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If the solid is melted i t  is called a fluid, and is com-
monly supposed to be unable to ~vithstand a shearing 
stress. This is due to the follo\ving circumstance: Let 
us press down A. If B did not move, then IS mould llrtve 
to follow A, if it were not that in a fluid the atorns no 
loriger oscillate about a fixeii point, but  change their posi- 
tions relatively to one another. The atoll1 U inoves at 
ordinary teniperatures at, a velocity of somewhere neal-
100,000 cer~timetres per second. The distance bc-
tween any .two atoms is somecvhere in the neighbor-
hood of l/lOO,OOOiOOOth of a cm. Conseque:itiy in the 
l,~i,O00,000,000,000,000~~11of a second, thc tom B will have 
passed ~r i thou t  tlle radius of attraction of A. Conse-
quently we see that for any forces which are impressed in 
a greater tirue than 10~~-' ;  will nosecond, the fluid have 
rigidity. But if the force is applied in less time, we have 
no reasoll for supposing tlmt the fluid mill not resist 
shearing, or that a water tuning fork could not be con-
structecl at  the centre of the earth. For, if we accept tlie 
electrostatic theory of cohesion, tile force which A exerts 
on B when A is pulied down travels at  the rate of more 
than l O 1 " e .  m. par second. As R \\rill have to move say 
1 0  kc.m. to get out of the way of the pull fro111 il,we see 
that if an impulse is given in less than 1 0 ~ ' ' t h  of a second, 
Ij mill be pulled down, and the flEid will resist a shear. 
And it  is this force which acts to join tile atorris together 
which gives rise to the phenomenon of surface tezsiou. 
Consequentlp we see that if tile ether has rigiditp, 
whether i t  be a solid or a fluid, it must have snrface ten- 
sion. 

Let us take the case of two bubbles of air in water 
There is a surface tension at  the junction of the air and 
water, and i t  may be shown that the effect of this is to 
bring the t\vo bubbles together. A similar result mould 
follow if the two bubbles had their places talien by two 
drops of vater hotter than the rest of the water Or if 
the drops were made up of a number of concentric shells, 
the densrty of each shell being greater than that of 
the shell next illside it, the equivalent of such a 
shell s ~ o u l d  be produced by sticking the prongs of 
tivo truning forks into the water, for at  those places 
where the velocity of a prong was greatest the density of 
tlie vater in unit volume ~voulcl be least, and the forks 
wonld be attracted So if we suppose the atoin to be, 
say, a Thoiiison ~ o r t e x  rlng, and that this vortex ring, in 
virtue of its rotation, render- the etiler next i t  less dense, 
or less rigid, it would attract ally other atoni similarly 
constituted iu the same nlaliner as we know two atoms 
do. And this attraction wou1ld be always the same in 
quantity, uo matter n h a t  the teiizperature or surrouncl- 
ings, so long as tlle atom was the s a ~ l ~ e ,  i. e., its weight 
~ ~ o u l i l  An(i if another atom produ~ec'l a dif- be constant. 
ferent dcgl ee of density or rigidity near it, ~ t s  veight 
would be different and constant 

Thus me see that if the ether has inertia (or some 
( counter motive force" opposes its motion), then matter 
rnust have inertia, an& if the ether has rigidity, and atorns 
uroduce a difference in the collesion of the ether near 
them, then all atoms ~vill  attract ezch other in proportion 
to the cl~ange they produce in the rigiJity of the ether 
near them. 

There are two experiments which seen1 at first sight to 
contradict F i~eau ' s  experiment. First, the fact that 5: 

rotating disc of matter has no efIect on i: mag~ieticneedle 
placed at its centre. Second, the fact that light suffers 
no retardation or acceleration when passed along the 
lines of force between t ~ v o  plates at  differeut potentials, 
and placed in au electrolytic bath. 

The first is readily explained when we consider that 
when the disc is rotating it is carvying with it ether as a 
whole, i. e., equal quantities of positive and negative elec- 

tricities, or is equivalent to two currents of equal strength 
flowing in opposite directions, and consequently can pro- 
duce no effect outslde of the body. Or, to use Prof. J. J. 
Thouison's symbolism, the ends of the Paraday lines are 
both within the body, and do not pass outside, whereas 
111 Professor experiment the FaradayR o ~ ~ ~ l a n d ' s  lines 
have one terminal on the disc, and the other outside. The 
tvc o cases are ]lot sinjilar. 

