run~
ning water, they may be standing elevations and depressions,-and in others
progressive along the surface, and like the waves of the first order, may be
altered in form.and velocity by the presence of a disturbing force, so as to
Jiffer from their phéenomena when in a state of perfect freedom. The THIRD
! cLass are met, with under such conditions as agitate the fluid only to a very
L minute depthy and are determined by the same forces which in hydrostatics.
produce the pheenomena of capillary attraction ; and the FOURTH ORDER is
£ that wave insensible to-sight, which conveys the disturbanee produced by a
L onorous body through a mass of the fluid, and which is at once an index and

the visible effeet is lik i , .
oo Visiblo offect s I % ﬂwﬁ of an agitated sea. The waving motion vi uishes the
fravels across the 1 ole length of the field, but the corn remains isibly .
the wmm und ; th %_ i _%m»_mm:os is as apt ag old, being given to us in “.moﬁmw :
o m . 3 . m i
at the speech o*.. Agamemnon, beginning "Q giko, %”w |
Qs ¢dro*. ...
Ww.&m: .m. e..v\\%:,., os kbpara paxpd Bardeays
Hovrov UH_SWEE? 7a pév 7 Evpds re Néros re
"pop w.\naa...mnw warpos Ats éx vepehdwy.,
%w by dre kuwijoe: Zépupos Baby Adjiov, NGy !
,,bamm.mm. ms;.n.Q.&ES éwi 7’ hude n.qﬂax.umq.ﬂe.
s 7oy wda’ dyopn kuvfn—IL 11, 144-149.

place to another, .
elevation or a solitary hollow or cavity,

H

H . 13 A
&mmm@mnww Mmﬂﬂwﬁﬁcs of ﬁ.o vwmﬁosmsm of waves, we have therefore tw
Sases of clem or ao_wmamqg_.o:v the elements of the wave motion and 4| .
Pl f the .ﬁm%mu wm._é&m motion. We-may first examine the %@&332”
Y given swave-m ﬁesa its range of transmission over the surface of the fluid
ihe vel \r Wm of o J :msmg_.mm_ozv the form of the elevation, its me:g%_
bread %va ».&ma w%o :.wu? period. 'We may next consider the path which o
spaler partic] .S.M es during the wave transit; the Jorm of that path, th

vertical range of the motion, the variation of the ms..m_ SEN z_m ;

Q .
et th rlion ofcack pha o e s ot o cah forion o
ength. By this examination I have found that there 2 result of the molecular forces which determine the elasticity of the fluid.

exist amon .
g waves groups of pheenomena so different as to suggest their di- This classification has been adopted throughout the following paper.

vision i L ]

&Mﬁﬁwﬂﬂﬂﬂ«ﬁwﬂﬁmﬁ? I find that the general form of waves is manifestly ‘S : T I
wave making its appearance in a form always wholly ”_V ’ , Y \w wwm : W

ystem o ater Waves.

rais
&eamhgwwvowmmﬁwmmmmi m,wﬂ.m.om of the fluid, and which we may call a posi- |
e o and o Jisd =mz__m it from another form of wave which is wholly OpERs. e tating Ty waveCongustr
found to consist of wo:um M€ erma.EP:m of repose, while a third class are Vesgnaion: Wave of trasiaton. | Oscllating waves ey e o —
s negative and a positi ion,
ropagated : a positive portion, I find then ; ol . . .
Wnow_. %Em mmﬂhwwwowmwwm_w different velocities, and obeying different _ws“ 1 Characters.. morg. Gregarious. Gregarious,  |Solifary.
Save hesing o %m &o M_m ar the other of these classes, the positive = Species ﬁwcmﬁé. ol Forc |
while another class has mﬁN of water a constant and invariable velocily, 3 L Negative: ogroe, ek
wlle anothe has a velocty varying according to other peculiarities, : ree.
b :M e oﬂm of the depth. Some of them again are distinguished 5 always Varieties ﬁ wﬁ?& wmmo. .
gregarious, um<mwwmwmwmm_.:mmxsgm 8 and others as companion phenomena o ‘p;no . o .
water parti g except in-groups, In examining the paths of the fhe wave of resistance.Stream ripple.  [Dentate waves. |Water-sound wave.”
particles corresponding d Psome.
ponding differences are observed. In some the water fnatances 1 (The B0 o R |

The aériel sound wave. |Ocean swell. . o
An observer of natural phenomena who will study the surface of a sea
or large lake during the successive stages of an increasing wind, from a ealm
to a storm, will find in the whole motions of the surface of the fluid, appear-
aunces which illustrate the nature of the various classes of waves contained in
Iable L., and which exhibit the laws to which these waves are subject. Let
him begin his observations in a perfect calm, when the surface of the water is
smooth and reflects like a mirror the images of surrounding’ objects. This
8ppearance, will not be affected by even a slight motion of the air, and a ve-
lucity of less than half a mile an hour (8% in. per sec.) does not sensibly
disturb the_smoothness of the reflecting surface. A gentle zephyr- flitting
..._cam the surface from point to point, may be observed to destroy the perfec-
tion of the mirror for a moment,and on departing, the surface remains polished
us before ; if the air have a velocity of about a mile an hour, the surface of the
Wwater becomes less capable of distinet reflexion, and on observing it in such a
condition, it is to be noticed that the diminution of this reflecting power is

WWM.MMM MMMmMM% MuS%&.ma of translation from one place to another, and effect
2 pormanent and me: change of place, while others merely change their place
Pl et to xe E%* it again; thus performing osellations round their
pace offinal s pose. 1ese Waves may also be distinguished by the sources
fom which ey arise, and the *.o...omw by which they are transmitted. One
class 0 sumhew M.WN.NNMMMM“M M\_ hsma%%em tramsference of the whole fAuid mass; a

nd, cillation of one part of it without affecti inder;
Mﬁ Mwwﬁwmumw _MMMWWWNMMJ MM mm_ .ﬁzwamm by the 8@53&\ M.MMMW Mwmﬂ%_wmﬁ..

., . ut m 3 . :
:z%_%m its molecules at the mﬁm.mSWmm ¢ and o fourth, by the eapillary fore
ot rwmmmwwwmﬂwmmm s0 <wm_o=m ca?. E Em? origin, cause and pheenomena, have
not hitherto oo”mm: mn_mum.% distinguished, but have either been ==wwc=_._
general Qmmmmuwaouoww %%Lq Wﬂ%wow o%ﬁw % e the vage conception &
desiy otions, e followi is gi .

Mwm.sﬂwwa%ﬁes%&% a classification of the %\w&s—ewwhsﬂv% Mamhw. w“ow.mew.\:m

prehends all the waves which I have investigated, and .m&m&g&“ di-
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owing to the presence of those minute corrugations of the superficial film whig,
form waves of the #hird order. These corrugations produce on the surface
of the water an effect very similar to the effect of those panes of glass which
we see corrugated for the purpose of destroying their transparency, and these
corrugations at once prevent the eye from distinguishing forms at a consider.

able depth, and diminish the perfection of forms reflected in the water, To 3
fly-fishers this appearance is well known as diminishing the facility with which §
the fish see their captors. This first stage of disturbance has this distinguishing ;
circumstance, that the pheenomena on the surface cease almost simultaneously
with the intermission of the distirbing cause, so that a spot which is sheltere] ;
from the direct action of the wind remains smooth, the waves of the third
order being incapable of travelling spontaneously to any considerable distance, |
except when under the continued action of the original disturbing force. §

This condition is the indication of present force, not of that which is past.
While it remains it gives that deep blackness to the water which the sailor

isaccustomed to regard as an index of the presence of wind, and often as the :

forerunner of more.

The second condition of wave motion is to be observed when the velocitr

of the wind acting on the smooth water has increased to two miles an hour.
Small waves then begin to rise uniformly over the whole surface of the water;
these are waves of the second order, and cover the water with considerable
regularity. Capillary waves disappear from the ridges of these waves, butare
to be found sheltered in the hollows between them, and on the anterior slopes
of these waves. The regularity of the distribution of these secondary waves
over the surface is remarkable; theybegin with about an inch of amplitude, and
a couple of inches long ; they enlarge as the velocity or duration of the wave
increases ; by and by conterminal waves unite; the ridges increase, and if the
wind increase the waves become cusped, and are regular waves of the second
order. They continue enlarging their dimensions, and the depth to which
they produce the agitation increasing simultaneously with their magnitude,
the surface becomes extensively covered with waves of nearly uniform mag-
nitude.

How it is that waves of unequal magnitude should ever be produced may
uot seem at first sight very obvious, if all parts of the original surface continue
equally exposed to an equal wind. But it is to be observed that it rarely
occurs that the water is all equally exposed to equal winds. The configura-
tion of the land is alone sufficient to cause local inequalities in the strength
of the wind and partial variations of direction. "By another cause are local
inequalities rapidly produced and exaggerated. The configuration of the shores
reflects the waves, some in one direction, some in another, and so deranges
their uniformity. The transmission of reflected waves over such as ar
directly generated by the wind, produces new forms and inequalities, which,
exposed to the wind, generate new modifications of its force, and of course,
in their turn, give rise to further deviations from the primitive ooa&ao:. of
the fluid. There are on the sea frequently three or four series of coexisting
waves, each series having a different direction from the other, and the indivi-
dual waves of each series remaining parallel to one another. Thus do the
condition, origin, and relations of the waves which cover the surface of the
sea after a considerable time, become more complex than at their first gevesis

It is not until the waves of the sea encounter a shallow shelving coast, that
they present any of the phanomena of the wave of the first order (Report of
1888). After breaking on the margin of the shoal, they continue to roll along
in the shallow water towards the beach, and becoming transformed into waves
of the first order, finally break on the shore.
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the first order, is that m:onsos.mmsu.ﬁ

But the great example of a wave of B e the clevation of hightide

which rolls along our shores, 2 > i 1-tide
: MHWMM»WMN% to our coasts, our harbours, and Ewm_Ew. %_Mo.ﬂmm. . HMMM quwn %MM
,.of the first order is not the less real that 1ts len 3 80 great,
m_w ﬂnﬂ&ﬁﬂamww end touches Aberdeen, the other A_mwmwnm to »rm. mouth omaawm
manwaom and the coast of Holland. Though the mecaﬁammommwm MMMM m—..wﬂ %MM
3 3 . m :
Lt ible for.the human eye to take in its form and Gu : )
ﬂwﬂ_mﬂwomnwum able, by stationing numerous observers along m_m.oummm %WMWQMM
E o , “its dimensions and to trace its progress af diffe
| the cousts, fo compate s Cl i omen he eye and the mind on a small
b ol > to represent its pheenomena to the ey p
polner and & d its form and nature as clearly as we do those of 'a
E gcale, as to comprehend its form ure 3 clearly 08 e o sheet of
i e, or extensive country which has be Pp ) (
__%MMEW_W Mﬂﬂﬂgvambpamc: together of trigonometrical wgcmmmmmm wmnwmﬂ.ﬁm%
E | wa mﬁ.mnmnn places by various observers, and fipally brouglt together and p
= ‘one sheet of paper. .
:&Mn% ﬂ%mm M_.mﬁ wave om. %_5 first order is not comprehended by mw_mp eye sm=
account of its magnitude, so there is a wave om am.m. .Nezﬁ.& MM“MM” mﬂEuow %mwm“uﬁum
ecti on account of its minu . , un-
escapes detection from that organ, o e o aoge.
i 3 rticles of water, so minute as :
dulation propagated among the pa: ate, altoge-
. i i an organ appropri
ther insensible to the eye, and only recognised by o priate i
i from one place to another the wave .
that purpose, there is conveyed from on ] Ihe e of sounc.
i invisi teness, is nevertheless of a 3
This wave, though invisible from its minute ve 2 Dature
identi i t order. In‘air the sound wav
almost identical with the wave of the %;.m der. Ir °
i ‘ ly in liquids, when the measure of
indeed the wave of the first order. It is only ; sure of
i is different from the measure of the intercorp |
presure o e s f the first order is different from
that the pheenomena of the wave of the 1rs 3 \
Mﬂmmw of .ﬂro mannF and that we have one ﬁmmmsnm wom. the WWMMMRW,MM awm
ve. Inag  fluid, on
water wave, and another for that of the sound wave. In & gaseons B e
 the contrary, the measure of the pressure of the mass isalsoth . [ th
4 m___maoo%zmww_ﬁ force, and the sound wave becomes imﬁa& with the air

wave, the fourth order with the first,

.

SecrioN L—WAvE oF THE FIrsT ORDER.

The Wave of Translation.

v« o» .. Solitary,
Positive.
Negative.
Free.
<B.mmmom................ﬁm,oao&. .
Wave of Resistance.
Tidal Wave-—Sound Wave.

I believe I shall best introduce this pheenomenon by describing the circum-
stances of va own first acquaintance with it. I was observing .ﬁrmmﬂwhmw
of a boat which was rapidly drawn along a narrow channel by m@m—m o b n:mm
when the boat suddenly stopped—not so the mass of water Evn. ec wmn "
which it had put in motion ; it accumulated round the prow of ﬁwm <mmmm ns
state of violent agitation, then suddenly leaving ;._9&_5&. rolled forwar Wi

- Breat velocity, assuming the form of "a large solitary elevation, a M_ona ed,
smooth and well-defined heap of water, which oom.;:.Em@ its oeﬁmmm onum the
channel apparently without change of form or diminution of mw%m . 15
lowed it on horseback, and overtook it still rolling on at a umeo of mo_—um eig ¥
. or nine miles an hour, preserving its original figure some thirty feet long an

it

Character

e seomanse

Species ..viioeaeaianeas

Instances. ....coeeecevees
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a foot to a foot and a half in height. Its height graduslly diminished
after a chase of one or two miles I lost-it in the windings of the ch
Such, in the month of August 1834, was my first chance interview with thay
singular and beautiful pheenomenon which I have called the Wave of Trap,.
lation, a name which it now very generally bears; which I have since fouy
to be an important element in almost every case of fluid resistance, and a.
certained to be the type of that great moving elevation of the sea, which, wig,
the regularity of a planet, ascends our rivers and rolls along our shores.

) and

To study minutely this pheenomenon with a view to determine accurately §

its nature and laws, I have adopted other more eonvenient modes

s na I ) of produ.
cing it than that irmor I have just deseribed, and have employed ,mz,momm
Emnrom.m o*.. observation. A description of these will probably assist me iy
conveying just conceptions of the nature of this wave.

Genesis of the Wave of the First Order.—For producing waves of
s L) Riz N~ s
first order on a small scale, I have found the .mo.:o%?m., Emmuom mﬁm_zme:__m :
A long narrow channel or box a foot wide, eight or nine incles
deep, and twenty or thirty feet long (Plate L fig. 1.), is filled with waterto

convenient.

the height of say four inches. A flat board P (or plate of glass) i i
which fits the inside of the channel so as to ».S.:M a %?mmmou mm#cmw «MMM Mﬁw_mm
where it is inserted. a

Glenesis by Impulsion or Force horizontally applied.—Let this plate be in-
serted vertically in the water close to the end A, and being held in the verti-
cal position, be pressed forward slowly in the direction of X, care being taken
that it is kept vertical and parallel to the end.- The water now displaced by
the plate P in its new position accumulates on the front of the plane forming

a heap, which is kept there, being inclosed between the sides of the channel

and the impelling plate. The amount thus heaped up is plainly the volume

of water which has been removed by the advancing plane from the space left
vacant behind it, and if the impulse increase, the elevation of nm%_%a .,,

water will increase in the same quantity. When the water has reached the
rm_mi Py, let the velocity of impulsion be now gradually diminished as at P,
until the plate is finally brought to rest as at P, ; the height of the water
heaped on the front will diminish with the diminution of velocity as at P,
and when brought to rest at P, it will be on the original level.” The total height
of the water does not however subside with the diminution of the impulsion,
the crest W, retains the maximum height to which it had risen under the
pressure of the plane at P, and moves horizontally forward ; and the smaller
elevation produced by the smaller pressure.at P, down to. P, moves forsand
after W, This elevation of the liquid, having a crest, or summit, or ridge in
the centre of its length transverse to the side.of the channel,.continues W
move along the channel in the direction of the original impulsion; from the
crest there extends forward a curved.sutface, Wa, forming thé face of the
wave, and a similar surface, Ww, behind the crest is distinguished as its back.
It is convenient to designate @ as the origin, w as the end of the wave; and
to designate the interval between @ and w, the length of the wave in the di-
rection of its transmission, its amplitude. ,

The kind of motion required for generating this wavé in the most perfect
way, .zumn is, for producing a wave of given magnitude without at the same time
creating any disturbance of a different kind in the water-——this kind of motion
may be given by various mechanical contrivances, but I have found that the
dexterity of manipulation which experience bestows is perfectly sufficient for
ordinary experimental purposes.

Genesis by o Column of Fluid.—This is a method of genesis, of considerable
value for various experimental purposes, especially useful when waves of 2¢

annel,
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- cat magnitude are required, and also when it is desirable to.measure accu~
fpreat mag e 5 : ,
rately volumes ' or forces employed in wave genesis.  The same glass plate
may be conveniently employed in this case as in the last, only it will now be
ased in the capacity merely of a sluice, and be supported by two small verti-
cal slips fixed to the:sides of the channel so as to keep it in the vertical posi=
ion but to admit of its being raised vertically upwards as atG, PLXLVIL fig.2.. -
There is thus formed between the end of the channel G and the moveable
late P;, a small generating reservoir GP;. This is to be filled to any desired
w&mﬁ with water, s from w to P, and the plate being drawn up, as at Py, the
water of the reservoir descends to w, the level of the water of the channel, and
pushing forward-and heaping up the adjacent fluid, raises a heap equal to the
added volume on the surface of the water; and this elevation is in no respect
sensibly different either in form or other pheenomenon from that generated
in the former miethod, provided the quantity of water added in the latter case
be identical with the quantity of water displaced in the former case. .
- This method '6f ‘genesis by fluid column affords a simple means of proving’
au elementary fact in-this kind of wave motion. The fact is this, that while
the volume of ‘water in the wave is exactly equal to the volume of water
added from the reservoir, it is by no means identical with it. I filled the re-
servoir with water tinged with a pink dye, which did not sensibly alter the
specific gravity of the water. The column of water having descended as at
K, and the wave having gone forward to Wy, the generating column remained
stationary at K, thus indicating that the column of water had merely acted
as 2 mechanical prime mover, to put in action the wave-propagating forces
among the fluid; in the same way as had been formerly done by the power
ncting by the solid plate in the former case of genesis by impulsion. Thus
is obtained a first indication that this wave exhibits a transméssion of force,
wot of fluid, along the channel. .

Genesis by Protrusion of a Solid.—The quantity of moving force required
E for the wave-genesis may be directly obtained by the descent of a solid weight.
i The solid at T. (fig. .) may bea box of wood or iron, containing such weights
as are desired, and suspended in such a manner as to be readily detached from
its support. Its under surface should be somewhat immerged. On touching
E the detaching spring, the weight descends, and the water it displaces pro-
E duces a wave of equal volume. If the weight and volume of solid thus im-
mersed be equal to those of the water in the reservoir in the former case, it
is found that the waves generated by the two methods are alike. It is expe-
E dient that the breadth and shape of this solid’ generator should be such as to
fit the channel, as- this removes some sources of disturbance. The results
i__aw are produced by this application of moving power are also convenient
for giving measures of the mechanical forces employed in wave-genesis.

This method: is: especially convenient for the genesis of waves of -consider-
able magnitudé...~'With this view I erected a pyramidal structure of wood,
capable of raising- ‘weights of several hundred pounds, over a pulley by means
ofa crane, and contrived to allow them to descend at will. This apparatus
*us adequate for' the generation of waves in a channel three feet wide and
V zw_.am feet deep; and the same construction may be extended to greater
- dimensions, - S ) , .
L Transmission -of Mechanical Power by the Wave.—~By thé last two me-
. thods of genesis-thiere -is to be obtained a just notion of the nature of the
M_Es of the first order as a vehicle for the transfer of mechanical power. - By

€ agency of this wave the mechanical power which is employed in wave-
Benesis at one end of the channel, passes along the channel in the wave itself,

‘ gm-ww»mméu out at: the other end with only such loss as results from the
. '
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are equal, and 8 given volume of water has effectively descended from
G w into K 2, snd g, and g, being the centres of gravity; the quantity
£ power developed is measnred by the descent of the weight of water through
Theight 91 ga» OF through half the depth of the generating reservoir, and is
{ course capable of generating in any equal mass of fluid a velocity equal
that which .ig aequired by falling through a space equal to one-half the
epth, reckoned from the top of the generating column to the bottom of the
nel. . :
* Imperfect Genesis of the Wave—~The wave may e said to have imperfect
nesis, as far as the purposes of gecurate experiment are concerned, when it
s accompanied by other wave phzenomena which interfere with it. The pre-
utions necessary to perfect genesis appear to be these, that the yolume of
suter should not. widely differ from the volume of the wave it is proposed to
nerate, and that the height of the water should not greatly differ from that
the wave; and even thege precautions are scarcely sufficient for the gene-
ation of a perfeet solitary wave in a case where it is extremely high. The
eason is obyious. X .
. Residuary Positive Wave—In a case of genesis where the precautions
nentioned above are not observed, the following pheenomenon is exhibited.
If, as in the case fig. 6, the volume of the generating fluid considerably exceed
(iu consequence of the length of the generating reservoir) the length of the
wave of a height equal to that of the finid, the wave will assume its usual
form W notwithstanding, and will pass-forward with its usual volume and
height ; it will free itself from the redundant matter w by which it is accom~
panied, leaving it behind, and this residuary wave, 1,, will follow after it, only
with a less velocity, so that although the two waves were at first united in the
towpound wave, they afterwards separate, as at W, w, and are more and more
apart the further they travel,

Disintegration of large Wave Muysses.—Thus also by increasing the length
Eof the generating column, there may be generated any number of residnary
S waves, and it is a result .of no little importanee, to just conceptions of the
nature of the wave of the first order, that it be not regarded as an arbitrary
r:.waosm:ou deriving all its characters fram. the conditions in which it was
t first generated, but that it is a pheenomenon sui generis, assuming to itgelf
that form and shose dimensions under which alone it continues to exist as a’
wave. The existence of a moving heap of water of any arbitrary shape or
magnitude is not sufficient to entitle it to the designation of a wave of the first
order. If such a heap be by any means forced into existence, it will rapidly
fall to pieces and become disintegrated and resolved into a series of different
E Waves, which do not mave forward in company with each other, but move on
E scparately, each with a velocity of its own, and each of course continuing to
depart from the other. Thus a large compound heap or wave becomes re-
ﬂ_m_&. intg the principal and residuary waves by a species of spontaneous

ysis,

Residuary Negative Waves—There is a method of genesis the reverse of
the last, which also produces residuary waves, but they are thus far the reverse
: M. the last in form, as they have the appearance of cavities propagated along
c.o El..pmm of the still water in the channel, and they move more slowly than
f e positive wave: we may give them the appellation of residyary negative
¢ vaves, When the elevation of the fluid in the reservoir is great in proportion
. loitshreadth (reckoned as amplitude), the descending column of genesis com-
municates motion to a greater number of particles of water than its own, but
vith a less velacity ; these go to form a wave which is larger in volume than

,,»rn column of genesis, and therefore contribute to the volume of the wave
. Y2

friction of the fluid, At one end, as of the channel G, fig, 4, there is
the water, which, falling through a given height, is to mgmu%m the %EM_SM
the other end, X, is a similar reservoir and slnice, .o.vmu to the ar»._sm.
When the wave has been generated as at K, and has traversed the length o
_.&m. awwEwm_, it enters the regeptacle X, and assuming the form marked at I, the
sluice w..mEm suddenly permitted to descend, the column of water will wwg.,q,
closed in the receptacle, and its whale volume raised above the level of repose]
nearly as at the first. The power expended in wave-genesis, r.pium beea
Smsm*..m?mm. along the whole channel, is thus once more maoﬁ.&, ﬂ,w..m: the re-§
servoir at the oﬁ.wmm. extremity. A part of this power is, ,roswmﬁw. mwwméam
in transitu by friction of the particles and imperfect fluidity, &e, - When the
channel is _.E.m@ ar.m mEmm and bottom smooth, the transmission of force E&W,
vm accomplished with high velooity, at the rate of many miles an hour, tos
Emm.som of several miles. TR
) e-genesis of Wave~In the channel AX, we have found the wave trans.
mitted from A to X, and there the power of genesig WEMM.EW.W& to the fluid
column now stored up in the reservoir X. If we now mmmmmn from the a..m
omﬁm&.m X the same process of genesis originally performed at Q.:o_ﬁsm__w_,.
the mr:o.m mzn allowing the fluid eolumn to desgend, it will wm&_w generale ]
8 wave similar to the first, only transmitted bagk in the ummo,mmﬂm direction. &
This e?@mbm@g and a.,m..n_mzmaﬁmn wave may he m.mm.ma found in the pri &
mary _..mmmgoﬁ.% genesis as at G, and the same power, after .rp&um heen ¢
m_.mzma_ama twice through the length of the ghannel, be restored as at fingt 5
in that channel, with only the small diminutieng of voamw lost in transitu.
The process of re-genesis may now be repeatad, as at first, and so on durin
any number of suacessive transmissions and re-transmissiong. -
mwm.\wmgse@ of the Wave—This process of yestoring the foree employed in
wave-génesis, and .o». re-genesis of the wave, may take place without the inter- 5
vention of the sluices. The wawe, on reaching the end of the channel Gal
X, hecomes agcymulated in the form of the curve @ . ‘We have there
fore the power of .mmnmum.m now stored up in this water column, w L , abor
the level L, and in a state of rest. By means of a sluice we may detair
it at that height for as long time as we please. Buslet s suppose we do no
wish to detain it, but allow the water eolump to desoend by gravity as at fint,
it generates the wave by again descending, and transmits it back towards G, &
mm.wons.m&% as if the reservoir had been used, or 3s the m.mmnmmu when first ac
complished. By the same process of laissez faire, the power of genesis vill
be restored at @, a water column elevated, the finid brought to rest and al
lowed again to descend, again to effect genesis of the wave, and again trab* .
mit the force along the channel through the particles of the wave, The wave 1
is said to be reflected, and it is thus shown in reference to the wave of the :
first order, that the process called reflexion consists ina Eonmmm of restoration
of the power of genesis, and of re-genesis of the wave in an opposite direetior-
In this manner there is to be ohtained an accurate view of the mechanica)
nature of the reflexion of the wave. i
Measure .QA. the Power of Wave-Genesis—1f we examine the process of
wave-genesis as at K, fig. 2, we find that the change which has taken plact
after the wave-genesis and before, consists virtually in a different arrangement
of the particles of a given volume of water. The given rectangular column
of water A P,, ogcupies after genesis the equal space A K, This, withos!
regard to the paths in which the particles have proceeded to their new place>
this descent is the final result and integral effect of the mmqm_own._oi of the
power of the generating column. Take away from these ..i@ mazmﬁ volumer 3
of fluid the volume g p common to both, and the remaining volumes w Pad
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some of the water which originally served to maintain the level of the fiyy
or surface of repose ; this hollow is transferred like a hollow wave along t
m_:?n and there BW% chﬂ several such waves, which I have called residyn
negative waves. But these waves do not accompany the pri "
have they the same velocity. See O, fig. 16. PRIy ERE primaty wave

It is of some importance to note, that these residuary pheenomena of way.

genesis are not companion phenomena to the primary wave or positive was
of the first order. They will be separately ao%waﬁ.o.w at mno»rowmmmwmswww
while it is to be noted that these residuary pheenomena accompany only :_.,
genesis of the wave, but do not attend the transmission, as they are Evm X
left behind by the great primary solitary wave of the first order. o%g {

philosophers have fallen into error in their conceptions of these experiment:]

by not sufficiently noting this distinction.

It is worth notice also, that besides these, many other modes _
have been employed ; solids elevated from the gﬁMB of the o&mu%%.ﬁ”mmw
E.m.;,: along the channel, &c.; wherever a considerable addition is made to the |
height and volume of the liquid at any given point in the channel, a wave of
the first order is generated, differing in no way from the former, except in such |

particulars as are hereinafter noticed.

Motion of Transmission.—The crest of the wave is observed to mov
along a channel which does not vary in- dimension, with a velocity sensibly
uniform, so that the velocity with which it is transmitted may be determined

by simply measuring a given distance along the channel, and observing the ]

number of seconds which may elapse dutring the transit from one end of th

line to the other. This interval of time is sensibly equal for any equal space

measured m—wum nr.m path, and hence we determine that the velocity of the §
wave transmission is sensibly uniform. 1

Range of Wave Transmission—The distance through which a wave of the ,

first order will continue to propagate itself, is so great as to afford considerablc §
facility for accurate observation of its velocity. Foraccurate observations it i ;
convenient to allow the early part of the range to escape without observation
for this purpose, that the primary wave, which is to be the subject of observs
tion, may disembarrass itself of such secondary phenomena as frequently ac 3
company its genesis, when that genesis eannot be accurately accomplished
A small part of the range is sufficient for this purpose, and the remainder » 3
perfectly adapted for purposes of accurate observation, as it continues ts :
travel along its path long after the secondary waves have ceased to exi 3
The longevity of the wave of the first order, and the facility of observing it
may be judged of from the following experiments, made in 1835-1837.

Ex. 1. > wave of the first order, only 6 inches high at the crest, had tw “
Amwmmm a &mﬁgmm of 500 feet, when it was first made the subject of obserna-
tion. Nw.?ou being transmitted along a further distance of 700 feet, anoth
observation was noted, and it was observed still to have a height of 5 inches
and to have travelled with a velocity of '7°55 miles an hour.

Ex. 2. A wave of the first order, originally 6 inches high, was transmitted
through a distance of 3200 feet, with a mean velocity of 7+4 miles an hour.
and at the end of this path still maintained a height of 2 inches.

Ex. 8. A wave 18 inches high, moving at the rate of 15 miles an hour, s
a channel 15 feet deep, had still a height of 6 inches, having traversed the
same space in 12 minutes.

