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PREFACE.

&L

Ture 'WOI‘L. 11e1*e offered to the Pubhc is based upon'
~and may be considered as an extension, and, it is
hoped, an improvement of a treatise on the same
subject, forming Part 43. of the Cabinet Cyclopaedia,
- published in the year 1833, Its obgeot and general
- character. are: suﬂimenﬂy sta,ted m the 111t1*0duct01*y-
~ chapter of that volume, here 1'eprmtcd with little
“alteration ; but an opportunity having been afforded
- me by the Proprietors, preparatory to its 1’G"ﬂplje':11n
ance in a form of more pretension, I have gladly
availed myself of it, not only to correct some errors
+which, to my regret subsisted in the former volume,
but to remodel it altogether (though in completﬁ
“accordance with 1ts omgmal design as @ work of o~
_ chmr:ctwn) to introduce much new matter in the
earlier portions of it; to re-write, upon 2 far more
‘matured and comprehenswe plgm, the part rehtmg |
to the lunar and planetary 1:)01"1:111"]33,1:10115, and to
bll]f]ﬂ‘ the subJects of sidereal and nebular cl&t]f'Ol'lOlle ;
to the level of- the: present state of our knowlqdrre in
those departments. -
+ The chief novelty n the volume Qs 1t now stands,
will be found in the manner in Whlbll the subject of
Perturbatiqus is treated. It is not —it cannot be
made elementary, in the sense in which that word is.
mmlerstoed In these days of llght re admg I‘hc clmp-
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&

ters devoted to it must, therefore, he considered as
addressed to a class of readers in possessiofl of some-
what more mathematical knowledge than thoge who
will find the rest of the work readily and easily ac-,
cessible; to readers desirous of preparing themselves,
by the possession of a sort of carte du pays, for a
campalgn in the most difficult, but at the same time
the most attractive and the most remunerative of all
the applications of modern geometry. More cspe-
cially they may be considered as addressed to students
in that university, where the “ Principia” of Newton
13 not, nor ever will be, put aside as an obsolete
book, behind the age; and where the grand though
rude outlines of the lunar theory, as delivered in the
eleventh section of that immortal work, are studied
less for the sake of the theory itself than for the
spirit of far-reaching thought, superior to and dis-
encumbered of technical aids, which distinguishes
that beyond any other production of the human in-
tellect.

In delivering a rational as distinguished from a
technical exposition of this subject, however, the
course pursued by Newton 1n the section of the
Principia alluded to, has by no means been servilely
followed. As regards the perturbations of the nodes
and inclinations, indeed, nothing equally luminous
can ever be substituted for his explanation. Bnt as
respects the other disturbances, the point view
chosen by Newton has been abandoned for another,
which it is somewhat difficult to perceive why he did
not, himself, select. By a different resolution of the
disturbing forces from that adopted by him, and by
the aid of a few obvious conclusions from the laws
of elliptic motion which would have found their
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place, naturally and consecutively, as corollaries of
the sevenjecuth proposition of his first book (a pro-
position which scems almost to have been prepared
with 4 special view to this application), the moment-
ry change of place of the upper focus of the dis-
{urbed ellipse is brought distinctly under inspection;
and a clearness of conception introduced into the
perturbations of the excentricities, perihelia, and
epochs which the author does not think 1t presump-
tion to believe can be obtained by no other method,
und which certainly 1s not obtained by that from
which it is a departure. It would be out of keeping
with the rest of the work to have introduced into
this part of it any algebraic investigations; else it
would have been easy to show that the mode of pro-
cedure here followed leads direct, and by steps (for
the subject) of the most elementary character, to the
general formulae for these %perturbations, delivered
by Laplace in the Mécanique Céleste.*

The reader will find one class of the lunar and
planetary inequalitics handled in a very different
manner {rom that in which their explanation is usu-
ally presented. It comprchends those which aro
characterized as incident on the epoch, the principal
among them being the annnal and secular equations
of the moon, and that very delicate and obscure part
of the perturbational theory (so little satisfactory in
the |~ mer in which it cmerges {from the analytical
treatiient of the subject), the constant or permanent
effect of the disturbing force in altering the disturbed
orbit. 1 will venture to hope that what is here
stated will tend to remove some rather generally

¥ Livre 1. chap. v mt 67,
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diffused misapprehensions as to the trae bearings of
Newton’s explanation of the annual equation.®

If proof were wanted of the inexhaustibke fertility
of astronomical science in points of novelty and iu-
terest, 1t would suffice to adduce the addition to the*
list of members of our system of no less than eight
new planets and satellites during the preparation of
thesc sheets for the press. Among them is one
whose discovery must ever be regarded as one of the
* noblest trinmphs of theory. In the account here
given of this discovery, I trust to have expressed
myself with complete i1mpartiality; and in the ex-
position of the perturbative action on Uranus, by
which the existence and situation of the disturbing
planet became revealed to us, I have endeavoured,
in pursuance of the general plan of this work, rather
to exhibit a rational view of the dynamical action,
than to convey the slightest idea of the conduct of
those masterpleces of analytical skill which the re
searches of Messrs. Leverrier and Adams exhibit,

To the latter of these cminent geometers, as well
as to my excellent and esteemed friend the Astro-
nomer Royal, I have to return my best thanks for
communications which would have cffectually re.
lieved some doubts I at one period entertained had
I not succeeded in the interim in getting clear of
them as to the compatibility of 1y views on the
subject of the annual equation already alluded to,
with the tenor of Newton’s account of it. To my
valued friend, Professor De Morgan, I am indebted
for some most Ingenious suggestions on the subject
of the mistakes committed in the early working of

* Principia, lib. 1. prop. 66, con. 6.
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the Julian reformation of the calendar, of which I
should hqvo availed myself, had it not appeared pre-
ferable, on maturc consideration, to present the sub-
ject in its simplest form, avoiding allogether entering
-into minutice of chronological discussion.

J. I'. W, llerscurr.

Collingwood, April 12. 1849,
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Page 143, line 14, for ¢ imaginably,” vead * imaginable,” |
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OQUTLINES

o1

ASTRONOMY.

INTRODUCTION.

(1.) Hvery student who enters upon a scientific pursuit,
especially if at a somewhat advanced period of life, will find
not only that he has much to learn, bul much also to un-
learn. Familiar objects and cvents are far from preseniing
themselves to our senses in that aspect and with those con-
nections under which science requires them to be viewed, and
which constitute their rational cxplanation. There s, there-
fore, every reason to expect that those objects and relations
which, taken together, constituie the su.l).]ect he 18 about to
enter upon will have been previously apprebended by him,
at least imperfectly, because much has hitherto eseaped his
notice which is essentiul to ils right understanding: and not
only so, but too often also crroncously, owing to mistaken
analogies, and the general prevalence of vulgar crrors.  As a
first preparation, therefore, for the course he is about to
commence, he must loosen lhis hold on all erude and hastily
adopted notions, and must strengthen himself, by something
of an eflort and a vesolve, for ithe unprejudiced admission of
any conclusion which shall appear to be supported by carveful
observation and logical argument, even should it prove of a

nature adverse to notions he may have previously formed {or

himself, or taken up, without examination, en the eredit of
R



2 DUTLINES OF ASTRONOMY,

others. Such an cfiort s, in fact, n commencement of that
intellectunl discipline which forms one of the most important
ends of all scienco. It is the first movement of approach
towards that state of mental purity which alone can fit us for
a full and steady pereeption of moral beauty as well as physi-
cal adaptation, It is the * cuphrasy and rue” with which
wo musl * purge our sight” Lefore we ean receive and con-
template as they ave the lineaments of truth and nature.

(2.) There 13 no science which, more than astronomy,
stands in need of such a preparation, or draws more largely
on that intellectual liberality which 18 ready to adopt what-
ever i1s demonstiated, or concede whatever is rendered highly
probable, however new and uncommon the points of view
may be in which objects the mdst familiar may thereby be-
come placed. Almost all its conclusions stand in open and
strilcing contradiction with those of superficial and vulgar
observation, and with what appears to every one, until he
has understood and weighed the proofs to the contrary, the
most positive evidence of his senses, Thus, the earth on
which he stands, and which has sexved for ages as the un-
shakon foundation of the firmest structuves, cither of art or
nature, is divested by the astronomer of its attribute of fixity,
and conceived by him as turning swiftly on its centre, and
at the same time moving onwards through space with great
rapidity, The sun and the moon, which appear to untaught
eyes rvound bodies of no very considerable size, become en-
larged in his imagination into vast globes, — the one ap-
proaching in magnitude to the ecarth itself, the other im-
mensely surpassing it.  The plancts, which appenr only as
stavs somewhat brighter than the rest, are to him spacious,
glaborate, and habitable worlds; several of them much
greater and far more curiously furnished than the earth he
inhabits, as there ave algo others Iess so; and the stars them-
selves, properly so called, which to ovdinary apprehension
present only lucid sparks or brilliani atoms, are to him suns
of various and {ranscendent glory— effulgent centres of life
and light to myzinds of unseen worlds. So that when, after
dilating his thoughts to comprehend the grandeur of thoso

-y
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ideas his calenlntions have called np, and exhausting his imn-
gination and the powers of his language to devise similes and
metaphors illustrative of the immensity of the seale on which
his universe is constructed, he shrinks back {o g nalive
sphere; he finds it, in comparison, & mere poini; so lost—
even in the minute system to which it belongs — as 10 be in-
visible and unsuspected from some of its principal and remoter
members.

(3.) There i havdly any thing which sets in o stronger
light the inherent power of {ruth over the mind of man,
when opposed by no motives of interest or passion, than the
perfect readinoss with which all these conclusions are assented
to as soon as their evidence is clearly apprehended, and the
tenacious hold they acquire. over our helief when once ad-
mitted. In tho conduct, therefore, of this volume, I shall
take it {or granted that tho reader is more desirous to lean
the system swhich it is ils objeet to teach as it now stands,
than to raise or revive objections against it; and that, in
short, he comes to the task with a willing mind; an assump-
tion which will not only save the trouble of piling argument,
on argument to convince the sceptical, but will grontly
facilitate his actual progress; inasmuch as he will find it at
once easier and move sniisfaciory o pursue from the ountsel
a straight and definite path, than to be constanily stepping
aside, involving himsell’ in perplexities and civenits, which,
after all, can only terminate in finding himself compelled to
adopt the same road.

(4.) The method, therefore, wo proposg to follow in this
work is neither strictly the analytic nor the synihetic, hul
ather such a combination of hoth, with a leaning to the
latter, as may best suit with a didartic composition. Its
object i3 not to convince or vefute opponenis, nor to inquive,
under the semblance of an assumed ignorance, for principles
of which we axre all the fime in full possession — but simply
to teach what 18 lnown, The moderate Imil of g ginglo
volume, o wyhich it will be confined, and the neccesity of
being on every poini, within that limit, rather diffuse and

copious in explanation, as well as the eminen(ly matared and
ER t
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ascertained charncter of the seience itself, render this course
both practicable and eligible. Practicable, because there is
now no danger of any rvevolution in astronomy, like those
which are daily changing the features of the less advanced
sciences, supervening, to destroy all our hypotheses, and
throw our statements into confusion, Ihgible, heenuse the
space to be bestowed, cither in combating refuted systems, or
in leading the reader forward by slow and measured steps
from the known to the unknown, may be more advantageously
devoted to such explanatory illustrations as will impress
on him a {amiliar and, as it were, o practical sense of tho
sequence of phenomeng, and the manner in which they are
produced. We shall not, then, reject the analytic course
where it leads more casily and directly to owr objects, or In
any way fetter oursclves by o rigid adhercnce to method.
Writing only to be understood, and to communicate as much
information in as little space as possible, consistently with its
distinct and effectua! commprunication, no saerifice can be
afforded to system, to form, or to aflectation.