'I'he second case, that of the electrolytic bath. I n  this 
the ether does not r n o ~ ~ e  whole, there is merely aas a 
shearing of plus and minus electricities past each other, 
and the algebraic suin of the velocities of the components 
of the ether is therefore zero. Or, the ether does not 
move, so far as any possible effect on light is concerned. 

THE "GEACLAL 1'CRIOD" PROTTED AS A NECES-

SARY GOSSEQUI3NCE OF THE EAETIi'd MOVE-

MENTS. 

IIY 3IATOIZ (rEXERAT, J. C. COIVCLL, TVIXDSOIL CbSTLE, ENGLAND. 

E'ROII the increasing interest that is n~anifested in 
all that relates to the glacial period, and the discov-
ery, by General Drayson, of the Second Rotation of 
the Earth, it will be of value to those who are study-
ing the geological evidences of the ice ages, to devote 
some tinie to the ascertained facts proving the Second 
notation as compared with the accepted theories, since 
these appear to suplslp all the conditions necessary for 
t,he explanation of the glacial phenomena, at  regular 
intervals; and i t  is with the object of rendering the snb-
ject clear to theru that the following reruarlrs are offered 
to the readers of Sr~ence.  

I t  has hitherto been stated by Herschel and other 
writers of his day, that the mo~rement of the Earth, which 
caused the precession of the equinoxes and solstices, and 
the changes in Polar distance, and Right Ascension of the 
Stars, is "a conical movement of the Earth's axis round 
the pole of the Pole of the Ecliptic as a centre." 

Drayson claims that this definition is vague, if not mis- 
leading, even as regards that part which speaks of a con-
ical movement of the axis. He claims that it is the two 
half axes that trace cones, the apex of these cones being 
at  the centre of gravity of the Earth. 

He also claims that this conical movement of the two 
half axes is the mere ~ n e c h ~ n i c a l  result of a Second Rota- 
tion of the Earth, just as the conical motion every twenty- 
four hours, of all lines from the Earth's centre to points 
at the Earth's surface, is the result of the daily rotation 
of the Earth. 

An examination of the annual changes in  Right Ascen- 
sion of every Star in the Heavens (see pages 163 to 219 
in "Vntrodden Ground in Astronomy and Geology") 
proves that a second rotation is the only rr~ovement which 
mill explain the recorded changes in the Right Ascension 
of Stars. Hence, instead of some vague ancl undefined 
movement of the Earth occurring whilst the axis has 
what has been called "a conical motion," the detail 
rnovemonts of each point on the Earth's surface are sccu- 
rately defined by -the second rotation. Secondly, the 
Earth's axis traces a ci7-cle round the Pole of the Ecliptic 
as a centvae, keeping constantly at  the same distance of 23" 
28' from it, wrote Herschel and others. 

In  the face of the fact that the obliquity (i. e ,  the 
angular distance between these poles) decreases about 
47" per century, the above statement is obviously erron-
eous. 

As an escape from this error it has been asserted by 
some that the Pole of the Heavens moves about 20" 
allnually at  right angles to the arc joining the Pole of the 
Heavens with the Pole of the Ecliptic, but as the latter 



Pole mas s~zpposed to move it was imagined that tlie 
course of the Pole of the Hearens was not a true circle. 

Now, as it has been proved that the mo~einent  of 
the earth ~ v l ~ i c hcauses the Pole of the Ileavens to 
move, is a second rotation, it follows, as a geoirletrical 
law, that, as long as the Pole of this second rotation 
remains fixed, the course of the Pole of the Heaveus 
illust trace a circle, and no other curve than that of 
a circle. It has also been asserted that the Pole of the 
Heavens does trace a circle in the I;cavens, but  not 
round the Pole of the Ecliptic as a centre, this centre 
being ho~nz.tuhel*e very close to the Pole of the Ecliptic, but 
the exact position of this centre mas unlinown. 

Hence, i t  is evident that the true curie traced by 
the Pole of the Heavens, or the true radius of the cir- 
cle traced bg- the Pole of the Heavens has, during the 
past three hundred years, been undefined and unknonn. 

The confusion in one branch of astronomy which has 
prevailed in consequence will become ericlelit by an ex- 
amination of the following diagram: 

E is the centre of t l ~ e  circle of ~vhich bPa is the cir- 
cumference, b, P and a being three points on the circum- 
ference. 

Suppose the angle bPa to be 96". If the point P be 
nioved to P' then i t  is a geonletrical lam that the angle 
bP'a will also be 95". Also if the point P be moved 
to P" then bP"a will be 95". 