Ex. 4. Among small experimental waves of the first order, in small chas
:m_mv H_r.WMM mm_ﬂ:mﬁ one, which, whose crest being 1-34 inch high, m““um
channel 510 inches deep, was transmitted thro €
still admitted of macE.mﬂm observation. ugh & range of 1560 fet

£
e
s
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? These examples serve to convey an accurate idea of the longevity of a

wave of the first order.
de
of the first order, it is observed that its height diminishes with the length of
jts path ; the velocity also diminishes with the diminution of height, though-
very slowly.
proportion as-the channel is narrow, shallow or irregular, and rough on the
sides, and is diminished according as the channel is made smooth and regular
in its form, or deep and wide.
of the water in some degree, but also to the adhesion of water to the sides.
The particles of fluid near the sides and bottom are retarded in their motions,
and the transmission takes place more slowly among them. The wave passes
‘on, leaving in these particles a small quantity of the motion it had communi-
cated, and of its force and volume, and in consequence of this there exists
along the whole channel;
or continuous residual wave, very small in amount, but still appreciable by ac+
curate means of observation,
a large extent along its path, where finally it has deposited the whole of its

And this longevity appears to increase with the
th and the breadth of the channel, and with the height of the wave crest.
Wave of the First Order.—In the progress of a wave

‘_u@@ﬁaa.a&%@ of the

This degradation of height is observed to go on more rapidly in

It is to be attributed to the imperfect fluidity

over which the wave has passed, a residual motion:
The volume of the wave is thus diffused over

olume, and so disappears. This degradation is therefore the means by which

the motion of a wave in an indefinite channel is gradually and slowly termi-
‘nated. In the history of a solitary wave of the first order, the progress of this

egradation is to be observed from the examination of Table II. column B,

‘which gives the height of the wave as observed at every 40 feet along its path: -
In the first 200 feet this diminution amounts to about 4 of the height at the
commencement. At the end of the second 200 feet, the height is diminished

by & of the height at the commencement of that space. During the third

space of 200 feet the degradation produced is nearly § of the height of the
wave; this appears to be the most rapid degradation, and in the next space
~of 200 feet it is little more than % ; in the next, less than a third of the height
L at the beginning of that space. These successive heights are given graphi- .
-cally in Plate XL VIII. fig. 7. : g

The Velocity of Transmission of the Wave of the First Order—The history
of a single wave has sufficed to show us that the velocity with which its crest
is transmitted along the channel is nearly that which a heavy body will
acquire falling freely through a height equal to half the depth of the fluid.

This is a very simple and important character in the pheenomena of this wave,

= by which, when the depth of the channel is known, we may at once predict

approximately the velocity of the wave of translation. The following are
approximate numbers deduced from this conclusion, and which I find it con-
vement to recollect.

In a channel whose depth is 2} inches, the velocity of the wave is 2} feet
per second.,

_E:_ a channel whose depth is 15 feet, the velocity of the wave is 15 miles an

ur, .

E__n a channel whose depth is 90 fathoms, the velocity of the wave is 90 miles
our. -

.:swm numbers are, however, only first approximations, for it is to be ob®
served in reference to wave, Table L., that the wave, when its height is con-
ﬁEBZm. moves with greater velocity than when it is small. These numbers

"come accurate, if in the depth, the height of the wave be included.

The Height of the Wave of the First Order, an element in its velocity—The

* height of the wave appears to enter as an element in its velocity, and to cause

1t to deviate from the simple formula A. Thus the velocity of the wave only
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coincides with the velocity assigned in Table HH.. when the height of the way,
is inconsiderable.

1 have found that this deviation is to be reconciled, without at all %mﬂoﬁ:m

the simplicity of the formula, by a very simple means. In order to obtaiy
perfect accuracy, we have only to reckon the effective depth for calculation, |
from the ridge or crest of the wave instead of from the level of the waterat

rest; and having thus added to the depth of the water in repose, the height

of the wave crest above the plane of repose, if we take the velocify whicha 5
heavy body would acquire in falling through a space equal to half the depth |

AP DI )

of the fluid (reckoning from the ridge of the wave to the bottom of the chan.
nel), that number accurately represents the velocity of transmission of the

wave of the first order.
‘We have, therefore, for the velocity of the wavé of the first order,

approximately

o=Vgh, . . . « « s « A
accurately

v= )\“ AN@!T*\Vu e o % e « @ w-
where v is the velooity of transmission, .

g is the force of gravity as measured by the velocity which it will com-
municate in a second to a body falling freely =32,

% is the depth of the fluid in repose, . :

% is the height of the crest of the wave above the plane of repose.

The velocities of waves of the first order in channels of different depths are,
therefore, as the square roots of the depth of these channels.

Nevertheless, when the height of one of the waves is considerable compared
with the depth of the channel, a high wave in the shallower chantiel may move
faster than a lower wave in a deeper channel; provided only the excess in
height of the higher wave be greater than the difference of depth of the
channels ; in short, that wave will move fastest in a given channel whose
crest is highest above the bottom of the channel, and in channels of different
depths waves may be propagated with equal velocities, provided only the sum

of the height of wave and standing depth of channel amount to the same
quantity.

Tazre II.

History of a Solitary Wave of the First Order, from observation.

Depth of fluid in repose in the channel 51 inches.
Breadth of the channel 12 inches; the form rectangular.
Volume of generating column 445 cubic inches.
Column A is the observed height of the crest of the wave in inches above
the bottom of the channel. ) ) .
Column B is the observed height of the crest of the wave in inches above
the surface of the water in repose. )
Column C is the time in seconds occupied in traversing the distances it
column D.
Column D is the spaces traversed by the wave in feet previous to each
observation of time.
Column E is the velocity of the wave through each length of 40 feet de-
duced from observation. )

Column F is the velocity deduced from the formula /g(+%k)=0.

3

34
E:

i

o e g S

Jixir

I e

ON WAVES, 327
A B. . b. E, R G
-4 134 00 o | 00 _
m.% 1-31 g5 40 | 421 415 | - ”8
635 125 19:0 g0 | 421 418 | - .wm
626 1416 290 120 | 40 411 | 411
616 106 890 160 | 40 408 | 4 08
665 095 490 200 | 40 404 | + 04
586 076 59-0 240 | 40 899 | — “ow
583 | 073 €90 280 | 40 396 | — .c
576 066 70:5 320 | 881 394 |+ .5
568 | 058 89°5 360 | 40 391 | = .%
563 053 1000 | 400 | 881 | 389 | 4 ‘08 ..
552 | 042 1105 440 | 881 386 |+ .cw
551 | 041 1210 480 | 381 984 H .c
547 037 | 1315 520 | 381 383 .wm
544 032 1420 560 | 381 382 |+ 01
5387 027 1525 600 | 381 380 | — 01
536 026 1630 640 | 881 379 | — 02
532 022 1785 680 | 381 378 | - .ww
5381 021 1840 y20 | 3881 877 | = 4
549 019 195:0 760 | 368 377 |+ ,._
527 | 017 2065 800 | 381 376 | - .ow
526 016 2165 840 | 363 375 |+ 1
525 015 227°5 880 | 363 875 | 412
594 014 2375 920 | 40 875 | — .wm
528 018 2485 960 | 363 874 |+ .:
592 012 9595 | 1000 | 363 374 | + .:
520 010 2700 | 1040 | 381 378 | — 08
519 009 28100 | 1080 | 368 373 |+ 10
519 009 dgi-s | 1120 | 381 378 | — .cm
518 | 008 8025 | 1160 | 361 372 | +1
4186
—~084
4052
Mean...| 0018

Historiy of w solitary Wawe of the First Oﬁ&%.luuu the accompanying table
is m?muﬂm‘\%maﬁ of ﬂ.ﬂm wqomw%m of a wave from its enesis »E.ormr a H.Ew.mm
of 1160 feet, and during a period of 302 seconds. his wave was genera %
in the manner already described, by the addition of a volume of 445 cubic
inches to the fluid at one extremity of the channel. The mﬁ.n in vawmmm
had a depth of 51 inches, and the wave generated had a height om %
inch above the plane of repose, thus making the whole depth reckoned H.ME
the crest of the wave to the bottom of the channel =5°1 4 1+34=644 inc. mm
as the depth total. This, as successively observed, forms column A, QW
the simple height of the wave above the plane of repose forms column B.
The height of the wave is recorded at successive distances of 40 feet, as _.mx
corded in column D, reckoning from the first o.vmmm..ﬁa.—oc. ms@ the ooﬁomwa%w.
ing time of transit past the station of observation is given in oo—EBJ C. . e
column E gives the velocity between two successive stations as resulting ru.omn
the observations C and D. In order to compare these ovmﬁém.s.o:m M,M: ﬁ_ e
formula v= g(h+ k), g is taken at _the value 321908 feet, being the velo-
city required mmﬁo_ﬁ mwnwum by a body falling freely iz vacuo In the latitude
of Greenwich at the level of the sea, and (h-+£) is the number of inches in
column A, reduced to decimals of a foot. The number resulting from these
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as the velocity per second whi
Y 4 nd which a heavy body will acquire in falli
om %Mmﬂww M%Gcm,r a space .mazw_ to half the QM@E G.moh_wozmm m.omhﬁm *.Sm;.
E resaltin wm.%s t w” given in column F; with which the numbers in
down wi rm 1 observation are compared, their excess or defect bhei

W with the signs + or — in column G. olng sa
with m» vwsmsmwwmmnpvw& to compare the numbers given by observation I;
coincidence b o M_omm_m«”.ﬁww HMochEmm.,. and the result G shows that the
possible with the chronometer Mﬂ” M@mwmmgmron would admit.

of a second have since bee i

; n obtained
nute intervals than half-seconds, ;
what we should have expected,
of nearly the same magnitude

coluny

) It was
lied (although observations to mmﬂ
) to .a%mzm upon accuracy to more mi.
and the differences in column G are precisely
mwmmsmrzom%w mzmgﬁm_% + and —, and ggw
vy oth ends, and along the whole li .
sor wwww.o_. .M%omm omz_% of ?m. errors affected by the %om:?m sign MOMM.M_M.
of o ool the a .mcnam with the negative gign —0'84, so that the wh w
ations give only an excess of +'52, or a mean excess of o.ow%

showing a mean excess of velocity i
by the oo o.o~m<omm oM_Mwon the observation over the velocity assigned

whols t per second, being less than g} th :
aEMﬁméMm%Mom we are warranted in mmm_:smnm“ that mmm far as n%%wma%. :,__M,
oncerned, the velocity is accurately represented to within !
gw by the formula v g(h+k)=0.
oy %\obmﬁmmw %N m\s Velocity.—In order to determine the velocity of the
upon reotanmm rder with accuracy, a series of experiments have been made
t1g fotan HMM MM %Ms%nmﬁmu extending from 1 inch in depth and a foot wide
difforont g 2nd feet deep. These experiments, forming a series of thirty
ey u.oawma w w@ given in Table ITI. Column A contains the depth of z_w.
s ed from the crest of the wave. Column B is the height of the

er .
est of the'wave above the level of the water in repose. Column C is the

velocity of the wa : Pl
fo half the dep ve as observed, and in column D is given the velocity due

th in column A ecaleul
ool alculated by the formula v= v/, .
:w %ﬂmw _ﬂuw Mwm_vm M.w %MW_WNWMM, w:_w Hw&a difference given in E, ?oﬁﬁﬂ@.
o presents the experiments to withi
of 0:007. The results of this table ledve no room to noﬁcwznwmﬂmww *.M_MH

b h .
Mmawwﬂwwaﬂw WMJMMWM«WMM point, the velocity is conclusively settled, and de-
Jrom the ridge of e by gravity through half the depth of the fluid, rechoned

1
'&lcdﬁ_—

he cregt

s

ba%;s.sames 0]
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Tasce IH.-

the Velocity of the Wave of the First Order, .\3&_ emm%enm@.ax...
(See Seventh Report of the British Association, and Researches on Hy-
drodynamics in the Philosophical Transactions of the Royal Society

of Edinburgh, 1836.)

The form of the channels was rectangular.
The breadth of the channels varied from 12 inches to 12 feet.
Column A gives the depth of the channel in inches reckoned from the top

of the wave. e
Column B gives the height of the wave above the surface of the fluid in

repose. . . .
MVOQEHE C is the velocity of the wave in feet per second, from observation.
Column D is the vélocity of the wave calculated by formula B. R
Column E is the difference between columns D and C.

A B | C D. E. A B. C. D. E.
10 163 69 | 07 | 429 | 430 |01
105 | 005 | 164 | 167 | +03 ) 70 4:33
130 | 015 | 184 | 186 |+-02 || 7:33| 029 | 439 | 443 04
162 | 032 | 206 | 208 | 402 | 744 040 | 444 446 402
20 »| 231 |l 782| 078 | 453 | 457 {404
219 {020 | 280 | 242 [ 412 || 80 | 078 | 453 463 +°10
30 2-83 90 491
210 | 0-16 | 287 | 288 | 401 || 100 518
323 |.015 | 299 | 294 |—05 || 110 543
384 | 092 | 324 | 321 | —03 || 150 634 o
39 {096 | 333 | 323 |—10 | 190 714
397 | 081 | 326 | 326 00 1| 200 7-32
40 |019 | 333 | 327 | —06 210 750
408 | 013 | 324 | 330 | +06 || 260 835
420 | 013 | 333 | 335 |02 || 270 851
431 | 024 | 340 | 340 00 || 280 8:66
449 | 042 | 346 | 8347 | 401 | 200 8-82
461 | 074 | 852 | 851 | —01 || 80-0 897
47571 08 | 352 | 356 |04 || 350 968
50 {1 - . | 866 420 | 30 |10:59 {10-61 |02 ’
520 | 010 | 373 | 3738 -00 || 450 10-98
595 | 015 | 872 | 875 |+-08 || 500 1158
561 | 057 | 405 | 388 | —17 || 550 12-14
582 | 072 | 390 | 395 |4+05 || 600 12-68
60 401 650 13:20
647 | 027 | 414 | 416 | 402 || 700 13:70
674 | 054 | 482 | 425 |—07 || 750 | 90 |1423 14-18 |—'05
-++66
.I..m#
ST
Mean..|-+-+004

It appeared to me at one time matter of doubt, whether waves very low in
height were not somewhat slower than the velocity of the formula, and those
of 4 large size somewhat more rapid. To determine this point, Tables IV.
and V. were prepared, the former consisting of larger waves, the latter .of
smaller. It can scarcely be said that these-tables, which are arranged exactly
as the previous one, establish any distinction in this respect. . ,

e
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To rendef the results of all thege experiments still more a
are graphically laid down in Plate XL VIIL,, the stars
vidual experiments, and the line the formula.

TasLe IV.
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ppreciable,
8 representing the ing;.
The coineidedce i satisfactory, °

they

. ON WAVES, - mmﬂ
fons for iof ible fluids in the <Més
sniérdl equations for the motion of incompressib Lé-
ve m. y mwﬂmmw%m%nmn part 2.sect. ix., Lagrange says, A&E .Km man%%m
8::»% énétales et les plus simples pour la détermination 5mo=_..m.w? w
b e m:?mmm.m&nmm. La difficulté ne consiste plus que dans leur E%wyw,
,%oﬂ&wﬂa then he adds elsewhere, B&rmﬁmcmmﬂmzn %_amcwwﬂw mmw M%Bm mmmw
on is ir & es - A
‘on 0’ ‘iiigqu’d présent en venir & bout que dans €
« ﬁmﬂﬂ% M«WW mﬁm ﬁw%vgmomscu %m w&mﬂ.m mm%mwﬂ%w”ﬂ%ﬂmmﬁw%ﬁ w-%a“mw
ids i Memoirs of the Academy of Secie )  the
o Jn_%whwaﬁwnw m;. fluids in all conditions may be considered as wwﬁuw.
m%%:mawmuwmgﬁ% But the phenometa have remained thete till now, locke

up without any one to open, and amongst the rest I presume the wave of the

i i i lysis of M. Lagrange has
i int, however, in which the analysis o Lagrang
%M%meﬂ M.Mw% MM_ m%wn.omar to the re &mmnmﬁau. of w.nm om M&oﬁwﬂwcﬂﬁ%ﬁwﬂ
iar to thé wave: of translation. I section x1i. of part z. ol & :
a»a%—ﬂﬁ. M.uwuﬁﬂzmu he investigates the propagation of vibratious in &MMMM
M%am (like those of sound through the atmosphere), and obtaius an equ

Po_ (L9 L
NMml%@A&.%+&&m

Y ‘ the well-known law that sound is propa-
ety mmaﬁ”%w& Mo that which is due to %BSMQ, woﬁﬂm
i i , Suppo
through a height equal to half the depth of the atmosphere ..
M.”.M_ohwmm%%%_w and &m =Emm~.5 density). And again, elsewhere rm wnm“ﬂ M_z. %MM
propagation of wave motion in a liquid in a chaniel with a level bottoin,

a depth &, the equation

i

from which ; .
gated with & velocity (early)

TaBLE V.,

Velocity of larger Waves. Velocity of smaller Wayes,

A [ B | o | o | =& A B | @ | b g
”.w._ T 1:63

05 | 05 164 | 167 |4

162 | 032 206 | 208 +02 130 | 0’15 | 184 | 1-88 H%
W.%c 029 | 2 4t

. " 30 | 2:42 141

384 | 002 324 | 321 |—03 30 | 283 i

39 | 096 | 333 | 323 |—10 310 | 016 | 287 | 288 |+01

397 | 0811 326 | 326 | -00 323 1015 | 209 | 294 |—¢5

449 | 042 | 346 | 347 | 401 y 400 | 0:19 | 333 | 327 |-08

452 | 056 | 347 | 348 401 4-08 | 013 | 324 | 3-30 +06

461 | 074 | 352 | 351 |—-01 420 1013 | 333 | 335 +02

475 | 08 | 352 | 356 +04 431 (024 [ 340 | 340 | ‘(0
561 | 057 | 405 | 388 --17 50 366

580 | 07 | 40 | 394 |—-08 590 | 010 | 373 378 | w

582 | 0072 ) 390 | 395 +05 .m.wm 015 | 372 | 375 +-03
6 . 401

675 | 05 | 413 | 495 +12 640 | 015 | 404 | 424 +°10

686 | 061 | 421 | 428 (07 647 | 827 | 414 | 418 +02

69 07 | 429 | 480 |4-01 674 | 004 | 482 | 495 -7 |
782 | 078 | 458 | 457 +-+04 70 4:38

784 | 08 448 | 458 |15 783 | 020 | 489 | 443 404

787 | 083 | 468 | 459 |4-08 744 | 040 | 444 | 448 402
80 078 | 468 | 463 |4-10 80 - 463

68 47

—87 —18

+31 . 29

Mean ..|4--017 Mean .. ;.__'..Em

Wawe of the First Order not formerly deseribed.— Although many distin-
guished philosophers from the timé of Sir Isaac Neirton have devoted
themselves to the study of the theory of waves, I have not been able to
discover in their works anything like the prediction of & phéénomenon such
as the wave of translation or the solitaty wave of the flvst ordet. 'The waves
of the second order, or gregaridus oscillations, which make their appearance
in successive groups, or long and returring series, such oscillations of the
surface of the water as we notice on the sea, or are excited when the quies
cent surface of a lake is disturbed by dropping a stone, and which diffuse
themselves in concentric circles around the centre of derangement ; these
have long been familiar to naturalists; and have been studied, though with
comparatively little success, by philosophers. But I have not found the phe-
nomenon, which I have called the wave of the first order, or the great solitary
wave of translation, described in any observations, nor H.nm&oamn in any theory
of hydrodynamies.

. chw._a:mmaoumE% the means of making siteh 4 prediction tnust have existed
in any sound theory. It is, I think, pretty gererally admitted that Lagrange
was quite successful in stating the genetal equations of fluid motion; so that
it was only necessary to obtain complete solutions of these equations to es-
hibit the formule of all motion consistent with the mairitenance of aonmnsmm
of the fluid and obedience to the laws of motion and pressure. After find-

Eo_ on(T9 4 LY
NMMI% % A&I..Qm.._l &Sw ’
s similari i jon, he argues as follows:

d from the similarity of this to the former equation, he 2 S w8
w:?u% comme la <#mmww de la propagation du son se frouve .mmmmm _m Mm=¢m aw m:h
corps grave acquerrait en tombant de la Boma.m de la hauteur ¢ .m_ al h%n w e
supposée homogiie, la vitesse de la propagation des ,osmom sera la 1 e wF _
celle qu'un corps grave acquerrait en déscendant d'une hauteur &g

moitié de 1a profondeur de l'ean dans le canal”

assig he analysis
from which it is dettuced, we should have been &.u_o to sssign to ¢
of M. Lagrange the honour of having predicted in1815 the %ﬂMme awm mmwmw
order, never distinctly recognised by observation till ﬁmwﬂ. cwwrwwn e
nature of kis investigation precludes us from doing so, and he goes 1 it
to admit that-this cohclusion will only apply to such sﬁwm as ﬁ.a nfiui OM
small, and agitate the water to a very small depth below the su mo%.mmum n
pourra toujours employer la théorie précédente, si on m,sgogw&:m dans la
formation des ondes P'eau n'est ébranlée et remuge qu'a une pro Mu m,a res
petite.” The wave of the first order bears as its orméonazmm%m, the o wmmu ed
ph@nomena, that the agitation does extend below Fm su smm to M MMM«U
bottom of the channel, where it is quite as great as at the surface, mw.: | that
its oscillations are large. The essential conditions .o*. mkmmumamm s M:.mw.ma be-
ing that the oscillation is minute, and that the agitation of mwm.. m— is ~33
fined to the surface, we are precluded from the application of his formuia
the wave of the first order.

i . imation to the represen-
result is the only oné that offers a tolerable approximation ) -
tation of the 4&%&5 of the wave of the first order. I do not find in the re

Had this result been of the same general nature with the original equaticns

I have been led to speak thus fully of M. Lagrange’s solution, because his -
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Mwuwm owunwmumm by M. Poisson in his ¢ Theory of Waves,” any result that re
sents mw nomena of this wave, although he shows that the solut; i
mEM Qmmﬁsomzwuon either mathematically or physically be applied to ¢ o
Auid m% armm. Nearly all of 25.5. seem to apply ouly to the wrwuoamzwzmm.%_..
o i ommwﬁwzﬂw. Wm gm_ wm_:& disturbance. ~The supposed Em?ﬂaz_w
1ch precludes the existence of the wave of "
::%w.m %Rwﬂﬁmq wEm..n of the investigations of M. wommmgawaoa Mw.a%wwmo&mr
onder the ¢ %huwm oﬁr,w”wm“w mrmmou.%n .E.N _rather to be regarded as Emﬁmmaw_%nm
s : ) nvestigations ; but an account of
accomplished in this way by them, and by M. Laplace, Emw wMﬂwwwmm Lu MMM

mwom_r\wsnwmvozmomg.g.. i
e nt Teports of | H,M g..m&w m%.mwm Transactions of the British Association,

* I think it right in thi i ;
valuable trea mmmrhhnimﬂmﬁmﬂm "w mention, with such distinction as T am able to bestow, 1
brothers Ernest H ngs“ sm ich was published nearly twenty years ago in Leipsi ,m_. vt
griindet, oder iiber die W ms William Weber, entitled ¢ Wellenlehre auf Ex m%:.mwﬁw:a
Licht-Wellen, von den ww.. M: tropfbarer Ecwm_mrmmnmb it Anwendung auf _amm mnww:m o
Weber in Hajle, Mit 18 H:: mmznmw._.ﬂmﬂ Heinrich Weber, Professor in Leipzig und S:._F____a
distinguished by more than wrm_. afeln. Leipaig, bei Gerhard Fleischer, 1825." The wo M_._J
materials, and sontatns _ e usual characteristics of German industry in the collecti ol
Newton, and 25 o baok ..Mwn N all that bas ever been written on waves since th M e
synopsis of the Iabours om Mm erence alone is a valuable history of wave research * .mEm o
Webers themselvos aosnmwm%a..ﬁ appended a valuable series of experiments by mra Zo ST
degree of accuracy .momm e ﬁs.wn much ingenuity, and conducted with apparentl mmh.xﬂ.
that have been mm<.w gmam : rww Hhcms‘mmm“ extend, contradict or confirm the <m~»o=mv.§8“mm_
me till long after my ptol e rmms disposed to regret that this excellent book did not r ﬂm
80, it might have diverted Emmwmo es had advanced far towards completion. But if it had an_
so happens that their Sco:«mm ; mB Yy own trains of research. As the subject now stand o:.M
each other. Our respective vo wE:E do not in the least degree supersede or interfere wr__,
other, inasmuch as a great works may be rather reckoned as supplementary the one to the
part of what T have mM:m .ﬂuz of what z:.ww have done I have not attempted, and th, ”
great solitary wave of i cm_ ! not be found in any part of their work. Ofthe miﬁm:n N M.:ez
cognise its influence on m. o oxder they were not aware, and although I am now wEm M o
Il e o g b, o e f 1k experimnt, s s
e following passages serve to show mrﬁ the e pacy examine its phanomens,
3 . Messrs. :
Hmnms %WMMM:W,_MMMWMMW”«EE mw the first order. They mMM mwcwﬂ,w”%hwnﬂmﬂ.m menmmbw.& the ex
part being raised above wmmﬂﬁma_om 2 aghts and hollows upan the surface of the liquid, one
may be called the wave-rid evel surface, and another part sunk below it ; hence an height
wave-hollows never com mm.ﬂwam the depression the wave-hollow. These wave-ridges %a
why we do not call the %»w_w.mmmw”_ﬂwmwﬁe“wm_mummww Mﬁmm with oné another. This is »:am«mmms_
a w: : ge wave, no - ;
& Ve bt il e Lno g Art 0. S5 o o B e
never in naturs mwwm_w uw_msssﬁm..:&_oﬁ is called the breadth of a wave.” Art, :Mm mum_n_m
any wave-hollow without it: ave-ridge unconnected with a, wave-hollow, nor in Jike manner
can never have, durin Smcm companion wave-ridge. ~Also from this veason it follows that we
immediately before oWw»ﬁmﬁﬂwcP & particle of the fluid moved forward in its path without
emmwwvmmam Yeversed.” g @ contrary motion also; nor backwards, without also its
eir observati .
and faithfolly MM“%,MM Ms nwmu_mwmﬂ class of waves are ingeniously contrived, carefully ohserved
laws from the wc:oizm &S:Mﬂmﬂ_w%me“wﬂﬁﬁmhm e vwwm rcm nw_es_m.moz m:mv“:. mgﬁw_.
reater nu i . > Y owness of the ¢ ; in whi
m: msnzmsnw.ﬂm“mo% .Mwwﬂwmwgmr was made, being only 67 lines smmmwﬁwm .»_n_wwn M“”muwwr«.mﬁ
nomens, which oyght not Ew amm adhesion of the sides as seriously to interfere with the m:w.
2, the shortness of cho o mnﬁm mz.m to be co-‘_ﬂmwmmﬂ as the mvmﬂﬂosmsm of mua—.».mnn_ free mmmmm.
:m this case an ocmmﬁwmowwﬁnm %wﬂoﬁm_mﬂh M_MM.MM“ a depth of 2 feet and only 6 mmw" of length ;
the wave genesi i €r was impossible ;
mBmommmEm SM_M qum Mammmsmgu produced by the descentof a Sm_mn ao?mm:moﬂ.m _M”Mwuw mvwmm ﬂM”
uniformity favourable ¢ ort period of wave transit the phenomena could m%a: m&.a n of
whole period of an omew«mMMMww mmw_c% mm.n< .ﬂ%ﬂ.m Mmm second and a fraction of a mmows.%ﬂmmumo the
A : s cessary to o
“MMMMMMVM ﬂ Mm%c:aw n~rm results possess little value wmmzmmmwwm Mom Jm“u qﬂ&% en _mmmun -
ound that the first observations immediately after the sMaMMMHMmM.smh m“”.

- ON WAVES.

Having ascertained that no one had suc

non which
first order,
it was not to
pheenomena Gew
previously existing theory,

been ..
words, it now remained to the mathematician

to distinguish it from the waves
be supposed that after its ex
determined, endeavours woul

Theoretica
tions—Since the publication of my form
first order, two attempts have been made to

developed by Poisson,

Philosophical Transactions. This valuabl

theoretically,
of parallel sections,

o cihgemt

¢ being the semi-
¢ the velocity of transmission.

Observed value

showing the error in defect = 5 11

Weber in their larger wave observations.
bility of the existence of the solitary wave o
mena from the negative waves,

to recognise the existence of the law of the velocity w

Nevertheless, their observations are very valuable,
already master of my observations. In their very
observations, they become instructive as
those interfering influences which diminishe
themselves, For this purpose I have t

point of atcuracy and precision, and also of weight,
observations diminish their value.

These remarks, which I make with perfect deferen
class of waves to which chiefly I have directe
waves, and all those made with reference to the ph
exempted from these remarks. I desire that my

that the methods I chanced to light upon, and the
more favourable than those which they happened to
10 a more favourable conclusion what they had mos

rm<.m been satisfied to adopt what so much ingenuity
subject beyond the conclusions they had attained.

predicted from the known general equations of

This expression gives values for the velocity o

land has himself compared with my experiments :
Theoretical value when 2=3+97 and Ze=0-53, 13 ¢=28693

Jeast aceurate and the least valuable, and these are the only obs

nor the distinction of waves i

they have mingled together the observations and pheenomena of both.
hich T have elicited.

and furnish interesting information to one
deviations from the laws exhibited by my
s to measure the amount of
d the value of their experiments when taken by
aken some of their experiments and placed them beside
f more or less perfect fuidity,
however to be remembered that in
the shortness of period and path in their

manifesting and enabling u

the results of wine; the effects of adhesion to the sides, and o!
are well manifested in the difference of the results. It is

less propitious; my having arrived at different concl
chance of my being ignorant of their methods when
better; for had I known of their elegant apparatus at first,

338

ceeded in predicting the pheenoie-
1 have ventured to call the wave of translation, or- wave of the
of oscillation of thie second order,
istence had been discovered and its
d not be made to reconcile it ‘with
or in other words, to show how it ought to hayve
fluid motion. In other

to predict the discovery after

ol e~ ah

elevation, % the depth in repose, A the length of the wave,

it had happened, i. e. to give an & priori demonstration & posteriort. E
43 A Nmai& subsequent, to the publication of the Author's Investiga-

er observations on the wave of the
elicit from the wave theory, as
&e., results capable of such physical interpretations as

should represent the pheenomena of that order.

"The first of these investigations is that of Mr. KeLranp in the Edinburgh

e and elegant investigation deduces
from the general equations of fluid motion, on the hypothesis
and of oscillations of the general form of the curve of
sines, the following value for the velocity of a wave,

—e—ah B o—0h :
a?llﬂ%l.a&. ¢ n.nlﬁwl.mama ¢ avv . e o o _”Ou

f the wave which Mr. Kel-
as follows :— i

=338,

L or —2_ of the whole theoretical velocity.

ervations employed by MM.
Farther, as they did not recognise at all the possi-
£ the first order, nor the difference of its pheaeno-
nto separate first and second orders,

Thus have they failed

ce, are designed toapply only to thelarge

d my attention ; the observations on dropping

=nomena of light ‘and sound, are to be

exp

derogate from the value of those of my estimable predecessors, an
statements to make an apology to them for having arrived at different conclusions, by showing

circumstances

eriments should enhance rather than

d I wish rather by these

in which I observed, were

employ. I only aspire to having brought

had contrived,

t meritoriously begun nnder circumstances
usions is probably more owing to the
1 began, and alighting by chance upon
it is not improbable that I should

and so failed to extend the
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Another example; : .
Theoretical value (when A=1 and Ze=0'3) e=1547
Observed value e=1'8,
mwwmau.m the error in defect = —} of the whole theoretical velocity.
gain,
Theoretical value (when ;=704 and 26=089) e=4-0
Observed value , e=46,
showing the error in defect = —% of the whole theoretical velocity.