(5.) We'shall take for granted, from the outset, the Copor-
nican gystem of the world ; relying on the easy, obvious, and
natural explanation it affords of all the phenomena as they
come to be deseribed, to impress the student with a sense of
its irath, without either the formality of demonsiration or
the superfluous tedium of culogy, calling to mind that im-
portant remark of Bacon: — ¢ Theorinrwm vires, arcta ot
quasi se mutuo sustinenie partium adapiatione, quii guasi in
orbem cohmrent, firmantur ® 3 not failing, however, 10 point
ouf to the reader, as occasion offers, the contrast which 'its
superior simplicity offers to the complication of other hypo-
theses.

(6.) The preliminary knowledge which it is desirable that
the student should possess, in order for the more advantageous
perusal of the following pages, consists in the familiar prac~

* 4 The confirmation of theories relies on the compaet adaptalion of their
parts, by which, like those of an arch or dome, they mutually sustain gach other,
and form n coherent whole,” This is what D, Whewell expressively terms the

eansilience of industions,
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tice of decimal and sexagesimal arithmetie; some modernte
acquaintance with geometry and trigonometry, both plane
and spherieal; the clemenlary principles of mechanics ; and
enough, of optics to understand the construction and use of
the telescope, and somo other of the simpler instruments,
Of course, the more of such knowledge lhe brings to the
perusal, the ensier will be his progress, and the more com-
plete the information gained; but we shall endeavour in
every case, a8 {ar as it can be done withoul n sacrifica of
clearncss, and of that useful brevity which consiste in the
absence of prolixily and episode, to render what we have {o
say as independent of other hooks as possible,

(7.) After all, T must distinetly coution such of my
readers as may commence and terminate their astronomical
studics with the present work (though of such, —at least in
the latter predicament,—1I trust the number will be fow),
that its utmost pretension is to place them on the threshold
of this particular wing of the temple of Secience, or rather on
an eminence exterior {0 it, whence they may obiain something
like a2 gencral notion of s structure; or, at most, to give
those who may wish to enfer a ground-plan of its accesses,
and put them In possession of the pass-word, Admission to
its sanctuary, and to the privileges and foclings of o votary, is
only to be gained by one means, — sound and sufficient know~
ledge of mathematics, the great instrument of «ll exact inquiry,
wichout which no man can ever make such advances in iy or
any other of the higher depariments of science as can entitle
lim o form an independent opinion on any subject of discussion
within their range. It 13 not without an effort that those who
possess this knowledge can communicaie on such subjcets
with those who do not, dnd-adapt their language and theiy
illustrations to tho necessities of such an intorcourse, IPro-
positions which to the one are almost identieal, avo theoroms
of import and difficuliy to tho other; nor is their evidenea
presented in the same way to the mind of each. TIn teaching
such propositions, under such circumstances, the appeal has
to be made, ot 1o the pure and abstract veagon, but to the

senso of analogy — to practice and experionce: prineiples and
i
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modes of nction have to be established not by direet argtimont
from acknowledged axioms, but by continually recurring to the
sources from which the axioms themselves have been drawn;
viz. examples; that 1s to say, by bringing forward and dwelling
on simiple and familiar instances in which tha same principles
and the same or similar modes of action take place: thus
erecting, as it were, in cach particular casec, a separate indue-
tion, and constructing at cach step a little body of scienco to
meet its exigencics. The difference is that of pioncering a
road through an untraversed country and advancing at case
along a broad and beaten highway ; that is to say, if we are
determined to make ourselves distinetly understood, and will
appeal to veason at all.  As for the method of assertion, or a
direet demand on the fuith of the student (though in some
complex cases indispensable, wlhere illustrative explanation
would defeat its own ond by becoming tedious and burdensome
to both parties), 1t is one which I shall neither willingly adopt
nor would recommend to others,

(8.) On tho other hand, although it is something now to
abandon the road of mathematical demonstration in the treat-
ment of subjects susceptible of it, and fo teach any consider-
able branch of science entirely or chicfly by the way of il-
lustration and {amiliny parallels, it 1s yet nol impossible that
those who are already well acquainied with our subject, and
whose knowledge has been acquired by that conlessedly higher
practice which is incompatible with the avowed objeots of the
present work, may yet find their aceount in its pornsal, —for
this reason, that it is always of advantage to present any given
body of knowledge to the mind in as great a varviety of dif-
ferent lights as possible, Tt is a property of illystrations of
this kind to strike no two minds in the same mammey, or with
the same force; because no two minds are stored with the
same lmages, or have acquired their notions of them by
gimilar habits. Acecordingly, it may very well happen, that a
proposition, even to onec best sequainted with it, may be
placed not merely in a new and nncommon, but in a more
impressive end satisfaclory light by such a cdourse -— some
olscurity may be dissipated, some inward misgivings cleared
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up, or even some links supplicd which may lead to the per-
ception of connections and deductions altogether unknown
before. And the probability of this is increased when, as in
the present instance, the illustrations chosen have not been
studiounsly selected from books, hut are such ns have presended
themselves freely to the aulhor's mind as being most in
harmony with his own views; by which, of course, he means
to Iny no claim to originality in all or any of them beyond
what they may really possecss, .

(9.) Besides, there arve cases in the application of mecha-
nieal principles with which the mathematical student is hut
too familiar, where, whon the dats are before him, and the
uumerical and geometrical relations of his problems all clear
to his conception,— when his forces are estimafed and hig
lines measured, —nay, when oven he hag followed up the
application of his technical processes, and fairly arrived at his
conclusion, — ihere is still something wanting'in his mind —
not in the evidence, for lie has cxamined ecach link, and finds
the chain complete — not in the principles, for those he well
knows are too firmly established to he shaken — but preciscly
in. the mode of action. Ile has followed out o train of vea-
soning by logical and technical rules, hut the signs he has
ecmployed are not pictures of nature, or have lost thelr oxi-
ginal meaning as such to his mind: he hag not seen, ns i
were, the process of nature passing undor hig cye in an in-
stant of time, and presented as a consceutive whole to his
imagination, A familiar parallel, or an ilustration drawn
from some artificial or natural process, of which he has that
divect and individual impression which gives it a veality and
associgtos it with o name, will, in almost overy such case,
supply In & moment this, doficient fenture, will convert all hiy
symbols inte real pictures, and infuse an animated meaning
into what was Defore o lifeless succesgion of words and signs,
I cannot, indeed, always promise mwysclf to aitain this
degree of vividness of illustration, nor arve the points to
be cluoidatgd themselves always capablo of boing so pare-

phrased (if T may use the expression) by any single in-
it
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etunce adducible in the ordinery course of experience; but
the olject will at least be kept in view ; and, as I am very
conscious of having, in making such attempis, gained for
myseclf much clearer views of scveral of the more concealed
cffects of planctary perturbation than I had aequired by
their mathematical investigation in detail, 1t may roagonably
be hoped that the endeavour will not always be unattonded
with a similar success in others.

(10.) From what has been said, it will be evident that our
aim 18 not to offer to the public a technical treatise, in which
the student of practical or theoretical astronomy shall find
congigned the minute description of methods of observation,
or the formule he requires prepared to his hand, or their de-
monstrations drawn oul in detail. In all these the present
work will be found meagre, and quite inadequate to lhis
wants, Its aim is entively different ; Leing 1o present in ench
case the mere ultimate rationale of facts, arguments, and
processes; and, in all cases of mathomatical application,
avoiding whatever would tend to encumber its pages with
algebraic or geometrical symbols, to place under his inspec-
tion that central thread of ecommon sense on whicl the pearls
of analytical research are invariably strung; but which, by
the attention the latter claim for themselves, is often con-
cealed from the eye of the gazer, and not always disposed in
the straighicst and most conveniens form to follow by those
who string them. This is no fault of those who have con-
ducted the inquiries to which we allude, The contention of
mind for which they call is enormous ; and it may, perhaps,
be owing to their experience of how Zittle can be accomplished
mn carrying such processes on to their conclusion, by mere
ordinary elearness of head; and how necessary it ofien i to
pay more atfention to the purely mathematical conditions
which cnsure success,— the hocks-and-cyes of their equa-
tions and series, — than to those which enchain esuses with
their effects, and both with the human reason, — that we
must attribute something of that indistinetness of view which
is often complained of as n grievance by the earrlest student,
nud siill more commonly ascribed ironically to the native
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cloudiness of an atmosphere {oo Bublime For vulgar compre-
honsion. We think we ehall render good service to both
classes of readervs, by dissipating, so far as lics in our power,
that aceidental obscurity, and by showing ordinary untutored
comprehension clearly what it ean, and what it cannot, hopo

to atiain,
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CITAPTER I

GENERAT, NOTIONS ~— APPARENT AND RLAL MOTIONS, »— SIHAPT AND
SIZL OF TUD TARTH. — TIL HORIZON AND IT8 DIP, — TIID At~
MOSPIIERL, — RIIRACIION, — TWILIGIT, — APPDARANCLS RE-
SULTING I'ROM DIURNAL MOTION - I'ROM CIIANGE OT BTATION
IN GLNCRAL. ~- PARALLACTIO MOTIONS, ~— LERRESTRIAL TARAL-
LAX, —s TIIAT OF THI STARS INSCNSIBLL.~— IINRSCL SILP  TQ-
WARDS TORMING AN “IDEA OF TIL DISTANCD O THEL STARY, —
COPERNICAN VIDW OF THL TARTH'S MOTION, = RELATIVI]
MOTION, — MOIIONS PARILY RLAL, PARILY APPARDNT, — GLO-
CENTRIC ASTRONOMY, OR IDDAL® RLICRINCE OI' PILA NOMLNWA
TO THL DARTH'S CENTRC A8 A COMMON GONVEN FIONAL

STATION. ~

(11) Tur magnitudes, distances, arrangement, and motions
of the great bodies which make up the visible univeise, their
constitution and physicnl condition, so far ag they can he
known to us, with their mutual influences and actions on each
other, so far as they can be traced by the cffects produced,
and established by legitimate rensoning, form the assemblage
of objects to which the attention of the astronomer is directed.
The term astronomy* itgell, which denotes the Jaw or rule of
the astra (by which the ancients understood 1ot only the
stars properly so ealled, but the sun, the moon, and all the
visible constituents of the heavens), snfficiently indicates this;
and, although the term astrology, which denotes the reason,
theory, ov interpretation of the stars{, has become degraded in
its application, and confined to superstitious and delusive at-
tempts to divine future events by their dependence on pra-

T

* Aorip, a slar; vopes, a law ; or vegew, to tend, as a sheplimd his flock ; 5o
that aoTpsvopos means ¥ shepherd of the stars ™  The two ctymologies me, Low.

ever, comncident,

t Aoyos, reason, or a word, the vehiol of 1easpn, the interpioter of thought.
!
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tended planetary influences, the saume meaning originelly

attached 1tself to that epiihet.

(12.) Bat, besides the stars and other celestinl bodies, the
carth itself, regovded as an individual hody, is one pineipal
object of the astromowmer’s consideraiion, and, indecd, the
chicf of all, It derives its importance, in o practical as well
as theorctical sense, not only from its proximity, and its ve-
lation to ue as animaled beings, who draw from it the supply
of all our wants, but as-the station from which we sce all the
rest, and as the only one among them to whichwe can, in the
first instance, vefer for any determinate marks and measures
by which to rcecognize their changes uf situntion, or wiilh
which to compare thmr distances,

(18.) To the reader who now for the first timo takes up o
baok on astronomy, it will no doult seem strange to class the
earth with the heavenly bodies, and to assume any community
of nature among things appavenily so different, Ior what, in
fact, can be more appavently different than the vast and
secemingly immecasurable extent of the carth, and the starg,
which appear but as points, and scem to havo no size at all ?
The carth ia davk and opaque, while the celestial bodies are
brilliant, {Ve parcelve in it no motion, while in them wo
observe s continual change of place, as we view them at dil-
fevent hours of the day or night, or at different scazons of the
year., 'Tho ancients, nccordingly, one or two of tho more en.
lightened of them only excopted, admitted no such commu-
nity of nature; and, by thus placing the henvenly bodies and
their movements withoui the pale of analogy and experience,
effectnally intcreepted the progress of all reasoning from what
passce heie below, to what is going o in tho 10gions where
they exisl and move. Under such conventions, ﬂstrmmmy,
a8 n selence of cause and cffoct, could not exisi, but must be
hmited to & mexre registry of appearances, unconnected with
any attempt to account for thom on reasonable prineiples,
howover successful to a certain oxient might be the attempt
to follow out their order of sequence, and to establish empirical
lnws exprossive of this order, To got 1id of this prejudice,
therefore, is the fivst stop fowards aequiring o kiowledgoe of
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what is really the ease; and the student has made his fiest
effort towards the acquisition of sound knowledge, when he
has learnt to familiarize himself with the idea that the earth,
after all, may be nothing but o great star.  IHow correet such
an idea may be, and with what Iimitations and modifications
it is to be adunitted, we shall sce presenily.