11-e can now apply this law to Astronolny. Suppose A 
and B to be two stars, and P the Pole of the Heavens, at  
ang- date, the stars being believed to be on the circumfer- 
ence of the circle traced bx the Pole. Suppose the stars 
A and E to differ in Right Ascension exactlg- 96O. Then, 
as the Pole nlovecl rouud the circumference to P',the tn-o 
stars il and 15 would aln~ag-s differ 96O in Right dscen- 
sion. 

If repeated observations showed that the difference in 
Right Ascension between the stars A and B did not re-
main constant at  9j0,  but varied slightly from Fear to 
year, then these stars moulcl be assigned ' ' a proper motion" 
in  Bight ,Isre~asion, whereas the real. cause of the diber- 
ence in Right Ascension of these two stars, not being a 
constant cluantity, nlay be due to the fact that the radius 
of the circle which the Pole describes is not that which 
it has been irnagined to describe, and the two stars were 
not, in consequence, on the circumference of the circle. 
Sonie stars, on the other hand, are known to hare a 
proper motion. During very rnany years i t  mas asserted 
that the Pole of the Heavens traced a circle round the 
Pole of the Ecliptic as a tentre, and on this erroneous 
assurnption the theory of the proper motions of the stars 
was based. (See pages 126 to 130 in "Untrodden Ground 
in Astronomy and Geology.") Many earnest, hard-work- 
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ing men have employecl their time in inaliing out lists of 
the supposed proper motions of stars, and pages of astro- 
nomical societies' volumes have been filled mith these 
lists. Medals have been given for this worlr, but  what is 
their value ? 

To assert tliat any star has a "proper motion" in Right 
Abcension, in consequence of the Eight Ascension vary-
ing, whilst the true course which the Pole of the Heavens 
traces has been uaknomn; and the exact manner in which 
each zenith is affected, has uot e len beel; consiciered xet, 
is very remarkable. But during the last hundred years 
aseronorners l ave  copied each others' proceedings, mith-
out apparently perceiving that to define the true circle 
traced by the Pole of the Heavens was the first important 
problem to be solvecl; and until this problem mas solved 
any assertions relative to the proper motion of the stars 
mere valueless. 

Instead of the I'ole of the Heavens tracing a circle 
rozuid the Pole of the Ecliptic as a centre, and keeping 
constantly 23" 28 from it, recorded observations prove 
that the Pole is carried by the Second Rotation round a 
circle, the radius of which is 29' 23' 47", the whole circle 
being completed in a period of 31,682 years, the Pole of 
Second Rotation being 6" from the Pole of the Ecliptic, 
and so situated that at  tLe date 2293.2 AD. the Pole of 
the Heavens, the Pole of the Ecliptic, and the Pole of 
Second Rotation will be on the same great circle of the 
sphere. 

The following diagram indicates the course of the Pole 
of the Heavens during one entire Second Rotation of the 
earth: 

The circle represents the course traced by the Pole of 
the Heavens, in consequence of the Second Rotation. 
At the date 136.14 13. C. the Bole was at  N, at 5626 B. C. 
i t  mas at  0, and at 2296.2 i t  will be at  Q. 

The distance of the l'ole of the Neavens as i t  moves 
round this circle from C. the Pole of Second Rotation, is 
a constant quantity, riz.: 29" 26'47". E, the Pole of the 
Ecliptic, is G o  fro111 C. Hence, when the Pole of the 
IIea~renswas at  N, it mas distant from E 2gn 25' 47" + A o  
=350 25' -27". 
'- The rate of the Second Rotatinn, as indicated by the 
l e ~ g t hof arc over which the Pole is carried in a given 
time, is 40.9" annually. Hence, we can easilg- calculate 
at  what part of the circle the Pole was, or will be at, for 
any date. For  example, at  what date was the Pole at  a 
point in the circle O Q O  from Q ?  90°=324000", and these 
seconds divided by -10.9" gives 7,921 years froru the date 
2295 A. D., that is, 5626 B. C. JYe now have an impor- 
tant triangle to deal with, viz.: the triangle ECP. JYe 
have EC=6@ (a constant) and CP=29Q 25'4'i1', another 
constant; when, then, we find the value of the angle 
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ECP (t2295- date in number of years) x 40.gU=the 
angle I<CP a t  date given, we can calculate the valne of 
the side PE. which is the distance of the Pole of the 
Heavens from the Pole of the Ecliptic, and is conse-
quently the measure of the obliquity, and of the Arctic 
Circles, and Tropics on Earth a t  the date when the Pole 
was at  P. 