I think it due to Mr. Kelland to say, that notwithstanding all the anxiety
for success which naturally exists in the mind of one who has: bestowed mucl,
time and talent on perfecting, as he has done, an elegant theory ; he has not
yielded to the temptation of twisting his theory to exhibit same apparent ap.
proximation to the facts, nor distorted the facts to make them appear to serve
the theory, a proceeding not without precedent; but he has candidly stated
the discrepancy, and says, “my solution can only be regarded as an approx.
imation, nor does it very accurately agree with observation” This is a can.
dour whieh cannot be too highly valued, and can only be justly appreciated
by those who have, as I have, after working at a favourite theory, it may be
for months and years, found it necessary to abandon it, and make the sacri-
fice for the sake of truth with readiness and candour.

Mr. Arry has followed Mr. Kelland ever the same ground, in an elaborate
paper on waves inthe ¢ Encyclopedia Metropolitana,’ published since the greater
part of this Report was ready for the press. This paper I have long expected
with much anxiety, in the hope that it would furnish a final solution of this
difficult problem, or at least tend to reduce the number and extent of the un-
happy discrepancies between the wave-prediction and the wave-phesenomena,

2 hope justified by the reputation and position of the author, as well as by
the clear views and elegant processes which characterize some of his former
papers,

Mr. Airy has obtained for the velocity of a wave, an expression of a form
closely resembling that which Mr. Kelland had previously obtained, viz.

prymy /s gmk — g—mk

From the resemblance of this form of expression to the form previously
given by Mr. Kelland, we are prepared for the conclusion that Mr. Airy has
advanced in this direction little’ beyond his predecessor. And we accordingly
find that a theory of the wave of the first order, accurately representing this
characteristic pheenomenon, is still wanting, a worthy object for the enterprise
of a future wave-mathematician. .

I have already stated that I have found, that by introducing the element of
the wave’s height into Lagrange’s formula, I get the expression

o= g(h+B),

and that I find it represent with great accuracy the characteristic velocity of
the wave of the first order. As however Mr. Airy appears to intimate to
his readers that his awn formula is as close an approximation to my exper’-
ments as the nature of these experiments will warrant, I have thought it ne-
cessary to make a complete re-examination of my experiments, and to makea
laborious comparison of the pheenomena discussed after the best modern me-
thods employed in inductive philosophy ; the results of these disaussions I have
presented in a series of graphic representations, which will enable the reader
at once- to attain a sound conclusion on the duestion, whether the formula

SRR

sents the phenomeng.

.
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y has adopted, or that which I have always used, more truly repre- -

ON WAYES,

Mr. Air

\

i t

he following table, E represents the <m~o.m_€ o.»_ »rwmsmm,wrww Mﬂ@%ﬂ@

in the ken from my observations by Mr. Airy himself. L have placed

order ﬁr&wmmmm lts of experiments, the number given in cO %Erm 2 mwg_..
_wean t! mvr.o.m .H,sm,.w to agqmu@ﬁ them, In ﬁ._m next EE.%M. @Eﬂ Rk

E.nsw:m s.m 8, a&a&gmm by himself, according to »_9:.. ifferen oy m

Airy 8 numl man.m here to have m.wuzmu. as a sort of ».nﬁw%%@ ?mﬂmwwammm :

which he w wwﬁmwmum ‘the one which should prove on trial least de Mrm r z

wvzﬂmc—wmuw mm«mwim columns, which murmdm.neﬂﬁ mmwmwm Mm oﬁ.ﬂﬁﬂ% he mpmmm
i en five column B e : e

o A”.M NMWMMM_%MMM M%moﬁmomnwmwwoasﬁm, the others those of Mr. Airy’s.

..c%ﬂm:wmm_mam of the first table are as follows :—

. . 2635
The errors of Mr, Airy’s first column amountto.,,...... 26

iry’ tt0........ 1994
£ Mr, Airy’s second column amoun
%”M Mw”www w*. W\_E.. E_.w,m third column amountto ........ wmww
The errors of Zw. Airy’s fourth column amount $0,.-..0. o
The errors of mipe apmount to :m:... ~~ mow
test error of Mr, .P:.«“m irst column is. . ..
%WM Mﬂmwemma erpor of Mr, Airy s m,mmoa column is, . me
The greatest eyror of Mn .b:.u.,m third column is .. P
The greatest evrar of Mr. Airy's fourth eolumn is, . 7
The greatest error of mine is .... w= haersasens
" the second table ave as follows :—
._r‘m_“.MmMMwawwom mﬁ... Nm&um first omwﬁ_w: amount “ﬂ.mc. e e MW.WM
£ Mr. Airy's secon co:B:mBQH. 40,0 ieras )
%wm M“..”..M“..w Mm Mr. >:.me third column amountto .i.....e wmww
The errors of Mr. Airy’s fourth column amount to...... e
The errors of mine amount to ...... ~ w:
t error of Mr. Airy's first column is. ...
%ﬂm MHMMMMMa. error of Mr. prQ.m mmmxma moﬁ”-wmﬂm. . Mww
test error of Mr. Airy's third colu
%WM Mwwwmmma error of Mr. ,.P.mé.m. fourth column is. , wwm
The greatest error of mine is ... .ooioeeeseee e
TasLg VI
- Small Waves.
Column A is a’'mean height of wave crest. As taken

; hich A is taken.
B the selected examples from whicl :
” C the %%mr af ,...w% flnid in repose.
» D the height of the wave. .
he velacity of the wave gbserved.
. m ma an%w of the wave 33 given by my W«Eﬁﬁ + formula
G the velosity of the wave as given by Mr, Airy s Bist o mula:
» H the velacity of the wave as given by Mr, Airy mmmmmw 18 %s?..
” K the velocity of the wave as given by Mr. Airy mm ird formula.
I. the velocity of the wave as given by Mr. Airy's fourth formula.

from my ex-
" periments by
. Airy.

=}
Xi i d my formula.
» T the difforence betweon obserro 0 TN M. Airy's st formula.
! i ce be t Air :
m‘ MWM MWMMMMMQ between observationand Mr. .f.@ wmmﬁwwﬂ moﬂmmwm
K'-the difference between observation qu HH“\H\.? »ﬂﬁw Mo H& rmwuaaw.
» L' the difference between observationand Nr. AIFy
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— f Differences. ’
A B, c. D. | E _ F. ¢ | m |k [ L |
. . @ | m. K. 1.
1075 | 1-05and 1110 | 1:000 | 0-075 | 1:670 | 1697 || 14629 | 1689 | 1-80 | 174 . _
13 113 1150 |0-150 [1-810 | 1867 || 1-744 | 1-854' | 2-05% 1-958 4034 — <131 | + 025 |+ 301 | + -168
336 |33 maid0 | 3ony | 297 | 2860|2015 | 2702|2795 | 2972 | 24w 023 — 202 |+ -012 | 4 386 | + 207
3:36 | 3-32and 3-40 | 3-080 | -280 | 2:960 | 3-002 2747 {2-869 13-099 | 2.984 +-122| — 083 | + 080 |+ 377 |+ 233
416 (40 —4-31 |3908 | ‘256 | 3310 | 3340 3:016 | 3-114 | 3:300 | 3-208 4400 | — -309 | — ‘123 | 4+ 215 | 4 -051
534 |520—55% 5088 | ‘252 |3758 |3784 || 3303 | 3:384 | 8540 | 3453 g B Y It Al A |
652 |64 —665 (6220 | -304 | 4004 |4-181 3495 {3579 |3-742 3662 e = 533 | T 180 | T 25 | 136
7:51 | 74297 7-040 | -474 | 4-406 |4-488 | 8507 3716 {8943 | 3831 oa| = a3 | T a8 |1 tes | T -oss
—-082| — 813 | — -332 |-+ 473 |+ -091
~040] — 670 | — .mmm - mwm - mmw
i - — — 51 . —
Difterences. 056|704 | = 565 | = ‘145 | = 350
+-085] — 911 | — 689 | — 281 | — +480
¥, G/, H, K. 1,
- | —208| —6-157 | —3-233 +M.Mww +H..ww.w
+:027) — ‘041 | 019 | 4 -183 |4 077 | +269 + 117 | = -
wam - wmm H %mm H mww H WWM ‘567 6157 | 3350 | 3226 2274
+:042) — 213 | — -091 |+ -139 |+ -026 . . o »
wam - mmm - mww - mwm - m.ww The conclusion which Mr. Airy mmmsnm.w from this oonum._mon HM chmsm Mn
+087) — 599 | — 515 | — 352 | — 432 wprising, “we think ourselves fully entitled to oou&:mw—uomwr\.a ese Mw%mwon
+082| — 809 | — 690 | — 463 | — 575 ments that the theory (Mr. Airy’s) is entirely supported q wum %Mu usion
1 g so completely the opposite of that to which we should be le Hc\n
+408) — 2635 lﬁwmw l_..mxm l_..mﬁ mme grounds, it has appeared necessary to make a still more comp ono emm
el il  examination and discussion of all the experiments in our possession, to mhn
“406) —2635 | 1994 | 1674 | 1680 shether from any or the whole of them there should appear to be any grou
- fur a conclusion so contrary to the apparent phaenomena.

1 have, therefore, directed the whole of the experiments to be re-discussed*.
: They are m_.mvrmom.:% represented in the diagrams on Plates XLVIIL and
: XLIX., which, and the description, the reader E.H.mmmmm.nma to mNmBEmw%mum.
 fully. The result of the whole is, that there is an irresistible body of evidence
- I favour of the conclusion that Mr. Airy’s formule do not present anything
like even a plausible representation of the velocity of the wave of the first
. order, and that the formula I have adopted does as accurately represent them
# the inevitable imperfections of all observations will admit. It is deeply

Tasre VIL
Large Waves,
Columns A, B, C, &ec. correspond to those in Table VI,

A B c. D. . T G 2 | x | L _  to be deplored that the methods of investigation oﬁ_vwovﬂmm with so B_wow
- 4 r::zmammu and.applied with so much tact and dexterity, should not have le

120 |1-20 1:000°| 6200 [1-760 | 1'794 | 1-629 |1-785 |2:061 |1-928 | him to 2 better result.

162 1162 1:300 | -320 {2-060.]2-083 || 1858 2:072 | 2446 [2-267 i . . :

219 |219 1900 { -290 |2:300 | 2-422 | 2:217 | 2:380 | 2:677 | 2533 Tasre VIIL

338 1335—341 (2960 | +420 |3-010 |3-010 2-701 | 2887 | 3225 | 3-061
355 35 —361 13020} -532- 3-080 (3-085 || 2724 1 2-954 |3-368 |3-168
383 (369—397 (3007 | ‘830 |3-252 | 3204 2-719 18072 | 3-677 | 3388
453 |44 —4-75 13910 | 625 | 3505 3-485 -113-018 {3250 |8-671 | 3467
521 (521 . 3870 .1 1:340 | 3-820 | 3:738 || 3-007 | 3-488 | 4203 {3911
6:76 |561—582 |5070 | 0692 |3-970 | 3930 || 3:300 |3-518 3917 13723
624 16:15—6:40 |5-080 | 1160 |4-170 |4-090 ||3-302 | 3-659 4286 13985
669 |6-69—720 |6:034 |0-823 |4-262 | 4-234 || 3-468 8697 |4:117 | 3912
783 17-74—80- |6-946 |0-884 [4-497 | 4582 {3586 3:808.4:216 | 4017

Re-discussion of the Observations by the Method of Curves.

The observations of height and time were laid down on paper, as shown in
Plate XLIX. (see description), each star representing an individual obser-
Yation of height or time. The curves being drawn m:.c.cmw amorg the “o.v..
- &rvations, were taken to represent the corrected observations, and the wvelocity
®2s then deduced from the corrected observation of time and keight. The
table consists of results of this process. .

Column A gives the corrected depth in inches (h+%) of my formula.

3 ..cm.e_can B gives the corrected time in seconds employed in describing

eet, :

* Excluding 5-21,

FM&MMMS« aceuracy and good feith with which these discussions were all conducted, T am

to my valued assistant Mr. I. Currie.
1844, ¥y valued assistant Mr 2
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N Column C gives the derived velocity of the wave. - ’ ,. T ‘ 3 N -~
Column D gives the characteristic number of the individual wave as b »|B |o (DA B (C DA LB C . - | B 1C | D
serted (see former Report). Bl o Lo |56 |Seo| 5 | as|tis5u] 15 | 58[i05| 380 46
h 1t ith i . 151014 | 198 0 125 |3 5| 1153 (1056 |3
These results are compared with my formula in Plate XLIX 3 m.c O350 36 | 40 |18 |339| 25 | 45|120333 17 | 60| 9:9\404 43
L 5| 7.9 |277| 36 |40 | 604333 37 | 45117342 19 || 601100|40 | 45
A.|B. | C |D. A |B. |C | D || A B, ¢c. | D || A |B. E 25| 847288 35 || 40 61+ 3:27| 88.| 4-5;12:3/3:25) 23 60[100{40 | 46
p . E 501 75% | 2:66] 40 [|4°0 | 6-0%13:33 39 || 50 wwu ..w.mo 8 ? Mw ww Mwu Mm
8. | ft. s it s | ft 5 L g0 7-4%]270] 41 1|40 | 6:2 322 40 50| 114} 35019 and X '814:08 49
3-20| 14:0{ 2-85 424 11-8| 3:39 507, 110 |3-68] o | 641/98 351137 |292 25 ||45 [115 |347| 1 | 50 109367 15 65! 97412 50
820139287, || 430 117|841 - 642/ 98 B li28 |512| 26 |45 {116 {945 3 | 50|107/378 17 | 70| 9:3)43 | 46
3201137292 || 436 1171341 = | 518 110 368 | 64497 43| 64%|3-12] 87 | 45 |120 |388) 4 || 50{109|367] 19 | 7B} 92)435 53
3211361294  ||443/117/34) | 518 109 366 | 646 97 53| 62x|32a] 88 |45 |18 |339 5 | 50112357 22 | 75| 90|444 55
3-221 13-5| 2-96 519 109 .w.mm 6-48| 97 w51 5% 307] 40 [|45 |114 |3:50 6 50[11-1360 23 80| 849|449 51
324134208 | 405123325 | 520( 109 |368 | 65197 4l 65% 307 41 |45 |115 |347 7 || 565|110/ 3639 and 10) 80| 87146 | 52
3-27) 13-3 3-00 406 12-2| 8:27 521f 108 1370 654 9-6 s51o8 |312] 42 {45 {115 [847) 8 || 56|106/377 43 80! 846|465 54
330132/ 3-03| ., || 4°0812:2)327 522! 1008 |3:70 65796 vohes 325 2 |45 | 115 |847] 13 551103388 45 80|'8-9 | 449 55
3:35/13:1/8-05; N | 4-10/ 121 3-30 5-23| 108 |3-70] 6-60! 95 ~ ; ) -
340 13-0{ 3-07 412|12-0 3:38 595 107 373 663| 95 . g , - o .y .
3-45| 12-9| 3-10 4-14/12-013-33 527| 107 |378 6-68} 95 ; The Magnitude and Form of the Wave of the First Ovrder.~This is one of
353128/ 312 417|119/ 8:86| _ 1529 107 |373 6.73/9'5 3 the subjeets to which, since the date of the former Report, I have devoted a
36112-7) 15 420/ 119 8:36 531 107 378 678/ 94 good deal of attention. The exact determination of the dimensions and

3-72(12:6{ 8:17 4-2311-9 3:36 533} 106 |3:77 68394
3-84) 125 3-20 4-27|11-8/ 8-39 ||5-35| 106 [3-77] || 689,94
3-9712:4| 3-22 4-32| 11-8| 8-39 538 1005 {381 6-95| 94
4:3611:7| 841 541 105 |3:81) 3 117-02{94

form of the wave, although at first sight it may seem simple enough, is not
without peculiar difficulties,. When it is observed that the two extremities
of the wave are vertices of curves 6f very small curvature tangent to the

wwm www wwm Mmm ﬂm wm WMM wmm me 719193 ~.._p=m of repose, it will be ::mm.amsoﬁw. vosw&wmo:_o it wm to mmnMom EM place om.
203/ 121! 3-30 559 103 |3-88 670/ 9-16 2:.33 with precision. A variety o a.bma ods .rnao een tried : retiexion o
407 120|333 196 122 8-97 557 103 |3-88 681195 an image from the surface, tangent points applied to the surface so as to be-
412|119/ 3-36 4-28/121|3-30 563 102 |3-92 6:95| 94 Jbserved simultaneously at both ends of the wave, and the self-registration
417,11-9/ 3:36| ox | 4:30,12:0/ 333 570 102|392 7:10 9 f a float moved by the wave have all been tried with various success. On
Mwm ﬂm wmw Mwm ﬂm wwm wmw Ww”we wwm me wm | the whole, however, the most perfect observations have been obtained by'a
434/ 11-7) 341 4:38/11-7/ 341 5971 100 |40 7:66/9-0 ; very simple autographic method, in which it was contrived that the wave
4421117 3-41 4-42|11-6|8-44 610 100 |40 |~ : should leave its own eutline delineated on the surface without the interven-
4:49( 116 3-44 m.% ﬂw W.MW ® m.wm HW.Wm M.mm m.ww w.w M.ww tiou of any mechanism*. The method was simply this: a dry smooth surface
X *b| 3-47} 2 . ’ 791 93 {4 i was placed over the surface of the water in the channel, with such é¥angel -
me wwm www me ﬂw wwm mww ww MWM www wm Mﬂw“ | ments that it could be moved along with the velocity of transmission of m:w
408 12+0| 3-38 47011°3 854 75490 |444] ~ | wave, and at the instant of observation it was pushed vertically down o the
411|119 3:36] * || 477112 857 6:38| 995 |4-02 7951 89 | 449 wave, and raised oiit again without sensibly disturbing the watery: the sur-
415/ 11-8] 8-39 485{11-2 357 639 99 |404{ @ ||7-82|88 (454 face when brought out, brought with it a moist outline of the wave, ‘which
4:20(11-8) 3-39 4:95/11:1§3-60 640/ 98 |408 0 was immediately traced by pencil, and afterwards transferred to paper. I

have given a few of these autographie types of the wave in Plates L. and LL,
the engravings being precise copies of the lines as drawn by the wave itself.

Another method of obtaining an autographic representation of waves of
the first order was this. Two waves were generated at opposite ends of the
rame channel at given instants of time, so that by caleulating their velocities -
they should both reach a given spot at the same instant; here a prepared sur-
face was placed, and as one passed over the other it left a beautiful outline
of the excess in height of each point of one wave above the summit height
of z..m other. These forms are not identical with those of the same wave
moving along a plane surface, but as true registers of actual phzenomena they
are interesting. .

A__m results of all my observations on this subject are as follows :—

That the wave of the first order has a definite form and magnitude as
much characteristic of it as the uniform velocity with which it moves, and

Tasre IX.

Velocity due to « Wave of the First Order,
Obtained from the re-discussion of the experiments as described above:

o g i S g

Column A gives the depth in inches reckoned from the wave crest. 4

Column B gives the observed time of describing 40 feet, * the observatic®
thus marked being over half that space.

Column C gives the observed velocity.

Column D is a reference to the ordinal number of the wave observed-

The close approximation of these velocities of observation with the EM
bers of the formula, proves at once the accuracy of the one and the truth
the other.

5.9 1find that T am not the first person who employed an apparatus of this sort. MM.
Ewwm; employed a powdered surface to regisier the form of agitated mercury, the fluid
ing off the powder. .
z 2
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i indow
ftvcs accurately graduated, the side of the wrgﬁw_ wwwwwwm Mw_ Mﬂw Mﬁmcﬂ
| . i i sely e ¢

i at distances preciseiy eq dow
ping o@_,‘wﬂmmmmwwmwsmmﬂvmwm methods are the only EMMMQM %mm %%MMMW h:&
s . now incre; an
me foud 1 e e Eens _m%.ﬂw MNMMH me to adduce the conclusions

i servations sufficient Sonclusioss
m.wﬁmmwmmw“&smu as representing the pheenomena as far as
el

: i urate observation. e a
: ~nmmﬂwamw“.ewmmmmaa of waves that the apparent motion visible rfe
i

. - Tovichual mar

is of one species, while the absolute motion of the sSMMmswwaﬂwadm

e e water i ry different. In reference to all the spe Taves

bt o e et s <M~.Mm the velocity and nature of the motion H, bmwwuommm -

s s i ,gn.r - H.mmmm»m cause or consequence of the other. w Sase of
e ftha fiet der, the visible motion of the wave form along o

o aton may be & e motion of transmission, the ..,meHm_ Nws.ww%

distinguished as mrm motion of translal .Em
We infer the motions of the individual wave particles from those of visi

i rticle floating on the surface

i ing in the water; any minute pa ; t face

e e mowm_a%. HM\S the motion of the water particles about it, wm“a  the
o aser par ¢ conveniently observed in the case o

ot o e Do e I bules of wax already mentioned ;
oy muwn o_u.am%h.mmw%waE%m »M.Mm MMMM Mwog momm permanently at any given
.%m. mBM a%mm will be visibly affected by very E_Mﬁuam forces.
o the the following observations were made: ¢ translation charace
iy iw—M ion of Translation.—The phenomenon o. a.gm. n charac
..mm.%?% h eaewsm of the first order, and which we have use mﬂodimm -
ishir o e mqmaob is to be observed as follows. m._o.m.ssm m&u e mnma
g mwm..o,cﬂ ?wnm placed in the fluid, and their moﬁsgmm e mp noted
i v M wwm sides and bottom of the channel, let a Sﬂa  of the fxst
Mg wamm along the fluid; it is found that the effec Mv this trans-
ieion Smumﬂn.ﬁ. ach of the floating particles, and msszm&mw ; %mB e the
vater par ﬂow _nWMEmm?mu out of their positions, and to transter the %m erna-
montly forms mm to new m.om#mo:m in the channel, m.smm in these o nwom ositions
e m.unﬂsma w&,n erfectly at rest,as in their original places m%ow o chamne
B Sty or H.uw.mm of ‘translation is just equal to ?ﬁr«w the wavo by
oo s ing the column of water in the channel behin ctision by th
vy Eoﬂwwm— sma. diminishing the column anterior to mmma %om S
”mmmgcm”mﬂ% Jm_ﬁ quantity being mm?& to ﬁrmNMoﬂme onaa o ot o the
is to mw the ma&.ﬁ of translation is simply equal to __.,Wm o i e O e
Q:EQSW Me?.e.\s the eo&%ﬁ of the wave would occupy on
! .mm%% WMSN effect of having transmitted a wave m.vm_ ?mu mwmm... mwﬂmw M_%hmu M
channel, is to have moved successively every E.uﬂo%m e Tvsdea by the
?3»&., through a space equal to the volume o
smw_..imw o aw.w. mw.wﬂ“w§.|§ the floating spherules g?ﬂﬂ Mnmmmwﬂmm_ wm.
EBM».M& m%ﬂp%omo in one vertical plane at right m:.wm_.mw nMw e e o
”Baﬂmﬁmwoa and carefully observed during S.ﬁ._mbmeM mmu L o repose
that the m.wm.sﬁmm remain in the same plane during tr
i transmission. . beerva-
! “M_Mmmwﬂmrw_w GWMMMW as might be anticipated @oﬂ. »rmo Mo%ﬂmm“”m mwon. v
tions, that 2 thin solid plane transverse to the direc S.ﬂ_ it the
 w za.mmmm as to float in that position, does not sensibly
. moti ion or of transmission.  Vertical ex-
cw.mw MMMM:%@&N&NS&& Translation is equal at all M@R\a V

depending like that velocity only on the depth of the fluid and the height
the wave erest. .

That this wave-form has its surface wholly raised above the level of rey
of the fluid. 'This is what T mean to express by calling this wave wholly
sitive. 1 apply the word negative to another kind of wave whose surface g
hibits a depression below the surface of repose. The wave-proper of the f;
order is wholly positive,

The simple elementary wave of the' first order assumes a definite Jey
equal to about six times the depth of the fluid below the plane of »
When the height of the wave is small the length does not sensibly differ fiy
that of the circumference of a circle whose radius is the depth of the fluf
or / being the depth of the fluid in repose, the length of the wave is rep:

sented by the ‘quantity 2zh, ¢ being the number 3+14] 59, we may use i
notation,

,mm of the water may be called th

=20h. . .. . . E . f the particles themselves is to be

The length, therefore, increases with the depth of the fluid directly,
equal to about 628 times the depth. The length does not, like the velod
of the wave, increase with the height of the wave in a given depth of flii
On the coatrary, the length appears to diminish as the height of the wayei
increased, and the length of the wave when thus corrected is

A=20h—a . . . . F.
the value of & will be afterwards examined.

The form of the wave surface when not large is a surface of single curv §
ture, the curvature being in the longitudinal and vertica] planes alone, and §
the curve is the curve of sines, or rather of versed sines, the horizontal ord: ;
nates of which vary as the arc and the vertical ordinates, as the versines ofs |
circle whose radius is the depth of the fluid in repose, 2w/ being the length §
o?rmsme.@m:ml.mnwuoom%ma&g_m Um.smgemmo:wmma:mae_%

2
m
the wave curve,

beig

=h0
y=%k.versing . .

the height of the wave being denoted b
pose of the surface of the fluid.

The height of the wave above the surface of the water in repose may ir- ;
crease till it be equal to the depth of the fluid in repose. When it approaches ]
this height it becomes acuminate, finally cusped, and falls over breaking and }
foaming with a white crest. The limits of the wave height are, therefore,

k=0, and k=p ., , . K.

that is to say, the height of the wave may increase from 0 to %, but can never
exceed a height above the level of repose equal to the depth of the fluid iv
repose; that is, the height total reckoned from the bottom is never greater thay
twice the depth of the fluid in repose, :

The absolute Motions of each Water-Particle du
~This is one of the subjects on which, prior to last Report, T had not made
a sufficient number of observations to enable me o make a full report. The
methods I had employed for such observations as I had then already made.
were the observation of the motions of small parti
the same, or nearly the same specific
Wax connected to very slender stems, so
motions of these were observed from-abo
the bottom of the channel, and fro

. . G,
y %, reckoned above the plane of re-

ring Wave- Transmission.

i

as to float at required depths. Th
Ve, on a minutely divided surface o
m the side through glass windows, thes
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cursions are performed by each particle of fluid simultane
zontal translation, These diminish in extent with the
bottom when they become zero.

The Path of each Water Particle during Translation lies wholly in o V.
tical Plone—It may be observed by means of the glass windows alreyq,
mentioned, its surface being graduated for purposes of measurement, T,
path is so rapidly deseribed that I do not think any measurements of time
which I have made, nor even of paths is minutely correct. The following
observations are such as a practised eye with long experience and much Pty 3
has made out. H

When a wave of the first order in transmission
ing particles in a given transverse plane, the observations are as follows |
All the particles begin to rise, scarcely advanecing; they next advance » 3
well as rise; they cease to rise but continue advancing ; they are retarde
and come to rest, descending to their original level. The path appears to bx
an ellipse whose major axis is horizontal and mazm:oﬁwmnmnmmo:g:m_és,.

the semi-minor axis of the elliptic path is equal to the height of the wave near |
the surface, and diminishes directly with the depth. ; :

ously with the p,,
distance frop ch ,

makes a transit over oz, 3

(t

The results of these observations are, therefore, as follows :—representing ‘S @
by b the breadth of the channel, by % the depth of the fluid, by & the range
of translation, and by » the volume of water employed in forming the waves; -
we have for every particle throughout the breadth and depth of the fluid (

wa‘.....ﬁﬁ.v

which everywhere measures the horizontal range of translation. :
The range of vertical motion of each particle at the surface during trans |

Then we have

(4.) For the wave form,

' ON VIAVES.

» the volume of fluid constituting the wave;
measure of gravity ; .

wﬂwm horizontal range of »wgmﬂpsou_.

» the wave length or amplitude ;

@ an arc mm., m heing an arbitrary number;

¢ i 3 d sine of 03
{ the arc whose sine. = g versed sine s
mber 31416; ] o
M_awmwnwmgcammauom.mm an ellipse %romm mﬂoﬂ MMM mwﬂmu
izontal and vertical ordinates o ves .
a.u%%n@wwwﬂsgﬁ& and vertical ordinates of translation-path ;
x 3

1.
A the height of a particle in repose, above the bottom of the channe

) For velocity of wave transmission,

... B
=Vglhah) + + * v
ZVs i C .. A
* = #/gh nearly, when & is small . . . .
) For the wave length, . E
T R )

=9k nearly, when  is small
.) For the range of translation,
kd always,

=0

= o when  is small, = 2  nearly when % is large L.

w=ho—a'=Hh0, when & is small

erior limit R

Inferior limit £=0, and k=h su

, AR ¢
lation being everywhere 4 - y=thoersing o .oeoe

y=k . . ... (M) B (5.) For the path of »Sam__wso? in o
we have for the vertical range y' of any other particle at a depth &' belos JlE . a.WMMmuﬂmm”z of * - T
the surface, \ ’ y= \Eaé . ... P

9 H.W.. koo 0 (N) BB .1 below the surface at m\“.@m wversinG. .-

E - follows :—

being directly as the height of the particle in repose above the bottomof the @ (6.) The limits, of the value of % are as 10 . . K.
channel. 1

Also throughout the whole period of translation we have the height of 2
particle of the surface above it

s place of repose represented by
y=skversing . . . . . (0)

and the height of any other particle in the same ve
place represented by

(

rtical plane at the same
1y W'

-7

versin 0

¥ %

The whole of these results are united in the .*.o:
mena. )

. (P)

owing Table of wave pheno-

Tasre X.

Phanomena of Wave of the First Order.

Let ¢ be the velocity of wave transmission;
4 the depth of fluid in repose ;

% the height of wave-crest above surface of repose ;

th
b breadth of channel ;

¢

y=k at the surface; I
height % above the bottom is

Geometrical Representation of the Wave of the
enable to approximate to i
particles, p%% the relations i:o»r a_nm €M<m form an
cach other. 'We may thus construct a trical re o
motion, which, wcémwmb is to be carefully distinguished f)
termination of its pheenomena.

