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tion, as indicated by the arrows, \vould set in from 
D to S, one from C to D, one froin S to some possibly 
South American Cambrian locality, and one, bringing 
a Permian or sonie later-day fauna, from an unl rno~~-n 
locality towards C. Were this order of migration to 
continue here, or a t  other portions of the earth's sur- 
face, in this or in a similarly consecutive manner, the 
results obtained would be in perfect, consonance with 
the facts presented by geology. But is there any 
reason vhatever for the continua~lce of this order of 
migration? Surely no facts that h a ~ e  as yet been 
brought to light argue in  favor of a continued migra- 
tion in one direction. Why, then, it might justly 
be asked, could not just as well a lnigration take place 
from S to U , and impose wit11 it a Siluriai~ fauna 
upon a I>evonian ? What would there be to hinder 

a migration froin S to C. placirig the Arnericail 
Silurian fauna upon the carbor~iferous of Africa? 
Why, as I have asked, has it just so happened that  a 
fauna characteristic of a given period has i~zvariably 
succeeded one which, when the two are in superpo- 
sition all over the world (as far as we are aware), 
indicates precedence in  creation or origination, and 
never one that can be sllo~vn to be of a later birth ? 
Surely these peculiar circumstances callnot be ac-
cou~l tedfor on the doctrine of a fortuitous migration. 
And i t  certainly cannot be clainled tliat through a 
process of transnlutation or de~elopment,  tlepend- 
ing upon the e~~olutionary forces, a fauna with a Silu- 
rian facies will, in the course of a possible migration 
toward a carboniferous locality, have assumed a c::lr- 
boniferous or Periniaii character. 

The facts of geology and paleontology are, it appears 
to  me, decidedly antagonistic to any sucll broad con-
temporaneity or non-contemporaneity as has becn 
asstuned by Professor I-Iuxley; and their careful con- 
sideration will probably cause geologists to deniilr to 
the st,atement tliat " all competent authorities will 
probably assent to the proposition t81iat physical gcol- 
ogy does not enable us in any way to reply to taliis 
question: Were the Britisll cretsceons roclcs deposited 
a t  the same time as those of India, or are they a mil-
lion of years younger or a n~il l ion of years older ? " 
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BEVOIZEproceeding to an :rccouat of the rest 
of the work, we shall adcl a few more morcls of 

1 Cot~clulicilfrurri S o .  30,. 

exlilni~ation 1111011 the harmonic solutiolls of the 
clifferential equation ( 6 ) ,  expressed in polar 
co-ordinates. On attempting to integrate this 
equation, it is found that there is an infinite 
number of particnlar solut io~~s ,  beforeas was 
statacl must necessarily be the i'ilct ; and each 
of these solutions is the l~roduct of three fac- 
tors. One factor is an arbitrary constant ; 
ailother factor is tlie radius vector raised to 
any integral pones, yositire or negative ; and 
the remaining factor 1s a function of the angular 
co-orclinates, clepelldeiit for its form upon the 
espoiient of that power of the raclius vector by 
which it is m~iltiplied. I t  is this last factor. or 
coefficient, which gives tlie name of' spherical 
harmonics' to the solution : indeed. tliese fiulc- 
tiorls of the angular co-orclinates are tliein-
selves surface-hnrinonics. 

If  me restrict ourselves, as is usually doile, 
to ie:d i~ltcgral po~v-ers of the radius vector r, 
po,sitive and neg:ltire, then, from the xvell-lcno~vn 
principle that a general sol~ltion is obtained by 
taking the sum of particular soltxtio~ls, we should 
ha\ e tlie most general possible solution by tak- 
ing the sum of a series of particular solutions, 
such as have just heen described, in wllicll the 
powers of r have a11 integral values between 
f CG n ~ ~ d  .- m  But since it is found, upon 
computing the f~ii~ctions of tlie ai~gular co-ordi- 
nates nhicli constitnte their coefficients, that 
the coefficients of ~ h a l ~ d  'hnrc identical, 1.-'" 


it will he more corire~iicnt to write the gen- 
eral solution in thc form -

V =1 u,j',, (0 ,  0) -t ( a ,r t b ,  r - " , f l  ( 1 1 ,  Q) 
f ( L I ~r' + b ,  r-Z),f2 (0, $ )  + . . . 