The method of calculating the distance PE, which is 
the value of the Obliquity, is very simple, and is given in 
detail at  page 74 in '.Untrodden Ground of listronomy 
anrl Geology." ( txo  sides and the included angle). By 
this calciilnt~nn the Obliquity for the 1st of January, 1800, 
is found to be 23" 27' 55.3", and for the 1st January, 
1850, 23O 27'30.gn, s11o~~-ing a difference of 24.4" for 
fifty years during the first half of the present century. 
But, betm-een 1800 anci 1900, calculation gives a differ- 
ence of 46 5" (see page 75 of the san~e  nork). I n  
Article 640 of "Outlines of Astronomy," by Herschel, is 
the following: "Meanwhile, there is no doubt that the 
plane of the Ecliptic does actually vary by the action of 
the Planets; the amount of this variation is about 48" 
per century." This statement shows how entirely the 
true cause of the decrease of the obliquity was oper-
looked. I t  was positively stated that the Pole of the 
Heavens kept a constant distance of 23U 28' from thePole 
of the ICcliptic. I f  it did keep a t  this constant distance, 
then no amount of change, even of many degrees, 
in the plane of the h'cl~plic,would produce even 1"change 
in the obliquity, which would always remain 23O 28'. 

That the Polar distance of a star can be calculated for 
100 years or more, and from one observation only, is 
proved by numerous examples given fro111 page 52 to 63 
in c6Untrodden Ground in Astronomy and Geology. ' 

An examination of the last diagram given in this paper 
shows that the course of the Pole of the Heavens during 
one Second Rotation caused i t  to vary its distance from 
the Pole of the Ecliptic as much as 12O, and hence a t  the 
date 13644 5. C. the Arctic Circle and Tropics extended 
l a 0  more than a t  present, thus causing those vast changes 
referred to by geologists as "the Glacial Period," and giv- 
ing the dates for the commencement, duration and termi- 
nation of this period, which agree with the latest dis-
coveries of geologists. 

The Second Rotation gives accuracy of detail and a 
complete explanation of recorded facts, whilst by its aid 
calculations can be made which have hitherto been con-
sidered impossible. "A Conical JIovement of the Earth's 
Axis round the Pole of the Ecleptic, as a centre, omits 
all details, and leaves recorded facts without any clear 
explanation. First, then, me have for a "conical move-
ment of the earsh's axis" a second rotation of the earth, 
which causes a conical motion of the two half axes, and 
shows how the zenith of e:~ch locality on earth i i  affected 
by this movement. Second, for the Pole of the 
Heavens tracing a circle round the Pole of the Ecliptic a s  
a centre, at  a constant distance of 23"28', me have this 
centre Go  fro111 the Pole of the Ecliptic, and 20@ 25' 47" 
from the Pole of the Heavens, with the results explained 
above. 

The following are some of the errors which have been, 
and still are, promulgated in consequence of the true move- 
ments of the earth being nlisunderstood by many 
persons : 

First: On many celestial globes and star lnaps a circle 
is drawn round the Pole of the Ecliptic as a centre, and on 
these, near the circle, is written, ('Circle described by the 
Pole of the Celestial Sphere in 2.5.868 years." This error 
is due to two oversights. First, although it was admitted 
that the two Poles decreased their distance from each 
other about 47" per century at the present time, and had 

decreased their distance during all time of which we have 
any records, yet they always kept 23O 28' apart. The 
second error was that, because the annual amount of the 
precession (about 1800 A D.) mas 50.1", this rate was 
coilstant for all time, whereas, for a uniforiv nlovement of 
the Pole, the annual amount of the precession varied 
uxfh the dzslalrce apart of the two I'oles. 

Second: It having been assumed by theorists that the 
Plane of the Hcliptic could not 'i-aryfrom a mean position 
more than 1" 211,i t  has been asserted that the Obliquity 
could not Pary more than 1" 21'. This error mas pro- 
mulgated in consequence of the true circle traced by the 
Pole of the Heavens not having been known. KO rnatter 
how mmuch tile platze of the IGcliptic varied from a mean 
position, there could be no variation In the Oblicluity, if 
the Pole of the Heavens was, as asserted, kept always 
23O 28' from the Pole of the Ecliptic. 