Let us then endeavour to
face of the fluid during the wave fo

a particle during translation being

of vertical motion o of any other particle at the

1.) The range the range of vertical motion

« » Z.su

First o.&%l,_mﬁs %m
i motions of the wa
e exact conception omn»w%m vpﬁwc_m wu%rwvmmn ..M
esentation of the wav
nich physical de-

th

eometrical

follow the motion of a given particle on the sur-
rm transmission.
Let us take D E for the depth of the fluid. (Plate LIl fig. 3.)
Let us take C D for the height of SJMMMMMM
= cum e ¢
M .M%Wma.w_._m.mw.mm Wm E. %M%Mwmo semicircles be am_mm,.:umm on c¢d and on
d each oM:& to CD. Let the semicircles cd and ¢

of the circle of which DEis"

and the distances
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dD and D d' be divided into the same number of equal parts. * Let there,,
drawn through each division of the circles horizontal lines, and through ey,
division of the wave lengths let there be drawn perpendiculars, meeting sy,
cessively the horizontal lines in 9, 8, 7, 6, 5, 4, 8, 2, 1,—these will be poin
in the curve of versed sines, that is of the (approximate) form of the wave, If
therefore, we conceive the wave-form to move horizontally and unifyr,
along the line dD &, and at the same time a particle of water on the surface
to rise successively to the heights 1, 2, 8, 4, 5, and fall vertically t0 6,7, g, 9,
on the diameters ed and ¢' d', then the place of the particle will always coip.
cide with the wave curve.

This is the same form (only wholly positive) which Laplace assigns to fhe 3
tide wave in the ¢ Mécanique Céleste

,” tom. iii. liv, iv. chap. iii. Art. 17, «Cy,.
cevons un cercle vertical, dont la circonférence en partant du point le plus bas,

expriment les temps &coulés depuis la basse; les sinus verses de ces ares, 3
seront les hauteurs de la mer, qui correspondent i ces temps.” Or as he says
elsewhere, “ Ainsi, I mer en s'élevant, baigne en temps égal, des ares égaux
de cette circonférence.” So if we imagine a circular disc placed vertically so
as to touch the surface of the water in repose, the passing wave will in suc.
cessive equal times cover equal successive arcs of the circumference,
The wave is of this form when its height is small, and the deviation in-
creases with the increase of height.
Vertical Motion of each Particle—No more then is necessary to the exhibi-
tion of the wave curve than that every particle of the surface of the water
should be made to rise and fall successively, according to the increase aud
decrease of the versed sines of the circle of height. Let us follow the mo-
tion of a single particle. Draw ¢'d a vertical diameter of the wave circle,
suppose Cefg % c' the successive places of the wave crest in successive equal
intervals of time, 1, 2, 3,4,5,6,7,8,9, successive versed sines on ¢d and
¢'d of equal arcs of the wave circle. When the wave centre is at C, the
particle is at d. When the wave centre is at ¢ the particle has risen to 1.
When the wave centre has reached Ji the
the wave has advanced to ghd, &e.,
&c.; and if every successive particle
form successively a similar series of v

?

oyed to form
sontal range of motion is thus equal to the volume of water employ o
he wave. ‘ is transmitted from A’ to d, the
! While, a.wmu.mﬁu..m, the Mﬁﬁﬂﬂw M.m ‘ﬁpﬁom%sw w&a&m is also raised and de-
¢ water particle A' is trans Mn f the wave. These motions in the vertical and
¢ ressed through the Ew_m o . ired to represent accurat ely
pres ultaneous. It is requir g
rizontal plane are sim : A A’ = the range of trans
ho ions : take ¢ d = the height of the wave, Sation, and
these Bosouamm an ellipse whose major axis is the range of translation, ane
| luton: dosor inor axis is the height of the wave: describe the s.SMm c ual
whose mouMEau and having divided as formerly its QSzB*mm..muo.m :w 0 MM "
dh m.m w the horizontal ordinates 11, 22, 33, 44, &c., as in &m by mo_:é.m
s awﬁ. ersed sines A’ C'd be drawn as in fig. 3, then wi n.m ol
ﬁ._wmcc.wém oQM 3, 2, 1, d, represent the wave oﬁémw »ﬂra .<¢Mwwm% %%mwﬂﬂoamw
2O time that the particle rise
heing considered. But at the same ter ¢ d, and in the curve of versed
6,7,8,9, 10 on the diameter ¢ d, 9, A,
._..m__mvmvwmwwv%mwﬁmﬁ A'will m%mnam_»m >m Mﬂamwmw& :Wm Mv WMW%MMVHWM“%M@?,
e snt i ve will hav .y
{hus mﬂmww%%hmvﬁwz"wmgwwﬂo represent the actual form o.ﬁ.. ?M wave. MMMM Mm
ion of am 4, and also for a larger wave in fig. 5. While the Mwﬂﬂ b
done 5& mmu. ‘&e., it also advances simultaneously at each point Mw ; M:mN ol
Gy AP Ly AT2, A1, A'4, A'S, A'6, A'T, &c. and thus the wave esents the
ores toar formed in‘both figures into A C d. This curve novw re o,
Py %-.ﬂam ave as corrected for the horizontal translation. .H Wum w o
m.cqs._oman% mMow other the apparently diverse motions of the ﬁmn.w_a Mwm w ther
“Vmﬂmwm& it describes the observed sinuous wave surface, and by
> semielli its path of translation, . . e
::wwmmﬂm:%mmrwmhw%oum of translation are equal and ES_MamWwNwwmﬁ%me :
out all uwuic_mm situated in the same vertical line, the pat ro‘“ f the particle
vach vmwaoﬂm is an ellipse having the same J.&S?mx%o%%ﬁwum _“N its %ﬁw:eo
water particle hasrisento 2. When S on the surface, but having its minor mﬁmﬁmwwmwu_ww@ VMHAJH. fig. 5.)
the water particle has risen to 3,4, 5 from the surface of the _51& 1n rep omm.ﬁr amplitude of the particle path or
along the surface be conceived to per- Hence, when the wave is H,_o_.u Fﬁ.mmm_ Mmm Wm of the wave; this quantity
ertical motions, the surface of the water range of ﬁ_w.um_mmaon is m.EW@. eﬂﬂmﬂ%. mmm ces m.z d becomes nearly 2* when the
will present to the eye the visible moving wave form. Such is the simplest sradually diminishes as the m_m alit smer the height of the wave. But
geometrical mode of exhibiting to the eye and of conceiving wave motion of height approaches the rE_n_u% m%mooswwnm observation, .
the first order; it approximately represents the forin of a wave of the first near this limit it is not capable o dy of the pheenomena of the translation
order whose height is small. i .E«%&ﬁaﬁ.@.\. the vﬂ«ea..lﬂvem mewxmo»,. a wave is peculiarly valuable, as

Horizontal Motion of each Particle—This mode of representing the wave 4 of water particles during the Mmu ceiving the real nature of wave trans-
motion is inaccurate, in so far as it does not take account of the horizontal 3 é.s..mgm us the means of o.oﬁmg um. M.M: d meéMm great attention.
motion, which must of necessity accompany the vertical elevation of the water. mission of the first order; it M mum%- ot the vortioal arrangement of the water
Water being an inelastic fluid, any vertical column of the liquid can only We perceive, in the first place, transmission ; that is, if we conceive the
have its length increased by a diminution of its horizontal dimension. Itis particles is not deranged by Sme.mﬁq@ by transverse vertical planes, thin, and
necessary, therefore, to represent or conceive this horizontal motion as well :%MM,@ fluid mm H.m?%wm mww wm ﬁwmwwmo% mmm%vﬂmzmm will retain their parallelism
as the vertical motion. of the specific gr . ’ ission. :

The horizontal range of motion of the wave is necessarily determined by during transmission and will not affect .ﬁﬂmwmwmﬂmﬁ_m volume of water as re-
the volume of the wave. The water which forms the wave is added to the We may therefore accurately oﬂno%..wgms formed between two successive
given volume in which the wave is formed, at its posterior extremity, and Posing in rectangular vessels, mmon Nozuam& by the two sides and bottom of
thence displaces a new volume of water which goes to displace the volume vertical thin moveable planes, ﬁw ¢ renose. The water in each of these
of the wave in the next portion of the channel. = Thus the volume of water the channel, and above by the plane 2% wum&:omm the same change as each
which occupied the space A’ B4 d before the transit of the wave (see Platr “lementary vessels undergoes in ﬂcocmmﬂw mﬁo may direct our attention to one
LIL fig. 4), occupies only the length AB b d during the wave transit, and it of the others preceding it, and therefo
now consists ‘of the rectangle A B b4, together with the volume of the wave individual among them.
A C d, which volume is equal to the volume A B B' A’ by which it is re-

laced ; and this happens successively in every point of the fluid. The hori-
plac ;

b

TR
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Let us study the manner i ) ..,
ner in which wave motion is origi .3
to M.Mm M:. ough each of these elementary columns of Mwﬂ:m:% communicg
nesis A@M% MRMMMHM M may be well to recur to the original mode of wave
fluid, and forms one 8 5.). > vertical generating plane P is inserted in f)
one of the vertical boundaries of one of the m_mEme.aw v .

ab be cd de ef A 4
af By o8 % st .@ .ﬂ¢ &ce. A moving force is ﬁiﬂ

2 ﬁ mmunicates ﬂo &?O wate] olumn Hmum.ﬂ munmmmﬂ=m 5 How;
HO H NH—Q &FQ Hgm [d0) 1cat £ T C H u 5

a similar vertical plang;

columns,

this water coluinn is bounded on its anterior surface by

of water i b
( .vmz_&mmv @ ina state of rest, and the effect
fold, to raise the water colu

of this pressure is twos

0 ater column above the level to the height

M.Ns AM. .W., _M.“.a an% 985_&.- the breadth of the column mum%_ovm_“womv»wwmr%_ :
gth. Such is the immediate effect of pressure on the Emumu

Let us now consider the second (water) plane m
lumn of water ing i 3 ,
pressing it forward with a veloci

Wéﬁo.w repose: it is therefore pressed w%nwnM”w
originally was pressed forward,

Pressure of the column

it has now behind it a ¢

due to its height above th
. d, @ fergo, just as the plane
only its moving force mm measured _uw th

ab _, .
aB with a given height above the plane of repose, |

all respects the w be | i
ater column By 1s now in the condition which in the pre.’

Vvious moment we found the column MM. Let us now return to ab which is ]
pressed by the plane P with a pressur o

to its fi i - e not only equal to that which raised i
and ncﬂ.ﬂﬂwmﬂwnmwnm but with an accelerating *.onoaasrmo_p n&mmmcmw:ww:uﬂmwmw ;
nishes its vwmm&rmm:ownw Mowmwvhﬂ%eﬂ:m. to that greater height, and also dir

. 0 the increment i icht, . g
in the column % ; in height. This new height :

; o3 1 @ Dew increment of pressure on the vertical water plave ]

Sw:.@&. mﬂ mnm & w ‘ S;ZH a .W.
\vu urn resses i i :
w Hwnm Q‘&OH GOH—:H_.: %w n .ﬂrm same EQ.H—BGHu i

Ppressure due to the new hej b |
ght of the water column %7, raises its hei ;
due to this pressure, it e

" . E.a .m?mm it a corresponding velocity. The third water §
58 18 MOW 1n similar circumstances to those of its predecessor be

Br

with a force duc

column

the preceding instant of time, and is pressed by the plane ¢

to the height of &¢ .
eight of By’ and the plane M now moves forward, raises the height of

cd s . ;
w\% .m:a diminishes proportionally its breadth, The same process continucs
mMMM%. MWM m.aomymwmaoz of the original plane P until it ceases to be furthicr
o , an Mmos the whole anterior half of the wave has been generatel.
and the i i i
column a3 18 moving with the velocity due to its elevation above the

1 .

GMMMW Won. Mwﬂ %m_mﬁp due to the crest of the wave, having passed successivels

through < oboHu e successive conditions of the columns before it. Tht
I , G lergo, is now to be &Bmzmmmmnw the pressure back up#

5
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surface, arising from the height of MM, tends to retard the motion of P,

E 1 s the accelerating force is diminisbed the retardation increases, the
bhole action of the elumn Mm being continually to retard the plane P; and
E (Lo diminution of force take place in the same succession as the original
E rements, the diminution of the velocity of P will take place in a manner
k- ilar to that of its original increase, and it will finally be brought to rest
rhen the column Mw has regained its level.
. The same succession of conditions takes place in the plane which separates
By two successive elementary columns ; first of all the posterior surface of the
blane is pressed by a higher column than itself, tending to increase its height
1 increased volocity, and having reached the maximum, the anterior surface
s thereafter pressed by. a water column of greater height than the posterior
rface, retarding.its velocity, and finally bringing it into a state of rest.
Thus the forces and motion of each elementary plane are repetitions of the
forces and motions of the original disturbing plane by which the wave was
generated. , ‘
The power employed in wave genesis is therefore expended in raising to
a height equal to the crest of the wave, each successive water column; each
water column, again-descending, gives out that measure of power to the next
in succession, which it thus raises to its own height. The time employed in
raising & given column to this height, and in its descent and communication
of its own motion to the next in succession, constitutes the period of a wave,
and the number of such columns undergoing different stages of the process at
the same time measures the length of a wave. .

During the anterior half of the wave the following processes take place.

The generating force communicates to the adjacent column through its pos-

' terior bounding plane, a pressure ; this pressure moves the posterior plane

' forward, the water in the column is thereby raised to the height due to the

L velocity, and the pressure of this water column communicates to the anterior
. bounding plane also a velocity and a pressure in the same direction ; there-

. fore the accelerating force produces a given motion of translation in the
¢ whole column a height of column due to that velocity, and an approximation
of the anterior forces of the column to each other; these are all the forces
and the motions concerned in the matter. The motive power thus stored
during the anterior half of the wave is restored in the latter half wave length
thus: the column raised to its greatest height presses on both its posterior
and anterior surface, on the anterior surface it presses forward the anterior
column, tending to sustain its velocity and maintain its height ; on the poste-
rior column its pressure tends to oppose the progress and retard the velocity
of the fluid in motion, and thus retarding the posterior and accelerating the
anterior surface, widens the space between its own bounding planes until it
repose once more on the original level.

The Wave a Vehicle of Power—The wave is thus a receptacle of moving
power, of the power required to raise a given volume of water from its place
in the channel to its place in the wave, and is ready to transmit that power
through any distance along that channel with great velocity, and to replace it
at the end of its path. In doing this the motion of the water is simple and
casily understood, each column is diminished in horizontal dimension and
Increased proportionally in vertical dimension,and again suffered to regain its
original shape by the action of gravity. There is no transference of indivi-
dual particles through, between and amongst one another, so as to produce
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collisions, or any other motions which impair moving force; the particl
simply glide for the moment over each other into a new arrangement, 3

retire back to their places. Thus the wave resembles that which we may §
conceive to pass along an elastic column, each slice of which is squeezed iy, -
a thinner slice, and restored by its elastic force to its original bulk, only iy
the water wave the force which restores the forece of each water columyij,

gravity, not elasticity.

To conceive accurately of the forces which operate in wave transmission,
and of the modus operandi, to understand how the primary moving foree
acts on the. column of fluid in repose, how this force is distributed amony
the particles, to distinguish the relative and absolute motions of the particles
and the nature of the transmission of the form, and to understand how the

force operates in at once propagating itself and restoring completely to rest 3
those particles which form the vehicle of its transmission, is a study of much §
interest to the philosopher. To show how under a given form and outline of

wave, in a given time, all and each of the individual particles of water obey-
ing every one its own impulse and that of those around it, and subject v
the laws of gravity and of the original impulse, shall describe its own path
without interfering with another’s, and shall unite in the production of an ag-
gregate motion consistent with the continuity of the mass and with the laws of
fluid pressure,~this is a problem which belongs to the mathematician, which
has hitherto proved too arduous for the human intellect, and which we have
thus endeavoured to facilitate and promote by the study of the absolute forms
and phznomena of the waves themselves, and by the determination of the
actual paths and motions of the individual particles of water.

The Negative Wave of the First Order.—The negative wave is a pheno-
menon whose place among waves it is somewhat difficult to assign. Its phe-
nomena partake of those of the first order. But in its genesis and propagation
it is always attended by a train of following pheenomena of the second order.

The genesis of the negative wave of the first order is effected under condi-
tions precisely the reverse of those of the positive wave. A solid body, Q, €,
(Plate LII. figs. 7, 8), is withdrawn from the water of the reservoir at one ex-
tremity, a cavity is created, and this cavity, W, is propagated along the sur-
face of the water under a defined figure.

The velocity of the negative wave in a shallow channel is nearly that which
is due to the depth calculated from the lowest part of the wave (as in the
positive from the highest), but in longer waves it is sensibly less than that
velocity. In Plate XLVIIL fig. 5 the observations are compared with thi-
formula, from which they exhibit considerable deviations.. Table XI.is
collection of negative waves observed in a small rectangular channel, and
Table XII. contains others made in a triangular channel, both being made
under the same conditions as the positive waves already given.

Tazsre XI.

Observations on the Velocity of Negative Waves of the First Order—In
rectangular channel 12 inches wide.

Col. A is the depth of the fluid reckoned in inches from the lowest poitt
of the wave.

Col. B is the depth of the wave reckoned below the surface of repose:

Col. C is the number of seconds observed while the wave described the
space given in column D in feet.

Col. E is the resulting velocity.
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Col. F gives the velocities due to the depth, calculated by the formula

= Vg(h—Fk) .
¢ Oc_.wmm are sv_m differences between observation and the formula. -
s

A. B. c. D, E. ¥ G.
915 |—-085| 90 |1462 | 162 156 |~ 06
925 1—-075] 95 |14-62 | 158 157 (4 04
93 et 165 |2108 | 1-27 158 |4 31
935 | —-065112:0 |200 | 166’ 158 |— 08
96 |—-04 1456 (200 | 138 1-60 |4 -22
965 |—+035 | 150 21:08 | 140 - 160 - |4 20
97 1—-03 (140 {205 146 | 1-61 |4 ‘16
10 ’ 163

2:0 231

30 2:83

33 |-—-8 ¥ 14-62 | 265 | 297 32

55 +
34 |—7 | 60 |1462| 248 | 302 |4
3-405 |—605| 80 |21-08 | 263 | 308 I+
3603 |—-497 135 |41:08 | 304 | 310 |+ -06
371 |—39 | 65 |200 | 307 | 315 |4
3745 |—-355| 70 1200 | 285 | 316 ||
377 |—-33 1083|333 | 307 | 318 4

4365|735 | 425 | 1462 | 344 | 442 (— 02
4575 |—525| 60 |200 | 383 | 350 |+ 17
46 |- 625 |21-08 | 337 | 851
4625|475 75 |2000 | 266 | 852 |4 86
475 |—35 | 525|200 | 381 |857 1~ 24

T
=

R 3:66
0 401
70 433
401
.._lnc;»c
|36l
Mean 4019
TasLe XIL

Observations on the Velocity of Negative Waves of the Numﬁ& Order—In a
triangular chanmel with sides sloping at 45°. :

Cols. A,B,C, D, E, Fand G, as ﬂmz the waﬁm&smomzm.

Col. H is the ratio of defective velocity on the whole. .

OM—. m,_nwm»ﬂpﬂwwwm.m from the formula like F, but from observed positive
waves in the same channel of the same Wmﬂmr»_. .

Col. G" contains the differences between F and E.
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A, B. C. D. E. F. G. H. Fa, G,
87 | =07 | 298 | 100- | 835 | 841 |4 -06 [-0179 | 327 |_ 08
88 | —06 | 924 | 3155|341 | 343 |4 -02 |-0058 | 391 | — .19
89 | 051628 | 2155 343 | 445 |- 02 |-0058 | 335 |- -08
90 847
100 366
110 384
116 | —09 | 209 | 100 | 341 | 394 53 11554 | 378 3
120 401 + +
13-0 417
14:0 433
15:0 4-48
16:0 , 4-63
168 | —17 | 222 | 100 | 450 | 474 |+ -24 |-058%| 450 00
170 | —15 1 220 | 100 | 454 | 477 |+ 23 |-0506 | 455 + -01
1774 | —11 | 216 | 100- | 462 | 4-83 |4+ -21 |-0454 | 467 + 05
180 |05 | 216 | 100 | 462 | 491 |4 29 |-0627 | 484 + 22
19-0 504
20-0 518
21:0 530
22-0 ) 543
23-0 555
24-0 567
245 | ~15 | 190 (100 | 526 | 573 |+ 47 |-0893 | 555 + 29
247 | =18 1189 | 100- | 529 | 575 |- 46 |-0869 | 560 + 31
248 | —12 | 186 | 100- | 538 | 576 |+ 38 |-0708 | 5-62 + 24
250 | 10 | 186 | 100- | 538 | 578 |+ 40 |-0743 | 567 + 29
+331 |-7180 +178
Mean| -+0°275 |-0598 | Mean| — 26
+152
Mean| 4 ‘126

The horizontal translation of water particles in the negative wave presents
considerable resemblance to the corresponding phezenomenon in the positise
wave. All the particles of water in a given vertical plane move simultanc-
ously with equal velocities backwards in the opposite direction to the trans-
mission, and repose in their new planes, at the end of the translation ; with
this modification;, however, that this state of repose is much disturbed near
the surface by those secondary waves which follow the negative wave, but
which do not sensibly agitate "the particles considerably removed from the
surface. (8ee Plate LIL fig. 9.) The pathis the ellipse of the positive wave
inverted.

The following measures may be useful. Ina rectangular channel 4 inches
deep in repose and 8 inches wide, a volume of 72 cubic inches is withdrawn:
the depth of the negative wave below the plane of repose is §ths of an inch deep.
the translation throughout the lower half-depth is 21 inches, and diminishes
from the half-depths upwards, settling finally at the surface at 13 inch from
the original position of the superficial particle. ,

The form of surface of the anterior half of the negative wave resemble
closely the posterior half of a positive wave of equal depth, but the posterief
half of the negative wave passes off into the anterior form of a secondary
wave which follows it. .

After translation the superficial particles continue to oscillate, as shown i
Plate LII. figs.9,10, in the manner hereafter to be described, as a phenomen?
of the train of secondary waves.

The characteristics of this species of wave of the first order are,—

(1.) That it is negative or wholly below the level of repose.

.
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(2.) That it is a wave of translation, the direction of which is opposite to .
. direction of transmission. . ‘ .
! M %m%ww\n its anterior form is that of the positive wave reversed. i
A\m. "That the path of translation is nearly that of the positive wave eméawm., .
Mn.w That its velocity is, in considerable depths, sensibly less than armﬂe ._mm.
by m?&@ to half the depth reckoned ?o.grnwm lowest point, or the velocity «
3 itive wave being the same total height. ) .
. N,%%m%ﬂh it is not mm:npﬁ. bat always carries a train of secondary sgmmw
It .7 maﬁogm:.n to notice that the positive and negative waves do Emw.,amb
to 26,: other in the relation of companion mwm.éoamsw.. Hrmu cannot be n%a.
sidered in any case as the positive and negative portions of »rm same: phea-
4 for the following reasons :— By
_cﬁmw_pw. an attempt be made to generate or propagate them in such Bs:%mu
,_.&mrm one shall be companion to the other, they will not continue together,
immediately and spontaneously separate. )
_Emm,wwimm Mwmow,wn?m sm..mqw be generated in a given channel and a ummmﬂa_‘m
wave behind it, the positive wave Eoi.ﬂ_mw iﬁwa@m greater velocity, rapidly
e s itself from the other, leaving it far behind. e )
“owﬂwﬁww positive wave vm“mgmuﬁmm and transmitted behind a negative
ave, it will overtake and pass it. ) o
:NMHVS%V.MW% the moaosm%% class which consist of companion halves, one
art positive and the other negative, have this peculiarity, that the positive
w:a negative parts may be transmitted across and over each other without
preventing in any way their permanence or their continued propagation. It i
not 50 with the positive and negative waves of the first order. )
(5.) If a positive and negative wave of equal volume meet in opposite
directions, they neutralize each other and both cease to exist. .
:  (6.) If a positive wave overtake a negative wave of equal volume, they also
£ cutralize each other and cease to exist. . A
" (7.) If either be larger, the remainder is propagated as a wave of the larger
: .— ’ i s, 0
a wmwv Thus it is nowhere to be observed that the positive and negative wave
xist as companion phsenomena. . .
nommwwmwm ovwm_.wwﬁonm W«m of importance for this reason, that it has c.mmu sup-
posed by a distinguished philosopher that the positive maw,» the negative wave
k. might be corresponding halves of some given or supposed wave, .
9m8§ Qes&u.&wqa which affect the Phanomena of the Wave of the First QRN..
~It hes not appeared in any observations I have been able.to make on the
subjecf, that the wave of the first order retains the stamp of the many pe~
culiarities that may be conceived to affect its origin. In this respect it is
apparently different from the waves of sound or of colour, which bear to the
¢ carand the eye distinct indications of many peculiarities of their original ex-
citing cause, and thus enable us to judge of the character of the distant cause
which emitted the sound or sent forth the coloured ray. It is not possible
always to form an accurate judgement from the phenomena of the wave of the
first order, of the nature of the disturbing cause, except in peculiar and smail
number of cases. i L
I have not found that waves generated by impulse by a ?&,c&%&.ﬂ of
given and very various dimension, by immersion of a solid body of given
figure, by motion in given velocity or in different directions; I have net
found in the wave obtained by any of the many means any wwczrw.:wwv
any variation either of form or velocity, indicating the peculiarity of the
original. In one respect therefore the wave of translation resembles the sound
wave; that all waves travel with the velocity due to half the depth, whatever
be the nature of their source.
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In one respect alone does the origin of the wave affect its history, [,
volume depends on the quantity of power employed in its genesis, and o
the distance through which it has travelled. A great and a little wave a
equal distances from the source of disturbance, arise from great or li],
causes, but it is impossible to distinguish between a small wave which has
travelled a short distance, and one which, originally high, has traversed 3
long space.

This however does not apply to compound waves of the first order, here-
after to be examined.

Form of Channel.—Its Effect on the Wave of Translation.—The conditions
which affect the pheenomena of the wave of translation are therefore to be
looked for in its actual circumstances at the time of observation rather thay
in its history. The form and magnitude of the channel are among the most
important of these circumstances. Thus a change in depth of channel imme-
diately becomes. indicated to the eye of the observer by the retardation of the
wave, which begins to move with the same velocity as if the channel were
everywhere of the diminished depth, that is, with the velocity due to the depth.
Thus in a rectangular channel 4% feet deep, the wave moves with a velocity
of 12 feet per second, and if the channel become shallower, so as to have only
2 feet depth, the change of depth is indicated by the velocity of the wave,
which is observed now to move only with the velocity of 8 feet per second;
but if the channel again change and become 8 feet deep, the wave indicates
the change by suddenly changing to a velocity of 16 feet per second.

Length of Wave an Index of Depth.—In like manner, a wave which in water
4 feet deep is about 8 yards long, shortens on coming to a depth of 2 feet to
a length of 4 yards, and extends itself to 16 yardslong on getting into a depth
of 8 feet. This extension of length is attended with a diminution of height,
and the diminution of length with an increase of height of the wave, so that
the change of length and height attend and indicate changes of depth.

In a rectangular channel whose depth gradually slopes until it becomes
nothing, like the beach of a sea, these phanomena are very distinctly visible:
the wave is first retarded by the diminution of depth, shortens and increases
in height, and finally breaks when its height approaches to equality with the
depth of the water. The limit of height of a wave of the first order is there-
fore a height above the bottom of the channel equal to double the depth of
the water in repose. If we reckon the velocity of transmission as that due to
half the total depth, and the velocity of translation as that due to the height
of the wave, it is manifest that when the height is equal to the depth thes
two are equal, but that if the height were greater than this, the velocity of
individual particles at the crest of the wave would exceed the velocity of the
wave form; here accordingly the wave ceases, the particles in the ridge of
the wave pass forward out of the wave, fall over, and the wave becomes3
surge or broken foam, a disintegrated heap of water particles, having lost
all continuity.

In like manner does the gradual narrowing of the channel affect the form
and velocity of the wave, but its effects are by no means so striking as where
the depth is diminished. The narrowing of the channel increases the height
of the wave, and the effect of this is most apparent when the height is cons-
derable in proportion to the depth ; the velocity of the wave increases in pre-
portion as the increase of height of the wave increases the total depth; but
with this increase of depth, the length of the wave also increases rapidly, and
it does not break so early as in the case of the shallowing of the water. It
pheenomena are only visibly affected to the extent in which a change of
depth is produced in the channel, by the volume of water added to the chaonel
taking the velocity and form peculiar to that increased depth.

J
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: C " Tasie XIIL ST
E (lserved Heights of a Wave in Channel of variable Breadth.—Depth 4 inches.
As B. C.
Breadth 12in. Breadth 6 in. Breadth 3in.
Height of wave. Height of wave. ‘Height of wave, . .;
in. I+ in. R
L 2:0 24 33
1I. 20 24 36
1IIL.. 20 2°55 88
IV. . 15 25 85
V. - 15 235 - 825
VI 125 2:0 25
VIL . 10 13 20
VIIL 025 03 A 04

These numbers appear to indicate that the increase of height does not widely
differ from the hypothesis, that the height of a given wave in a channel of

1 variable width is'inversely as the square root of the breadth. - -

Thus, the inverse square roots of the breadths are as 173, 245 and 347,

"_ and the mean heights of the first five experiments are  1-8 245 339

In the first five experiments the velocity observed was 425 feet per second.
The velocity due by gravity to half the total depth 4+ 245 inches is 415 feet
per second ; and as the range of the wave was only 17 feet, and the time was
only observed to half-seconds, these numbers coincide well enough to bear
the conclusion that the velocity does not considerably differ from that due to
the wave of the same mean height in a parallel channel of the same depth. '

Tasre XIV.
Ubservations in' a Channel of variable Depth—Diminution of depth from
4 inches to O in a length of 17 feet. , o
A. B. C. D. E.

Height of wave Height of wave Depth of water where Timeof tra- = Velocity in
ina %Wunr of 4in, vnovﬁumwwu depth (C). swﬁmmwv broke. ﬁﬁw_—.m 171t feet per sec,
I 4-0%: : 400% 40 55 . .. 809 .
II. 37 ST 37 ER 309
IiLL. Fe4# 4 34 55 . 3:09
v, 25 27 27 55 309
V. 20 24 24 5'5 309
VL 18 22 22 55 309 .
VII. 15 20 21
VIIL 18 - 19 19
IX. 125 19 19
X 12 17 177
X1 11 - 14 1-4 60 283
XIL 190 12 12
XIL o8 . 08 11 65 26
XV o5 07 09 70 24
Xv. 02* - 02% 02 75 20

Hence we find that the numbers representing depths in column C may be
"garded as the limits of those in column B, that the depth of the fluid below
tie level of repose is equal to the greatest height which a wave can attain at
that point, and at that height the wave breaks.