f ( c ~ i ~ l+ ?)i?,- ( i+ l ) ) , l i( f l ,p) + . . . ( 8 )  

In  app1~ iag this to : ~ i i jgivcn case, either all 
the arhitra1.y coilstants a v:inish, or all the con- 
stants 6 ;  tllus g i ~ i n g  rise to the two gciieral 
forms of s o l ~ ~ t i o ~ l  before mentioned, in mliich 
there is a selies of terms, eitlxcr in ascending 
integral powers of r, or of clescencli~ig integral 
powers of r. 

A value of V consisting of sereral tFrms is 
a compouncl spherical harmonic of the clegree 
(positive or iiogatire) of its numeiically high- 
est power of' T .  A value of T i  consisting of 
a siugle term is a simple harmonic. 

Returning, now, to tile consideratio11 of chap- 
ter r i i ,  p. 35, e~ititlecl' Statics of solids a i ~ d  flu- 
ids,' the subject of ~igicl solids is disposed of in 
the course of thirty psrgcs, nearlg, half of which 
is occupied 8 ith iiiexte~lqihle strings in tlie form 
of cate~lnries of rarions Bi~ids. 

The at~thors haste11 on to thc Inore intricate 
matter of elastic solids. -15 is nell l i110~11 to 
staclcrrts of t!~is suldect. the g c n e r ~ lpioblenl 
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of finding the displaccn~r.nts i n  all parts of all 
elastic solid of any figure snl!jectctl to the action 
of l ino~rn forces a~~l)liccl to its exterior snrfaqes, 
CJ en n hen the solicl is 1111iforin in texture in all 
clirections (i.e., i so t~  epic) ,trnnsccnils at prcscnt 
the poners of' analghis, thong11 consiclcrahle 
progress 11:~s been made toward n 'eo~nplete 
theory. ,in iull)ort:lnt coatrib~~tionto this 
theory by Sir TTilliam 'l'hoinson is found on 
p13. 461 to 468 in AIIJpenclix C'. entitlccl .F:qua-
tions of cquil ih~lnn of' all elastic solid cleclnced 
from the principle, energy.' 

By reason of the incompleteness of tllc gea- 
era1 theory, tliosc silnple cases are first treated 
mhicll are most completely all~ci~ablc to ailaly- 
sis. The f o ~ t y  pages sncceecliug 13. 130 treat 
the special case of the elastic wire. n11osc 
funclamental eqnatio~ls 1vcl.e first tlloroughly 
inrestigatecl by IiirchliofT in 1859. 'L'llis treat-
ment, nllicll is of interest both to the mathe- 
matician and engineer, inrestigntes not only thc 
spirals nhicll elastic nires of circular :tnd of 
rectangular cross-section assnine unclcr the 
action of direct forces. and of couples procln- 
cing~ bending an(1 tvi isting, but also goes into 
s c ~ ~ e r a l  sicle-issues, one of nllicll is in~l~ortani, 
the so-called liinetic analogy. 11 simple case 
of this, wllicll is discu~sed at  leugth, exists 
bet~17eeir the plane cnrves assnmed by a thin 
flat spring, and the ribrations of a S ~ I ~ I P ~ Cpen-
cluluin n hich it grapl~ically represents. An-
other important side-issue is fonncl in the 
discussion of the colllmon spiral spring, in 
which the force resisting clol~gntion is inostly 
due to torsion of the wire. Very curiuusly, the 
theorem of three momeilts of a straight beam 
is ornittccl, although the principles to be ern-
ployed in establishing it are fully given. 