(14.) It is cvident, that, to form any just notions of the
aprangement, in space, of a number of objects which we can-
not approach and examine, but of which all the information
we can gain i8 by sitting still and walching thoir evolutions,
it must be very important for us to know, in the first
instance, whether what we call sitting still is really such:
whether the station from which we view them, with onrselves,
and all objects which immediately surround us, he not itsell
in motion, unperccived by us; and if so, of what nature that
motion 1s. The apparent places of a number of objeats, and
their apparent arrangement with respect to each other, will
of course be matorially dependent on the situation of the
speetator among them ; and if this situation be liable to
change, unknown to the spectator himsell, an appearance of
change in the respective smituations of the objects will arise,
without the reality, 1If, then, such be actually the cnse, it
will follow that «ll the movements we {hidk we perceive
among the stars will not be real movements, but that some
pact, at least, of whatever changes of relative place wo per-
ceive among them must be merely apparent, the results of
the shifting of our own point of view; and that, i we would
ever arrive at a knowledge of their real motions, it can only
be by first investigating our own, and wmaking due allowance
for its effects, Thus, the question whether the earth is in
motion or at rest, and if in motion, what that motion ig, 18 no
idle inquiry, but one on which depends our only chance of
arriving ab fruc conclusions respecting the constitution of the
universe.

(16.) Nor let it bo thought strange that we should speal
of a motion existing in the carth, unperceivgd by ils inw
habitants: we must remember thai it is of the eavth as a
whole, with all that it holds within iis substance, or sustains
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on its surface, that we ave speaking; of & motion common to
the solid mass beneath, to the ocean which flows around it,
the air that rests upon it, and the clouds which float abovo it
in the air.  Such a motion, which should displace no terres-
trial object from its relative situation among others, interfore
with no natural processes, and produce no sensations of
shocks or jorks, might, it is very cvideni, subsist undeteeted
by ng.  There 1s no peculiar sensation which advertiges us
that we are in motion. Ve perceive jerks, ov shoeks, it Is
true, because these are sudden changes of motion, produced,
as ihe laws of mcechanics teach ns, by sudden and poverful
forces acting duaring short times ; and these forces, applied tu
our hodics, are what we jfee/, When, for example, we arc
carried along in @ carviage with the blinds down, or with our
ayes closed (to keep us {from sceing external objeets), we per-
ceive n fremor arising firom incgualitics in tho rodd, over
which the crviage 18 sucecessively lifted and let fall, but wo
have no sense of progress. As the rond is smoother, our
sense of motion is diminished, though our rate of travelling is
accelerated.  Railway travelling, especinlly hy night or in a
tunnel, has familiarized every one with this remark, Those
who have made acronautic voynges testify that with closed
eyes, and under the influence of a steady brecze communi-
cating no oscillntory or revolving motion to the car, the
sensution 18 that of perfecl rest, howover rapid the transfor
from place to place,

(16.) But it 18 on ghipboard, whore & geat system i3 main-
tained in motion, and whore we arve surrounded with o mul-
titude of objects which participate with oursclves and each
other in the cormmon progress of the whole masg, that wo feel
most satisfactorily the idontity of sensation belweon a state
of motion and one of rest.  In the eabin of & large and heavy
vegsel, going smoothly Dbefore the wind in still waler, or
drawn along a canal, not the smallest indicalion acquaints us
with the way it is making, Wo read, sit, walk, and perform
every customary action as if we were on land. I we throw
o ball ino the air, it {alls back into our hand ; or il we dvop
it, 1t alights at our feot,  Tnsects buzz around ng as in the
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free air; and smoke ascends in the same manner as it would
do in an apartment on shore. If, indeed, we come on deck,
the case Is, in some respects, different; the air, not heing
carried zlong with us, drifts away smoke and other light
bodies —such as featheis abandoned to it — apparently, in
the opposite direction to that of the ship’s progress; but, in
reality, they 1emain at vest, and we leave them behind in the
air,  Still, the illusion, so far as massive objects and owr own
movements are coucerned, remains complete; and when we
look at the shore, we then perceive the effect of our own
motion transferred, in a contiary dircetion, to external objects
— erternal, that 18, 2o the system of which we form a part,

“ Prgvehimu porty, teirmeque mbesque 1ecedunt

(17.) In order, however, to coneeive the ecarth as in mo-
tion, we¢ must form to ourselves a conception of its shape and
size. Now, an olyject cannot have shape and size umless ii
1s limited on all sides by some definite outline, 8o as to admit
of our imagining it, at least, disconnected from other bodices,
and existing insulated in space., The first rude notion we
form of the earth is that of a flat surface, of indefinite extent
in all directions from the spot where we stand, adove which
arve the air and sky ; below, to an indefintte profundity, solid
matter, Thisis a prejudice to bo got vid of, like that of the
earth's Immobility ;—— but it 18 one much ensior to rid our-
gselves of, inasmuch as it originates only in our own mental
inactivity, in not questioning ourselves whme wo will place
a limit to a thing we have been accustomed from inlancy
to regard as immensely large; and does not, like that, ori-
ginate in the testimony of our senses unduly interproted.
On the contrary, the direct testimony of our senses lics the
other way, When we see the sun set ih the evening in the
west, and rise again in the cast, as we cannot doubt that it is
the same sun we see after o temporary absence, we must do
violence to all our notions of solid matier, to suppose it to
have made its way #hrough the substance of the earth, It
must, therefore, have gone under it, and that not by a mere
subterraneous channel ; for if we notice the points where it

i~
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sets and rises for many successive days, or for o whole year,
we shall find thom constantly shifting, round a very large
extent of the horizon; and, besides, the moon and stars alse
et and rise again in el points of the visible horizon. The
sonclusion is plain: the carth cannot cxtend indefinitely in
depth downwards, nov indefinitely in surface laterally; it
must have not only bounds in a horizonial direction, but also
an under side round which the sun, moon, and stars can pass;
and that side must, at least, be go far like what we see, thal
it must have a sky and suushine, and o day when it is night
to usg, and vice versd ; where, in short,

— ©yedit & nobis Awiorm, diemgue teduest.
Nosque ubi pimus equis o1iens afllavit anhels,
1l sera 1ubeny aceendit lwnun YVespe,® Giorg,

(18.) As soon as we have familiavized ouraclves with the
conception of an earth without foundations or fixed supports —
existing insulated in space from contact of cvery thing ex-
ternal, it becomes easy to imagine it in motion—— or, rather,
difficult to lmagince it otherwise; for, since there is nothing to
retain it in onoe place, should any causcs of wnotion exist, or
any Jforces act upon it, 1t must obey their impulse, Lot us
neat seo what obvious cironmstances there are to help us to o
knowledgo of the shape of the carth,

(19.) Let us fivst axamine whal we can aclually see of its
shape. Now, it is not on Jand (unless, indeed, on un-
commonly level and extonsive plains), that wo oan seo any
thing of the general figuro of the earth j— tho hills, trecs, and
other objects which roughen its surface, and break and clovato
the line of the horizon, though obviously bearing a most
minute proportion io the whoele carth, ave yet too considerable
with respeot 1o oursclvesand to that small poriion of it which
we can see ot o single view, to allow of owy forming auy
judgment of the form of the wholg, from that of a part so dig-
figured. DBnt with the surfaco of the sen or any vastly ox-
tended lovel plain, the case is otherwise, If wo sail oul of
sight of land, whethor we stand on the deck of the ship or
climb the mnst, we see the suifaco of the sea-—not loging
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itaclf in distance and mist, but termmated by a snarp, clear,

well-defined line ov offing as it iz called, which runs all vound
us in a circle, baving our station for its centre. That this

line is roally a cirele, we conclude, frsi, from the perfect
apparent similarity of all its parts; and, secondly, from the
fact of all its parts appearing at the same distance {rom us,
and that, cvidently, a moderate one; and thivdly, from ihis,
that its appavent dinmefer, measnred with an insirument
enlled the dép sector, is the same (oxeept undor some singular
atmospheric circumstanees, which produce a temporary dis-
tortion of the outline), in whatever dircction the measure is
talen, — properties which belong only to the circle mmong
ocometrical figures,  If we ascond a high eminence on a plain
(for mstance, one of the Iigyptian pyramids), the same holds
good,

(20.) Masis of ships, however, and the cdifices erected by

man, are trifling cminences compared to what nature itself
affords; Altna, Tencriffe, Mowna Roa, are eminences from
which no contemptible aliguot part of the whole earth’s surface
can he scen; hut from these again—in thoso few and rare
occasions when the transparency of the air will permit the
real boundary of the horizon, the true sea-line, to be scen—
the very same appearances are witnessed, but with this re-
markable addition, viz. that the angular diameter of the visible
area, as measured by the dip sector, 18 materinlly Zess than at
a lower levely or, in other words, that the apparent size of
the earth has sensibly diminished as we have receded from its
surface, while yet the abdsolute quantily of it scen at once hag
been increased,
. (21.) The same appearances are obscrved universally, in
every part of the carth’s surface visited by man, Now, the
figure of a body which, however scen, appears always cireular,
ean be no other than a sphere or globe.

(22.) A diagram will elucidate this, Suppose the carth to
be represented by the sphere L ILN Q, whose centre 18 C, and
let A, >, M be stations at different elevations above various
points of its surface, represented by «, g, m respeetively.
From each of them (as from M} let a line be drawn, as M N »,
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THE TMORIZON AND ITS DI, 1%

a tangent to the surface at N, then will this lne represent
the visual ray along which the spectator at M will sce the
vigible horizon; and asg this tavgent sweeps round M, and
comes successively into the positions M Oo, M Pp, M Q g,
the point of contact N will mark out on the surface the
circle NOP Q. The arca of the spherical surface compre-
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hended within this cirele 18 the portion of the earth’s surfuce
visible to o spectator at M, and the angle N M Q included
between the two extreme visual rays ig the measure of is
apparent angular diameter. Leaving, at present, out of con-
gideralion the effect of refraction in the air below M, of which
more herenfter, and which always teids, in some degrec, to
increase that angle, or render it more obtuse, this is the anglo
measured by the dip seetor. Now, it is cvident, 1st, that as
the point M is more elevated above m, the point immediately
below it on the sphore, the visible ares, 7 e the spherical
segment or glice N O P Q, increases; 2dly, that the diftance
of the visible horizon® or boundary of our view from the eye,

% tOpilw, to terminate,

O
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viz. the line M N, increases; and, 3dly, that the angle NM(Q)
becomes less obtuse, or, in other words, the apparent angular
diameter of the earth diminishes, being nowhere so great as
180° or two right angles, but falling short of it by some sen-
sible quantity, and that more and more the higher we ascend,
The figure exhibits three states or stages of elevation, with
the horizon, &c, corresponding to each, a glance at which will
explain our meaning; or, limiting ourselves to the larger and
more distinet, MNOPQ, let the reader imagine n N M,
M Qg to be the two legs of o ruler jointed at M, and kept
extended by the globe N m Q between them, It is clear, that
ns the joint M is urged home towards the surface, the legs
will open, and the ruler will become more nearly siraight,
but will not attain perfect straightness till M 18 brought
fairly up to contact with the surface at m, in which casc
its whole length will become a fangent to the sphere al m, as
is the line 2 7.