® .
These nurabers are interpolated ; the numbers in eolumn D are waves not observed on

the En_&m& waves in the first three columns, but are others of nearly equal heights, in iden-
Yieal conditions,

1844, 2aA
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The time occupied by the largest clags of wave is 5°5 seconds, and the cor
responding mean velocity is 3-09 feet per second; this is the velocity due t,
a depth of 3+6 inches, but the depth total at the one end of the channel is nea]
@oczm this quantity, diminishing to O at the end, The time in which the ,_.Ew
in a shelving channel passes along the whale length, is therefore nearly equj
to the time in which a wave would travel the same distance if the erwh_i ,
were uniformly of a depth equal to the mean depth of the channel, reckoning
in both cases from the top of the wave. In these cases the height of the way. :
is large. Let us take a small height of wave as Ex. XIV.; there we have
also in this case the mean depth reckoned from the top of the wave =29, t],s
velocity in a channel of that uniform depth =24, and the time '7%08. .:,.2
experiments are sufficiently accurately represented if we take for the velocity
of the wave in the sloping channel that of a wave in a channel haying a wi.
form depth equal to the mean depth of the channel, reckoned as usual from
the top of the wave, ) :

_If therefore we ate to calculate the time in whigh a wave will traversca
given distance g, to the limit of the standing water-line, after it has begun t
break on a sloping beach, we have, the height at breaking heing % =the
standing depth of the water at the breaking-point, T i

-
o
3

tm—2 _ and v= )\.QS+3. . v

v g(h+k) S

m.n.. A wave 3 feet high breaking in water 3 feet deep, on a sloping shore

at a distance of 60 feet from the edge of the water, would traverse that space
in about 6 seconds, for A :

n"l.umPI.I%I.IQ d ‘~ -
mww.mwlﬂ\lll@.m&..l ) seconds nearly.

By repeated observations I have ascertained that waves break whenever
their height above the level of repose becomes equal very nearly to the depth
of the water. :

The gradual retardation of the velocity of waves breaking on a sloping
beach, as they come into shallower water, is rendered manifest in the closer
approximation of the waves to each other as they come near the margin of
the water. Vide et seqs '

It may be observed also that the height of the wave does inerease, but very
slowly (before breaking), as the depth diminishes ; thus in VII,, a height of
1'8 in a depth of 4 inches becomes 2'2 in 2 inches depth, and in XII.a height
of 1 inch in a depth of 4 inches becomes a depth of 12 inch only 12 inch
high. The increase of height is thereforé very much slower than the inversc
ratio of the depth, or than the inverse ratio of the square of the depth.

Form of Transverse Section of Channel.—We have seen that in a given
rectangular channel, the volume of the wave, its height and the depth being
given, no peculiarity of origin or other condition sensibly affects its actual
pheenomena. But it becomes of importance to know whether the form of 3
given channel, its volume being given, will affect the phaenomena of the wave
of the first order; for example, whether in a channel which is gemicircular
on the bottom, or triangular, but holding a given quantity of water, the wait
would be affected by the form of the channel, the volume or cross sectiot
remaining unchanged. .

Considering this question @ priori, we might form various anticipatios*
‘We might expect in a channel in which the depth of transverse sgction varnes
that as its depth is greatest at one point, suppose the middle, and less at the
sides, the wave might move with the veloeity due to the middle or greatst
depth ; or we might expect that it would move with the velocity simply due

- )
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of a depth equal to the mean depth of ,mrm ‘channel; or we might expect that
each portion of the.-wave would move with a velocity due to the depth of that
part of the channel immediately cmwosfmmow part of the wave, ‘apd so each:
port passing forward with a veloeity of its own, have a series of waves, mwmr;
ropagating itself with an independent velocity, and speedily becoming dif-,
w&&. and so a continued propagatian of a wave in such circumstances would
become impossible from disintegration ; and instead of a single large wave.
we should have a great many little ones. Or, finally, we might have a perfect
wuve moving with a velocity, the mean of the velocities which each of these
clementary waves might be supposed to possess. : 4 ;
I soon found that the propagation of a single wave, i. e. one of which all
the parts should have a given' common velocity, was possible in a channel
L whose depth at'different breadths is variable ; that the wave does not neces-
E yarily become &mmuﬂwm_,.mﬁmam that its parts do not move with the &?%g
L cclocities due to the different depths of the different parts of the channel, but
b (hat the entire wave does (with certain limits) move with such velocity as if
 propagated in a-channel of a rectangular form, but of a less mm%nr thap U,,.\nro,

E greatest depth of the channel of variahle channel. p ’
It became necessary therefore to determine the depth of a rectangular
channel equivalent to the depth of a channel of variable transverse section ;

L () determine, for example, in a channel of triangular section v, the depth of

rectangular channel in which g wave would be propagated with equal velocity,
E In this case the simple arithmetlcal mean depth of the channel is Aalf of the
L depth in the middle. ~ But on the other hand, if we caleulate the velocity due
10 each point of variable depth, and take the mean of these velocities, we ghall
. find a mean velocity such as would be due toa wave ina rectangular channel
. two-thirds of the greatest depth, ~ ) , B

In the first series of experiments I made on this subject, I congeived that'the
results coineided suffipiently well with the latter supposition; but they were on
so small a seale;-that the errors of observation exeeeded in amount the diffe-
rences between“the quantities to be determined, and the resultg did not estas
blish either, = Mr. Kelland arrived at the oppasite conclusion, his theoretical
mvestigations indicating the former result. T examined the matter afresh, and
after an extensive series of experiments, have established beyond all question
the fact, that the velocity in a triangular channel is that due by gravity to
one-fourth of the maximum dépth. Although therefore the absolute velocity
assigned by Mr.Kelland's investigations deviates widely from the true veloeity,
set he has assigned the true relation between the veloeities in the triangular
and the rectangular channel ; and if therefore we take the absolute velocity
which T have determined for the rectangular channel, and deduce from it the
relative veloeity which Mr. Kelland hag assigned to the friangular form, we
ubtain a number whieh is the true velocity of the wave in a v channel,

R - Tasce XV. :
Observations on the Wave of the First Order in triangular Channels.
_The sides of the channels are planes, and slope at an angle with the ho-

L rizon = 45°, :
. Col. A is the obseryed depth of the channel in the middle, reckoned from

:_a.a_,mmn of the wave,
. Col. B is the height of the wave taken as the mean between the observa-

Uons at the beginning and end of the experiment. ’

the distarice in column D.
242

Col. C is the observed time in seconds occupied by the wave in describing

io the mean. depthiythiat is, with the same velocity as in'a rectangular cliannel

'
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¢ sigmber of experim _ rw:nm_mcm.c%mﬁmoga
eat ntmber of experiments has been made on cha t .

,.%ommwwwm depth, such as have been made coinciding. si.p those in the .5.;
V M__mw_ﬁ. channel, so far as to show that we may take the simple arithmetical

the depth of the rectangular channel of a wave of equal velo-

Col. D is the space in feet described by the wave during each observatio, :
Col. E is the velocity resulting from these observations. .
Col. F is the velocity due by gravity to } of the depth of the fluig, *

v=Vig(h+E). . an depth as
Col. G is the velocity due by gravity to % of the depth of the fluig, ”wmw, and so-in general reckon the mean depth as e
v=Vig(h+h). . , . =1 fyd= _ s
Cols. H and K show the difference between Cols. F and G- and the obser. =zJY . "

vations, and the result in favour of F.

=(9 d w,. .
or v A.e y &v

A, B. c. D. E. X G H. K, , . ) :
o i The form of transverse section does not therefore affect the <¢Mco~mw of .%M .
415 | 015 | 365 | 800 | 219 | 235 | 292 | 4 16 |4 8 ave otherwise than as it becomes necessary to use the mean depth as
423 | 022 | 330 | 800 | 242 | 2488 | 275 | — 04+ &, e ¢ in calculating it, and not the maximum depth. N
432 | 031 | 310 | 755 | 243 | 240 | 278 | — 03 |4 & argument I S uFocts the Form of the Wave as well as its Velocity—
438 | 057 47:0 11155 248 242 279" | = 04 14 &% The Nuage.\.ﬁﬁaa.ﬁ affes d th e ceases to have a velocity, -it
471 | 070 135 356 2-62 2:51 290 | ~-11 |4 28 When the ‘channel is very broad the wave : the chunnel ,
A5 o |0 | gmp | a7 ) 38083 d B s unity of charoter, and each purk B e velooiy due to the
. . ' 355 | 2563 | 255 95 | 4 02 |+ 42 : if | locity of the other, and wi e
529 | 018 310 80-0 258 2-66 307 | -+ 08 [ 49 independent o*.%_rm M.o &w, Where gmusﬁnmn is shallow the wave becomes -
544 | 033 | 455 | 1200 | 263 | 270 | 31 | 4 07 [+ 48 local depth of the channe . d when the difference of depth is not consi-
555 | 044 | 580 | 1600 | 275 272 | 315 | — 03 |+ 40 sensibly higher and shorter, and when t height to give in the shallow
559 | 048 300 800 | 266 273 316 |+ 07 |+ o derable, the wave is found to increase 1n Qm <m<w_ MM o om%u..uui & parrow
. . . . . D . 497 -— 32 0 i . . ’
Mww www mmm wmw WWW wmm . www - w.m ..ﬁ wm ‘ ﬁﬂqﬂwwﬁ.ﬂw MM M.MM _“M%.MHM MWWM_HMMNL%.M% Wwwcmmmmos exists without sensible
618 014 280 800 2-85 287 332 3 02 14 47 ! e ds the side, and without very great difference in
626 | 021 555 | 160-0 288 289 | 384 |+ 01 |4 46 difference of é_oea towar e ? f o i les
638 | 031 | 140 | 400 | 285 | 298 | 387 | 4 07 |4 @ height at the mamm.r In 2 channel of s_% *.ww_m_ ﬂow M%wwp_mm_wammw_wowmwwm
644 . 20 | 855 295 2-93 39 | — 02 [+ 4 triangle, with the hypothenuse upwards A e i
Mwm www wmw _m%w w._vw ww.m me - _wm H Mn_. eye that the wave is somewhat longer and lower in mrmn Eﬁm_mw WMWW@MMM
710 | 060 | 265 | 800 | 302 | 308 | 356 |-+ 06 |+ 5t and shorter at the sides, but that it retains Boﬂa m.wa %cm mw Ew mean depth.
712 | 008 | 395 |1200 | 303 | 309 | 356 | 06 |+ 33 velocity, and moves along unbroken with the velocity 3 so that cach side has
7:15 011 785 | 2400 3-05 3:09 357 | + 04 |+ B2 The same figure with the angle me.arm dmugoa increased so d with a single
w”mm wnww ww“m So”w 304 | 310 mmw + ”ww + & a slope of one in four, still contains a single wave _Waomﬂwﬁmrmﬁ. h 2 si mm.
W.wm o.um wm.m mwo www wm m.mm ..*m 12 H 50, velocity, being that due to half the amwaF. but ,c?”m ﬂm at thes 1aes
751 | 047 | 250 | 800 | 320 | 318 | 866 | — 02 [+ 40 coming disentegrated in form though not in velocity. .~ . deep
758 | 047 | 240 | 800 | 333 | 317 | 367 | — 16 |+ H In a channel 12 inches wide, 5 inches deep on one side,
wwm wwm Mm.wm mmww www wwm Mww - ww H “ﬂ on the other, the following observations were made :— .
149 | b0 | dads [hos | 4w | dm | [ZM|Tw Height of the Wave.
150 | 258 | 2646 | 11925 | 450 | 448 | 518 | — 02 |+ 6 "Deep side Shallow side.
155 | 31 222 | 1000 | 450 | 456 | 526 |4 06 |+ 76  oeep sk in.
100 | 035 | 198 | 1000 | 508 | 504 | 583 |~ 02|} 7 200 _ 250
19-5 08 5 100-0 13 511 90 - s .
200 | 185 | 2566 [1385 | 540 | 518 | 508 | — 22 |+ 150 _ mww
205 185 | 288 | 15775 | 548 | 524 | 605 | — 24 |+ 57, 1:20
21-0 236 | 2493 | 1385 | 555 | 530 | 613 | — 25 |+ B 075 1:20
215 | 28 178 {1000 | 561 | 536 | 620 | — 25 [+ ¥ 075 1-20
26:0 15 358 (21565 | 602 | 5900 | 682 | — 12 |+ .mm 075 100
265 | 195 | 2246 | 1885 | 616 | 596 | 688 | — 20 |+ 72 100
270 | 212 | 207 |12887 | 622 | 601 | 695 |2l |+ 050 _ )
275 | 24 | 2173 |1385 | 637 | 607 | 701 | - 80 [+ 025 050
280 312 2045 | 12875 629 613 707 — 16 [+ m. 025 . 040
285 | 303 | 1593 (1000 | 627 | 618 | 714 | —-09 |+ % 025 040
290 | 302 | 1568 ws.o 633 | 623 w.mo - .H.m H o Wave of the First Order When
295 25 - 15468 000 6-37 6:29 26 - : . i the Wave o st Jraers—xyy
wmm w.ww wmm ﬂ%w mww Mww , www - mm H .,w“ a hw—dmnﬁm wﬂmnm@“”neﬁs% %ﬁﬂmﬂ%ﬂ solid plane at right angles to the direc~
310 25 158 | 1000 633 644 744 .IT a1 |+ _.k :.9_ of its propagation, it is wholly reflected .m:m mm. »E..oi: back in Mrm %m.wﬂ
315 30 1526 | 1000 655 650 750 | — 06 |+ site direction with a velocity equal to that in which it was moving | ¢
. =277 HWm‘m impact, remaining in every respect unchanged, excepting in direction o
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motion. This process may be repeated any number of tines without affect. |
ing any of the wave phenomena excepting the direction of motion. 3

When the angle which the ridge of the incident wave makes with the sliq
plane is small, that is, when the direction of propagation does -not deviate
much from the perpendicular to the plane; the wave undergoes fotal re.
mmmaws“ and the angles of reflexion and of incidence are equal, as in the cas. §
of light. o .

When the deviation of the direction 6f propagation from the perpendicular 3
is considerable, the reflexion ceases to be total. At 45° the reflected wave
is sensibly less than the incident wave. 3

When the ridge of the wave is incident at about 60° from the plane sur. -
face, and the direction of the ridge only diverges about 30° from a perpendi-
cular to the plane, reflexion ceases to be possible. A remarkable phenomenon
is exhibited which I may be allowed to designate the Lateral Accumulation
and Non-Reflexion of the wave. It is to be understood by considering the
effect of supposed reflexion ; this would be to double over upon itself a part
of the wave moving in nearly the same direction ; the motions of translation
of the particles being compounded will give a resultant at right. angles to the
plane, and will also give a wave of greater magnitude and a translation of
greater velocity. By thiese means accumulation of volume and advancement

of the ridge in the vicinity of the obstacle take place ;. as represented in the
diagram, :

.

These phenomena are accurately represented in Plate LIIL., as observed
in a large shallow reservoir of water.

On the Lateral Diffusion and the Lateral Accumulation of the Wave of
the First Order—When a wave of the first order has been generated in a
narrow channel, and is propagated into a wider one, it becomes of some im-
portance to know whether and how this wave will affect the surface of the
larger basin into which it is admitted. It is known that common surface
waves of the second order diffuse themselves equably in coneentric circles
round the point of disturbance. How is the great primary wave diffused?

Tasre XVI.

Observations on the Lateral Diffusion of the Wave of the First Order, generated
. in a narrow Channel and transmitted into @ wide Reservoir.

The apparatus employed for this purpose is exhibited in Plate LIV.
figs. 1 and 2. T was a tank 20 feet square, filled to the depth of 4 inches; the
chamber C, fig. 2, was 12 inches square, in which the wave was generated by
impulse for the first five experiments, in all subsequent to which C was en-
larged in width to 2 feet, as shown in fig. 1. The line marked A, figs. I wul
2, was a wooden bar, in which were inserted at.intervals of 6 inches, sharp
pieces of pencil, projecting downwards to the surface of the water; :_m num-
bers of which, reckoning from the side of the tank outwards, are contained in
the first vertical column of numerals, the Roman numerals in this table de-
noting the number of the experiment. The bar being placed parallel to the
side of the tank at C, and distant from it 12 feet, gonsequently distant 9 flt
from the mouth of the channel, whose length is 3 feet; the distance from its
under edge to the surface of the still water was carefully measured, and when
the wave had passed, and before its reflexion, the bar was removed, the
distances from its under edge to the highest marks on the pencils were put
down in column A of the table, and the absolute height of the wave _.%:,
obtained by subtracting these figures from the statical level, was put down ##
column B. :

4

ot horizontal intervals of onestenth of :an inch, correspondin
L positions of the points at
L p
n

CON WAVES:: -

. laid down from the line A A, wum
Plate LIV., the waves are laid do g 1o the xﬁ&ﬁ@
which they were observed. In figs. and 2, an ap-

ximate mean is given of the ﬁméwmgmﬁe& in the large and small chan-
ro

In the diagrams,

¢ls, each line at the bar A indicating 2 height of Sm.sn%.,. part of i in ..E%.

T 1. 1. 1L . V. Vi o

A B. -A. .w. . A, B A, B, A, Aw. ‘Ao | B

" » , o . ﬂ.w

3 | 15 | 595 |2-05 |:625 |21 (676 | 8 |7 |3 .
w w.w .www w.:m 5 " |915 {525 | 85 |66 .m T_.
At Jegr A A dpdE - e
L1282 2o 15 |- 15 |55 | 85 676 |4 |1926
5 |25 [995 1292546 |215 |-526 1215 | AR ARy
6 1345 {925 128 |-875 |22 |476 {22 .mwm 920012 |45\ 1OID
7 |9475'2_ |9275-4 |22 |475 225 |4 (935 6360\ B | 1980
825 [-175 |2:35 |-325 (225 |42 |2:275 mmm L2 )5 | eany 90
9 |265 |-125 |24 |275 |2:3 |-375 | 285 “wa 105 |5 | 685 | 99,
10 1255 [185 1235 |-395 |28 {873 {23 .um 10|35 |6 9.1
1 i26 1075 |94 |-975 |23 |-875 | 23253 1|da |7 |58

6 |-075 |2-425-25 '|2:35 |-325 (28758 | 105 " : 75
ey e LRE

g |075 | 245 |22 . . . 27! : " : :
ww w.mm é&m 245 |-295 237508 (24 |275 J Mnm .mm www
16 |2.65 | 025 (245 |-225 (94 278 (24 |27 |1 7 A
17 | 265 |-025 |2:45 |-295 |24 |27 |24 |-275

| ] { i iminishes as
i le shows in column B, how the ws.mi .c*. the wave dimin

it Mﬁwﬁwe& from the line of original direction in which it was mmmﬂmammm
Lateral diffusion therefore takes place, but with a great diminution of heigl
c.,.,_,r_mms Mmmw_oaoaau is of importance in reference mmwmo:&% to the _mamc“.
diffusion of the tides, in such situations as where they entet the Qawﬁpmgm >
through the English Channel, and the Irish .m.ww arsmcmw mn.. Qmo...ma.n -
nel. It enables us to account for the great inequality of tides wa. e mw e
locality: It likewlse m&.ﬂmrmm an s:m.._omw w« which we may explain som

the hitherto anomalous phenomena of sound. i

Azxis of Mawimum W&.«%S&S«SN of the Wave of the First Qs&%.l%m.rw“

a wave of the first order, on entering a large sheet of water, @oom :MM; _uwmm
itself equally in all directions around the place of disturbance Au,mw 0 %‘M»gn
of the second order produced by & stode dropped in a placid la ), eﬂ tha
there is in one direction an awis alohg which it maintains the mﬁ.mpnwm . eight,
has the widest range of translation, and travels with amweomﬁr,ﬁw oci vw. »M“.u.
in the direction of the original E.cﬁmmwag as it emerge m_.oﬁ_ve e mo.%w i omm
reservoir, is & pheenomenon which I have further confirmed .«mm uaﬁ ber of
experiments. This phtenomenon is of {mportance, mmvmmﬁz% if we tal mm fhe
wave of the first order, the same (as I think I have established) as mﬁum of ¢
tide wave of the sea and of the sound wave of the atmosphere, 1 mmﬂ...mwamwm
this in the simplest way. I filled a reservoir which has a m.Bom? ﬂr ommwﬂp
and perpendicular sides some 20 feet square, to a depth of 4 inches wi b sm er,
In a small generdting teservoir only a foot wide, I generated a wave o fhe
first order. A cirele was drawn on the bottom of the rx.mm, vme. ﬂ:. o
course visible through the water, having its centre at the Emom of disturbance,
and divided into arcs of 30°, 46° 60° and 90° on which observers were
Paced, and the heights of the same wave, as observed at the points, i3 given
i the accompanying table.
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v TasLe XVII —_—
Observations on the Diffusion of the Wave of the First Orderro
of original Transmission. g

The observations were made upon the wave at various points in circles ,f |

9 and 15 feet radius, described from the outer extremity of the side of t,

channel C, as shown in Plate LIV, fig. 3. The depth of the water whey 4
rest was taken at the various points, and these being subtracted from ,
absolute height to which the wave attained in its transit, gave the amoyy,
which are contained in the lower part of the table, the absolute heights froy, £
which these are deduced being given immediately above in eolumns markq
thus, A, B, C, D, E, while the deducted heights are distinguished thus, ALy
C', D', E'. Experiments VIL to XV. were made in the 9 feet circle, and the
remainder in that of 15 feet radius. It will be observed that in the latter s
there are two columns which are headed z€ro, but it must be remembered
that the one in brackets contains observations which were made at the 9 foet 3

distance along the axis and the remainder on the outer circle. 4

Fig. 3 contains the approximate ratio of the height of the wave at different
points in the circumference of the circles expressed by lines concentric to the
circles, each of which denotes the tenth part of an inch.

The observations are laid down accurately in the diagrams, where the
lines A B and C D represent the circumference of the quadrants of the ob-
served circles. Upon these lines the true heights of the wave are measured
upwards at their respective points of observation, and a curve drawn through
these, representing the mean of the wave’s height. From these and froma
numerical discussion of the observations, it appears that the height of the
wave at 0° being 1, its height at the remaining points will be 1, % %, and
or taking integral numbers to express the ratio, it will stand thus, 30, 15, 12,
10, 8. And from a discussion of the whole of the -experiments it is found
that the height of the wave is inversely as the distance from the centre.

Fig. 4 shows the appearance of the wave upon which these observations
were made.

A | B.| C. | D | E G. | H. | K. | L. | M. ¢
0°, 300, 459, 6o°, | goo, (0°) 0°, .| 809, | goo, 9o°,

VIL. |45 415 405 XVI 425 | 43 44
VIIL | 4625 435 405 XVIIL 4125{ 4-5

IX. | 4875 44 4:05 || XVIII.. 495 | 45

X, {45 | 435 405 XIX. 425 | 44

X1, |4-325| 43 405 XX, 425 | 43

XIIL |45 | 43 405( XXI 425 43
XIL (45 | 42 XXII. 4375 - | 48
X1V, {475 43 | 405 xxI1I1. 41 43
XV. |45 425 405 XXIV, 41 425

Al, B (o4 D, . G/ | H. K| 12 M.

VIL | 1-0 3 1 XVIL 751 -3 ’1
VIIL |1:125 5 1 XVIL| -7 | 625 -5

1X. | 1-375 55 ‘1 || XVIIL 75 | 5

X, (10 | 55 ‘1 XIX. 75 | 4

XL | 825! 5 D! XX. |18} 75| 3

XIL {10 |5 ‘1 XXL {15 | 75 25
XL {140 | -4 XXII. 875 25
X1V, | 125 4 1| XXTIL | 141 | -6 25
XV. 110 85 { 1 || XXIV. | 1115] 6 2

gi an kAg s

E knowledge beyond that which belongs to truth for its own sake.

5
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sterini is of maximum intensity, the
it was deterimined that along the axis o nsity, the
i .Mwwmwow.naw.w wave there being the greatest, nmwmm.o was m»moﬁm@mmmﬁ%mm Am.om_mm
, i On each side of this axis the mag b
rao o e vapidly, bo © diminished to 3, and at 60° to % of its
imini idly, being at 30° diminished to 3, a ° to §
.ﬁww _Mwﬂ_mwmwmam%mmwwna wmm this diminution was p@mﬁ@mm with a ooEM.
a%m.&:m retardation of propagation, so the raamm. of M.wo ﬁwwm_wwmwﬂmmmﬁom
at elliptical, having for its major axis the axis of maxim 0
__..w wmwwvswm right m:%g to the principal axis of propagation .&.N 4@.<Mruw
MM_.,SJ. .mmammEm. ‘a height of one-tenth part of that in the axis being

5

, i i i nces of
greatest that was %Umw?mmw and that indeed was, in the circumstanc
i carcely sensible. . —
cwmm“wwwmwsw -§M§m and Application.—There ﬁmwm.mwmamy mmuwww mmw%_%we
| ch giv
tions of our knowledge of waves of the first order, which g T o
E qomena of the wave of translation are so vmwwﬂ?w E.,w Mﬂmﬁwﬁ Mww_w mmwsw
, it possesses a high interest. The velocity
study of nature it possesses a high 1nt e T o the
d is to the phenomena of finids W
of the great constants of nature, and : e ot o phie.
xdulum is to solids, a connecting link between ; phee-
ww____”_m_wma of rw&..o%mﬂpgmcmv it furnishes one ongo Mn._oﬁ elegant and Eamq.
i ercises in the calculus of the wave mathematics. ) o
Eﬁm_cm .ww.mmmmm its importance in these aspects, there are o?mnw in ,Swﬁ_o%s% wm
capable of being regarded, each of which gives it value both in &
un_M..a.mwMﬂpé of the first order is to be regarded Wm a vehicle for the trans-
ission of mechanical force (geological application). . . .
==Mw._o.mww wave of the first om.&mu is an important element in the «calculation
and pheenomena of resistance of fluids (form of ships, canals, &e.). e of
3. The wave of the first order is identical with the great oceanic wav
: tide (improvement of tidal rivers).
;:w.p :.w,mrm_ Swnaapsmzm of the first order presents some analogy to the sound
wave of the atmosphere (pheenomena of acoustics).

TasrLe XVIIL

2 ; ‘ for various depths
The Velocity of the Wave of . the First Order, om_o&.ﬁmm .
Am. ﬁnm n_m\m.mﬂ a channel o.\.m uniform depth, extending a depth from 0°1 of
an inch to 100 feet.

Column A contains the depths of the fluid in decimal parts of an inch.
Column B the corresponding velocities in feet per second.

Column C gives the depth in inches. 1

“olumn D the corresponding velocities in feet per second.