The cause of the decrease in the Obliquity of about 47" 
per century, its present rate, is not due so any change in 
the plane of the Ecliptic, bu t  is due to the fact that the 
centre of the circle which the Pole describes is G Q  
from the Pole of the Ecliptic, instead of being coincident 
with it. 

Third: It has been assertedthat because the decrease 
in the Obliquity, or angular distance. betneen the two 
Poles was about 48" per century, therefore in 10,000 
years the decrease would be 4,808"=1° 2010nly. 

Such a statement indicates a want of knowledge as to 
the cause of the decrease, and a forgetfulness of the geo- 
metrical law that a culve cannot decrease its distance 
from a point a t  a uniform rate. 

An examination of the last diagram shows that a varin- 

tion of 12O will occur in about 15000. 


Fourth: I t  has been asserted that the Arctic Climate, 
which reached to about 54' Latitude during the Glacial 
Period cannot possibly be accounted for by astronomy. 
Because, "There is none amongst the slight variations of 
the Earth's movements which, even with the aid of any 
extension of time, however indefinitely great, could alter 
the present angle of the Earth's axis as i t  lies to the plane 
of the Earth's orbit. This angle, which is about 23O, is 
firmly fixed by that apparently essential property of 
matter-Inertia." It is singular that such a statement 
shou'd have been made, for the Earth's axis is not in- 
clined to its orbit at  about 23", but a t  about 66" 33', and 
i t  varies this angle at  about 47" per century a t  the pre- 
sent rate of the Earth's gyration, so i t  cannot be firmly 
f i ~ e d .  

Fifth: The changes produced on various nleridians and 
zeniths by the Second Rotation, are most important, but, 
notwithstanding this, have been hitherto entirely over-
looked. I n  every observatory the I'olar distance of a star 
is deduced from its observed meridian zenith distance, 
and its Right lscension from its Xeridian Transit But, 
that the zeniths and meridians of two localities, differing 
in latitude, were differently affected by the so-called 
'(conical rliotion of the axis," has been entirely disre- 
garded. 

Sixth: The standard measure of time is also affected by the 
Second Rotation, and a siderial day is at  present a vague 
quantity, only irl~perfectly defined by the statement that 
i t  is the interval which elapses between two successive 
transits of the same star ;because this interval varies for 
nearly every star. Tile only u?zzj5orln standard of t ime is 
the interval between two successive transits of the Pole 
of Second Rotation (see chapter 13in '.Untrodden Ground 
in Astronomy and Geology"). The statement made by 
Sir John Herschel in a foot note at  the end of cLOutlines 
of Bstronomj' "that 3m. 8.68s of purely imaginary time 
was inserted between 1833 and 183-4 in order to correct 
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errors, and that the ~ i h o l e  subject of time had fallen into 
confusion," IS  tile result of all illcorrect stailda~~cl of time 
having been used, and still being ased. 

Seventh: By the prcse~:t ~cceptetl  tllr:ori;.,s,it is nc,t 
known vhether tile aililual rate of iiecrease in tbc: oi11i;l. 
uity (which is the same thing as I:decrease in the distzi,~lce 
of the Pole of the Fleaveils from tlie Poic of the Ecliptic) 
has a decreasing or increasing rate. I t  is now. anti llas 
been during nlany yews talieli as a constatit qunutity of 
0.4T(iUannually, ivhicll is geometrically as asUIISOI~.E~,  
though it mere sta'ced tha.t the I'oi:%~ dintailce of a star 
decreased each year at  a ~ ~ n i f o r mrate. I t  is 11(it linorrn 
how long this decrease ill the oblicjnit>. ~vill  continue, or 
when i t  will become an increase. I t  has continue(! daring 
1800 years at  least, b i ~ t  when it con1lnenc;eii is cot  kuoiin. 
What the obliqnity ivas 5,000 years ago, an6 n-hat it will 
be 5,000 years hence, is not l i i l o \ ~ - ~  the true ; because 
course traced by the Pole of the ITIeavens relative to the 
Pole of the Ecliptic hils not been k n o ~ r ~ ~ .  

The Second Rotation supplies all these details, slid 
proves their accuracy, by the ngreerrlent of caleuintio,l 
wit21 recorded observations. Tile detail iizoi-er~lelits of 
every zenith are given by the Second Rotation, ~rllereas 
hitherto all zeniths seorll to have been iilzaginecl to be 
similarly affected by the so-called "Conical Aiotion of the 
Earth's axis." I t  is irripossible to conceive more convi11::- 
ing proof of the truth of Draysox's discovery. Tlle Sec-
ond Rotation of the Earth merely gives accura::y of ~ l e -
tail where hitherto there has been vagueness anc! imper-
fect definition. 