(23.) This expluing what 18 meant by the dip of the horizon.
M m, which i3 perpendicular to the general surface of the
aphere at m, is also the divection in which a plumb-Zfine® would
hang ; for it is an observed fact, that in all situations, in overy
part of the earth, the direction of n plumb-line is cxnetly
perpendicular to the surface of still water; and, morcover,
that it is also exactly perpendicular fo a line or surface truly
adjusted by a spirit-level.™ Suppose, then, that at our siation
M we were to adjust o bne (a wooden ruler for insiance) by
o spirit-level, with perfect exactness; then, if we supposs the
direction of this line indefinitely prolonged botlr ways, ns
X MY, the line so dvawn will be at right angles to Mm,
and thercfore parallel to amy, the tangent to the spheve at
m. A spectator placed at M will therefore see not only all
the vault of the sky adove this line, as X 7Y, bui also thai
portion or zone of it which lies befween X N and Y Q; in
other words, his sky will be more than a hemisphere by the
zone Y (Q XN, It is the angular hreadth of this redundant
zono£-the angle Y M QQ, by which the visible hopizon appears
depressed below the divection of 2 spirit-lovel ~— that is called

¥ See these instruments deseribed in Chap. IIT,
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the dip of the horizon, It is n corrcetion of constani nse in
nautical astronomy,

(24.) F'rom the foregoing explanations it appears, 1si, That
the general figure of the earth (so far as it cun bo gathered
from this kind of observation) is that of a sphere or globe.
In this we also include thatl of ihe sea, which, wherever it
extends, covors and fills in those inequalities and local irregu-
laritiea which exist on land, but which can of course only be
regarded as trifling deviations {rom the general outline of the
whole mass, as we consider an orange not the loss round for
the roughness on its rind. 2dly, That the appearance of &
visible horizon, or sea~offing, is a consequence of the curvatore
of the surfnce, and does not arise from the inability of the
eye to follow objects to a greater distance, or from at-
mospheric indistinetness. It will be worth while to pursue
the general netion thus acquired into some of iis consequencos,
by which ils consistency with observations of a different
kind, and on a lprgoer secale, will be put to the test, and a
clear conception be formed of the manner in which the parts
of the carth are related to cach other, and held together as a
whole.

(25.) In the first place, then, overy one who has passed a
little while at tho sea side 1s aware that objects may be seen
porfectly well beyond the gffing or visible horizon — but not
tho whole of them, We only see their upper parts. Their
bages where they rest on, or rise oul of tho water, ave hid
from view by the spherieal surface of the sca, which protrudes
between them and ourselves, Suppose a ship, for instance,
to sail directly away from our station;— nt fivst, when the
distance of the ship is small, o spectator, S, situnted ot some,
certain height above the ser, sees the whole of the ship, even
to the water line where it rests on tho ses, asat A, Asit
recedes 1t diminishes, it is true, in appavent size, but still the
whole 38 scon down to ihe water line, till it reaches tho visidle
horvizon at 3. But as soon as it has pasged 1his distance, not
only docs the visible portion still continue {o diminish in
appavent size, but the hull begins to disnppear bodily, ns if

sunk below the surface. "When it has reached a cortain
¢ 9 y
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distance, as at G, its hull hias entizely vanished, but the magis
and sails remain, presenting the appesrance e, But if, in

this state of things, the
spectator quickly as-
cends to a higher sta-
tion, T, whose visible
horizon 18 at D, the
hull comes again in
sight 3 and, when le
descends again, he loges.
it. The ship still recedi}lg; the lower sails scem to sink below
the water, as at d, and at length the whole disappears : while yet
the digtinotness with which the last portion of the sail 4 is
secn i3 such as to satisfy us that were it not for the interposed
segment of the sca, ABCDE, the distance TIE is not so
great s to have prevented an equally perfect view of the
whole. | . |
(26.) The history of aironautic adventure affords a ctirious
illustration of the same principle, The late My, Sadler, the
celebrated adronant, ‘ascended on one ocecasion in a halloon
from Dublin, and was wafted across the Irish Channel, when,
on his approach to the Welsh coast, the balloon descended
nearly Lo the surface of the sen, By this time the sun was
set; and the shades of evening began to close in,  1le throw
out nearly all his ballast, and suddenly sprang upwards {o o
grent height, and by so doing brought his horizon to dip
below the sun, producing the whole phenomenon of (o
western sunvise. Subsequently descending in Wales, he of
course witnessed a second sunset én the same cvening,
- (27,) If we could measure the heights and exact distance
of two stations which could barely be disccrned from cach
other over the edge of the horizon, we could ascortain
the actual size of the earth itself: and, in fact, were ii
not for the oftect of refraction, by which we are enabled
to see in some small degreo round the interposed segment (as
will be hereafter explained), this would be a tolorably good
method of ageeitaiming it, Suppose A and B to be two
cminences, whose perpendicular heights A a and B4 (which

Fa

L]
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for simplicity, we will suppose to be oxactly cqual) ave
known, as well as their exaet horizontal interval « DD, by
measurcment 3 then it 18 clear

that D, the visible horizen of y n I

both, will lic just balf-way o N/
between them, and il we sup- " ‘
pose Db to be the sphere of

thie carth, and C its centre in

the figure C D 2 BB, wo know ;

D &, the length of the aieh

of the eirele between D and 5, — viz, hall the measured
interval, and & 13, the excess of ils secant above its radiug —
which is the height of B,-— data wlich, by the¢ solution
of an cagy geometrical problem, enable us to find the length
of the radive D C.  If, as is renlly the case, we syppose hoth
the heights and distance of the stations incousiderable in
amnpm'isun with the size of the carth, the solution alluded to
is contained in the following proposition : —

The cartl’s diameter bears the same proportion to the distance
of the visible horizon from the eye as that distance does to the
Leight of the eye above the sea level,

When the stations are unequal in height, the problem is o
little more complicated,

*(28,) Although, as wo have observed, tho offeet of refrac-
tion provents this from being an exnot method of ascor taining
the dlmnnamna of the enrth, yei it will suflice to afford sucl
an approXithation to it as shall be of use in the presait stage
of the rveader’s knowledge, and help him to many just con-
ceptmns,, on which account, we shall exomplily its appliention
in numbers. Now, it appears Dy obsorvation, thal two
pomts, cach ten feet above the surface, conse to be visible
from each other over still water, and in average atmospheric
cireumstances, at a distance of ahout 8 miles. DBut 10 lcot
is the 5281 part of a mile, 8o that hall their disianes, or
4 miles, 15 to the height of cachi ag 4 x 528 or 2112:¢ 1, and
therefore in the same proportion to 4 miles is the length

of the ecartl’s diameter. T¢ must, therefore, he equal {o
'
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4x92112=8448, or, in round numbers, aboul 8000 nules,
which 18 not very far from the truth.

(29.) Such is the fivst rough result ol an atiempt to
ascertain the carth’s magnitude; and it will not be amiss,
if we take advantage of it to compare it with objects wo have
been accustomed to consider as of vast size, s0 as to interpose
a few steps between it and our ordinary idens of dimension,
We have before likened the incqualitics on the earth’s
suvfuce, avising from mountains, valleys, buildings, &e. fo
the mughnesaes on the rind of an orange, compared with
its general mass, The comparison is quite free from oxag-
geration, The highest mountain Inown hardly exceeds five
mileg in perpendicular elevation: this is only one 1600th part
of the earth’s diameter; consequently, on a globe of sixteen
inches in diameter, such a mountain would be represented
by a protuberance of no more than one hundredth part of an
inch, which is about the thickness of ordinary drawing-paper.
Now, as there is no entire continent, or cven any very
extensive tract of land, known, whose general elevation
above the sen 18 any thing like half this quantity, it follows,
that if we would construet a correct model of our earth, with
its seas, continents, and mountains, on a globe sixtcen inches
m diameter, the whole of the land, with the exception of
o few prominent points and rvidges, must be comprised on it
within the thickness of thin writing-paper; and the highest
hills would be represented by tho smallest visible grains
of sand.

(30.) The deopest mine existing does not penetrato half
mile below the surface : a serateh, or pin-hole, duly rc-
pmsentmg it, on the surfnce of such globe ns our model,
would be imperceptible without a mngmﬁm

(31.) Tho greatest depth of sen, probably, coes not very
much exceed the greatest elovativn of the continents; and
would, of course, be represented by an excavation, in about,
the same proportion, into the substance of the globe : 80 that
the ocean comes to he conceived as a more film of liquid,
such as, on our model, would be left by a brush dipped
in colour, and drawn over those parts intended {o represent
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the sea : only, in go conceiving it, we must bear in mind {hat
the resemblance extends no farther than to proportion in
point of quantity, The mechanical laws which would
regulate the distribution and movements of such a film, and
its adhesion to tho surface, are altogether different from
those which govern the phenomens of the soa.

(32.) Lastly, the greatest exient of tho enxth’s surface
which has ever heen scen at once by man, was that exposed
to the view of MM, Biot and Gay-Lussac, in their celebrated
atironautic expedition to the enormous height of 25,000 feet,
or rather legs than five miles. To cstimate the proportion of
the area visible from this elevation to the whols earth’s
surface, we must have recourse to the geometry of the sphero,
which informs us that the convex surfacd’ of a spherieal
scgment i8 to the whole surface of tho sphere {0 which it
belongs as the versed sine or thickness of the segment is to
the dinmeter of the sphere; and forther, that this thickness,
in the case we are considering, 1s almost exactly equal to the
perpendicular elevation of the point of sight above the surface,
The proportion, therefore, of the visible aren, in this case, to
the whole cartl’s surface, is that of five miles 1o 8000, o
1 to 1600. The portion visible from Afina, the Peak of
Tenerifle, or Mowna Roa, 18 about one 4000th.

(33.) When wo nscend to any very considerable clovation
ahove the surfuce of tho carth, either in o halloon, orr on
mountains, we are made aware, by many unensy gensations,
of an insufficient supply of air. Tho barometor, an instrument
which informs us of the weight of air incumbent on a given
horvizontal surfaece, confirms this improssion, and sffords &
divect measure of the rate of diminution of the quantity of
air which & given space includes as we recede from iho
sarface. Ifrom its indications we lenrn; that when we have
aseended to the height of 1000 feet, we have lefi helow us
ahout one-thirtieth of the whole mass of the atmosphere s —
that at 10,600 feet of perpendicular clevation (which is vathor
less than that of the sunmmit of /Etna*) we have ascended

"

* The height of Mna above the Mediterranean (a, 1t sesults fiom a harome.
o |
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through about one-third; and at 18,000 {eet (which is nearly
ithat of Cotopaxi) throngh one-half the mntorial, or, at leasi,
the ponderable body of air incumbent on the earth’s surface,
¥rom the progression of these numbers, as well as, & priv
from the mature of the air itsclf, which is compressibile, i, e. ca-
pable of being condensed or crowded into o smaller spaco in
proportion to the incumbent pressure, it is easy 1o see thai,
although by rising still higher we should continually get
above more and more of the alr, and 80 relieve oursclvos moro
and more from the pressure with which it weighs upon us,
yet the amount of this additional relief, or the ponderadle
quantity of air surmounted, would be by no means in pro-
portion to the additional height ascended, but in a constantly
decreasing ratio. An easy calenlation, however, founded on
our experimental knowledge of the properties of air, and the
mechanical Inws which regulate itg dilatation and compression,
is sufficient to show that, at an altitude above the surface of
the carth not e¢xceeding the hundredth part of its diamecter,
the tenuity, or ravefnetion, of the air must he g0 excessive, that
not only animal life could not subsist, or combustion be main-
tained in it, but that the most delicate means we possess of
ascertaining the existence of any air at all would fail to afford
the slightest perceptible indications of its presence. *

(34.) Laying out of consideration, therefore, at present, all
nice questions as to the probable existence of a definite limnit
io the atmosphere, beyond which there is, absolnicly and
rigorously speaking, no air, ib is clear, that, for all practiesl
purposes; we may speak of those regions which aro more
distant above the earth’s surface than the hundredth part of
its diameter as void of air, and of course of clouds (which are
nothing but visible vapows, diffused and Aoating in the air,
sustnined by it, and rendering it furdid as mud does water),
It seems probable, from many indientions, that the greatest
height at which visible clouds ever ewist does not exceed ten
miles; at which height the density of the air is ahout an
cighth part of what it 18 at the level of the sea.