Another important elastic solid which is full) 
amenable to analysia is the thin elastic platc. 
The treatment of the thin plate, which occupies 
thirty pages, discusses tlle llesure of a plane 
platc uncler all com1)inations of forces tcnding 
to produce either a state of synclastic stress 
(i.e., a state in which tlle curvature at  el-cry 
point is conres) or a state of anti-clastic stress 
(i.e., one which tends to canse the surface to 

ing strailis a1.e estahlisllecl, sereral special cases 
arc treatccl at  length. Tllc Grst of these is the 
cclc~bratecl torsion problem 1)uhlishcd by St.  
Venant in 183.3; in which t l ~ e  distribution of 
tlle stresses rind strains tliro~~ghout a right 
prism of any cross-section xrhaterer, uncler the 
action of forces nppliecl to its ends, is com-
pletely cleterminecl. This is perhaps tlie most 
complicated problcm which llas been entiiely 
~vorlied out in the snbject of elastic solids, and 
t~venty-four pages nre deroted to it. The flex- 
ure of beains having rectangular cross-sections 
is discussed, especially with rcfercllce to the 
distortions x~hicll are sufYered by these cross-
sections. The ilistortions can be easily esliib- 
ited by bencling a thick 1.ectang~11ar piece of 
rubber, when the ~~pl'er and lower surfaces will 
become saddle-shaped. 

The general problem is then f~irther treated 
by investigating the case of an infinite elastic 
solid under various snppositions as to the force 
appliecl through limited and tllrough uilli~nitecl 
portio~ls of it. The spherical and c! 1indric.al 
shells are then treated by tllc help of harmonic 
analj-sis. 

'J'lie concluding hnndrecl and sixty pages of 
tile work, beginning at 13. 300, are deroted 
ostensibly to hj-clrostatics ; but the first twenty- 
five pages finish those parts of tile subject in- 
clutlecl under that title in orcliaary treatises, 
and the rcinaincler relates to the physics of the 
earth as dependent upon its flnirl conclition, 
past or present. The first great problem in this 
clept~rtment of inquiry is to determine what fig- 
ure will be assumed by a rotating liquid mms 
under the influence of centrifugal forcc and of 
the mntunl gravitation of its parts. 'I'hat an 
oblate spheroid is a figure of equilibritlm for 
such a nlass is conlrnonly lcnown, having been 
sllown to bc such by Newton ; bnt that an ellip- 
soid with three unequal axes is also such a fig- 
ure is not so colnnlonly known, thougil this was 
discovered to be the fact by Jacobi in 1834. 
There are other possible figures, stable anc? 
uristablc ; but which of all these is the one 
which will actually be assnmed ill any given 
case ? I n  reply to this question, thc authors 

become saclcile-shaped) . liircl~hoff's b o u ~ ~ d q  state, that '6dur i i~g the fifteen years which have 
conditions for a plate are also clemoastrate~l a t  
length. These nre of iniportancc in most prac- 
tical cases, -as, for example, that of t l ~ c  flat 
stcam-boiler hcacl ; for evidently any plate 
nlust have some liind of support or fastening at  
its boundary. 

Thc general subject of elastic solids is reached 
at  p. 204, ancl occupies a hundred pages, in 
which, after the general equations of cquilib-
rium between the appliecl stresses and the result- 

passed since the publication of the first edition 
we have nercr abanclonecl the problcm of the 
equilibrium of a finite mass of rotating incom- 
pressible fluid. Ycar after year, cluestions of 
the multiplicity of possible figures of cquilib- 
rium have been almost incessantly before us ; 
and ~ c t  it is only now, under the co~npnlsion 
of finishing this second cclition of the second 
part of our first rolumc, with the hope for a 
second volume abancloncd, that we have suc-



ccedecl ill finding ally thing approacliing fill1 
liglrt oil the subject" (1). 3 3 6 ) .  Tlion follows 
an enumeration of tlic possiblc form-; of eqiii- 
libriuln, including the single ant1 multiple rings 
into wllicli an ellipsoid woul(1 Ilc changccl when 
rapidly rotated, ancl the cletxcllecl portions, 
nearly spl~erical, into wl~icli an elongatetl ellip- 
soid must se1)arnte when rapiilly rotated about 
its shorter clia~neter. 