Column F gives the depths in feet. d

Column G the corresponding velocities in feet per second. ,
Columns of Differences, E and H, will assist in extending the table.
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A. 5, c. D, B | w & | ;. +- . Table XVIIL continued. : =
<w_.ﬂm of awz_s of <m~ﬂa of Value of Mw.ﬁ <w.r=:.m Value of | Fint S - )
. gle+h) e t¢ \w\ o+ h iffer. | h+te differ. : . X .G, ): 8
in inches. |in feet per sec.| in inches. ; W.Muﬁ. nwa. ence. {in feet: E;hm@ﬁwww\.av gn.w. Vi LW.«. of <ﬁwmam. S&m.oom <£H_V~.a of u.m_._« <Eﬂocm 4&4& of | First
Chte [EgEh) | M E,\%H ) | differ- | Abe snwmwws. difter-|
0-0 0-0000 00} 0000 001 0000 in inches. |in feet persec, + |in foet per seds
‘1 | 05179 10| 1637 10| 5674
2 07325 20| 2316 201 8024 60 106 | 600 | 43948 - | 368 5
3 | 08971 30 2836 30| 9827 1 105 | 610 | 44315 | 867 «
4 1-0359 40 3975 40| 11347 2 104 | 620 | 44-678 | 363
5 1-1581 50| 3662 50 | 12687 3 103 | 630 | 45037 ;359
6 | 12687 60, 4011 601 13898 1 108 | 640 45892 | 835
7 | 13708 70| 4:333 70| 15011 5 102 | 650 | 45745 1353
8 | 14649 80| 4632 80 | 16047 I 102 | 660 | 46095 | 350
9 | 15538 80 4913 90| 17021 e 101 | 670 | 46447 | 347
10 | 16378 100 5179 100 | 17943 KA 100 | 680 | 46786 | 344 | .
1 | 17178 110] 5432 | 958 | 10| 18817 | &7 9 99 | 690 | 47127 | 341
2 | 17942 | 1120/ 5673 |241 | 120 19651 |83 740 99 | 700 | 47467 | 840
3 | 18674 130, 5906 |281 | 130 | 20457 | 803 i 97 | 710 | 478056 838
4 | 19379 140, 6128 | 222 | 140 | 21229 | 772 2 96 | 720 | 48142 | 337
5 2:0060 160, 6343 | 215 | 150 21974 | 745 3 96 | 730 | 48477 | 385
6 | 20717 160 6551 | 207 | 160 | 22695 | 721 4 95 | 740 | 48809 | 332
7 | 21355 1770 6753 [ 201 | 170 | 23393 | 698 5 g5 | 750 | 49187 | 328
-8 | 21974 £180] @948 | 195 | 180 | 24071 | 678 8 04 | 760 | 49462 | 325
9 | 29576 190, 7139 | 190 | 190 | 24731 | 660 7 94. | 770 | 49786 | 324
2:0 23163 2000 7324 185 | 2000 | 25374 | 643 8 93 | 780 | 50108 | 322
1 | 28735 210 7506 | 180 | 210 | 26000 | 626 -9 92 | 790 | 50429 | 321
2 24293 22:0| 7682 176 | 220 1 26612 | 612 80 92 | 800 | 50748 | 319
-3 2:4839 230, 7-854 17¢ | 930 | 24210 | 598 1 91 | 810 51081 |317
4 | 26373 | IL 940/ g028 | 168 | 240 | 27706 | 586 2 91 | 820 51876 | 316
5 | 25896 250 §189 | 166 | 250 | 28368 | 5472 3 91 | 830 | 51689 | 818
6 | 26408 260/ 8851 | 1624 260 | 28930 | 462 4 g0 | 840 52000 |3l
7 | 26913 2700 8510 | 159 | 270 | 29481 |55 5 89 | 860 | 52:309 | 309
8 | 27405 98-0| 8666 | 156 | 280 | 30023 | 542 4 89 | 860 | 52616 | 307
9 | 27801 200| 8820 | 153 | 200 | 80854 | 531 7 88 | 870 | 52921 | 308
30 | 28368 300 8970 | 150 | 800 | 381076 | 522 8 87 | 880 | 53224 | 303
1 | 28834 310, 9118 |149 | 310 | 31589 | 513 9 87 | 800 | 53526 | 802
2 | 29299 320, 9965 | 147 | 320 | 32095 | 505 90 86 | 900 | 53827 | 301
3 | 29753 330 9408 | 143 | 330 | 32593 | 497 -1 86 | 910 | 54126 | 299
4 30200 340 9550 | 141 | 340 | 33083 | 490 2 86 | 990 | 54423 | 297
5 3-0641 350/ 9689 139 | 350 | 33566 | 480 -3 s | 930 54719 | 296
6 | 31076 |IIL 36:0] 9827 | 187 | 360 | 84042 | 476 4 85 | 940 | 55014 | 295
7 | 81506 370, 9962 {135 | 370 | 34513 | 470 5 . 84 | 950 | 55807 | 293
8 | 31928 380 10096 | 133 | 380 | 34976 | 464 4 . VI11.96:0] 16:047 84 | 960 | 55597 | 290
9 | 32337 39-0) 10228 | 131 | 390 | 35434 | 458 7 1 51011 97-0| 16130 83 | 970 | 55886 | 280
40 | 32756 400| 10358° | 130 | 400 | 35883 | 440 8 | 51275 98-0| 16212 g2 | 980 | 56172 | 286
1 | 33164 410 10487 | 128 | 41-0 | '36:329 | 446 9 1538 990/ 16:298 81 | 990 | 56455 | 283
2 | 33566 420 10614 | 127 | 420 | Ze771 | 442 100 1792 1000, 16373 | 80 |1000 | 56787 | 282
3 | 33968 430 10740 | 125 | 430 | 37205 |43t
-4 | 34356 44:0| 10884 | 124 | 440 37685 | 430 .
Dl | g w b u) me @
. - 460, 11-10 21 | 46:0 | 3848 Qi i T—W SecoNDd ORDER.
m WWMMM - me :.MMW Wme hﬂ.w wwmwm M“w SreTioN 11.—WavEs of Hﬂm.. Seco
. : . 48:0) 11-34 8 | 48 30 7
53 | so% 199 11464 | 117 | 490 30716 | 408 , Oscillating Waves.
. . 500 11581 | 116 | 50-0 | "40-119 ! ious.
1 | 36988 510 11696 * | 115 | 510 | 40518 | 399 Character ...... M«Hmﬂ%&
2 | 37348 52:0| 11810 | 114 | 52.0.] 40913 |39 Species v..-un. g
-3 37704 530/ 11928 | 113 | 530 41-304 | 391 Progressive.
4 3-8056 540/ 12035 112 | 540 | 41693 | 389 . Free.
5 3:8405 550 12:146 11 | 5501 42079 | 386 Varieties soveeeceae v < 3 Forced.
6 | 38758 56-0| 12256 | 110 | 560 | 42-458 {379 Stream ripple.
7 3-9101 570 12365 109 | 570 | 42:834 | 376 Wind
-8 3:9441 580 12:473 108 580 | 43200 | 375 Instances,.....oocnocvcnaes ind waves.
9 | 39778 590 12580 | 107 | 590 |, 43580 | 371 Ocean swell.
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T , ,
s o Fenoareh Reeming Pt hmong colating wavs
Vave of raming water 3 o mmon or more curious than the stay,
er. the account of inati !
of the second order, because i £ s hich appears o e o
e it is that spécies which ol
most easy to be oouvom?@w because i : Closnn analo o 10 b
se it presents the closest
nary known pheenomena om. wavi i o ol theor
Pk e motion, and because, alth ’
quently exhibited to the e ‘ Swa el
] ye of the common gazer, it h o
r:wmwm %Mmm.zwm%u Bwhm the subject of accurate %vmmwwmnobmm b a8 fora
! ce of a running stream be exami it r i
vl 1 amined as it runs w 0
mwﬁmommw»ﬂwum mnnéoozu and even channel, its surface i:._wummmuhm_“owu SE
e to the eye, although it is known by accurate o_umﬁémmcw:”w
g

the surface of the water is higher above the level in the middle or dee

than at the sides of the channel g
found = st e mno:mwunﬂ mm On the bottom of the channel let there b

f 5 this interruption, although consi !
www M:«Mw_wwmaw Mrmﬂweﬁowm will mm.Ew indication mm its ?.mmm:cm mwwawwww_wwwcm
o) : e surface of the water. An elevation of i
MMMWW@MMM %.:Mmmwnm_w m%oﬁw it, Jw; in its vicinity. mmszzmwwwww .”..””n_h
rotuberance, there will 4j i ,
aopeatnce of U erm appear a series of others lowe i
. se form a group of compani : e
of the cpiream. These p panion phanomena, are wav
th , oscillatory, and of the standi i ; o
Inaining fixed in the water, ﬁ.Emm el oty D I
¢ the wate i
mo%%oin with the mn_.mmb For mNmEEom..m%M ﬂ%ﬁﬂmrgam?mm contnete
e mm MWM:MM %w N.ﬁ.ﬁm hw_ﬁwm.ﬂmaﬂ—.__w mmmmgiﬂ.m of the notice both of the ma-
1 philosopher, for this cause especiall
apparent motions of the water are in thi i i e e s
o individuct et ot : is case identical with the actual paths
particle on the surface actuall ibes
path apparent on the mvci.mom ; th i oo of The e i
I 2 ace ; the outline of the surface of the
w_wﬂwnwmﬁ NM %. particle during its progress down the stream. It M.M“m“._% .;“,
it ke ﬁrmm“w “Mwuﬂwwwwﬂ ~*.E,E E%B_%, a form very different from the true
he es, nor does it exhibit the motion of i
@M <m5 ﬂuﬁa&mm %M\,Bmm?mm remain behind while they »Enmﬁm% mﬁﬂﬁw _—_m
e e particles are themselves translated along the fluid in the paths
u_m »wmz.E the mvvm.wmi outline of the fluid. *
is respect, therefore, this wave appears to impo i
et me im y
a Mww.w of %_.um:m_co: from ordinary fluid w%onon to wave ﬂﬁmﬂ s presenth®
" »E. y observation on a mountain stream that waves 3} feet long rix
Mw er Woﬁzm at the rate of 3} feet per second. s B
Hrﬂwvmn :ma smw.ﬁm 2 .wmm.a long rose in water mioving at 2} feet per secoud.
following mwﬁac.wmmawwwzm%m% ith ﬁroawmam?g in Table XXI. from which thr
] mbers are deduced. These numbers will enable 22 §
observer to judge of i inspection o e e s
Soserver to Jjudge of the velotity of a stream by inspection of the waves e

Thelength of wave being1 inch, the velocity of the stream per second is § fout

Sa:
9 9 3 inches, » ” N s
» 95 1 foot
18 » » » 1§ feet
” » “_.H m.mmnv 9 feed
» » » A
2 3 2 *.mm_..v fer B
1 " 2 2 2 24 furt 3
» ”» *31 feets ; E
2 4 I ‘2 *3} feet
» » 6 feet, ’ o » 4} fort
» » 7 feet, s H ”? 5 fect
» ” 10 m.mmﬁu " s v ” 6 fert
» *30 feet, " » ” #10 fors

9%
‘H. > . N . )
5&%-5»%%_@%& vﬁm:az for convenience of reference to observers, and it #
¥ to recollect the velocities corresponding to 3 inches, 33 fe

eed the

of the streamy and at the same time indicates the extreme s.

qurface, is this, t
in the bottom,
- motion, as far as it can be observed by bodies floating near
simple
body, the stone at the bottom,
motion of eddy as indicated, Plate L'V.fig.2, and this being continued down-

wards, and -combined with the rectilineal motion of the particles, presents
the cycloidal form of the wave.

cated to a particle
the same time cary!
wxz__ of the particle having these two motions is mar

ON WAVES. - 365

30 feet.. By these mean

e numbers.”- . . o
liar in this respect; that they exhibit little or no

These Waves are very pecu
.dency to lateral diffusion ; the breadth of a wave does not apparently ex-

length of a wave, and is often much smaller. When a stream enters
its path across the pool is marked by these waves very distirietly,

s it will be easy for observers to verify or correct

large pool,

and the diminishing length of the waves accompanies the diminishing velocity .

Jowness with which
The motion of the particles of water, as observed by a body floating on'the
he motion is retarded at the top of each wave and accelerated

about the mean motion of the stream. The
the surface,is a

combination of a circular with a rectilineal motion. The disturbing
gives to the particles which pass over it the

thus oscillating

If we conceive a' uniform revolving motion in a vertical plane communi-
of water, the centre of the circle of revolution being at
ied uniformly along the horizontal line, Plate LVL, then the

ked out by the cycloidal

nel,2,8,4,5,6,78 9 10,11, 12 joining these points, and if every suc-

cessive particle of the fluid have the same motions communicated to it, the
simultaneous places of successive particles wi
. 8, &e. as the form o

i give the line 1, 2, 3, 4, 5, 6,
f the surface of the fluid. It is to be observed that at
A and C the direction of the motion of revolution is opposite to the motion-
of transference, and .. the absolute velocity of the particle is diminished by
the oscillating motion, while at B and D it is increased by an equal amount,
and in the intermediate positions 3 and 9 it is neither increased nor dimi-
nished, It is also to be observed, that when the motion of the water in the
direction of transference is slowest (i. e. when the motion of oscillation is
opposite to the motion of transference), the transverse section of moving
fluid is greatest, and when the motion of transference and of oscillation
coincide, and the motion is quickest in the direction of transference, the trans-
verse section of the fluid is greatest. Thus we see how during a change of
form the dynamical equilibrium of the fluid may be unchanged.

The fluid may thus be conceived as moving with varying velocity along
a channel of variable section, its upper surface being conformable to the

outline of the wave. Hence we might infer that a rigid channel of varying

aren, of the form of this standing wave, would not interfere with the free

motion of the fluid.
And hence it may follow, that when the area of a pipe conveying fluid is

to undergo a change, the best form of pipe or channel is indicated by the
form of this wave. Thus the velocity has undergone a change between 0 and
4 which the form of a close pipe might render permanent.

In the examples already given, a solid impediment has generated the waves
on the surface of the fluid. At the confluence of streams 1 have observed
the same waves generated by the oblique action of one current on another
meeting it in a different direction.

The height and hollow of the fluid and the change of velocity are to be
regarded as reciprocally the cause and effect each of the other. The obstacle
first retards the velocity of the fluid, so as to accumulate it above the obstacle,
the water rises to a height due to this diminished velocity, and as all the
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particles of the stream pass through this area of the streamy with o dj
AL 1]

velocity, the area of transverse section must be increased at t he form ander.which these waves appear. has: already: been: exhibited. in

Minishet'} ,
bl g-and 10, and equally in Plate LV.figs:1,2,3, and in Plate LX L

the elevati . i5 not ] .

nrm M%Mwwmusmww mmmmwnwm%s_w«mmémi of section, diminution o% “.Mmm_% 0 Wm | J“rz. e , C .
R8aAry co. a o . . CIE n.,. . . o o ; . £

the obstacle the moosss_maow m_uwwwnmmmmmﬁm%Mwm“nawvmaw&m. - Again, belgy & have made a series of observations by dragging a body through the wates;

. - results of which are given in the wo#w.oismw.mwﬂm. ,Hmﬁgm nmwam w-.»m
of water which passed th o \tory ohservations. to find whether the form of body or-depth of ¢ annet
diminished <m€wm§ wmmzm.ﬁmvﬂﬂwﬂww_%m area, with its increased section and nchwv. change on the phsnomenaon. 1 found that larger badies and higher
smaller area which allows its WBESW% N} <m_m,%_€ » 18 transferred through th, Jocitics made -higher waves, but that the length and veloeity of the wave
ing down the stream varies its <m_oa:5=.. h hus the constant volume pam re unchanged by either the form of body, or the depth of the channel; or
by means of a varying area of a.mnmwmu.mw S.« the gonservation of its for e height of the wave. I observed that when the waves became high:end.
8_@5%25ocmmzmn?qsom&m EMW 4 and thus we are enabled to eqg. - ation above the mean leyel was 6 inches, and-the- depression.

Wroke, the eley
L A e becom : . h Vi e . . D e, oy
necessary to the transmission of the fluid under nw_%ww%wzo%%wwmﬁmwwcw& | L low it 2 inches, making a height total of 8 inches ; this was at a velooity
o 5

that height in addition to the mean. motion of the str MM”MJN.N&«MWM% a_mn i
. Sl IS € Volym, &

foree. of 625 feet per second. Immediately behind the body dragged through the

I am not aware that thi i . ; e ter, the mean level a ears to be considerabl lowered. - -

ever before heen made Mvm_ Mcmﬁ% m%wom..mﬁ:m:mm wave in moving Water by - 3_ examined the BS.MW of oscillation of %mwm waves by means of small
ceive that its study is highly imy a% ;omowwmaﬁ examination. But I o fuating spherules. Waves. of the seeond. order having & total height of half
the means of conveying sound M_S. nt, especially in a theoretical view, g gn inch, in water 4 inches deep made by 2 negative wave, were accoti-
mBmEm jon-in & circle of half an ingh diameter at the surface, and the

exhibiting the transition fro ry conceptions. of. wave motion, g | jed by mat
water waves, as the Eﬁmswmﬂmww@:wwammmu ens of water currents to zsx,a Wza%m below. deseribed also circles which rapidly decreaséd in diamater.
deg etween motions of the first degne (I sud at 3 inches deep coased to be sensible; the waves were ahout one foat

and moti
o aoﬁmﬂ om*. “mm-mmacua degreg, and as affording a basis from which
it :ﬂim ith some prospect of success, the application of the kn -
e o &\«No%ow to the investigation of the difficult theoryof s%” .
from he somemen % &22.& Order—Sea Waves.—It is not diffcult to
ronming wenerption ﬁ_.m anding waves jn running water to the conce mcmﬁ
o bo (5 eavos In st nding water. Let us first conceive the Waves in Ewg AY
ot e tormed in er runping in the direction there indicated from ri bt to
g mean motion, and a given motion of uniform awg_amsa_.

lation s and next I iv w W nnel and wi

et us conceive th d be
¢ . 18 con the whole water cha
a@m:.mmw.qwn .E:mona_% in the opposite direction .ﬁor. Vi wm i ¥ it
mean veloeity of transference ’ 2 veloclty equal to the

the water will become nothi i then the ahsolute motion of transference of
i °r Wil become nothing : the waves for ling a e
i ppst o i oty Sl s ey

ning stream, and the motion of oscillation remains. ..,H.NMMQ._VM

running water becoming still . i
reverse the hypothesis d ores e consome moving wavey and if ¢

Tong.
Tasie XIX. o

Observations on the Length and Velocity of Waves of the Secord Order.
Column A the otder and number of the ex eriments. - -

Column B the number of seconds in which the waves were transmitted
long 100 feet. o S : S

Column C the aggregate length in feet of the number of waves in Column®
D TEE : v

Column D the number of waves extending to the length in Column O:
Column E the length in feet of one wave from crest to crest. o
Column F the velocity in feet per-second given by experiment.

Tlese results are the means of many experiments, differing from each
other not more than the examples preceding them, which have been given in:
detail as a fair specimen. ; nreoen w

"

a given velocity to exi .n:mom ey mz.u coneeive the waves which move with .
equal velocity in th ist 1 water which has a motion of transference with T T , S
ning up the w :%Bm mmww%“am direction, it is manifest that these waves run- & IEXENES m.. LA N e |
fixed in place. Thus then \H% 8 the waters run down, the wave-crests remais R A V
ing water gives moving waves, will sve 5 Ersenomenon which in sanl Coo|majms ) (2SN a0
taking for granted always that the Smﬂm In moving water stauding waves; 316 |25+ | 8§ | 294 | 816 1L
possible, cousistent with the otions of oscillation are such as to be 318 |25 | 8% |294 |¥W4 IV.
mon mean motion of the m&mﬁ:& of the fluid, and independent of the com- 318 | 26 81 | 9294 | 314 v.
of the wave motion and of ; a condition equally essential to the possibility 304 |2+ | 8 |8125329 VL
I have been able wooﬁw ﬂowz_ conceptions of it. ’ . wwm mw. Wm w.wm w.ww AMm
. ate . . 6 . 2 " : .
still water, the waves being wmw%cmm?m the pheenomena of wave motion in 980 |25 | 7 |87 |867 | IX
following cire . e second order and gregarious, under the 984 |25 | 7 | 857 |35l X.
1. I mﬁ& MNMN:%N mi 4 ’ 280 | 26 7 | 887 | 887 XI.
have observed the A.m N w. through the water with g uniform motion, and L4 A : w..au www Mumm
2. 1 have E%pwmﬁm the neat which follow in its wake. : el |7 U
the group of waves which %:Sm@«m wave of the first order, and observd FXV-XVIL | 268 |25 | 6} | 384 372 XV.~XVIL.
I have not observed in Em o MM ;mm Take. , HWMMEWMN:. o : .».Ww wmm Wwwmlwmm«_
. ; results of t T~ HI-XXVL | 240 |25+ | 5 |500 |4 XIIL-XX VI
form, velocity, or other character. hese two methods any distinetion o ;xﬁrxwxwmﬁ 216 |25+ | 4 -| 625 | 462 | XXVIL-XXXIV
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As these waves appear in groups, their velocity and lengths are easily ob,.;

Y as a dozen such waves iy,
so that the aggregate length of the fint
f the second group of six. The methe

served and measured. I have reckoned as man
group all about the same magnitude,
six was sensibly equal to the length o
of observation was this: a given distance was. marked off along one side
the channel ; an observer marked the instant at whi
secondary waves arrived at a given point,
ther end of the given distance counted th

given that the first wave had reached the

that in a group of waves moving over 100 feet in 98 seconds,
seven comprehended in a distance of 25 feet, whence ]

% =857 feet per second for the velocity of the wave, and
%% =857 feet as the length of the wave.

Also, since the wave passes along 3°57 feet its own length in one second,

its length divided by the velocity gives 1 second as
plete oscillation.

The welocity of the wave of the second order, the length from the crest of
one wave to the crest of the next, or from hollow to hollow, and the time of
passing from one crest to another, called the period of the wave; these an
the principal elements for observation.

These elements are calculated for the convenience of observers in the
Table XXI. It will also be observed that the circles which represent the
oscillatory motion of the water particles (Plate LVL), showing the Wave
Motion of the Second Order, diminish yery EE%.—% with the inereasing depth
of the particles below the surface of the water at the lowest part of the wave.
By my observations I found that in high waves at a depth == lrd of 2 wave

length, the range of oscillation of the particles is only about z5th of that of
particles on the surface *,

the period of one com.

pinion which I have formed of 2 wave theory gives
to the world by M. Franz Gerstner, so early as 1804 %, and reprinted in the work of the M.

Weber, to whom I am indebted for my acquaintance with this theory. Gerstner's theory is
characterized by simplicity of hypothesis, precision of application, its conformity with the
phznomena, and the elegance of its results. It is not without faults, yet I cannot agree with
the Messrs. Weber, nor with MM. Professors Mollweide and Mobius, in the precise opinion st
which they arrive, although I confess I could wish that he had assumed as an hypothesis the
doctrine which in (14.) he deduces as a conclusion from hypotheses less firmly established thas
this conclusion, unless indeed we should esteem it an argument in favour of his hypothess
that it conducts him directly to a conclusion of well-known truth. Neither do I find that by
hypotheses are so much at variance with the actual conditions of the waves I have o_;.a:&..
as they appear to be in MM. Weber’s view of their own experiments. The calculations o
M. Gerstner are applied primarily to a kind of standing oscillation. But it does not appeat i
me that his calculations ought to be applied in any way to the standing oscillations which Y.
Weber reckons to be their closest representation. In M. Gerstner’s first part of the work the
wave form is standing, wave oscillation is circular, the fluid is in motion, and the particle patbe
are identical with the lines which indicate the form of the wave, I conceive, therefore, that
the wave which he has examined, and the conditions of its genesis, find a perfect representaliss
in my standing waves of the second order, in running water, which I have represented in Plaies
LV, and LVI. From this hypothesis it is not difficult to arrive at the moving wave of u.mm_:_i
water, for if we conceive the whole channel moved horizontally along in an opposite directio
with a velocity equal to the horizontal velocity of transference, the particles will then be 1e-
latively at rest, the cycloidal waves become moving forms, the particle paths stationary m._:r,.,,
and the motion of transmission of the wave equal and opposite to the former mean horizont

* I have hiere to express the favourable o

* Theorie der Wellen, Prague; 1804,

ch the first of a group of
while another observer at the fy.

e number of waves as they pased,
and marked the point at which the last had arrived when the signal was

other station ; thus it was observed
there were

ah .7 iON WANES: o 869

i whicl-L have made s gurious. . It is, that ic the ‘cas-of
One .owmwm«m,"wmwwﬁ”ﬁ&mwﬁwa order, I have found that the ‘motion ow_. pro~
ouillafng ma w_uw whole group is different from the apparent motion of ‘wave
_zmwce.nwmi &cwm the surface ; that in the group whose veloeity of oscilla-
i observed 857 feet per second, each wave having a seeming velacity
.:..__.a wwvm whole mg.zw moves forward in the &ﬂma_on.om trangmission ﬁ&ﬂ
o mw slower velo ity, . The consequence of this is a difficulty in observing
Bt aves Amwum&&_%wg_p as -are raised by the wind at mm,m..,v.v namelyy wrm,m
Eﬂw msm e wo:oﬁm,»rm crest of the wave, .mEm crest appears to run ozm, MV
o :_ waw is Jost in the small waves in which the group terminates. ,;z e
sight, ation of these groups in a series of waves becoming gradually smaller
..._.__Em_a_mn %nn}u: continuous with the large wave, is curious and leads to.a
horio 8 oosw_aﬂo? Tt is plain that if these large waves gre moving with the
” 2_:9_8_0&.»% as. the small ones, this result would be ineonsistent with the
“ zm_w experiments, But if we conceive each to he transmitted with- the
: ”,._MGE %Ew to its breadth, we shall have the velocity &. -oseillation <nﬁ%m
from point to_point in the same group of wayes, but it will Jw imposélble
always to measpre this veloeity directly as it may be 82_5% ye ,@ﬁ.%m
E There is to be observed, therefore, this distinction in a group of mﬁé@ﬁ the
sccond order, between the velocity M*. individual wave ﬁgmgmm_c,u an ,.

i ave propagation. ) . .
,n_wﬂwwmowwam mmmmwnwaﬂwo%mnmﬁm measure this velacity of aggregate propa-~
gation of a group of waves, from want of a point to o_owmaﬁw.m Mm I M_.N M:mewm
"upon a single wave, I follow it along the group, and it gradu %a.:w ..u.m&.m

aud then disappears; I take another and follow it, and it &wﬂ is wmmm.om
E M y eye, in following a wave crest, follows the visible velocity ow Mmmmg si om
L uerely.  After one or two such observations, I find that the whole group of

E wwtion of transference of the particles. In short, they become moving waves of the third on&ﬁw

4 waves of the sea. .
3 n_..n-wﬂ.ﬂw_ Gerstner's investigations we obtain the following resu ;
E 3 ccond opder 3— B L . R
: E._z.h«.“—wm“oommwwww\?o amplitude are described in mavsa times independently of their height.
i ds with the results of our experiments. ; o
;.,u._:mﬂﬂ“—%.“ NM&BE& with velocities which vary as the square roots of their wgmr,:.ammm
5. The waves-on the surface are of the cycloidal form, always &e:mmnam. never aw:.wnnmmmrmf
e common cyeloid being. the limit between the possible and impossible, the continuous wu, X
! = e . K . . e
f_vmmﬂwﬂmwwmm vwn.ru in the standing waves of running water are auo_,oay i:&.. on Emrm“”. -
“nn.aa.Emsmow,_ with the wave form, and below the m__%.wn.m .rﬂ«m %m. Mﬂﬁ% nm.ﬂﬂwﬂum“ oﬂm..w mw?m
ve li face, the height-of the waves only diminishing wi e in s of depthy
.;” .__“”Mumwmn%mnw\wﬂmwam.cm Eoiw& waves in standing water are circles nﬁmmmwosﬁim.ne »%.@
arcles of height of the cycloidal paths; the diameters af these circles o.m a,.a_..gﬁ. amezms.“w e
winish in depth as follows. Let 0, u, 2 %, 3 u, &c. be depths increasing in .e..—._EEncﬁ, PI9s
T 2u 3u .

gression, then b, 3~ @, by~ @1bs @, which decrease in geometrigal proportion, are the

ratio of the diminjshing diameters of vertical oscillation. Thus,if 0, } &, § 4, 3.4 &c. be depths,
0 3679 &, 002231 a, 011353 a, are the ranges. o e

) m.am_m_mnﬂwwzwnww %w“ﬂﬂmwmamdm the &mo_am of oscillation are shown in Plate X. fig. r.ﬁwm&w
bas been drawn with geometrical accuracy from the data of M, Gerstner’s theory, and it is at
the anme time the .most accurate representative I am ahle to give a»w my ohservations. on the
=ave of the second order. .4

lts, for oscillating waves which

. & ‘1

The period of wave oscillation is t== 2a,

K. The velocity of wave propagation is v=
Enerating circle, A .
%It ?m_cs.m that the length of a pendulum mwonrnoso.:m.s:: the wave HW —mmw Ew—ﬂ. M%M MMMM
tength in the ratio of the diameter of a circle to its semi-circumference. ew Mmmmmo:
- #4ual.  These last three results are inconsistent with my observations on trans .

1844, 23

7\ Zag, a being the radius of the wave cycloid
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omMEmmosm has been transferred along in the direétion of transmission Withy P e Tasge XX 0 0 v o

velocity comparatively slower ; but I have not been able to measure t; A ' : ond Order.—In

velocity of propagation of the wave motion from one place to mco?ﬁ.m & rvations on the Length and v‘&e&»m\ of Wawes of the Second Dw s
We have already seen that the velocity assigned by Mr. Kelland ang M, S . the Sea. - :

Airy falls much m.ro; of that of the wave of the first order, to which ther A4 Helght of WY emarks at the time of Observations. ,.

have thought their results were to be applied. Their results are much Nears AWave length, Vel,persec. Vel. B bour, e e,

to that of the secondary wave, so that it may be questioned whether thy
should not have applied their results to that rather than the other, Thy
by comparing Table XX1. with Table XVIIL., it will be found that while the
velocity of a wave of the first order, about 6 feet long, is from 5°5 to 8 feot pu
second, according to the height, that of a wave of the second order is oy
462 feet, which is much nearer to their results. There remains howerg
this difficulty, that high and low waves of the second order of equal Jengih
have equal velocities. .
. On Observations of the Waves of the Sea.—The chief difficulty in obtai. J
ing accurate measures of sea waves consists in this fact, that the surface js
seldom covered with a uniform series of equidistant equal waves, but wih
several simultaneous groups of different magnitude or in different direction, -
If there exist more groups than one, the resulting apparent motion of the §
surface will be extremely different from the motion of either, and may be
apparently in an opposite direction from that of the actual motion of the io.
dividual series themselves. , ,

Besides the coexistence of different series of waves, we have the difficultr
arising from the fact already mentioned, that a difference exists between the :
velocity of transmission and the velocity of propagation. From this it results,
that after the eye has followed the apparent ridge of a wave; moving with
given velocity of transmission, it will outrun the velocity of propagation, |
and the wave will appear to cease. This I have continually observed at sex. §
The eye follows a large wave and suddenly it ceases to pass on, but on look
ing back we find it making once more an appearance on the same ground °

Q. ¢ X ‘Waves not easily traced. Ca

Wwwo Nww Mww . High seas overtake smaller ones.

345 870 219 ‘These waves came down channel. *

V. 306° 370 . 219 Long low swell. . ) N
VL. . 412 242 Small waves merged in large ones.
#08 1@ , Height of wave correctly measured, they
42 418, 247 2 ."H ‘break in 5 and 6 fathoms water. ~

o ’ 265 ? Strong S.W, wind.
me. o M.M.M L2722 ? Sﬁmm _._Eanm high and breaking.

. 1 272 5 Long low swell. ) , )
WW.M. : Mm.m ; w«w.q. 5 éﬁmam generated by wind of yesterday,
345 Y415 245 4 Waves crowd near the beach. :
306° 868~ 216 irregular. Shifting wind.

. 460 425~ 252 ‘regular. "Easterly winds.