1

trical measurement of my own, made n July, 1824, undey vary fivounpble Line
cumstanecs ) 1s JO874 Englhsh feed, - Tuthor,

r
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(35.) Wo are thus led to regard the atmosphore of air,
with the clouds it supports, as constituting a coating of equa-
ble or nearly equable thickness, enveloping our globe on all
gicles 3 or rather ag an atrial ocean, of which the smrface of
the sea and land constitutes the bed, and whose inferior
portions or strate, within a few miles of the errth, contain by
fur the greater part of the whole mass, the density diminish-
ing with extreme rapidity as we recede upwards, till, within
a very moderate distance (such as would be represented by
the sixth of an inch on the model we have before spoken of,
and which is not more in proportion to the globe on which it
rests, than the downy skin of a peach in comparison with the
fiuit within it), all scnsible frace of the existence of air dig-
APPCATS. ,

(86.) Arguments, however, are not wanting to render i,
if not absolutely certain, at leasl in the highest degree pro-
bable, that the surface of the adrial, hke that of the agqueous
ocean, has o roal and defintie limit, ns above hinted at; De-
yond which thore is positively ne air, and above which a [regh
quantity of air, could it be added fromn without, or ecarricd
aloft from below, instend of dilating itsclf indefinitely np-
wards, would, after a certain vory enormous but still finite
enlargement of volume, sink and merge, as water poured
into the sea, angl digtribulo itgell among the muass bheneath,
With the teuth’ of this conclusion, however, astronomy has
little concorn 3 all the effeets of the atmosphere in modifying
astronomical phonomena being the snmo, whether it bo sup-
posed of definite extont or not.

. (87.) Moreover, whichover idea we adopt, within those
limits in which il possesses any appretiable density its con-
stitution 1s the sume over all points of the carth’s surfaco;
that is to say, on the great seale, and leaving oul of con-
sideration temporary and local causcs of derangemant, such ns
winds, and great fluctuntions, of the nature of waves, whioch
prevail in it to an immonse cxiont, In other words, iho
lowr of diminution of the air’s density as we recede upwards
from the level gf the sex is thegsame in overy column inta
-which we may conceive it divided, or from whalover point of
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the snrface we may sol ouls It may therelore be considered
as consisting of aucocasively suporposed sirata or layers, cach
of the form of a spherioal shell, concentric with the gencral
surface of the sea and land, and cach of which is rarer, or gpe-
cifically lighter, than that nnmedintely boneath it and denser,
or specifically heavier, than that immedintely abovo it.  This,
al least, is the kind of distribution which alone would be con-
sistent with the laws of the equilibrinm of fluids, Inasmuch,
however, ag the atmosphere 18 not i perfoet equilibritum,
being always kept in a state of eirculation, owing to the ox-
cess of heat in its equatorinl regiong over that ot the poles,
some alight deviation from the rigorous exprossion of this law
takes place, and in peculiar localities there is reason to believo
that even considernble permanent depressions of the contours
of theso strata, below their general or sphories] lovel, subsist,
But thesc are poinis of consideration rathoer for the meteoro-
logist than the astronomer, It must be observed, moreovor,
that with this distribution of its strate the inogualities of
mountaing and valleys have little concern. These exercise
hardly more influence in modifying their general spherical
figuve than the inequalities at the hottom of the sen interfore
with the general sphericity of its swrface.  They would exer-
cise absolutely none were it not for their effect in giving
another than horizontal divection to the currents of air con-
stituting winds, ns shoals in the ceonn throw up the cur-
rents which sweep over them towards the suvface, and so
in some small degrec tend to disturh the perfeet lovel of that
surface.

(38.) It is the powor which air possesses, in common with
all transparent medin, of r¢fracting the vays of light, or bend-
ing them out of their straight course, which renders a know-
ledge of the constitution of the atmosphere important to the
nstronomer, Onwing to tins property, objeots scen obliquely
through it appear otherwise situated than they would to the
sama spectator, had the atmosphere no oxistence. Tt thus
produces a false impression respecting their places, which
must be rectified by ascertaining the amount axtd direction of
the displacement so apparently produced on cach, hofore we
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can come at & knowledge of the true directions in which they
arve situated from us at any assigned moment. '
(39.) Suppose a speetator placed at A, any point of the
earths surface X A % and let L. 2, M, N 2, represent the
successive strata or layers, of decreasing deusity, into which
we may concelve the atmosphere to be divided, and which
ave gphevical surfaces” concentric with K %, the carth’s sur-
face. Let B represent o star, or other heaveniy body, be-
yond the utmost limit of the atmosphero, Then, if tho air
were away, the spectafor would see it in the direction of the
straight line A 5. But, in reality, when the ray of light S A
reaches the atmosphere, suppose at d, it will, by the Taws of
optics, begin to bend dewnwards, and take a wore inchined
direction, ae d e, This hending will at fivst bo impereeptible,

NH

lﬂ!

owing to the extreme tenuily of the uppormost strata; but
as it advances downwards, the strata continually inerensing
in dﬂuaxty, it will continually undergo greater and greater
?qﬁ'fzctmﬂ in the same direction; and thus, instead of pur-
suing the straight line S d A, it will describe n curve S de b,
continually more and more concave downwards, and will
reach the carth, not at A, but at a cerlain point a, nearer Lo
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S.  This ray, consequently, will not reach the spectalor’s
eye. * The ray by which he will see the star is, therelore, not
8 d A, but another ray which, had there been no atmosphore,
would have struck the earth at I, n point dehind the spee-
tator; but which, being bent by ihe air into the curve
S D CB A, actually strikes on A. Now, it is a law of op-
tics, that an object is seen in the direction which the visual
ray has at the instant of arriving at the eye, without regard to
what may have been otherwise its courae between the object
and the eye. Ilence the star S will be seen, not in the di-
rection A S, but in that of A s, a fangent to the curve
SDCBA,at A. DBut because the curve doscribed by the
refracted ray is concave downwards, the tangent A s will lie
above A S, the unvefiacted ray: consequently the object S
will appear more clevated above the horizon A II, when seen
through the refvacting atmosphere, than it would appear
were there no such atmosphere, Sinee, however, ihe dis-
position of the strata is the same in all directions around A,
the visual ray will not be made to deviate laterally, but will
remain constantly in the same vertical plane, S A €/, passing
through the eye, the object, and the earth’s centre.

(40,) The effeet of the air’s refraction, then, is to rafse all
the heavenly bodies higher above the horizon in appearance
than they are in xeality, Any such body, situated actually i
the trne horizon, will appear aboveit, or will have some ceriain
apparent altifude (as 1t is called). Nay, even somo of those
actually below the horizon, and which would therefore be in-
visible but for the effect of refraction, are, by that cffect,
raised above it and brought into sight, Thus, the sun, when
situnted at I’ below the true horizon, A T, of the spectator,
becomes visible to lim, as if it stood at p, by the refracted
ray £ g r ¢ A, to which A p 1s a tangent,

(41,) The exact estimation of the amount of atmospherio
refraction, or the strict determination of the angle S A. s, hy
which a celestial object at any assigned altitude, IT A S, is
raised in appearance above its true place, is, unfortunately, a
very difficult subject of physical inquiry, and one on which
geometers (from whom alone we can look for any infrvmaiion
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on the subject) ave not yet entively agreed.  The diffienlty
arises from this, that the density of any stratum of air (on
which its refracting power depends) is affected not merely by
the superincumbent pressure, but also by its temperature ov
degree of heat. Now, although we know that as we recedo
from the earth’s surface the temperature of the air is constantly
diminishing, yet the law, or amount of this diminution oi
different heights, is not yet fully ascertained. Moreover, the
refracting power of air is perceptibly aflected by its moisture ;
and this, too, is not the same m cevery part of an adrial
column ; neither are we acquainted with the laws of its distri-
bution. The consequence of our ignorance on these points ig"
to introduce a corresponding degree of uncertainty into the
determination of the amount of refraction, which affects, to a
certain appretiable extent, our knowledge of several of tho
most important dafe of astronomy, The uncertainty thus
induced 1s, however, confined within such very narrow limits
as to be no cause of embarrassment, oxeept in the most
delicate inquiries, and to call for no further allusion in a
treatise like the present. l

(42.) A ¢ Table of Refractions,” ag it 18 called, or n state-
ment of the amount of apparent displacement avising from
this cause, at all altitudes, or in every situation of a heavenly
body, from the horizon to tho zenith*, or point of the sky
Vﬂl‘tiﬂﬂllj" above the spectator, and, under all the circumstances
in which agtronomical observations are usually performed
which may influence the result, is one of the most 11111}01‘13{111!,
and indispensable of all astronomical tables, since it is only
by tho use of such a iable we are enabled to got rvid of an
illugion which must otherwise pervert all our notions re-
.Specling the celestial motions. Such have been, accordingly,
congtructed with great eare, and are to be found in every
collection of asironomical tables, Our design, in the present
treatise, will not admit of the introduction of tables; and we
must, therefore, content ourselves here, and in similar cases,
with referring the reader to works especinlly destined to

* From an Arabic word of this signification, Sce this term technieally dofined
in Chap. IL
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furnish thesce useful aids to calenlation. It is, however, de-
girable thai he should bear in mind the following gencral
notions of its amount, and law of variations,

(48.) 1st, In the zenith there is no refraction. A celestial
object, situated vertically over head, is seen in its true direction,
ag if there were no atmosphere, at: least if the air be tranquil.

2dly. In descending from the zenith to the horizon, the
refraction continually increases. Objects near the horizon
appear more elevated by it above their true directions than
those at a high altitude.

3dly. The rafe of-its increase is nearly in proportion to the
tangent of the apparent angular distance of the object from
the zenith, But this rule, which is not far from the truth, ot
moderate zenith distances, ceases to give corrcet results in the
vicinity of the horizon, where the law becomes much more
complicated in iis expression.

4thly, The average amount of refraction, for an object half-
way between the zenith and horizon, or at an apparent alti-
tude of 45°, is ahout 1’ (more exactly 67”), a quantity havdly
sensible to the naked eye; but at the visible horvizon it
amounts to no less & quantity than 38/, which is rather more
than the greatest apparent diameter of cither the sun or the
moon. Hence it follows, that when we see the lower edge of
the sun or moon just apparently resting on the horizon, iis
whole disk is in reality below it, and wounld be entirely out of
sight and concealed by the convexity of the earth, but {or the
bending round it, which the rays of light have undergonc in
their passage through the air, as alluded to in art. 40,

Sthly., That when the barometer is higher than its average
or mean state, the amount of refraction is greater than its
mean amount ; when loweyr, less: and, r