Now, on the supl)osition tliat the figore of 
the eartli is apl)roxiniatcly an oblatc sl)licroid, 
the nest matter of importniice is to illow how 
to compute the alterations in figure dae to 
local ineqoalities in its dei~sity, and irregnlari- 
ties in the tlistrilsation of the material com-
posing it. Tllis at  o11ec raises tlie question 
as to what we arc to coi~sidcr as the surface of 
tlle earth at  any point which forms part of its 
figore. The true fig~lrc of the earth may be 
talien to be the water-surface mlicn undisturbed 
by tides. ~Frl~ciievcrit is clcsirecl to find s~lch 
surface on Iancl, a calla1 could be supposecl to 
be cut froin the ocean to the plarae uildcr con- 
sideration. Of course, a plumb-line is e\  cry- 
rhcre  perpendicnlar to such a snrf>xce, whose 
outline is evitlcntly affected by all .existing in-
cqnalities of density ancl clistributio~l of the 
substance of tlic carth. For example : it is 
computcd tliat a set of sercral broacl parallel 
monntain chains and vallcj s ,  which are twenty 
miles from crest to crest, ancl seventy-two hnn- 
dred feet ab0.i.e tlie bottoim of the \.allexs, nrould 
cause a corresponding ~lndulation of the watcr- 
surface whose crests would be five I'eet above 
the bottoins of the hollows. This statement is 
equivalci~t to saying, that the plumb-line is dc- 
viated Dom its mean direction by the attraction 
of the monntain chains. Deviations of nearly 
30" have been aetuallg observed near tlie Alps 
and near the Caucasus JIountains. The com-
paratively small deflections observed near the 
vast mass of the Himalayas in India -which, 
according to I'ratt's calculations in his treatise 
on attractions, etc., should be vastly greater 
than any thing actually observed -indicate 
that extensive portions of tlie globe under those 
mountains are less than the average density. 
Localities have been founcl in flat countries 
also, notably in England and Russia, where 
the deflectioii of the plumb-line exceeds lj", 
which is, of course, due to underlying material 
of great density. From this it appears, that 
the true figure of the earth is nearly as diver- 
sifiecl as the contours of its hills ancl valleys, 
and does not correspond to any known geo- 
metrical figure; although, to be sure, these 
undulations are of small amount. Now, as 
a first rude approximation, the figure of the 

earth call be talicn as a sphere. haring tlie 
same vol~mle as the actnal carti?. The earth 
at the equatorial regions nil1 then project be- 
yond tlic figure, alid at the poles lie ~vitliin it. 

A second and better apl)~oxiinatioii call he 
maclc by taking the figure to be that of an 
oblate spheroid ; nncl this is tlic basis ha pi oil 
\vhicli our 1)rcsent geodetic ailcl astroiio~ni~al 
measurements are based. OS course, it is poi- 
sible to finil a11 ellipsoid l ia~ii lg three unequal 
axes which will coinciclc still more nearly \\it11 
the r c s ~ ~ l t s  of observations upoil the true fig1u.e 
of the eartli ; and this will fiirllish a thircl still 
closer approximatio~~. ?'his is hat has beell 
done by Capt. Clarlic ill his various pul3lica- 
tions. A summary of his results is given 11pon 
1111. 367 a ~ i d  368. 