‘are five which coincide with my observations and with my
ﬂ.&ﬁﬂm %MMM:Q XXI.; and it is curious that these five are those i:.&m
: made in the most unexceptionable circumstances. .Zo. IL has the amﬁ&aw
t the waves. are.not easily traced. No. IIL has a mixture of ém%w\omv a% _Mn
ways causes great confusion and difficulty ,ow. owmm?mao?a No. - ﬂ d
o. X. are long and low, and therefore not easily traced, an mm\oﬂr b
os. I, IV, VIL, XL, XIV., are unexceptionable, and are compared Wi y

tformula in the following Table :—

‘1. 11005 202 119 ww A fresh breeze blowing.
‘1. O 3.
4

b b
Wi 10 1)

- along which we formerly traced its ridge; this arises from the cause st " 2 Length of wave Velosity of wave  Velocity of wave
mentioned. . : ‘ operved. mwuwﬁmwo. N
But there are still many occasions on which tolerable observations may be N R .Hwao...m 20°2 . 195
made, and the best will be such as are least complicated by separate systemis. ° v 845 . 370 -y
The best observations of this kind I have been able to obtain were madc for VIL' " 442 . 418 40
the Committee of the British Association, by the Queen’s Harbour-master at XIL ' 504 383 87
Plymouth, William Walker, Esq., who has ‘paid much attention to this sub NH<. 460° 49 40*

ject. He observed the waves s they traversed a space of about half a mile, DU ; .
between two buoys, noting the time of passing, and also the number of waves B We may therefore continue to use Table XXI. for the velocity of mmwmém%mm,
in the distance between the buoys, whose distance was accurately known 3 wless we obtain further and decisive experiments to the contrary. ewomm
He remarks that in counting the number of waves, great difficulty was fourd "JE not appear that sea waves-present any characteristic to distinguish %mﬁ rom
in following a single wave along this space. In fact, as we have already  other oscillating waves of the second order which I have experimentally ex~
shown, a wave will be often found to fall behind its expected place. amined, -

The resulting velocities got from Mr. Walker's experiments are very It also follows that these waves coincide with my obs
various. But on-taking out of the others all those which are mentioned by depth of water is the limit of the height of waves; see No.
Mr. Swm_w.ww. mmuwmis.m nmzmmmh o@ :%Wmamgqn I found those which remained 27 feet high, break in water of 5 H.ﬂ 6 fathoms.
very close to those given in Table XXI. : Howi that individual large waves ind, i

The following is the Table of observations on sea waves. S face o,m MWMM% MMM, uniformly mxvowmmmno the action of the wind, is hot a%q

Distance traversed about half a mile ; depth 40 to 50 feet. obvious, Thus much is plain—that if a wave, greater than those mn_ogw. 4,

. be generated by a local inequality of the wind, or by one of the Boﬁnmms on-
?%u which we know to be so common, S&. wave 4&: .vm increase WQ:.
: tnually by the presence of other waves coexisting wﬁ? it, for aﬁ%ﬂ ~n mwm
. other waves are crossing the top of this larger wave, they are suddenly e

posed to increased force by the obstruction they present to w\aﬂmmisgv and

ervations, that the
VIL, where waves

should ever arise in the sur-
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being cusped in form by the coincidence of the crests, they are in a posijy
of delicate equilibrium easily deranged; and the derangement producing,
breaking of the wave, the disintegrated fragments of the smaller wave g,
tached from it, leave it smaller, and increase by an equal quantity the g
nitude of the larger. ”

This exaggeration of an individual wave or group is increased by f]
phenomenon already noticed, that the velocity of wave transmission ny}
be very differert from the velocity of wave Dpropagation. A large waved]
the sea remaining in a state of much slower motion than the motion of waw]
transmission, being traversed by another series of different velocity, expos]
them successively on its summit to the increased action of the wind to dish3
tegration, thus making them tributary to its own further accumulation ; sudj
phenomena I have often noticed at sea ; the wave appears to over-run itself
and the wave behind seems to take its place and acquire the magnitude a
form it has appeared to lose ; but it is the same wave which remains behind,
and its motion is merely a deception, or rather it is as -explained in apr
ceding paragraph, . L S

The fipal destruction of the waves of the sea, as they expend their strengi}
and conclude their existence on the rocks and sands of the shore, is a subje: ]
of interesting study and observation. The sea-shore after & storm is a scetr
of great grandeur ; it presents an instance of the expenditure of gigantic]

forces, which impress the mind with the presence of elemental power as sub-

level ; and as formerly noticed, ‘“Em ww.uw,%%m:mﬁ.w%m <m_.wmu_wwmm MquMmMMM
- oht, the wave breaks, !
eight, »%.amnww W%% wﬂmﬁ?m part, filling up the hollow. Zmﬂ Mmqwm,“www
...Mm-nﬁwwammg;gn, if the vow:?% e.wa .M?mn %M«mﬂwﬁ%ﬂ% miwgm, ey
i ight, nd velocity, » by ur , exac
3 &mm_.w Bzmw‘.ﬁ%mwmrw%wﬁw Mww the <o~=w5 of »r.m one filling ﬁ_n rowmum
:w__u% nwn%m rise tosmooth water; but in approaching the shore the womamoz
ko mm..mwmm__ in height, and the result of this is, to leave the wcmzzm nm%coms
nwwum_w&ﬁamo?mu excess above the Emwﬁm. w<wmwﬂ.hhwm~www e ondlo
: it does not cease to travel, put1 e be
ade to WBMW%%%_MM Mrmwqu _amxgsamg (as it sometimes is *.8., a mile ﬁﬁﬂu%
rmw_o vwmpﬁnm.vqia if the waves be large), the whole inner po for, of
om mr is covered with positive waves of the first o.amb from mmboﬂmw ch
 oare. nm the second order have disappeared. This accounts ior : gwu -
enon o*. ‘breakers transporting shingle and wreck, and other subst: noes
Ea:oumo ifter a certain point; at a great distance from shore, Mu svom
onw_aﬁ mm»Wm deep and abrupt, the wave is of the second Edmw .s:«mur apw\
.wm__mawmﬁ. the surface is alternately carried mo__éﬁﬂw w:@www“mu €Mm2.ow the
es, neither'is the water affected to a great depth ; M Rovrsrle
; ’the whole action of the wave is inwards, and the force ﬂm_w nds to the
Mmmn of the water and stirs the shingle mhroamﬂ.wim : rmswmm ! Mwm vqwm_mmam
so of the mEm.mﬂo and sand near the margin of the shore wher

lime as the water-fall or the thunder. It is peculiarly instruetive to watch nerally run.” - e : : blin Bay after a
these waves as they near the shore: long before they reach the shore ther mn_ wm«ﬁ obiserved this most m.;,._w_nmq oNaB%wmmu %.u e WM.E% of wummwmnm
may be said to feel the bottom as the water becomes gradually more shallos. JE-& /1 . there is % locality @mocrwzu. favoura

waves above Kingston, where over an extent of mm«dﬁ% B%mm a&ﬂ%<wmwow”w,mmu
flat, sandy beach, varying in level very slightly and Sw uwv Waes odmuog
in from the deep sea are first broken when they %ﬁ@mm e hallow b
in the usual way { ‘they give off residuary waves, whie %Mm P tive; tiose
are wide asuhder from each other, are wholly positive, an e 5p C0 D
them, several times greater than the amplitude of the SM<W, M.“ M WM m_an faty
and in this condition they extend over wide areas an ravel 1o e nd
tances. These’ residuary positive waves evidently prove the existenc >y and
represent the amount of the excess of the positive wﬁ% mm M o

in the wind wave of the second order. See Plate XLIX. fig. 7.

sensible ; finally, the wave passes through the successive phases of cycloids
form, as in Plate LVI.,, and becoming higher and more pointed,. reaching the
limit of the cycloid, assumes a form of unstable -equilibrium, totters, become
crested with foam, breaks with great violence, and continuing to break,
gradually lessened in bulk until it ends in a fringed margin on the sea-shon.

But there are a variety of questions to be determined concerning this shor
wave or breaking surf. Why and how does it break? What happens aftr
it begins to break? What are the relative levels of the waves and of tir
water? What is the mean level of the sea, and what sort of waves ar
breakers ?

It is not at first obvious what form the mean level of the sea will assute
on a sloping beach sea-ward on which heavy breakers are rolling. It »
plainly not level ; the action of the wind is known to heap the water up on it 4
The impetus of the waves also must raise it to some height due to their v
locity and force. Hence the mean surface of the sea will form a slopt
upwards towards the sea-shore; and this slope will form a continual a
uniform current of water outwards towards the sea, except when it is direct)
opposed by the action of the wave in the opposite direction. )

There is a phenomenon of some importance in breaking waves, to which
T have directed attention ; it is this, that the wave of the second order .?..
appears, and that a wave of the first order takes its place. It is to be obsersex
as follows :—In waves breaking on a shore, I have observed a phanomenes
which is curious and not without importance, Theé wave of the second onk?
may disappear, and a wave of the first order take its place. The conditio®
in which I have noticed this pheenomenon are as follows. One of the com
mon sea waves, being of the second order, approaches the shore, cousisia
as usual of a negative or hollow part, and of a positive part elevated abore
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TasrLe XXI. .
Length, Period and Velocity of Transmission of Wawves of the Qmm&.& Orde E
rder, 3

A the length of the waves (observed) i .
_mu.u Mﬂm wmw.mog. of M.&w waves m: mmaommw. i fect w

e velocity of the waves in feet per second (b i ,M
D the velocity of the waves in feet per second, mhomwwuﬂwo%msaw

A, B. C. D. A. A, B. C. D. A
0-01| 053 -1889| 0-01 5 _
ol s | | mges| o 2G| Swrl o
oL 1oo| 2979 01 lo| rero 5975 0
03 | 290 1034 | 0:3 30| 390 | | 1081 »
03 | an4 1336 | 05 10| 384 1081 30
A 1 AR T
: . o 2 ; 1
12 | 579 2070 | 12 o | ¥ g 1589 0,
| fhEs || | pe| fmm) om
20 | 748 2672 | 20 | au| U6, B2 w0 7
22 | 781 2802 | 22 394 38 ww 3
d | 2097 | 24 . 37 [
2:65 | 862 | 3:01|3:075 | 2-65 me 1058 are 40 2
2:94| 907 | 8315|3240 | 294 wo | | -
800 -916 3973 | 3-00 500 | 11-83 e
§12| 934 | 32913338 | 31| 1,000 | 1670 a2 o
326 953 | 337 3411 | 36| 2000 | 2368 oI5| L .
8571000 | 3571357 | 357 3,000 | 290 1034 | 300
300|058 | 72| 3702 | 884) 4,000 | 334 195 | 4o :
S0 L008 | gy |STr8 | 400) 5000 | 374 || 18346 i B
418| 1005 | 3843909 | #18| 10000 | 529 1859 | w0ow| WE
Boliiir | oo | 430 oo | 18 | |2z | mon) BB
o 0 . o ’ H-a ) ! W.
500| 1163 | 4164223 | 500 40,000 | 105'8 Sra | o0
600  1:296 628 | 6:00(| 50,000 | 1183 4225 | 50000
6251328 | 462| 4724 | 625 100000 | 1670 5975 | 100,000
7 1-400 Muwww i o0 | aa0 13360 mce&cc

7 (11,000,000 | 5290 18890  [1,000,000 ;
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.-SgerioN [IL—WAVES OF THE Tairp ORDER.

Copillary Waves.

Character............ Gregarious.
Varieties .. oo vreene st Wogmm.
ree.
’ Pentate waves.
Instances.eeee-vaeess Zophyral waves.

Capillary Waves.—If the point of a slender rod or wire, being wet, be
inserted in a reservoir of water perfectly still, to a minute depth, say one-
tenth part of an inch below the surface of repose, it is known that the surface
of the water will visibly rise in the vicinity of this wire, being highest in the
immediate vicinity of the wire, and gradually diminishing until it cease to be
wnsible. I have examined-this elevation by reflected rays from the surface,
and I find that this elevated muss does not sensibly rise from the surface at
more than an inch distance from the centre of the rod, the rod itself being
one-sixteenth of an-inch in diameter. ,

This statical pheeriomenon belongs to a well-known class of phenomens,
which have been experimentally examined by many philosophers, and success-
fully explained by Dr. Thomas Young and Laplace, and recently investigated
very fully and completely by M. Poisson, in his profound work entitled, ¢ Nou-
velle Théorie de V' Action Capillaire, Paris,1831. An admirable Report on the
present state of our knowledge of the pheenomena of capillary attraction will
le found in the Transactions of the British Association, vol. ii. All that it is
necessary for my present purpose to advert to on this subject is, that the phee-
nomena of elevation of fluids by capillary attraction, are chiefly due to the
condition of tension of the superficial particles of the water under the influence
of a force acting on these superficial particles at insensible distances only, or
by physical contact or adhesion. These superficial particles form a chain, or
catenary, or lintearian curve, one end supported by the immediate adhesion

of one extremity to the solid body at 2 given height above the water, the
other end lying on the surface of the water, the underlying particles being
suspended immediately by their mutual adhesion to this superficial film.
M. Poisson especially has shown that « capillary phanomena are due to mole-
cular action, modified by a particular state of compression of the fluid at its
superficies.” I have been thus particular for the purpose not only of ex-
plaining my meaning in a future article, but also to justify a term which I
am desirous of introducing here as an expression not only convenient, but
also philosophically sound. 1 have called the phznomena noticed in this
section Caprllary Waves, because they appear to me to present themselves
exclusively in the thin superficial film which forms the bounding surface of
the free liquid, and which is already recognised in the known hydrostatical
phznomens, of capillary attraction, and which if I may be allowed, I will call
the capillary film. :
By capillary waves 1 therefore designate a class of hydrodynamical phee-
nomena, which exhibit themselves when particles of water are put in motion
under the action of such forces as when at rest produce the usual hydrosta-
tical capillary pheenomena. Let the slender rod already alluded to, as sup-
porting a capillary column, bounded by a concave surface of revolution, be
woved horizontally along the surface of the fluid with a velocity of ore foot
per second, and we shall have exhibited to us all the beautiful pheenomena re-
presented in Plate LVIL. In order to produce these pheenomena, it is only
necessary that the slender rod touch the surface without descending to any
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sensible depth; and the de ich i |
o H pth to which it deseerids in i
mnmmﬁwum« %MM:oﬁw:ou. I have called these vv&nvﬁgmz%mw”mﬂzm e
b saa H.&MN& aves—If the point of a rod sustaining a omwan_ww.smﬁ :
it mmmomamm%mam » 80 as to allow the capillary flm to remain eroﬁw -
Fraes Sonde an Eowmmﬁmm.apacﬁmw the capillary film an updulation M%Eﬁ .
dopen aif i every aﬁ.aoﬁou circular-wise, in a small group of mws i
b m_uuono?wmqwém which soon become insensible. Or if avery &M“M E.:
made to sustain M MWMM »MMWwEMwmnwwm m:i..mom oﬁwm e b fie %m:m%%
e 4 ! capillary film, and th it
. ?ﬂwm“nwm :w m.a%m of unsupported fluid, waves wmumzmwﬂomﬂmmow  vib
longer an mmgmmE o%mﬁ. visible, are short and narrow at first, and ._UE o
to ridge, and ab T, amw %mn about a quarter of an inch in mBE:wmm *.,nomcoa__.m u,
g 2,5 0 al o=~H alf a dozen in number, they become an inch in msﬁim.
bods oo when_they are last visible; their longevity. does n am -
e o _m.smm.»s seconds, and their visible range eight or ten feet. o eeed
shovwn 1y aber mHn.w\ %Hrmn 1 .am.m_msﬁm the free capillary waves ; ﬁ:.u. former ¢
g foroe, me I H._. Mm.m»Em under the continued influence of the nm‘ M 3
g fo mb.m SWA e omm ed the Jorced species of this order of wave. As w -
wm:ﬁ«um#&n ~_. e _M.E mma the Em;.m:om of the exciting body. ﬁpm. m o
they mEBm&mm.mw.m velocity ; but if the disturbing body be m_m&m% um% o
by 1o st e %ﬂ vaMbm _omow.s»am from the place where they ﬁme M: cma.
et %mm: » and becoming all of nearly equal breadth, move wcos .NM
P e & waves for twelve or ffteen seconds, at & Emo of 8} nehe
Forced Q ila 3 ] . ; o
o o ozmm«.mmww ; ry rvw\ae%.l.lh have already stated that if a slender od
etten .58 Six eenth of an inch in diameter, be inserted, after havin cq
et vw nio wnmmu in vaommv there will be raised all round this rod a co_msh M_m ;
I have stated %mmwwwm MWM.MM% %“%vmwﬂwm.. mm%w&cmﬁa fegure Hate L1 x
sido aboutan inen. forery ; erved by reflexion to extend on every
volution round Fw axis ow M%.wn.mmmmw%W@MNﬂM _wonzmmn 2 oo of
1

elevati s o
by waoouwmnﬂﬂ%uw”w and the outline of the capillary volume of fluid sustained
at fig. 3. At a <m~mm.8 be a mmﬁ..a of revolution, bécoming distorted as
volume has take ﬁmewm of about eight inches per second, the capillary
inch broad, is vi mE M ifurcate form, fig. 6, and a small wave, b b mwwsm_._
manifet m.wm. <%_ e .mmoud the disturbing point, and a ridge ua @, vwm ins to
second the m 1verging w_.,oj the disturbing body; at mvosm nm:ﬁ: %mm Jer
o the 1o MMH mo%Em EEEm&mnEez% three waves, ‘ el

being mgﬁ M% i aym first a, .gm the sum of the length of waves b and ¢,
rapidly in number. :%m - At higher velocities than this, the waves increase
into the form F&m&“ﬂh%—mﬂmﬂhﬁ%ﬁ:&@ .and extend out in length, spreading
wmﬂw Emmwn@. or of 12 inches per mmocm%war is formed at a velocity of 60 o
1. .H,Wm %m«mwcmmﬁ%. :.:w.m.gmm“ E.m following changes are to be observed :—
nominatine the “\:_Em. in mn%._sznm from ridge to ridge ; that is to say, de-
in mzoammmmi bef e mz which is the disturbing body ridge a, and the other
the direction om M_zw.» e point b ¢ d, &c. the first space.of an muow forward, in
foet per mimute % lon contains at a velocity of 12 inches per second, or 60
Bode: atns fut esides @, 3 ridges b ¢ d; at 65 feet. per second »,aamﬁ
bede .W and so os.ﬁoq Hmm_wosm n%wm are in ».?w first inch formed mws ridges
in the following Tables—r "5 O 1h¢ Fidges with:the velosity is giver

“ixteenth of an in
‘distances of 12 fee

fow, contained in each successive inch from
? f the motion of the wire. -
of the divergence of the first

ave from the path

- of divergence. -

the disturbing body being
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Distance, and Div

: Observi s on the Velotity,
0% o Third Order.

Column A contains the time in
ch in diameter,
t each ; each experiment bein

D, E, F are the number of complete waves,

formed in the direction o
G. The numbers in this column are measures

ire, and of course these numbers are tangents to

H contains th

See Plate LVIL

of the exciting wire, measure

377
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which the disturbing body, a wire of one-
was drawn with a uniform notion along
g frequently repeated.
B and C e the corresponding velocities of the disturbing body.
reckoning from hollow to hol-
the centre’of the disturbing

d at 25 inches behind that
the radius 25 for the angle

e angles deduced from the numbers in G.

Observations on the Capillary Wawves.

is in the focus, scarcely differs from a straig
velocity ; the divergence of the first wave

from that path at a given distance behind the
that the velocity of the wave,
of the free wave. This angl

by the velocity of the distur!

and form. But while I have found the num

is given in another column by an observation of the

the velocity of disturbance to the velocity of wave
The form of the wave ridges appears to be nearly that of
byperbolas, the exciting body being in the focus.

I have found the numbers given in columns C,
bing body, and quite independent of its size

A B. c. D. _ E. _ F.. | & H.
) . _ |No. of waves observed beforesi,, .. 7| Angle of crest
Time of | Velocity Velocity the disturbing body, angle to of firat wave aa,
describing | in feet | in feet radivs | With direction
18 fect, | por secs | Permini | o fiet fin second| in thiza | 25, | OF istiubing
ineh, | inch. | inch. i - bodies.
8. o
1. 12 1 60 "3 4 53 26 45
IL | 11 1 | 65 4 5 6 | 21 40
.| 1o 1% | 72 5 6 7 | 17 34
Iv. 9 13 | 80 6 7 14 29
V. 8 | 14 | 90 7 {8 11 24
Vi 7 1.1% | 103 8 9. 20
VIL 6 2 |120 9 8 18 .
VIII. 5 21 | 132 7 ‘
IX. 4 3 180 ‘6
The crowding of the ridges is fiot the only phanomenon that accompanies
the first wave, that whose ridge

the increase of velocity of the moving point ;
ht line, and the angle which it

makes with the path of the disturbing point, diminishes with the intrease of
from the path of the exciting body

distance. of the wave

body. These numbers show

taken at right angles to the ridge, is nearly that
e therefore becomes an index of the relation of

propagation. :
agroup of confocal

D and E, to be determined

ber of ridges in an inch at a

given velocity to be thus invariable, I have not found the number of inches
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over which these vibrations range to be equally invariable. At a velogy

100 feet per minute, they may sometimes be observed advancing only g,
the first two inches before the point ; then suddenly the vibrations will Spred
out, not increasing in magnitude but in number to thirty or forty, extendy,
along many inches in advance of the disturbing point, and covering te;
twelve square feet with an extension of the representation

in Plate LVI], T,
suddenly without apparent cause, they will subside and become visible oty 3
as a thin narrow belt,

comprising the two or three waves nearest the dist
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Tasre XXIIL :
the Divergence due to given Velocities of -

: Genesis.
v in inches t:

: is the constant measure in inches

ém__u_waw_aﬁm figure ; the adjacent column is

3 in inches per second.
Mc__caz b is the length

omparison. QA Eiperiments on

aken along the path of gene-
the velocity of genesis along

AC, .,Bmwwﬁmm by observation in a &8&@: ,u.,n.

urh. e e
ing body, and as suddenly will again spread out over the surface of the way § sht angles t0 A B. easure b, and the adjacent
The vau of this beautiful symmetrical system of confocal hyperbolas i, § .Oo__EmE 1§ the length of 2 deduced from the m s

pheenomenon not inferior in beau
by polarising crystals.
to do with the extent an
loading at a few points
gation of these waves,
I have not found that
of these waves,

It is perhaps of importance to state that when these forced waves wen :
being generated, I have suddenly stopped or withdrawn the disturbing poin, -
that the first wave immediately sprang back from the others, showing that
had been in a state of compression—that the ridges became parallel, and

moving on at the rate of 8L inches per second, disappeared in about |2
seconds.

ty to some of the exquisite fi
I have found that the purity of the
d range of this phaenomenon; thata
the capillary film was sufficient to d
and prevent their distribution over.
the agitation of the water at all affe

water had myg
ny small particls ;
erange the prop

in which the divergence of the ridge passes through th

he annexed diagram. = A B is the path e
disturbance, the disturbing point being in B; a rod B A is 25 inches long
B C is the diverging wave rid
the point A, 25 inches behin
wave from A along A C,

d B, on which are observed the distance of the
registered in Col. 6, Table XXIIT.

A

If a body move with a given velocity along a
known line A B, the side A C being measured at
right angles to the line of direction A B, and
cutting, in C, the line B C which represents the
ridge of the wave proceeding from the moving
body B; it is required to find the velocity of the
wave in the line A D perpendicular to its ridge.

c
sinAxbd,
Ve + Pl
sinBxe
. sinD °
hence, the time being the same as that in which A B is described, the v¢-
locity is at once obtained.

.Table L. contains some observations which wers made with a view to the
investigation of the ratio subsisting between these velocities. The sides and
angles are indicated by the same letters which are uséd in the diagram.

¢, its velocity, and & being given ; a, its velocity, and B were calculated b}
means of the preceding formulee,

As the triangle A B C is right-angled, sin B=

and since the triangle A BDis right-angled, 2=

gures exhibiid §

a wide range; by
cted the formati

ge; a graduated rod A C projects from ABa -

shows the corresponding deduced velocity of the s‘gm at right gmwmm
umn ngle

its ridge.

y these ‘observations.,
Column B

. § . b .
shows the angles of divergence given e B obtained from
4 o ! numbers eounmmmozg.sm to b a > s b
Column a vnmamuw am.“.wméﬁocmﬂ of the wave in a m:.mon:w: ﬁmﬂmwm Wﬂmﬁm,\ M
; mwmﬁwnmﬁwm constant and precisely equal n% w.rm a%_,mmwm.wowb @ M:@ B wer m
0 : 1" n :
o : . The deviations o an|
M_N.. MM mmmrmw me:wﬂ%”wﬂ of the fluid produced by the apparatus mEE@m@

iefly

in mm:mmmm.

o fminches b | o jRRSR
[«] ri " o rd "
. 45 0 0
_ 67| 849 | 45 0 0250
21 n m;w 837 | 40 0 1| 2160|4049 mm
> 144 17 14-05| 810 | 3413 7 1827 ww 2 53
B 1 160! 14 |1216] 779 | 20 7 46 | 1567 a2 528
2 ) 180! 11 | 1003| 798 | 23 42 55 | 1338 g3
» 206 9 844! 698 | 19 44 43 11-31 ww A
2ol 8 | 761| 731 |17 4322 | 946|2
Ww 7 674 15 38 35
25 6 | 583 13 29 44

st alont
Various considerations induced the acceptance of a constant velocity along

by ! p . Joci
°5 i d. The deviations from it in the increasing veloc:
rof 8 mmmm rwmwmmwmmmom. the distarbance of the fluid by %mu emoa_w.w._mﬁ,. pﬂwﬂw-aﬂw
:mm Eﬁ.Mmmm m.% that instance employed as most ooE.SEmE. wb m.# pesus ‘m.s
m mmawm values of b were calculated by the following formula an m..,w@, ced n
n__wma column &', and the values of the angle B found in this manner .

under B/,

. sinDxa
In the triangle A BD, sin B=—7"—; )
sin D xa= )
whence in the triangle A CD, 6= e

id, i be nommmm::w in cal-
en said, it follows that there can )

SMMMM Mﬁ»ﬁ%mﬂ@o& a vomw. or current from the divergence of the capillary
.«pwwn b represent the amount of divergence per foot, the ..mEM Mw %Wwowﬁ
foot will be described, and consequently the velocity vmm.mmomm ; can be ob
tained by the formule which were first given; thus, fin .:wm e : mv h of m
and its w.mwoo:% being known, the absolute time occupied can .uum e be
found, which time is that in which wrmmﬁoﬁum .‘WEMW Mﬂﬂwﬂ%ﬁm&%w i
Table II., columns A, B, contain the divergence
inches wm.u foot, and m&m woﬁm%ob&sm velocity in inches per second.
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Tasie XXIV,

For determining the Velocity of Currents or Ee.%.a% Bodies by. Observay,
e

Q..Es.%@g%.
Column A gives the divergence from the
point.

Column B

along the direction of the stream or the path of the disturbing point

” umn ” nuuu&mz—-w HFW m_.nwm.u.mv ~: Gr H~..—ma € Obser mﬂu at Hﬁﬁr zum Wave
vmmmmm Om *m om n—w@ Q“—w‘nﬁn —Unﬁ-m muo.—ﬁ.ﬂv m.ﬂg mnemw m ﬁmmﬁmmm its Amnqmn.mmﬁﬂm ‘.w.cs

the direction of the stream
Column D
angles in C,

A or the path of : -} A
gives the velocity path of the disturbing point.

A, B. :Co o} D
12 | 120 | 60, - )

11 | 1262 | 55 Hw.ww,
10 | 1349 | 50 | 11-09
9 | 16| 45 | 1202
8 | 1538 | 40 | 1392
170 | 35 | 1482

6 1 1908 | 80 | 170
6 | 2210 | 25 | 2012
4 | 270 | 2 24-85
8 | 3513 | 15 | 3984
2 | 5177 10 | 4894
1 102383 | 5] 9751
1 4 48710

When t - e .
the mn:mawmmmmmm m&. Mwe.mwmms.aa 1s given, the process is facilitated, as one of
that angle ; in .HmEM Em wwwwwcm mm.mm has for its sole object %mvm:&:m of
second correspondin to the o1 8 Ly L, contain the velocities in inches per
Waves of 4 i ._m e given angle of divergence. :
first to have _gmwﬂ ”ﬂ.%mmmzvco: with those I have here examined, appear
experiments made _uo Wc.m by M. Poncelet, in the course of thé valuable
< Mémoire sur In dépense He oL L€8br0s, which are published in their
mensions présenté ,r_msmm es orifices rectangulaires -verticaux a grandes di-
Ing zoaw@ e MH a “>8ams_m wowm_o,mmwmm&muam@. 16th November, 1829.
 Sur quelques ph 1e ,\w,uuamm de .OEBmm et de Physique,’ vol. xlvi ,umm_
ou en Sozwmsmm mno:__mzmw\ produits 4 la surface libre des fluides, en 8_§“
plongés, et spéel nm par la présence des corps solides qui y sont Ezmuo: moins
wmm:_ammﬂ » wm wm QE_WE sur les ondulations et les rides permanentes gui e
i Ho__.mmz.oz. wozwom Ma m_<mm the *_ozo.smnm deseription of the phenomena
une substance mc__o%* o m~ Sgérement Iextrémité d'une tige fine, formée par
bien réglé ou co nm quelconque, de la surface supérieure d’un courant d'eau
rides ?.omBEoi:w o, 31, e Jorme aussitdt  cette surface une quantité de
et du fluide, of wmv mu<&oﬁwmi de nw:nmm parts le point de contact de la tigr
m,mnaiowwmm&muﬂ %mmunmnn l'aspect d’une série decourbes paraboliques qui
grand axe oossswm .“_Mm _M\w ww?mmv et auraient pour axe de symmétrie, ou pour
dans le sens méme du courens 20t par le poit dont il s'agit, et dirigér
occupe le sommet de 1 urant en ce point. L'extrémité inférieure de la tige
limite commun 3 & M ,wm premi€re parabole intérieure, qui sert comme de
infini. ot oll outes les autres ; le nombre des rides parait d'ailleurs étr
’ es sont disposées entre elles A des intervalles distinets qui croissent

righ vergence > path of disturb
ght angles to the path, in inches per foot of &mﬁaomsmow“ow% Mwwnﬁ;z
. g

gives the corresponding velocity in inches Per second, measure]

in inches per second corresponding to the

( ON WAYES..; . B8k

leur distance au point du contact « « 4 . . - les: rides sont. parfaitement
mobiles et invariables de forme tant que 'état de repos de la tige et de
uvement du courant n'est pas changé; de plus, au lieu de persister plus ou
ins aprés que cette tige a été enlevée, le @rmnoﬂm\uw &%E.m; brusque-
nt, et A linstant ol le liquide abandonne 'extrémité E*.mzmﬁ.m de la tige,
aquelle il n'est plus retenue vérs la fin qu'en vertu de 'adhérence......
g phénomene sopere essentiellement 2 la surface supérieure du fluide:
«......quand le courant se trouve limité per des

A pairois plus ou moin¥
isines de la tige, et paralldles & la' direction ‘générale’ des: filets fluides, le
énomeéne des tides se reproduit de la méme ‘maniére et avec ‘des circon-
tances sensiblement identiques & celles qui auraient liew si ces’parois p'exist<
sient pas, ou si la masse du fluide était indéfinie ; c'est-a-dire quela @mmwoﬁ.,
on, la forme et les dimensions des rides zont mmamimam:e Fm..imﬂimmm w‘,dn_._m
firés qu'elles se trouvent brusquement coupées ou interrompues par les parois
solides qui limitent le courant comme on le voit représenté, sans éprouver
daillenrs aucune sorte d'inflexion, de déviation ou de réflexion j Yaction de
I paroi n'ayant d'autre effet ici que de soulever, al'ordiriaire la surface géné-
rile du niveau du fiuide ... .11, ... l¢ phénoméne des rides se manifeste
fgalement 3 'entour des corps de dimensions plus oy moins grandes, si ce n'est
© que ces rides s'étendent plus au loin, sont plus larges, plus saillantes; et forment
ar conséquent des courbes moins déliées et moins distinctes . .. .. . soif que
%e: considére les ondulations dans un méme profil, soit que Y'on considere
les ondulations qui se correspond dans des profils différens ou qui appartien-
nent aux mémes rides l'amplitude de ces ondulations; ¢'est-a-dire leur hauteur
verticale sera autant moindre, et Vintervalle qui les sépare d’autatit plus grand,
que les points auxquels elles appartiennent se trouveront plus éloignés ... ..
ves différens systémes se superposent exactement aux points de leur rencontres
mutuelles sans que leur forme soit aucunement altérée . . . . . I'exemen attentif
de ces changemens de forme et de position des rides produites & la surface
d'un courant quelconque par la presence d'un point fine, serait done trés-propre
A faire juger, au simple coup d'ceil, de I'état méme du mouvement en chacun
des points de cette surface, et pour chacun des instants successifs ol P'on
viendrait Yobserver . . . . mais cela suppose qu'on a fait 4 I'avance ; une étude
beaucoup trop compliquée et trop délicate pour que ‘nous ayons pu jusqu*iei
nous en oceuper. . . . . on trouve, 1° que les rides sont impereeptibles quand
sa vitesse est moyennement au dessous de 25 c. per seconde; 2% qu'elles sont
d'autant plus déljées d’autant plus distinctes que la vitesse est plus grande;
4°, que le nombre des rides se multiplie aussi & mesure que la vitesse du cou-
rant augmente, surtout aux environs du point du contact de la tige; 49, que
les longues branches des ridesse réservent de plus en plus.. .. quand la vitesse
surpasse 5 ou 6 métres les differens rides paraissent se réduire a uneseule....
ce phénomeéne est telle (in standing water) quon croirait, volontiers que le
déplacement de la tige n'a d’autre effet que de pousser les rides en avant
delle et d'un mouvement commun sur la surface immobpile.” o
These are mere points of difference between these observations and my
own, which I am disposed to attribute to the peculiarities of condition in
which the observations of M. Poncelet were made. His observations appear
chiefly to have been made in currents, where it was of course impossible to
secure uniformity of motion aver the whole surface. - .