6thly. That in one and the same state of the barometor the
refraction is greater, the colder the air. The variation, owing
to these two causes, from ifs mean amount (at temp, 55°
pressure 30 inches), are about one 420th part of that amount
for each degree of the thermometer of Fahrenheit, and one
300th for each tenmth of an imch in the height of the ba-

rometer.
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Y44.) It follows from this, that one obvious cffect of re-
fraction must be to shorten the duration of night and davk-
ness, by aciually prolonging the stay of the sun and moon
above the horizon. Dut even after they arvo set, the influence
of the atmosphere still continues to gend wa o portion of theix
light; not, indeed, by direct transmission, but by zr¢flection
upon the vapours, and minute solid particles which float in it,
and, perhaps, also on the actual materinl atoms of the air
itself. To understand how this takes place, wo must recollect,
that it is not only by the .dwrect light of a luminous object
that wo sce, but that whatever portion of its light which
would not otherwise reach our cyes is intcicepted in its
course, and thrown back, or laterally, upon us, becomes to
us a means of illumination. Such reficetive obstacles always
exist floating in the air.  The whole course of a sun-henm
penetrating through the chink of a window-shutior into »
dark room is visidle as a bright line in the air: and oven il it
be stifled, or et out through an opposite crevice, the light
scattered through the apartment from this soures is sufliciont
ta prevent entire darkness in the room. The luminouns lines
oceagionally seen in the air, in & sky {ull of partially brokei
clouds, which the vulgar term “the sun drawing water,” ave
similarly caused. They are sunbeams, through apertures in
clonds, partially intercepted and rcflecled on the dusi and
vapours of the air bolow., Thus il 18 with thoso solar 1ays
which, after the sun is itsclf coneealed by the convexity of
the earth, continue to traverse the higher regions of the
atmosphere above our heoads, and pass through and out of it,
without directly striking on the carth at all.  Some portion
of them iy intercepted and refleeted by the floating particles
above mentioned, and thrown back, or latorally, so as 1o reach
us, and afford vs that secondary illumination, which is twi-
Ight. The course of such rays will be immediately under-
stood from the annexed fignre, in which A I3 C D ia the
earth 3 A a point on its smrface, where the sun Sis in the
act of setting; its last lower ray S A M just grazing the
surface at A, while its superior rays S N, § O, {raverse the
atmosphere above A withoui striking the envth, Teaving it
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finally at the points P Q B, after being more or less bent in
pasging through it, the lower most, the higher less, and that
which, like S R O, mercly grazes the exterior limit of the
atmosphere, not at all.  Let us consider several points,
A, B, C, D, each more remote than the last {from A, and each
more deeply involved in the eari’s shadow, which occupies
the whole space from A bencath the line A M. Now, A just
receives the sun’s last divect vay, and, besides, is illuminated

Al N ()

|. i

by the whole reflective atmosphere P Q R T, It thercfore
receives twilight from the whole sky. ‘The point B, to which
the sun has set, reccives no divect solar light, nor any, direct
or reflected, from all that part of #s visible atmosphere which
is below A P M; but from the Ienticular portion P R a,
which is traversed by the sun’s rays, and which lics above
the visible horizon B R of B, it receives n twilight, which is
strongest at B, the point immediately below which the sun
ig, and fades away gradually towards P, as the luminous
part of the atmosphere thths off Al C, only the last ox
thinnest portion, P’ Q # of the lenticular segment, thus illu-
minated, lics above the horizon, C Q, of that place; here,
then, the twilight is fecble, and confined to a small space in
and near the horizon, which the sun has quitted, while at D
the tiwilight bas censed altogether.

(45.) When the sun is above the hovizon, it illuminates the
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ntmosphere and clouds, and these again disperse and scaiter n
portion of its light in all «livections, 8o as to send some of its
rays to every exposed point, from cvery point of the sky,
The generally diffused light, thevefore, which we enjoy in
the daytime, is & phenomenon originating in the very same
causes as the twilight. Wore 1t not for the reflective and
scattering power of the ailmosphere, no objects would he
visible to us out of dircet sunshine ; avery shadow of a passing
cloud wounld be pitchy darkness; the stars would be visible
all day, and every apartment, into which the sun had not
direct admigsion, would be involved in nocturnal obscurity.,
This scattering action of the atmosphere on the solar light, it
should be observed, is inereased by the irregularity of tem-
perature coused by the same lnminary in its different parts,
which, during the daytime, throws it into o constant state of
undulation, and, by thus bringing together masses of air of
very unequal temperatures, produces partial reflections and
vefractions at their common boundaries, by which sone por-
tion of the light is turned aside from the diveet course, and
diverted to the purposes of general illumination,

(46,) From the cxplanation we have given, in arts, 39 and
40, of the.nature of atmospheric refraction, and the mode in
whigh it is produced in the progress of & ray of light through
successive siratn, or layers, of the atmosphere, it will be
evident, that whenevar a vay passes ebfiquely, fromi o highey
level 1o a lower one, or vice verad, its couvse is not rectilinear,
but coneave downwards; and of course any object seen by
means of such a ray, must appear devinted from its true place,
whether that object be, like the cclestial bodics, entirely De-
yond the atmosphere, or, like the summits of mouniains scon
from the plains, or other terrestrinl stations at different
levels seen from each other, imflersed in it, Twvory difference
of level, accompanicd, as it must be, with a difflerence of den-
sity in the adrial strata, must also have, corresponding to i,
a certain amount of refraction § less, indeed, than what would
be produced by the whole atmosphere, but still often of very
appretiable, and even considerable, amount. This refraction

D
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between terrestrial stations is termed ferrestrial refraction, to
distinguish it from that total effect which is enly produced on
celestinl objects, or such as are beyond the atwmosphere, and
which ig called celestial or astronomical refraction,

(47.} Another effect of refiaction ig to distort the visible
forms and proportions of ohjects seen near the liorizon. The
sun, for instance, which at a considerable altitude always ap-
pears round, assumes, as it approaches the horizon, a flattened
or oval outline; its horizontal diameter being visibly greaier
than that in a vertical dircction, When very near the hori-
zon, this flattening is evidently more considerable on the
lower side than on the upper; so that the apparent form is
neither ciroular nor elliptie, but a species of oval, which de-
viates more from a circle helow than above. This singular
effect, which any one may notice in & fine sunset, avises {rom
the rapid rate at which the refraction increases in appmnch—
ing the horizon, "Were every visible point in the sun's oir-
cumference equally raised by refraction, it would still appear
ciroular, though displaced; but the lower portions being more
raised than the upper, the vertical dinmeter is thereby short-
ened, while the' two extremities of its horizontal diamecter arc
equally raised, and in parallel directions, so that its dpperent
length remains the same. The dilated size (generally) of the
sun or moon, when scen near the horizon, heyond what they

appear to have when high up in the sky, has 110’6]111:1{1‘ to do
with rofiaction. It is an illusion of the judgmoent, arising
from the terrestrial objects interposed, or placed in close com-
parison with them. In that situation we view and judge of
them as we do of tervestrinl objects ~ in detail, and with an
ancquirved habit of attention to parts. Aloft we have no asso-
cintiong to gnide us, and their insulation in the expanss of
sky leads us rather to undervalue than to over-rate their ap-
parent magnitudes. Actual measurement with a proper in-
strument corrects our error, without, however, dispelling our
illusion. DBy this we leamn, that the sun, when just on the
liorizon, subtends at our eyes almost exactly the same, and the
moon o materially /ess angle, than when seen at a great alti-
tude in the sky, owing to its greater distance from us in the
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former situation as compared with the latter, as will bo ex-

plained farther on. *
(48.) After what has been said of the small extent of the

atmosphere in comparison with the mass of the earth, we shall
have little hesitation in admitting those Iuminaries which
people and adorn the sky, and which, while they obviously
form no part of the earth, and reccive no support from it, are
yet not borne along at random like clouds upon the air, nox
drifted by the winds, to be external to our atmosphore. As
such we have considered them while spenking of their refrac-
tions — as existing in the immensity of space beyond, and
situated, perhaps, for any thing we can perceive to the con-
trary, at enormous distances from us angd from cach other.
(49.) Could = spectator exist unsuatained by the earth, or
any solid support, he would see around him at one view the
whole contents of apace — the visible constituents of tho
universe : and, in the nbsence of any means of judging
of thelr distances from him, would refer them, in 1the divec-
tions in which they were seen from hig station, to the con-
cave surface of an imaginary sphero, having his eyc for
a centre, and its surface at some vast indeterminate distance.
Perhaps he might judge those which appesr to him large and
bright, to hé neaver to him than the smaller and less hrilliant ;
but, independent of other means of judging, ho would have
no warrant for this opinion, any movo than for the idea that
all were equidistant from him, and really arranged on such a
sphorical surface. Nevertheless, thare would be no impro-
priety in his referring their places, geometrically speaking, to
those points of such a purely imaginary spheve, which theix
respective visual rays intcrsect; and there would be much
aclvantage in so doing, as by that means their appearance and
relative sifuation could be acenrately measured, recorded, and
mapped down. The objects in o landseape ave al every
varioty of distance from the eyc, yét we lay them all down
in a picture on one plane, and at one distance, in their pctunl
apparent proportions, and the likeness is not taxed with in-
correctness, though a man in ihe {oreground should be re-

presonted larger than o mountain in the distance, So it i
n 4
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to a spectator of the heavcnly bodics pictured, projected, or
mapped down on that imaginary ﬂphma we call the sky or
heaven, Thus, we may easily conceive that the moon, whicl
appears to us ag large ag the sun, though less bright, may
owe that apparent equality to its greater proximity, and
may be really much less; while both the moon’ and sun may
only appear larger and brighter than the stars, on account of
the remoteness of the latter,

(50.) A spectator on the earth’s surface is provented, by
the great mass on which he stands, from seeing mio all that
portion of gpace which is below him, or to see which he must
look in any degree downwards, It is true that, if his place
of observation be at & great elevation, the dip of the horizon
will bring within the scope of vision a little more than a
hemisphere, and refraction, wherever he may be «situated,
will enable him to look, as it were, a little round the cornoer;
but the zone thns added to his visual range can havdly ever,
‘unless in very extraordinary cifcumstances, exceed a couple
of degrees in breadth, and is always 1ll seen on account of the
vapours near the horizon. Unless, then, by a change of his
geographical situation, he should shift his horizon (whmh g
always n plane passing through his eye, and touching the .
spherical convexity of the earth); or unless, by some move-
ments proper to the heavenly bodies, they should of them-
selves come above his horizon; or, lastly, unless, by some
votation of the earth itself on its centre, the point of its sur-
face which he occupies should be earvied round, and pre-
sented towards a different region of space; he would nevor
obtain a sight of almost one half the objects external te our
atmosphere., DBut if any of these cases be supposed, more,
or all, may come into view according to the circumstances,

(61.) A traveller, for example, slifting his locality on our
globe, will obtain a view of celestial objects invisible -from
his original station, in & way which may be not mnptly illizs-
strated by comparing him to & porson standing in a park
close to a lorge tree, The massive obstacle presented by its
trank cuts off his view of all those parts of the landseape
which it ccoupics as an object; but by walking rfound it a
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complete successive view of the whole panorams may be
obtained, Just in the same way, if we set off from any
station, as London, and travel southwards, we sghall not fail
to notice that many cclestial objects which are never secn
from London come snccessively into view, as if vsing wp
above the hovizon, night after night, from the south, although
it is in reality owr horizon, which, travelling with us gouth-
wards round the sphere, sinks in succcssion beneath them,
The novelty and splendour of fresh constellations thus gra-

dually brougit *itito view in the clemr cphm nights ol tropical
climates, in long voyages to the soutly, is dwelt upon by all
who have enjoyed this spectacle, and never fails 1o impress
itsclf on the recollection among the most delightful and in-
teresting of the associations connected with extensive travael,
A glance at the accompanying figure, oxhibiting three suc-
cessive stafions of a traveller, A, I3, C, with tho horizon cor-
responding to each, will place this process in cleaver ovidence
than any deseription,

(62,) Again: suppose the earth itself to have a motion of
rotation on its centre., It is evident that a spectator at vest
(as it appears to him) on any part of if will, unperceived Ly
himself, be carried round with it: unperceived, we gAY,
bacause his horizon will constantly contain, and be limited
by, the spme torrestrinl objects, Ile will have the smmo

landseape constantly before his cyes, in which all the familiar
n
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objeets in it, which serve him for Inndmarks and directions,
retain, with respect tp himself or to cach other, the same
invariable situntions. The perfect smoothness and equality
of the motion of so vast » mass, in which every object he sces
around him participates alike, will (art. 15.) prevent his enter-
taining any suspicion of his actual change of place. Yet,
with respeet to external objects,—that is to say, all celestinl
ones which do not participate in the snpposed rotation of the
earth,—his horizon will have been all tho while shifting in
its relation to them, precisely as in the case of our irvaveller
in the foregoing article. Recurving to the figure of that
article, it is evidently the same thing, so far as their visibility
i concerned, whether he has been carvied by the earth’s
rotation successively into the situations A, B, C; or whether,
the earth remaining at rest, he has transferved himself per
sonally along its surface to those stations. QOur spectator in
the pnrk will obtain precisely the sanie view of the landscape,
whether he walle round the tree, or whether we suppose it
sawed off, and made to turn on an upright pivot, while he
stands on o projecting step attached to it, and allows himself
to be cartied round by its motion, The only difference will
be in Lis view of the tree itself, of which, in the former onse,
he will see every part, but, in the latter, only that portion of
1t which remains constantly opposite to him; and immediately
under his eye, {