The various s t a t e m e ~ t s  that have been confidently put 
forward regarding the impossibility of any great change 
having occurred in the Arctic Circles and Tropics, is due 
to the fact that the true course of tlle Pole of the Reav-
ens relative to the Pole of the Ecliptic has hitherto been 
unknown. Such statements, hove\-er, having been ac-
cepted as if they were statements of fact, without full 
enquiry, have incluced some writers to put  fo~rna~rcl estra-
ordinary theories incapable of being proved, to account 
for an Arctic climate hax-ing clesceaclecl to about 61@lati-
titude within colnparatively 111oclei.u times. 

Considering that the true course of the Pole had neTi.er 
been accurately defined until the Second Rotation was 
made known, it appears strauge that so many forms of 
vague speculation slzoulil be serioilsly discussod :LS a pos- 
sible cause of the glacial epoch, whilst the fact tllat the 
centre of the circle ~vllich the Pole describes is proved to 
be G o  from tlle Pole of the Ecliptic, has been overlooked, 
or considered quite impossible. 

More especially is this neglect rcinnrkable be,.-
twenty-five years ago the dajtes for the duration anil ter-
mination of the Glacial Period Tore ~ccurate iy  g i ~ x n  by 
Drayson in consequence of a knowledge of this beautiful 
movement, and when scarcely a geologist believed that 
the dates were anything but erroileous; and now \-vlzat 
do we see? C:eologists sul~staatiating by evidences 
which none can doubt, the absolute accur:tcy of his ob-
servations and calculatiocs. 

I t  is to be expected, after such results, thnb astroil-
olners lvill define, in ilnnlistaliable ternla, the true course 
of the Pole of the Eienvens relati\-e to the Pole of the 
Ecliptic. The definit'ions of the past mill not a ? ~ d  cannot 
satisfy, and a coasicleratio:~ of tile following questions 
ought not to be beneath the notice of anx one, becauee 
until the matter is solved conclusions as to the proper 
motion of stars, the changes of latitude of observatories, 
and even the variation in eccentricity of the Esrth's orbit, 
are assunlptions only, based upon r ~ n s o ~ ~ n r l  I O ~ S .follndR t '  

1. I s  the true course of the Pole a circle round the Pole 
of the Ecliptic as a centre, Beeping cor~stantly at  23" 28' 
from i t  as stated by Herschel and other mriters ? 

2 I x  it an irregular carve always moving at  right 
angles to tile arc joining t!le Pole of the Hetveus to a 
:~rovdb!e Pole of the Cci~ptic ? 

t3  Or, is it a cirzle round an unclefiaed point, ~~~T'hich IS 

s:;pp~se(l.to be the mean position of a, lilovable Pole of 
the  Ecliptic :' It so, where is the point ? 

Zb is probable that the facts of the Seconcl liotation 
Ilax e not been carefully esaanned, as it appears that sonlo 
rniiiviilunl~ hold tlre oprnioii that it IS merely a vague the- 
ory 011poswl to well establi~i!eci facts iu ahtrocomy. The 
7 ci\- rerersc is, hon e; er, re:tlly the case, a u ~ l  the follo\v-
:ng are so~ne  aruougst. many prol~lcms nh ic l~  csn be 
sclxr4 by a l ino~~lei lge of thz Secoilcl Rotation of the 
Earth. 

Such problems can~lot be solved by those persons who 
aie uiincrjualnted .i\it11 it. 

PTO~~CII I  the ixran oblic~uity of the Ecliptic 1 -Calculate 
fo r  any date. say the 1st of January, 1873, ~vitilout ref- 
erence to the observeli ob l iq~~i tyat nnp previous date, 
and n-ithont refereucc to the a:lnual rate of decrease 
found b j  ol~servstion. 

Tt'here 3:c=6°--C1P12!)0 25' -A$;',s,nd ?,Ilo ECP 
for date 1st January. IS?:+,is found thus: 

( P d ! ) . i .  2-1873) x 40.9"=4Q 4'7' 47.9'' = angle XCP on 
the 1st Jallaary, IS87:3. 

i)n c:~lcuIat~ing tthe vaiue of the side PE,  7T-hich is the 
obliquity, this value is foilncl to he 23" 97' 20.2", and i t  is 
recordecl in tile Kautical dllnanac, lS7;4=2:$" 27' 20.88". 