*
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Secrion IV.—Waves or tue Fourta OrpEr, '

The Corpuscular Wave.

The Sound Wave of Water.
This order of wave I have denominated the corpuscular wave,

observation, and it is only by mathematical a priort investigation and ing;.

rect deductions from phenomena, that we come to recognise its existence a,

a true physical wave. The motions by which it is propagated are so minute,
that it is only by supposing a change in the form of the molecules of the liquid,
or of their density, if conceived to be in contact, or an instantaneous and
infinitesimal change in the minute distances of the molecules from each other,
that the existence of such a wave can be conceived to be possible.

I have not examined this wave by any experiments of my own, and indeed
I find that labour to be perfectly unnecessary, for there has been kindly
transmitted to me by M. Colladon, a communication of his to the Academy
of Scienges, which has been printed in'the fifth volume of the < Mémoires des
Savans Etrangéres,’ in which there is given in great detail, an account of a
complete and most satisfactory determination of the elements of this question.

Newton’s approximate determination of the velocity of sound in the at-
mosphere was followed by that of Dr. Young and M. Laplace, who effected
a similar approximation for water and other liquids, and finally the complete
solution was satisfactorily given by M. Poisson, the velocity being determined
both for solids and liquids by the formula

Pk

D m..

where D is the density of the substance, % the length of a given column, and
& the small diminution of length caused by a given pressure P.

For the determination of the velocity.of the sound wave in water, MM.
Colladon and Sturm undertook a series of experiments on the compression
of liquids, conducted with very ingenious apparatus, and observed and dis-
cussed with much accuracy; by this means they obtained_values for the
quantities P, & and &, from which the velocity of sound should be theoretically
determined. '

They obtained for the water of the lake of Geneva gm,mczcsim quan-
tities :—

==

Assuming D=1, %2=1,000,000,
they found £=4866,
and P=(0"76).9.m=(0"76).(98088 ).(18,544),
whence ¢=1437-8 métyes, S

being the theoretical velocity per second of the sound wave in water.
A very elegant apparatus was next employed for the direct determination
by experiment of the truth of ‘this result. ~Two stations were taken on the
lake of Geneva, the mean depth of water lying between them being about se-
venty fathoms, and the distance between the stations was ow..m?:%.amnmwa___l
to be 13,487 métres, or 14,833 yards, about eight miles and a half, lying ?,_.
tween the towns Rolle and Thonon. At one end of this station a large bel
was suspended at a depth of five or six fathoms below the surface A.;. the
water, and struck by mechanism so contrived, as at the instant of striking t
explode a small quantity of gunpowder, and so indicate (during a dark night)

y ave because the
motions by which it is propagated are so minute as to escape altogether direc; 2
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,, i i i which ‘the ‘bell was struck.
ver, eight miles off, the instant at w ) tru
%_ W Moﬂﬂﬂwuism &mmaomu, heard by a sort of mgm»Emea lowered in ‘the
, i e.
ther end, and so the observations ma , .
v mwuwww cmEm ooouavwmm. in propagating the sound from one mapsom%o
d_m.ﬁ. as thus determined, was nine seconds ws.n a half, or Ecﬂm precisely
%.M Mmacs%“ giving for the velocity of sound by direct experimen
1 , 13487
o 94
(e actual velocity of the sound wave thus being .wo::@ to di

ical by not three métres per second. . o
n_%nwsmmgw« of transmission of the wave of the fourth order in water is

",, i d; being about one-
E \Lcrefore in English measure about 1580 yards per second, ] 1 .
3 wﬁmm_mw.wmﬁ%&mrg the velocity of sound through the atmosphere.

e==

=1435 métres, ‘ R
iffer from the

- DESCRIPTION OF THE PLATES.
o Puate XLVIL | .,
Genesis and Mechanism of the Wave of Translation.—Order I.

i han-

L Fig. 1. sis by impulsion—A. X is the bottom c.m. a long .amo»msmam—_m

E —._m_.m# m:mwﬂz“@rﬁﬁ%. to a uniform depth; P a ﬁr:_, plate asmwzmwn @méwwmm

L in the fluid and fitting the internal surface of the channe P Huum W i
forward from A towards X through the successive positions b, *.mmr m,mnm..”
P,, and heaping up the water before it generates a wave o<< MZ ot
order W,, W,, which is transmitted along »r.m channel as mnﬂ..ﬂ o ﬁmﬁ
W,, &¢., being transmitted with uniform velocity as a m«wg m_o itary s
and leaving the water behind it in repose at the. original mMm r sweable

tig. 2. Genesis by a column of fluid—In the same channel t me able

plate P, is fixed so as with the end and sides of the o.wm_E& to Wﬁb al,.mow
voir A G- P,, containing a column of water G W, umum& m.dmg the mw ace
of repose of the water in the channel. P, is-suddenly raised as we Hum and.
P,; the column descends, presses forward the column anterior to ..3&.
raises the surface, generating a wave of translation, which is transmi ted
along the channel as before. After genesis the volume g, u.mvom%m *.059 e
level g,, the water in the channel having been s.mum_ﬁ.mn forwards HW el
to kk; every particle of water in the channel has during the transm ton
of the wave been translated towards X through a horizontal distance wm

to P4 : v )

Fig. % Genesis by protrusion of a solid—L, is a solid mamwo_immmmm mwm Hm%m ,
of the channel, its inferior surface slightly immersed in the fluid. Lols
suddenly detached, descends, displaces the adjacent flnid, and genera
wave of translation as in the foregoing methods. <o

ig. 4 exhibits the phanomena of genesis, transmission and regenesis,
reflexion .of yave of translation. . )

Fig. munm_mwmmm»..ﬁ“wwsmo&, diagrams the motions of individual wave gg:ﬂhm
during wave . transmission. - The first diagram nmwammmﬁm. by arrows e
simultaneous motions of the particles in different portions of the same n.M.BWm
at successive points in its length. At the front of the wave ?.m %w _oqm.
% ¢, ¢, g, taken at equal depths below the surface, are at rest. r.mméma -
length is divided into ten equal parts: at the first the motion —Mu ¢ :M y owo

wards, and very slightly forwards ; at the second, less upwards and m

s

&
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wo;.,ma.m ; at the third, still less upwards and still more forwards, and s, ou:
the inclination of the path diminishing to the middle of the wave, where the
velocity is greatest and the direction quite horizontal. Behind this part of

the wave the particles are to_be seen descending more and more with
motion gradually retarded, and at the hinder extremity of the wave they

are in repose, as at the front. These motions of the particles of water an
rendered visible by minute particles of any kind mixed with the water 4y

nearly of the same specific gravity. Such are the simultaneous motions f :

the successive particles at different stations along the same wave, as ob.
served in a channel by glass windows placed in the sides and carefully gra.
duated in small squares for the purpose of observation, the side of the chan.
nel opposite to the window being similarly graduated. The-second diagran
represents the paths of four particles described during the whole period of
transmission of a wave. The wave is transmitted from A towards X. The
anterior extremity of the wave finds one particle at @ and carries it for-.
ward through an ellipse to b, where it is left by the end of the wave: the
same wave translates the particle ¢ vertically below @ through its elliptical
path and leaves it at d vertically below 5, and in like, manner e and g are
transferred to fand 4. All these paths are semi-ellipses (as nearly as it is
possible to observe them), and are of the same major axis; but the semi-
minor axis is at the surface equal to the height of the wave-crest, and di.
minishes with the distance from the bottom of. the channel, where it is nil.
The third diagram exhibits the pheenomena of vertical sections during wave
transmission : small globules of greater specific gravity than water are sus-
pended at different depths by means of-long slender stalks of less specific
gravity. These globules are arranged while the water is in repose, in ver-
tical planes at equal distances along the fluid. These vertieal planes are.
by transmitting the wave, made to approach each other, but still retaining
their verticality withont sensible disturbance, At the middle of the wave-
length they are brought closest, and at the hinder extremity they recede and
settle down at their original depth, The fourth diagram shows the change
of the position of points in the same horizontal planes during wave transmis-
sion, particles vertieally equidistant in repose remaining equidistant during
wave transmission. B .

Fig. 6. Genesis of compound waves.—The first diagram represents the genr-
sis by a large low column of fluid of a compound or double wave of the
first order, which immediately breaks down by spontaneous analysis iute
two, the greater moving faster and altogether leaving the. smaller. The
second diagram represents the genesis by a high small column of fluid of a
positive and umwmmsw wave, which soon separate, the positive waye travel:
ling more rapidly, leaving altogether the residuary negative wave. The
negative wave is further noticed in another Plate. ~ W, is the positive and
w1l the residuary positive or negative wave as generated, W,andw,
represent them separated by propagation. Do

Pratg XLVIIL'
Discussion of Observations on the Velocity of Waves—Order L.

Fig. 1. Comparison of the observations marked by stars with the formula B.
indicated by the parabola A B, of which A X is the axis, parallel to which
are measured abscissee L, IL, III, &c., representing the depth of the
fluid in inches, the corresponding velocities being E@uﬁmwg by ordinates
Al, A2, A3, AY, &c. at right angles to A X, The manper in which th
curve passes through among the stars, shows the close approximation of
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the results of individual experiments to the formula B adopted to represent
them. These are taken from the Table V. . :
Fig. 2 exhibits a similar comparison for waves of a larger size than the former.
See Table IV, ;
Figs. 8 and 4 show a comparison with the observations, marked by stars as
before, with formulee proposed by Mr. Airy, shown as dots connected by
dotted lines, and with the formulee employed by the author, shown by a
continuous black line AB. The eye at once decides whether the black
line or the dots and dotted line most nearly coincides with the stars. See
Tables VI. and VIIL.
Fie. 5 exhibits a similar comparison of the velocity of negative waves, as ob-
served in a rectangular channel along A B, and in a triangular channel as
shown along A B/, The stars show that the velocity falls below that which
the formulee would assign as due to the depth, especially in the triangular
channel. See Tables XI. and XIIL
Fig. 6 exhibits the general results of experiments on velocity ; the horizontal
spaces indicate depths of five inches to each, and the velocities in per
second are represented by the vertical spaces which represent each the ve-
locity of one foot per second in transmission of the wave. A B is the line
of the formula for a rectangular channel, see Table 1IL.; and A B'for a
triangular channel, see Table XV,
Fig. 7. A X is the surface of water four inches deep ; B X represents the suc-
cessive heights of a wave as referred to in Table II.

: Prare XLIX..
b Rediscussion of the Experiments on Velocity.— By the Method of Curves.

Fie. 1. BC, DE, FG, &c. are lines drawn by the eye through the observa-
tions of heights of waves shown by the stars; similar lines were drawn
-through the .corresponding observations of velocity. These waves were
taken as representing the experiments cleared of errors of observation ;
they were then collected and laid down in fig. 2. .

Fig. 2. AB is the line given by the formulee employed by the author to re-
present the velocity of the wave of the first order; the stars are the ob-
ch\mnenm freed in some measure from errors of observation as described
above,

&

Prate XLIX. (continued.)

Effects of Form of Channel on the Wave—Order L.

.<e.8al~: a rectangular channel on a level plane the crest of the wave is
horizontal line, parallel to the bottom.

1¢. 8. The section across a channel ; -@ w the surface of the water in repose;
4d=4 inches; w e=1 inch; A @ the height of the wave-crest=1%
inch; B w the height on the shallow side = 2L inches.

B 4. A B d the cross section of a triangular channel, A B the erest of the
ave, a w the level of the water in repose; the angle A d B=90°.

. 5. Bed a slope .of 1 in 8, being the cross section of a channel cdf;
A B the crest of the wave breaking on the sides, where the height of the
. "ave becomes equal to the depth of the water.

-5 6 Cross section of another form of channel.

1 eq eﬁg :sea~beach near Kingstown and Dublin. Common sea waves,
. :p— o Wg, W,, W,, W, break on the ridge d, where, their height is
».ma: to the depth of the still water. They generate small waves of the
ae .t OTder, wy, w,, wy, w,, w,, &c., which are propagated through the-still,
. 2c¢
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shallow water to great distances, and the intervals between them are |

level and in repose.
Prate L.

Waves of the First Order—Drawn by themselves.

These eight waves are of the natural size, being mere franseripts of the ou.
line of a wave left on a dry surface. The four lower outlines in thePly,
were obtained by inserting a dry surface, moved horizontally with a u.
form velocity equal to that of the wave, and instantly removing it. Ti|
moist outline left by the wave was copied on tracing paper, and transferr
without change to the copper-plate. Another method produced the fu
upper outlines, which were obtained by passing under the wave to be o}
served another wave transmitted in the opposite direction. These outliy
are not therefore to be regarded as copies of a wave, but as transeripts
the outline left by the passage of one wave over another; the crests of boi
deseribe horizontal straight lines on the side of the channel, but as even
point of one may be regarded as passing over the crest of the other, ther
is a moist outline left on the side of the channel at the crossing, whia
outline is simply transferred to the copper, as in the four upper wawe
Where a dotted line occurs a blank was left in the outline, which is fill«
up by, the eye. The depth of the water was 2 inches, and the paruls
lines'in the figure are at 1 inch apart and serve as a scale.

Prare LI

These waves are taken in the same manner, but have been reduced from ti«
original outlines to a smaller scale—smaller than the original in the raw
of 2 to 3. The horizontal lines are £rds of an inch apart, which represcn!
an inch on the full size. The four lowest are taken from waves in wate
2 inches deep on a sloping beach, parallel to g X, X, /X and m X, viz
an inclination of 1 in 12. The four next are imperfect or compound wavo.
taken from the outline left by passing another in the opposite directio:
The two highest are taken in the same way, one of them in the act«
breaking. .

Prate LIL
The Wave of the First Order.

Fig. 1 represents the genesis of a compound wave by impulsion of the pl]
with a variable force and velocity, which variations have produced con}
sponding variations on the wave form. After propagation the wave breai
down by spontaneous analysis ; the higher part moves forward, as shor]
by the dotted line, and ultimately leaves the rest behind, so that after e
lapse of a considerable period the compeund wave is resolved into singd
separate waves, each moving with the velocity due to the depth.

Fig. 2 represents the phenomena resulting from genesis by a long, lov
Tumn of water. Instead of genesis of a compound wave, as in the for®
case of impulsion, the added mass sends off a series of single waves, the e%,
being the greatest: these however do not remain together, but speed
separate, as shown in the dotted lines, and become the further %%%
longer they travel. ,

Figs. 3, 4, 5 and 6 give geometrical approximations to the represen
the wave form and pheenomena. In fig. 3, d D d is the length of
wave divided into ten equal parts; ¢ d is equal to. the height of th
on which a circle is described, and of which the circumference mm.%w,
vided into ten equal parts. Through these equal divisions of the circk ¥

Fi
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Jrawn horizontal lines, which are intersected by vertical lines from each of
the divisions of the straight line d d; as shown in the figure. A continuous
line, passing through these points of intersection, has for its vertieal ordi-
nates the versed sines of the arcs of the circle, while its abscisse are pro-
portional to the arcs themselves. Such a line is the curve of versed sines,
and gives a first approximation to the form of the wave of the first order.
<. 4 gives a second approximation to the form and the representation of -
the pheenomena of the wave of the first order. A D d is taken equal to
the length of the wave in the first approximation == 6'28 times the depth
of the fluid in repose; on d ¢ = the height of the wave, a circle is de-
seribed and divided into equal arcs as formerly, and thus a dotted line,
A Cd, is formed as before, being the first approximation to the wave form.
These equal ares being taken to represent equal times, the versed sines
also represent the rise and fall of the surface of the wave during equal
successive intervals of time. But hitherto we have neglected the motion

" of translation, the horizontal transference of each vertical column of fluid

in the direction of wave transmission simultaneous with the vertical motion.

Take the length A to A/, such that A A' X A B shall = .W\..H:Hm volume

of water generating the wave divided by the breadth of the fluid. This
length, A B, in a small wave will be about three times the height of the
wave. Take A A'as the major axis of an ellipse, of which the minor axis
is C D or ed, the height of the wave. Let the horizontal lines through

. the equal arcs of the small circle ¢d be extended to pass through the el-

lipse A A', and from the points of division let fall perpendiculars on A A’

~on the points 1, 2, 3, 4, 5, 6, 7, 8, 9, then the lines on the axis A A/, viz,

Al, > 2, A3, A4, A5, A6, A7, A8 A9, A A'represent the amount
of horizontal transference effected during the same time, in which a given
particle on the surface is rising and falling through the versed sines of the
equal ares, viz. d1,d2,d3,d4,d5,d6,d7,d8,d9,dd. Let us now
eflect this horizontal transference on each point of the surface on the first
wave A Cd, by advancing the point | horizontally through a distance
cqual to A 1; 2 through a distance A 2; 3 through a distance a 3, and so
ou, and we shall get a curve A' C'd, which closely represents the form of
the wave, and also its pheenomena of horizontal translation = throughout
the whole depth to A1, A2, A8, A4, A5, &e.

g. 5 is obtained in the same way as fig. 4, only for a larger wave ; where
the height is nearly equal to the depth of the fluid, the ellipse is nearly a
emicircle. The same ellipse represents also the absolute path of a particle

- on the surface during wave transmission. Ellipses of the same major axes,

but having their minor axes diminishing with their distance from the bot-

“tom of the channel, will represent the simultaneous motions of particles

below the surface.
12, 6 mros.m a single particle path, and three successive positions of the
“wave outline in regard to it. The figures 1, 2, 3, 4, 5, &c., give the si-
.,5=_S=momm positions of the particle referred to the wave surface, and the
: Mam particle referred to the path of the particle. When at 1, 2, 8, 4, 5,
: . ¢ in the orbit, the particle is also at 1, 2, 8, 4, 5, &c. int the wave sur~
-face.  Thus the points which succeed each other towards the right on the
-Path, succeed towards the left on the wave form. o
m_,m_.q and 8 represent the genesis of the negative wave of the first or-
‘c.:. *mw solid Q2 reposes ms.mmmsamg in the fluid, and is suddenly raised.
ool Oflt. A megative wave is generated and propagated along the chan-
¢, as W1in figs. 8, 9 and 10. This negative wave of the first order,
2¢2
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if it encounter a positive wave of the first order, of equal volume, do
not pass over it, but they neutralize each other and are annihilated.
unequal, their difference, positive or negative, alone remains, and is pro-
pagated as a wave of the first order.

Figs. 9 and 10 record observations, showing that although the negativ.
wave is in its own order solitary, yet that its existence is the cause of ge-
nesis of a group of gregarious waves, or waves of oscillation of the second
order; W1 is a negative wave of the first order: W 1, W2, W3, &
are all waves of the second order. The curved arrows in fig. 9 show th.
semi-elliptical path of the particles during the transmission of the negativ.
wave. After which, during the transmission of the waves of the second
order, the particles describe circles, continually diminishing in diameter a:
the waves gradually subside. -

Prate LIIL.

Waves of the First Order.—Reflexion, Non-reflexion and Lateral
Accumulation.

In this Plate a wave of the first order, W, R, is represented as incident upou
a vertical plane surface immovable at R ; ¢. e. the ridge of the wave forms
a given angle R, W A.  After impact at R the wave is reflected, so tha
the angle of reflexion is equal to the angle of incidence ; and when the
angle of direction of transmission is great (¢.e. when the angle of the ridge
with the surface is small, not greater than 30°), the reflexion is complete
in angle and in quantity. When the angle of direction of transmissivi
diminishes (4.e. when the ridge of the wave makes an angle greater tha
30°), the angle of reflexion is still equal to the angle of incidence, but the
reflected wave is less in quantity than the incident wave. The magnitude
of the reflected wave diminishes as the angle of incidence diminishes, unti
at length, when the angle of the ridge of the wave is within 15° or 20° of
being perpendicular to the plane, reflexion ceases, the size of the wave near
the point of incidence and its velocity rapidly increases, and it moves for-
ward rapidly with a high crest at right angles to the resisting surface.
Thus at different angles we have the pheenomena of total reflexion, partial
reflexion, and non-reflexion and lateral accumulation; pheenomena analo-
gous in name, but dissimilar in condition from the reflexion of heights, &c.

Prarte LIV.
Lateral Diffusion of the Wave of Translation round an Awxis.

Figs. 1, 2, 3 and 4 represent a large rectangular reservoir of water filled to
an uniform depth with water. It is 20 feet square. From a chamber {
in one corner a wave of the first order was transmitted in the directios
W1, W2; and the observations made which appear in the figures.

In fig. 4 the aspect of the phzenomenon is represented. The wave is props
gated in the direction of original propagation, which we shall call its axi
with a gradual diminution of its height according to the length of its path
along the axis. The observations are probably not yet sufficiently nun
rous to determine accurately the law of diminution. From this axis the
wave spreads on every side. At right angles to the axis of propagation the
height of the wave is scarcely sensible, and the diminution of magnitude #
very rapid as the line of direction diverges from the axis, The wav'#
also propagated faster in the direction of the primary axis than inany othet
direction, so that the wave-crest is elliptic and elongated in that directi®

In fig. 3 the heights of a wave are marked by lines. Each line along W #

Ry

S,

g
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and W 2 w represents one-tenth of an inch in height of the wave; so that
the height of the wave is indicated to the eye by the number of lines.
These observations are made on concentric circles. B

In figs. 1 and 2 the same kind of observations is represented, only along

traight lines.
str'g Prate LV.

Waves of the Second Order.—Standing Waves in Running S\&mﬁ.

‘The forms of the waves in these figures are the same as-those in figs. 9, 10
of Plate LIL., being all cycloidal; with this difference only, that the waves
in Plate LII. were moving along the standing water with a uniform velo-
city, while those in Plate LV.are standing in the running water. The ge-
nerating course in this case is a large obstacle or large stone in the running
stream, On this the water impinges ; it is heaped up behind it; it acquires
a cirenlar motion which is alternately coincident with and opposed to the
stream ; the water having once acquired this circular oseillating motion in
a vertical direction retains it, the water is alternately accuinulated and ac-
celerated, and thus standing waves are formed, as shown in figs. 1 and 2.

Figs. 8 and 4 exhibit a remarkable case of the coexistence in one stream of
two sets of waves moving with velocities differing in about the proportion
of two to three. On one side of a stream there projected a ledge of rock
M, over which fell a thin sheet of water into a large pool, nearly still,
without generating any sensible wave. On the opposite side a deep violent
current was running round the obstacle with great rapidity. The middle
part of the channel was occupied by a large boulder, over which also a
stream flowed, generating standing waves with a smaller velocity. These
waves are also remarkable for non-diffusion, as they will preserve their
visible identity to a great distance without being dissipated.

PraTe LVL °
Waves of the Second Order.— Their Mechanism.

All the waves of the second order, whether standing waves in running
water or travelling waves in standing water, exhibit the forms of the curves
BABCD:infig. 1. These are cycloids, having for their base the ree-
tilineal distance A C, and for their height the corresponding circles. In
the case of standing waves in running water these cycloids represent the
actual paths of individual particles of water in the running stream, as shown
in Plate LV. In the case of travelling waves in standing water, the circles
represent the paths described by the individual particles of water, and the
cycloids the visible moving surface presented to the eye. The motion of
oscillation in the upper half of the circle is in running water, opposite to
the motion of the stream, and in standing water is in the same direction as
the visible motion of transmission of the waves. The figure shows the rapid
diminution of the motion of oscillation with the depth. I am indebted for
this figure to M. Gerstner, whose theory it illustrates, and I have given it
because I find it represent my own observations as correctly as any figure
of my own could do. 1 have only found it necessary in reconstructing his
figure to clear it of some slight inaccuracies. The shaded parts on the left
show the different forms which given portions of water successively assume
during wave motion. The circular orbits are divided into equal portions,
numbered 1, 2, 8, 4, &c., to show that the particles of water are in those
points of the circles at the same instants the corresponding particles are at
the points 1, 2, 8, 4, &e. of the cycloidal paths. .
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Prare LVI. (continued.)
Waves of the Third Order.— Capillary Waves.

Fig. 2 represents a slender rod inserted in standing water, raising around j;
by capillary attraction a cireular portion of the surface of the fluid. A slyy
motion gives it the form represented in fig. 3, and more rapid motions, by
all of less than a foot per second, give it the forms in figs. 4, 5 and 6,
at the velocity of one foot per second the pheenomena become those re.
presented in Plate LVIIL,

Prare LVIL
Waves of the Third Order.—Capillary Waves.

This Plate gives a plan and section on one-half of the natural size of the

group of capillary waves generated by a disturbing rod one-sixteenth of ay
inch in diameter, moving along the surface with a uniform velocity. The
section is taken in the direction of the motion of disturbance'from A to X,
and the same letters refer to the ridges of the same waves in both plan

and section. The velocity is one foot per second.

PROVISIONAL REPORTS AND NOTICES OF PROGRESS IN
SPECIAL RESEARCHES ENTRUSTED TO COMMITTEES
AND INDIVIDUALS.

On the Marine Zoology of Corfu and the Ivnian Islands.
By Capt. PorrrOCK, R.E., F.R.S.

THE author presented a Report of the progress which he had made in the
above research by dredging the sea-bed and registering the results of this
operation. The spaces at present investigated are of small extent, but the
author is preparing to enter on wider areas, in the expectation of presenting
hereafter an arranged summary of his observations. [ A Committee has been
appointed to cooperate with Capt. Portlock.]

On Captive Balloons.

Dgr. Rosinson stated that he must still report progress, for in a course of
experiments so new to him and his coadjutors, they had found it necessary
occasionally to vary arrangements which at first seemed satisfactory. In par-
ticular, the plan of having the telegraphic wires separate from the mooring
of the balicon has been changed, and a single cord, wormed as sailors call it
with copper wire, is substituted. This, besides being more manageable, will
permit a greater elevation to be attained. In one of the trials the halloes
received a trifling injury, which however was easily repaired. Dr. Robinson
thinks that no serious difficulties are now likely to occur.

Report of the Dredging Committee for 1844.

Tars Report consisted of two parts; first, of the records of a series of .:.&.
ging operations conducted round the coasts of Anglesea in m%ﬁm:.._uﬁ 184
by Mr. M‘Andrew and Prof. E. Forbes, exhibiting the distribution of m““
marine animals procured in various depths down to thirty fathoms, and ! ;
state of the sea-bed in the localities explored. Among the more interestii
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in these papers were the following :—Rolled specimens of Pur-
" NGW%MM a shell swmwr lives only above low-water mark, were found in
«.ﬂwh:w.wwmg to thirty fathoms water on the gravelly bed of a line of current
4 the distance of eight miles from the nearest shore. In the same line of
ﬁB rrent it was found that the few mollusca which lived there, such as Modiole
,YB_ Lime, had constructed nests or protecting cases of pebbles bound to-
o er by threads of byssus; and one species, the Modiola discrepans, had
MMV its nest of the leaf-like expansions of Flustra foliacea omEmEmn together.
The attention of the dredgers was directed among other subjects to the
E gistribution of Serpule, and the results of their m.mmaw.novmm were confirmatory
| of the statements recently advanced by Dr. Philippi of Cassel, namely, that
E mo dependence could be placed even as to the genus on the .mrmz of a Ser-
puday perfectly similar shells being constructed by animals of different genera,
Thus they found all the Serpulz of a particular form in twelve fathoms water
to be a species of Hupomatus, whilst exactly similar shells in twenty fathoms
proved to be the habitation of a species of the genus, wanting opercula, of
which Serpula tubularia is the type. All the triangular Serpul@ they met
with were Pomatoceros tricuspis. In twelve fathoms, at the entrance of the
Menai Straits, they dredged the shell of Heliz aspersa, the common snail,
covered with barnacles and Serpule, and inhabited by a hermit crab. )
The second part consisted of a series of dredging observations on the Irish
coast, drawn up by Mr. Hyndman.

L Un the Hourly Meteorological Observations carried on at Inverness, at
= the Eapense of the British Association, by Mr. Thomas Mackenzie, ¢
Provisional Report was presented by Sir D. BREWSTER.

On the Forms of Ships.

M. Scort RusserL reported that the Committee on the form of ships

had now completed their labours; that the whole of the tables of the experi-
- ments and all the drawings of the forms of the ships were now ready for pub-
lication. These tables were so voluminous, and the plates required for illus-
tration were so numerous and expensive, that the question of publication was
¢ likely to be attended with some difficulty ; but a committee, oonm._mnnm of the
. President of the Royal Society, the Dean of Ely, Colonel Sabine and Mr.
Taylor, had been appointed for the purpose of making the necessary arrange-
¢ wents, He had now to communicate to the meeting an important addition
»hich bad been made to these experiments during the past year. The mem-
bers of this Section were aware that the former experiments made by the
Committee comprehended vessels of many forms and various sizes, from the
length of a few inches to ships of 2000 tons displacement ; but in all these
“xperiments direct mechanical means of propulsion had been employed and
not the force of the wind, and they were therefore regarded as applicable to
steam-vessels rather than to sailing ships. During last year, however, most
salisfactory experiments had been made in which the propelling force was 2.6
wind acting on the sails of the vessel of the open sea. The circumstances in
which this experiment originated displayed in a striking manner the advan-
'ages conferred by an Association like this on the distriets which it visited.
The two gentlemen who had conducted this experiment were both Irishmen,—
on¢, Dr. Corrigan of Dublin, having become acquainted through the last meet-
g in Cork with the experiments of this Association, determined, in building
3 pleasure-boat, to carry out the principles which had been established by
those experiments, and to have his vessel built on that form which was pointed
-eut by these experiments as the form of least resistance ; he accordingly built
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