(53.) By such a votation of the carth, then, as we have
supposed, the horizon of a stationary spectator will he con-
stantly depressing itself below those objects which lie in that
region of gpace fowards which the rotation is caxrying him,
and olevating itself above those in the opposite quarter, ad-
mitting into view the former, and successively hiding the
latter. As the horizon of every such spectator, howover,
appears fo Aim motionless, all such changes will bo referved
by him to & motion in the objects themselves so successively
disclosed and concealed. In place of his horizon approaching
the stars, therefore, he will judge the stavs to approach his
horizon; and when it passes over and hides any of them, he
will consider them as having sunk below if, or sef; while
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thoso it has just disclosed, and from whioh it is receding, will
seem to be rising above it,

(54.) If we suppose this rotation of the emth to continue
in one and the same direction,— that is to say, to be por-
formed round onc and the same aals, 11l 1t hag completed an
entive revolution, and come back to the position {rom which
it set out “when the spectator hegan his observations, ~—it is
nianifest that every thing will then be in precisely the same
relative position as at the outset: all the heavenly bodies will
appear to occupy the same places in the concavo of the sky
which they did at that instant, except such as may have
actually moved in the interim; and if the rotation still con-
tinue, the same phenomena of their successive rising and
setting, and return to the 'same places, will continuelo be
repeated in the same ovder, and (if the velocity of rotation bo
uniform) in equal intervals of time, ad infinitum.

(656.) Now, In this we have a lively picture of that grand
phenomenon, the most important beyond all comparison which
nature presents, the daily rising and setling of the sun and
stars, their progress through the vault of the heavens, and
their return to the same apparent places at the same hours of
the day and night. The accomplishmont of this restoration
in the regular interval of twenty-four hours is the fivst in-
stance wo encounter of that great law of periodicity ¥, which,
as we shall gee, pervades all astronomy; by which expression
we understand the continual reproduction of thoe same pheno-
mena, in the same order, at equal intervals of ‘time.

(66.) A froo rotalion of the earth round its contre, if it
exist and be performed in consonance with the same mecha-
nical laws which obtain in the motions of mnsses of matter
under our immediste controly and within our ovdinary ex-
perionoe, must be such as to satisly two essential conditions.
It must be invariable in its divection with respect to the sphere
itself, and uniform Jn its velocity. The rotation must bo
performetl round an axis or dinmoter of the sphere, whose
poles or extremities, where it meots the surfaco, correspond

% TlepfoBos, a going roxnd, u olreulation ov 1evelution,
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always to the same points on the sphere, Modes of rotation
of a solid bﬂdy under the influence of oxiernal agency are
conoeivable, in which the poles of the imaginary line or axis
about which it is at any moment revolving shall hold no fixea
places on the surface, but shift upon it every moment, Such
changes, however, are inconsistent with the idea of arotation
of & body of regular figure about its axig of symmietry, per-
formed in free space, and without rosistance or obstruction
from any surrounding mediam, or disturbing influences, The
complete absence of such .obstructions dvaws with it, of ne-
cessity, the strict fulfilment of the two conditions above
mentioned,

(567.) Now, these conditions are in perfect accordance with
what we obsorve, and what recorded obsarvation teaches us,
in respect of the dimrnal motions of the heavenly bodics, We
have no renson to beliecve, from history, that any sensible
change has taken place since the earliest ages in the interval
of time elapsing between two successive veturng of the same
star to the same point of the sky; or, rather, it is demon-
strable from astronomieal records that no such change Zas
taken place. And with respect to the other condition, ——
the permancnce of the axis qof rotation, — the appearances
which any alteration in that respect must produce, would le
marked, as we shall presently show, by n corresponding
change of u very obvious kind in the apparent motions of the
stars; which, again, history decidedly deelares them =zof to
have undergone. .

(58.) But, before we proceed to cxamine move in deiail
how the hypothesis of the rotation of the earth about an axis
accords with the phenomens which the diurnal motion of the
heavenly bodies offers to our notice, it will bo proper to de~
scribe, with precision, in what that diwrnal motion consists,
and how far it is participated in by thom all; br whether any
of them form exceptions, wholly or partially, to the common
anglogy of the rest. 'We will, thorelore, suppose the reader
to station himself, on a clear evening, just after sunset, when
the first stars begin to appear, in some open situation whonea
a good general view of the heavens can be oblained. Flg
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will then perceive, above and around him, as it were, a vast
concave hemispherical vault, beset with stars of various mag-
nitudes, of which the brightest only will first catch his atten-
tion in the twilight; and more and more will appear as the
darkness increases, till the whole sky is over-spangled with
them, When he has awhile admired the calm magnificonce
of this glorious spectacle, the theme of so much song, and
of so much thought, — a speetacle which no one can view
without emotion, and without a ldnging desire to know some-
thing of its nafure and purport, — let him fix his attention
more particularly on a few of the most brilliant stars, such
ag he cannot fail to recognize again without mistake after
looking away from them for some time, and let him refer
their apparent situations. to some surounding objeets, as
buildings, trees, &c., selecting purposely such as are in dif-
ferent quarters of his horizon. On comparing them again
with their respective points of reference, aftet a moderate
interval, as the night advances, he will not fail to perceive
that they have changed their places, and advanced, as by a
general movement, in a westward direction; those towards
the emstern quarter appearing to rise or recede from the,
horizon, while those whicli lie towards the west will be seen
to approach it and, if watched long enough, will, for the
most part, finally sink beneath it, and disappear; while others,
in the eastern quarter, will be scen to viso as if out of tho
earth, and, joining in the general procession, will iake their
course with the rest towards the opposito (11:1{11'!:01* :

(59.) If he persist for a considerable time in watching
their motions, on the same or on several successive nights, ha
will perceive that cach star appenrs to describe, as fur as its
course lies above the horizon, n circle in the sky; that the
circles so deseribed are not of the same magnitude {or all the
stars ; and that those described by different stars differ greatly
in respeet of the parts of them which lie above the horizon.
mSome, which lie towards the quarter of the horizon which is
denominated the Souti #, only remain for a short time above

* We suppose our observer to be stationed in some northesn luticude; some-
where in Lurope, for exnmple,
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it, and disappear, afier deseribing in sight only the small
upper segment of their diurnal cirelo ﬂthera, which rise
between the south and cast, describe larger segments of their
circles above the lorizon, remain proportionally longer in
sight, and sct precisely ns fawr to the westward of south as
they rose to the eastward; whilo such as rise exactly in the
cast remain just twelve hours visible, deseribe a somicirele,
and set exactly in the west, With those, again, which rige
hetween the east and north, the samae law obtaing; at least,
as far as regards the time of their remaining above the hovizon,
and the proportion of the visible segment of their diurnal
oircles to their whole civcumferences, Both go on increasing ;
they remain in view more than twelve hours, and their visible
dimrnal ares are more than semicircles, DBut the magnitudes
of the circles themselves diminish, as we go fvom the cast,
northward ; tho greatest of all the circles being described by
those which rise exactly in the enst point. Carrying his oye
farther northwards, he will notice, at length, stars which, in
itheir dimmal motion, just graze the horizon at its north point,
or only dip helow it for a moment; while others never reach
i, at all, but continue always above i, revolving in eniire
ivcles round ONE POINT called the POLE, which apponrs to
be the common centre of all iheir motions, and which alone,
in the whole heavens, may be considered immoveable, Not
that this point is marked by any star. It is a purcly imagi-
nary centre; but there is near it one considerably bright
star, ealled the Pole Star, which 1s easily recognized by the
very siall circle it desoribes; so small, indeed, that, withont
paying particular attention, nnd referring its position vory
nicely to some fixed mark, it may oasily be supposed at rest,
and he, itself, mistaken for the common centre about which
all the others in that region describe their circles; or it-may
be known by its configuration with a very splendid and re-
markable eonstellation or group of stars, ealled by astronomers
the GrREAT BEAT,
(60.) Ile will further observe, that the apparent relative
situations of all the stars among onc anothér, is not changed
by their diurnal wotion. In whalever parts of Uheir cireles
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they. are observed, or pt whatever hour of the night, they
form with each other the same identical groups or configura-
tions, to which the name of CONSTRLLATIONS has been given,
It is true, that, in differeni parts of their course, these groups
stand differently with vespect to the horizon; and those
towards the north, when in the course of their diurnal move-
ment they pass alternately above and below that common
centre of motion deseribed in the last article, become actually
inverted with vespeet 1o the horizon, while, on the other
hand, they always tum the same points towards the pole, In
short, he will perceive that the whole assemblage of stars
visible at onee, or in sucecession, in the leavens, may be
regarded as one great constellation, which seems to revolve
with o uniform motion, ag if, it formed one coherent mnss; or
as if it wore attached to the internal surface of a vast hollow
sphaere, having the earth, or rather the spectator, in its contre,
and turning round an axis inelined to his horizon, so as to pass
through that fixed point or pole already mentioned.

(61.) Lastly, he will notice, if' he have paticnce to out-
watch a long winter’s night, commencing at tho carliest
moment when the stars appear, and continuing Il morning
twilight, that those stars which he observed setting in the
west have again vigen in the east, while those which wero
rising when he first began to notlee them have comploted
their conrse, and are now set; and that thus the hemisphere,
or o great part of it, which was then above, 18 now heneath
him, and its place supplicd by that which was at first under
his feet, which he will thus discover to be no less copionsly
furnished with stars than theother, and hespangled with
groups no less permanent and distinctly recognizable. Thus °
he will learn that the great constellation wo have above
spoken of as revolyving round the pole is co-extonsive with the
wholo surface of the sphere, being in reality nothing less than
a universe of luminaries surrounding the earth on all sides,
and brought in succession before his view, and roferred
(ench luminary according to its own visual ray or direction
from his eye) to the imaginary spherical surface, of which
he himsclf oceupics the contre. (Sce art. 49.) There is
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always, therefore (he would justly argue), a star-bespangled
canopy over his head, by day as well as by night, only that
the glare of daylight (which he perceives gradually to efface
the stars as the morning twilight comes on) prevents them
from being seen. And such is really the case. The stars
actually continue visible through telescopes in the day-
time ; and, in proportion to the power of the insirnment, not
only the largest and brightest of them, but even those of
inferior lustre, such as scarcely strike the eye at nightas at
all conspicuous, are readily found and followed even at noon-
day,—unless in that part of the sky which 18 very near the
sun,— Dy those who possess the means of pointing a telescope
accurately to the proper places, Indeed, from the bottoms
of decp narrow pits, such as a well, or the shaft of a ming,
such bright stars as pass the zenith may even be discerned by
the naked eye; and wo have oursclves heard it stated by a
celobrated optician, that the enrliest circwmstancs which drew
his attention to astronomy was the regular appearance, at o
certain hour, for several successive days, of a considernble
star, through the shaft of a chimney. Venus in our cliimate,
and even Jupiter in the cleargr skies of tropical countries,
are often visible, without any artificial aid, to the naked eye
of one who knows nearly where to look for them. During
total eclipses of the sun, the larger stars algo appear in their
proper situations,

(62.) But to reburn to our incipicnt astronomer, whom we
left contemplating the sphere of the heavens, as comploted in
imagination heneath hia feet, and as rising up from thence in
its diurnal comrse. There is one portion or segment of this
- gphers of which he will not thus obtain a view. .As there is
n segment towards the north, adjacent to the pole above his
liorizon, in which the stars never sef, so thers is o um'reapmiding
segment, about which the smaller cireles of the more southern
stars ave described, in which they never rise.  The stars which
border upon the extreme circumference of this segmont just
araze the southern point of his horizon, and show themselves
for a few moments above it, precisely as those near the cir-
cumference of the northern segment graze his northern
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hovizon, and dip {or a momont below it, to re-appear im-
mediately, Lvery point in a spherical surface has, of course,
another diametrically opposite to it; and as the speetator’s
liorizon divides his sphere into two hemispheres — a superior
and inforior—there musi of necessity exist n depressedd pole
to the south, corresponding to the elevated one to the north,
and a portion surrounding it, perpetually beneath, as thore is
another surrounding the north pole, perpetually above it.