I t  is evi~lent, mlien the astronomical latitude 
is determined a t  any point of the earth's sur-
face b?r measnring the elevation of tlie north 
pole abovc the horizon, as giren by the spirit- 
level, that that cleterinination will be in error by 
the entire a m o ~ u ~ t  of the local deviation of the 
plumb-line, which error may be as much as 
30", or more than lialf a mile, although tlie 
obscrvatiol~s arc lnacle with all possible prccis- 
ion ; apcl the oi~tcoine of geodetic triangala- 
tion may sholv that ally such station ~vliosc 
position was supl>osccl to hare been determined 
astroi~omically to single feet really occopies a 
position, when referred to tlie sl)heroid, wliich 
at  present fiirnislies the basis of all our astro- 
nomical alltl gcotlctic ~ ~ o r k ,  which is a coilsiil-
crablc fraction of n mile from its position as 
so determined. 

The last grand subject treated in tlie morli: 
is that of tlie tides on the corrected equilibrium 
theog,  and matters closely connected with it. 
To  explain what is meant by this, we shall 
briefly sketch tlie rise and progress of the 
theory of the tides. 

Sir Isaac Newton, whose Principia appeared 
in 1687, showed that universal gravitation 
would not only account for the niotions of the 
heavenly bodies in their orbits, but would also 
accoui~tfor the tides, --phenomena whose cause 
had not, before his day, been traced to any 
simple law of nature. I Ie  sliowecl that there 
would be a tide due to tlie attraction of the 
sun, and another to tliat of tlie moon, tlle latter 
being in general the larger ; and tliat the 
actual tide would depend upon the relative 
position of those bodies, so that the highest or 
spring tides would be due to their combined 
effect, and the lowest or neap tides would occur 
when the tide due to the sun partially neutral- 
ized that of the moon. He  showed how other 
known variations in the tide could be accouat- 
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ed for by the declinations of tlie snn and 
moon, ancl their greater or less distance from 
the earth. 

The cause of the tide inay be roughly stated, 
according to the equilibriu~n theory, thus : the 
sun or tlie in0011 attracts the water on the side 
of the earth nearer to it inore than it docs the 
earth itself, and attracts the earth itself more 
than the water on the farther sicle ; the con-
sequence being that water is heaped up on the 
sides of earth away from and toward the at- 
tracting body. Or, more exactly, we inay im- 
agine 

"The rise ailcl fall of the water a t  ally point of the 
earth's surface to be produced by nlaking two disturb- 
ing bodies (moon and anti-moon, as we way call t l ie~n 
for brevity) revolve around tlie earth's axis once in  
the lunar twenty-four hours, with the line joining 
them always iilcliiled to the earth's equator at  an  
angle equal to the noon's declination. I f  we assume 
that at  eaclr inorneilt the coilclitio~~of hydrostatic 
equilibriunl is fulfilled, -that is, tllat the  free liquid 
surface is pelpcndicular to the resultant force, --we 
ha re  what is called ' the  equilibrium theory of tile 
tides ' " (art. 805). 

Kernton made a modification of this theojy, 
which was intenclecl to talce into acconnt the 
rotation of the earth, by supposing that the 
f ~ ~ l leffect of the attraction was not exerted 
imnlediately under the attracting body, but 
that the tide mas of the natnre of a wave, and 
by its inertia laggecl behind the place where 
it should have been found in case the earth 
\?as not rotating. This retardation he thought 
might be more than a hole day i11 some cases. 
He was not able to subinit thc whole theory 
to rigorous conlputation for lack of sufficient 
data as to the inass of the moon and the height 
of the tides ; bnt, from the tidal observ a t '  ions 
then available, he computed the Inass of the 
moon necessarr to produce them according to 
his theory, ancl obtained a result which me 
lrnow to-day to be abo~lt  twice too large. 

I n  1738 the l!'rencli academy proposecl the 
problem of the tides as the snbject of a prize-
essay, and elicited important essays on the sub- 
ject from Eernonilli, Alaclanrin, and Enler, to 
each of which was awarded a prize, and in each 
sornetliing of importance was added to Kern- 
ton's theory ; but tlie fo~~ndations of an exact 
and complete theory vere first niade in the 
' Jl6canique ccileste ' by Laplace, in fire vol- 
umes, 1799-1825. 