ProLlenl 2.---In Bradley's cat:ilogue of stars for 1st 
,]~;,nury,1,755,the mean aortll Polar distance of Alpha 
Dracollis \i.:LS given as u02(i f - i7.4".  This stai. is 
.jC;c> ;illfroill %, the pole of Second Rotation. Gal-
culate the lllean North l'olar distance of this star for anx 
"tiler date, my 1st J a n ~ ~ a r y ,  ISGO, and 1st January, 1890, 
nithi)~it  a'ily re:'erenc:e to the ar~naal rate of vari,ztion in 
lqc1rtii Polar distance of this star. 

Solution.- the star. C 

From a knoll-ledge of the Second Itotation: 
The side PC-=2flo 25' 47". 
'The side C1.a=2("," 57' 3". 
From Bradley's Record Pa=24O 26' 47.4" on the 1st 

January, 1765. 
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Having the three sides of the spherical triangle i Ca, the 
angle at  C can be calculated, ancl i t  proves to be 
33" 1,s' 26" for the 1st January, 1753 

Owing to the Second llotation the Pole P is carried 
rollnd C as a centre, a t  the a ~ n u a l  rate of 40.9". Uetneen 
1735 and 1830 there a,re 93 yeus,  1~711i~11 inultiplied by 
40 9"=1° 3' 4.5 3" for the increase of the :~lzgle at  C, wlrich 
i)ecomes 34' 20' 11.5" for 1830, wllen the Pole has reached 
PI. 

TVe then have P'C-=2!9U 85' 47" Ca==2(j0 37' 3" and tlie 
included angle I-"':>a=,54" 20' 115" to calcx1late P'a 

B j  calculation P't1=24~ 54' 21 2" a,ud found by obser- 
vation, 24'' 54' 21 4". 

For  1st January, 1890, the angle C bcconles 3k0 47' 27.5" 
ancl by calculat~on, as before, P a =  2So 5' 3?", and by 
the Xautlcal iilmlt~iac Iri!)O, 1J.~nunry=23" 5' 54 6". 

Hence the polai clistance can be calculated for 135 
years to within one second, and, cousldering the uncer-
LintS of refrsct;on, it is probable that the calculation 1s 
more correct than obiervatioil 

S ~ c ha resnlt speaks for itself, and ma) well evcite ad- 
miration of General Drayson's persa7 erance during rnany 
years of t ed~ons  calculatiou, until his 1abor.s have at last 
been rewarder1 by the splendid discovery of the radius 
of the circle described by the Pole of the Heavens, and 
tlle centre of that circle. 

Had Sewton with his marvel!ous intellect known, as we 
do n o ~ u , that a11 almost tropical cli~nate euisted in what 
are now Arctic regions, and an Aictic one as L O W  as 34" 
of latitude; that the axis of the earth T aried ~ t sinclina-
tion to the plane of the Ecliptic; and that vast elevatioirs 
and depressions had occurred upon the surface of the 
Globe causing its centye of gravity to -\ ary its position by 
the consequences of these movements, as in transferring 
enormous quant~ties of the waters of the sea from one 
local~ty to another; who can doubt that he woulcl have 
cliscovered the manner in which the Pole of S21e Heavens 
woulcl have i n o ~ e d  in obedience to the law ot g j  ration? 
And with such catalogues as Tte now possess, he might 
have achiereci tile same results as have been obtained by 
Drayson in discover~ng, as he has done, the details of the 
Second Eotatiou. At all eveilts hc ~voultl certainly ha:e 
attributed the Precession of the Equinoxes to the true 
cause of this, and not to the assumed joint action of the 
sun and moon on the protuberant Equatorial Zone. 

B Y  THEODORE (.ILL, 11. L)., PIX. D., TIASIIING'I'ON, L). V. 

ONL of t l ~ e  most remarkable facts in ~ o o g e o g r a ~ ~ h y  is 
the segregation of the greater part of fresh-water fishes 
represented by the ostariophysal orders, that is, the 

These are evidenil- related to each other, although not 
v e q  closely, and are mostly fresh-water forms. There are 
trio other ik~iiilies \~ ' I~ ich  ha le  hitherto found no satis- 
factory ~es ' t ingp!:~ce ~vl-richI am disposed to associate 
~v l th  t!lc typical haplonies--Perrq~izclae and rlph~e-
dod-,.ltlnc.. 

If the six families thils associated are really genetically 
related, 71 e ~ ~ o a l d  farmlies segre- have another series of 
gated as a fresh-water group, and which inust have been 
long established. The only one of these six faillilies with 
marine replc.rentatives is Cyp~onodo)~tzclae,and this seems 
to be the most generali~ecl and inost nearly related to the 
Sjnentognathous fishes, on one hand, and the Perciform, 
on the other. itThether the salt-n atcr C j  prinodontids 
are the d~iccniiants of l>riwitive salt-water fishes or hale  
re\ erted to tile hen in l i~ter times, is now an open question 
'Chis I do not propose to discuss a t  present, reserving it 
fol future consideration, as well as numerous collate~.al 
questions which mag suggest themselves. My on15 object 
at present is to draw attention to the zoogeographical fact 
rr1r:itionecl and the i~ioryhologicai problei~l involved. 

It is noteworth) that all the families enumerated are 
representecl in the Cuited States, and half of then1 
(Ht~paeiti/~~, Perrol~~daeor Llt~~blyol?s~cZae, and Aphredoderzdoe) 
are found no~rhere  else. The Esocldae and Lhnbradae are 
represented In Europe as well as America. The Cyprinu- 
doiztadar, or Poecil7zdoe, are generally distributed. All the 
fanlilies are remarkably ~vell  defined. Finally, it nlay be 
siigqestcd that the un~vonteJ position of the anus 
(jugular or thorr,cic) of two (il~~lblyopi;idae and A2phredocler- 
zdue) is possibly more than a mere coincidence, ancl may 
be aa iuherltnnco from corninon ancestors. 

BIOLOGICAL 1NT-ERTIGA TIOS I N  BOTANY. 

A c or pLcof smaller notes on the biological question, as 
far as botany is concerned, xere  published by me in this 
jourual. To the first of these, 'Vl'hat is biology? this lit- 
tle note is to be regarded as an appendix. My first paper 
contained, originally, a nulnbe~. of notes on the modern 
methods of biological investigation in botany; 1 kept 
them bacli ln order that they should not be misunder-
stood 
h short tiiile ago I received Professor K. TVille's inaug- 

uration speech in taking the clrair of botany at Chris-
tiania, Nornay Professor TT7ille has said, in a few 
words, hat I wished to say on the occasion above re-
ferred to Therefore, I ~ i la l l  quote him 

$"The so-called plant-biology is a child of the Darwin- 
iau theory of selection. It' shoulcl be called, niore cor-
rectly, o~cologq. This branch of investigation should em- 
brace, as nearly as l~ossible, the science of all life-phe- 
nolneiia of plants, vzlnua physiology: in other mords,families Clzal aczlzadue, Cyp~.anzcZae, ~Ydurldae and their sub- 

divisions. These are all genetically related, and must oecology is the science of the i v ~ ~ t u a lrelationship be- 
have developed from a colnnion stock early acco~~imodated tween the plant :&nil the surrounding nature, when this 

does not uponto tlle fresh water and subsequcutly dlffcrentiated into ~ .e la t ions l~~p  rest physical and chemical 
inany families and a host of gener:t with nlauy h i iad~cds  causes. 
of specles The few marine representati~ es of that host 
are the Arzznae, or Tachasurina~, and the Plofo,zclac, and 
these must have diverged frorri pr1mlt1x.e freih-water 
types.

Another case of segregation of a widely distinct series 
of families has never been recognized, ancl attention 
should be clirectecl to it. It is that of the haplomous 
fikhes. 

The ITaplonzi are teleocephalous fishes with a pneumatic 
duct and abdominal ventrals, and were consiciered by 
Prof, Cope to be an order of physostomous fishes, i i -  
cluding Zsocidae, Cvtbridae, Cyyprinodontidae and EIypsaeidae. 

"'Oecolog~ has st111 retaiued Illany renziniscences from 
the teleological conception of earlier days, when nature as 
a whole \,as thought of  as created for the sake of being 
princlpallg of use to, or rt plaj thing for, the h11man race. 
P'lant oe~olog~s t s ,  or as they lilie to call themselves, plant 
biologists, have the idea that everything must be useful 
or deve1ol)ctl in a certaln way in order to be of use for 
certain purposes 

'.\Ye shall gire an example of one of the typical repre-
sentatives of this line of study. He placed an ant on the 
leaf of Sntzc17 L C S ,  nnd founcl that the ant tore the cuticula, 
so that tlie mill; juice frollz the leaf cltine out. The resin 