The science of nlatllematical analysis had 
not been great11 dc.i.elopei1 at  the time New- 
ton wrought upon this sal~ject. IIis morlr is 
expressed in geo~i~etiical forins in which his 
genius is ~~napproaclii~ble. the new metli- B L I ~  
ocls of analysis founded upon the calculus, tlie 

principles of which were discovered equally by 
Kewtou ancl by Leibnitz, received a rapid and 
wonderful development during the seventeenth 
century at  the har~cls of Lagrange and the con- 
tinental mathematicians. I t  was to tile then 
existing state of advancement in this particn- 
lar that tlie great success of Laplace was due, 
which enabled him to unravel to so remarliable 
:L clegree the intricate interactions of the bodies 
of the solar system, and give for the first tinie 
the funclainental equations of the tides on cor-
rect principles. But it nlust be admitted that 
Laplace, in integrating his differential equa-
tions, seems to have become involved in intri- 
cate formulae whose full significance he has 
not correctly interpreted. 

At about the same time, Dr. Thomas Young 
inade an important inrestigation of the action 
of the ticles, ~ ~ h i c l ~  publishecl in the Ency- n :IS 

clopaedia Britannica, where it has been repub- 
lishecl in succeeding editions to the present 
day. The special point of iinportance in his 
investigation was the discussion of the effect 
of frictyon upoil the tides, wllich he showed to 
be such as to explain many dificulties, and that 
its magnitude might be such as to completely 
change the character of the tide at  certain 
places so as to make low ~ ~ a t e r  talie the place 
of high water, and vice verscr, -a result hith- 
erto ~~nsuspected, ancl of prime importance. 

The nest great step in the tlieory of the 
tides nras clue to Airy, in liis article on "l'ides 
and TT-aves ' in the Enc~-clopaedia metropolitana. 
He gave in neu- and coilcise form a most usc-
f ~ l l  ~dsum6 of Laplace's theory, and made an 
original investigation of the effects of frictiori. 
13e also nlade valuable additions to the theoq- 
as appliecl to s h a l l o ~ ~  and rivers, a su1)-seas 
ject hitherto untouched. 

The labors of Luhbocli an(1 of Dr. Tlrhcwell 
have added much to our knowledge of the rc-
latioils of the theory to the observed tides ; but 
the two forelnost cultivators of this branch of 
science now living are Thomson and Fcrrel. 
The former, who is cliairnian of the corllinittee 
appointed by the British association for the ad- 
vancement of science, for the purpose of the 
extension, inipro~,ement, and harnionic analysis 
of tidal observations, has done niuch, by his 
improved rnethods of observing ticles and dis- 
oassing them, to sep:trate their coinponents from 
each other, ancl render tlie exact cornparison of 
theory and ohserved facts possible. Laplace 
assunlcci that the fortnightly and semi-aiin~~nl 
tides due to tlie nlovement of the moon and snu 
i11 cleclinntion inore so slop ly tliat t l ~ e  equilib- 
rium theory applies to thein with exactness. 
Bat cveil if that bc admitted, it, can be sliow~l 
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that the theory needs correction to take account 
of the relative amount of land and water, as 
well as the contour of the continents. These 
have a controlling influence up011 the tides, and 
this discovery is Thomson's great improvement 
and correction of the equilibrium theory. 

The diurnal tide has been ustlally explained, 
in accordance with the equilibrium theory, as a 
wave existing under nearly static conditions, 
and following the moon and sun around the 
earth, but interfered with by friction, and 
changed in direction by the contour of the 
land. Though this was the view of Newton, 
Young, and others, and is incorporated in our 
ordinary text-books, it is quite inadequate; 
and the kinetic theory of Laplace must he put 
in its place, which treats the water as a moving 
fluid body, subject to the disturbing influence 
not only of the sun and moon, but of itself 
dso.  

The kinetic theory of the tides was to have 
been developed at length in vol. ii. ; and that 
intended development is more than once re-
i'erreil to by the aathors, -as, for instance, on 
p. 382, where an incidental comparison is rnttde 
of thc results of the two theories. 

This part of the theory has been treated by 
Ferrel in his ' Tidal researches,' published as 
one of the appendices to the U. S. coast-survey 
report for 1574, in which worlc he has put in 

practical shape all the theoretical work hereto- 
fore accomplished, ant1 also deduced therefrom 
important consequences. Until the publication 
of this morli, it was not possible to apply the 
correct theory to the discussion and prediction 
of tides by reason of the unmanageable formu- 
lae employed by Laplace ; and the discussions 
were, perforce, ii~ade by some modification of 
the equilibrium theory. Indeed, Laplace him- 
self resorted to that method in his famous dis- 
cussion of the tidal observations in the harbor 
of Brest. But, thanlcs to Ferrel's labors, this 
most intricate branch of computation has been 
systematized, and applied to an extensive series 
of tidal observations in Boston harbor. 

The concludiag pages, from 422 to 460, trcat 
the question of the rigidity and solidity of the 
earth as :I whole, especially ns related to the 
tides. The final sentence (p. 460) is, " On 
the whole, we may fairly conclude, that, whilst 
there is some evidence of a tidal xielding of 
the earth's nlass, that yielding is certainly 
small, and that the effective rigidity is a t  least 
as great as that of steel." 

Four important papers on subjects related 
to those just mentionecl are added to the worli 
as appendices. The titles of these papers are, 
' Cooling of the earth,' ' Age of the sun's 
heat,' ' Size of atoms,' ' Tidal friction.' Tlle 
last three of these were ilot in the first cdition. 

WXEKLY SUMMARY OF THE PROGRl3SS OF XCIENQE. 

MATHEMATICS. themselves. The author then demonstrates that there 

Fuchsia11 fuactioas. -A previous paper by M. 
Poincar6 on this subject has already been noticed in 
these pages (i. 535). I n  the present most important 
memoir, N. Poincar6 assumes the results arrived a t  
in the former memoir, and proceeds to more fully 
develop them and the consequences flowing from 
them. I n  the previous paper the author showed that  
it was possible to form discontinuous groups by sub- 
stitutions of the form 

(,, 
ytz  

-h+ P;) 
by choosing t l ~ e  coefficients a,, P,, yg, d,, in such a way 
that  the different substitutions of the group should 
not alter throughout the interior of a certain circle 
called the fundamental circle. I n  the present paper 
the author assumes that the fundamental circle has 
its centre at  the origin, and its radius unity; so that  
its equation can be written as mod. z = 1. 

H e  then considers one of these discontinuous 

always exists a systenl of uniform functions of z ,  
~ ~ h i c hremain unaltered by the different substitutions 
of the group G, and which he  calls Fuchsian func- 
tions. M. Poincark's memoir is too long to be re- 
viewed here as it deserves. I t  is certainly a most 
important addition to the niodern theory of functions, 
and is rendered particnlarly valuable by the historical 
note at  the end, in which the author gives a brief 
account of the labors of Hermite, Puchs, Klein, 
Schwarz, axid others in this field. The two memoirs, 
with very little amplificatiori, would constitute a 
really valuable treatise on this subject, -a  subject 
of great importance, and on ~ ~ h i c h  there exists abso- 
lutely no text-booli or treatise of any Itiiid. - (Acta  
~natli. ,i.) T. C. [506 

ENGINEERING. 

Steam-whistles. -Lloyd ant1 Symes give a state- 
ment of experiments with a locomotive ~'iliistle hav- 
ing a bell 4+3inches diameter, 32 inches long inside, 

groups, which he calls Fuchsian groups, and which -:,, aunular steam opening ond over an  of an  inch 
he  denotes by G. To  this group corresponds a de- wide. The bell was of cast brass of lnedium charac- 
composition of thc fundamental circle into an infinite ter;  and the lip was chamfered to a thin edge, and set 
number of norlnal polygona, R, all congruent among exactly over the steam-ope~iing. Sixty pounds press- 