 Hic vertex nobis semper sublimis j at illum
Sub pedibus nox atra videt, mancaque profundi.” - Vinaerr,

One pole 1ides high, one, plunged beneath the main,
Secks the deep night, and Pluto’s dusky reigu.

(63.) To got sight of this segment, he must travel sonth-
wards. In so doing, & new set of phenomena come forward,
In proportion as he advances to the south, some of those con-
stellations which, at his oviginal station, barely grazed the
northern horizon, will be observed to sink below it and set;
at first remaining hid only for a very short time, but gra~
dually for a longer part of the twenty-four hours, They
will continue, however, to circnlate about the same point—-
that is, holding the same invariable position with respect to
them in the concave of the heavens among the stars; bul this
point itself will become gradually depressed with respect to
the spectator’s horizon, The axis, in short, about which the
divrnal motion is performed, will appear to have become cone
tinually less and less inclined to the horizon; and by tho
same degrees as the northern pole is depressed {he sonthern
will vise, and constellations surrounding it will come into
view; at first momentarvily, but by degrees for Jonger and
longer times in each diurnal revolution— rvealizing, in shoxt,
what we have already stated in art. 41,

(64.) If he travel continually southwards, he will at length
rench n line on the cartl’s surface, called /e equator, ab any
“point of which, indifferently, if he tako up lis station and
recommence hig observations, he will find that he has hoth
the centres of diurnal motion in his horizon, cccupying op-
posite points, the northern Polo having been dopressed, and
the southern raised, so that, in this geographical position,
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the dinrnal rotation of the heavens will appear to him to be
performed about a lorizontal axis, every slar desoribing half
its diurnal oircle above and half beneath his hovizon, re-
maining nltmmtely visible for twelve hours, and concealed
during the same immterval, In this aitmti-:m, no part of the
henvens is concealed from his suceessive view. In o night of
twelve hours (supposing such o continuance of darkmess pos-
gsible at the equator) the whole sphere will have passed in
veview over him— the whole hemisphere with which he began
his night’s observation will have been carried down beneath
him, and the entire opposite one brought up from below.,

(656.) If he pass the equator, and travel still farther south-
wards, the southern pole of the heavens will become elevated
above his horizon, and the northern will sink below if; and
the more, the farther he advances southwards; and when
arrived at a station ag far to the south of the equator as that
from which he started wag to the north, he will find the
whole phenomena of the heavens reversed, The stars which
at his oviginal station described their whole diurnal eircles
above Dis horizon, and never set, now describo them entirely
below it, and never rise, but remain constantly invisible fo
him; and wvice versd, those stars which at his former station
Lo never saw, he will now never cease to see.

(66.) Finally, if, instead of advancing southwards from
his first station, he travel northwards, he will obgerve the
northern pole of the heavens to become more elevated above
hig horizon, and the southern more deprossed below it.  In
consequence, his hemisphere will present o less variety of
stars, because n greater proportion of the whole surface of
the heavens remains constantly visible or constanily in-
vigible: the circle deseribed by each star, too, hecomes mora
nearly parallel to the horizon ; and, in short, every appearanca
leads to suppose that could he travel far enough to the noril,
he would at length attain a point vertically under the north--
ern pole of the heavens, at which none of the stars would
either rise or set, but each would eirculate round the horizon
i civcles parallel to it,. Many endeavours have been made
to veach this point, which is ecalled the north pole of the
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earth, but hitherto without sueccess; a bawier of almost in-
surmountable difficulty being presentod by the increasing
rigour of the climate: but a very near approach to it has
heen made ; and the phenomons of those regions, though not
precisoly such as we have deseribed as what must subsist af
the pole itself, have proved to be in oxact correspondence
with its near proximity. A similar remark applies to the
south pole of the eanrth, which, howaver, is more unape-
proachable, or, at least, has been less nearly approached, than
tlie north.

(67.) The above is an accouni of the phenomens of the
diwrnal motion of the stars, as modified by different geogra-
phical situntions, not grounded on any speculation, but
actually observed and recorded by travellers and voyagers.
It is, however, in complete accordance with the hypothesis
of a rotation of the wearth round a fixed axis, In order to
show this, however, it will be necegsary to premise a fow ob-
gervations on parallactic molion in gencral, and on the appear-
ances presented by an assemblage of remote objects, when
viewed from different parts of a small and ecircumscribed
station. _

(68,) It has been shown (ari. 16,) that a speotator in
smooth motion, and surrounded by, and forming part of, a
great systom partaking of the same motion, is unconscious of
his own movement, and transfers it in iden to objoois oxternal
and unconnected, in a contrary direetion; those which he
leaves behind appearing to recede {rom, and those which he
advances towards to approach, him, Not only, however,
do external objects at rest appear in motion gouerally, with
respect to ourselves when we are in motion among them,
but they appear to move one among the other — they shilt
their relative appavent places, Let any one travelling
rapidly along a high road fix his eye steadily on any ob-
ject, buf at the same time not entively withdraw his atten-
tion from the general landseape, — he will sce, or {hink he
secs; the whole landscape ihrown into rofativon, and moving
round thet object as a contre; all objects boetween it and
himsclf appearing to move dackwards, or the contrary way
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to his own motion ; and all beyond it, forwards, ov in the
direction in which he moves: but let him withdraw bis oye
from that object, and fix it on another, — a nearer one, for
instance, — immediately the appearance of rotation shifts
also, and the apparent centre about which this illusive
circulation is performed is transferred to the new object,
which, for the moment, appears to rest. This apparent
change of sitnation of objects wilh respect to onc another,
arising from a motion of the spectator, is called a parallactic
motion. To gee the reason of it wo must consider that the
position of every objeot is referred by us to the surface of an
imaginary sphere of an indefinite radius, having our eye for
its centre ; and, as we advance in any direction, 1}.]3, enrry-
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ing thig imaginary sphere along with s, the visual rays A P,
A Q, by which objests arc referred to its surfuce (at C, for
instance), shift their positions with respect to the line in whi h
we move, A B, which serves as an axis or line of refarence,
and assume new positions, B P p, B Qg, revolving round
their respective objects as centres. Their intersections, therc-
fore, p, ¢, with our visual sphere, will appear to recede on its
surface, but with different degrees of angular veloeity In pro-
portion to their proximity; the same distance of advance
A B subtending a greater angle, AP I3 = ¢ P p, at the near
object P than at the remote one Q.

(69.) A consequence of the familiar appearance wo have
adduced in illustration of these principles is worth noticing,
ns we shall have occasion to vefer to it heveafter. We ob-
serve that every objeet nearer 1o us than that on which our
eye 18 fixed appears to recede, and those farther from us to
advance in relation to one another, If then we did not know,
or could not judge by any other nppearances, which of two
objects were nearer to us, this appareni advance or recess of
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one of them, when the eye 13 kept steadily fixed on the other,
would, furnish o oriterion. In a dark night, for instance,
when all intermediate ohjects are unscen, the apparent rela-
tive movement of two lights which wa are agsured are them-
selves fixed, will decide as to their relative proximitics, That
which secems to advance with us and gain upon the other, or
leave it behind it, is the farthest firom us,

(70,) The appavent angular motion of an object, arising
from a changeof our point of view, ig ealled in general paral-
lax, and it is always expressed by the angle A P B sublended
at the object I (see fig. of art, 68.) by a linc joining the two
points of view A B under consideration, Ior it is evident
that the difference of angular position of P, wilh respeect to
the invariable direction A B D, when viewed from A and
from B, is the difference of the two angles DI3 Pand D A P
now, D B P being the exterior angle of the triangle A B P,
is equal to the sum of tho interior and opposite, D B P =
DAP+ APD, whence DB — DAP= AP DB.

(71.) Tt follows from what has been said that the amount
of parallactic motion, avising from any given change of our
point of view is, ewmieris partbus, less, as the distance of an
object viewed is greater; and when that distancois extromely
great in comparison with the change in our point of view, the
parallax becomocs insensible; or, in other tvords, objeots do
not appear to vary in sitnation at all. It is on this prineciple,
that in alpine rogions visited for the first time we are sur-
prised and confounded at the litile progress we appenr to.
make by a considerable change of place. An hour’s walk, for
instance, produces but a small parallactic change in 1ho re-
lative situations of the vast and distant masses which surround
us, Whether wo walk round » eivele of a hundved yards in
diameter, or merely turn ourselves round in its centre, the
distant pattorvama presents almost exactly the same nspeot,—
we hardly secem to have changed our point of view,

(72.) Whatever notion, in other vespects, we may form of
the stavs, it is quile clear they must be immengely distant,
Were it not so, the apparent angular interval hetween Ly
two of them seen over head would be much oreater than

1
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when seen near the horizon, and the constellations, instead of
preserving the same appearances and dimensions duving their
whole diurnal course, would appear to enlarge as they rise
higher in the sly, as we seo a small clond in the horizon
swell into a great overshadowing canopy when drifted by the
wind across our zenith, or as may be seen in the annexed
figure, wheve ab, A B, al, are three different positions of
the same stars, as they would, if near the carth, be seen from

a speetator S, under the visual angles @ S8, A SB, No such
change of apparent dimoension, however, i3 observed. The
nicest measurements of the apparent angular distance of any
two stars inter se, taken in any parts of their dinrnal conrse,
(after allowing for the uncqual effects of rofraction, or when
taken at such times that this cnuse of distortion shall act
equally on hoth,) manifest not the slightest perceptible va-
rintion. Not only this, but at whatever point of the carth’s
surface the measurement iz performed, the results are abso-
lutely identical. No mstruments over yob invonted by man
are delicate enough to indioate, by an incrense or diminution
of the angle subtended, that one point of {the earth is neaver
to or further {rom the sters than another,

(73.) The necessary conclusion from thig is, that the
dimensions of the earth, large as it is, are comparatively
nothing, absolutely imperceptible, when compared with the
interval which separvates the stars from the earth, If an
observer wallk round a circle not more than g few yards in
diameter, and from different points in its civenmference

measure with o sextant or other more oxact instrument
adapted for the purpose, the angles P AQ, PR Q; P CQ, sub-
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tended at those stations by two well-defined points in his
vigible horizon, P Q, he will at once be advertised, by the
difference of the results, of his change of distance from them
arising from his change of place, although that difforence may
e so small as to produce no change in their general aspect to
his unassisted sight. This is one of the iInnumerable instances
where accurate measurement obtained by instrumental means
places us I a totally different situation in respeet to maiters
of fact, and conclusions thence deducible, from what we shonld

hold, were we to rely in all eases on the mere judgment of
‘the eye. To so great a nicety have such observalions been
carried by the aid of an instrument called o theodolite, that, o
oircle of the dimmeter above mentioned may thus bo rondered
sensible, may thus be detected to have a size, and an as-
certainable place, by reference to objeots distunt by fully
100,000 times its own dimensions. Observations, differing,
it is true, somewhat in method, but identical in prineiple, and
executed with quite as much exactness, have heen applied to
the slars, and with a result such as hag heen alrendy stated.
Honce it follows, incontrovertibly, that the distance of the
stars from the earth cannot be so small as 100,000 of the
earth’s diameters. It is, indeed, incomparably greater; for
we shall hereafter find it fully demonstrated that the distance
just named, immense as it may appear, is yet much under-
rated,

(74.) From such « distance, to a spectator with our fu-

cultics, and furnished with our insiruments, the earth would
i
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be imperceptible; and, reciprocally, an objeet of the caith’s
size, placed nt the distance of the stars, would be equally un-
discernible,  If; therefore, at the poini on which a spectator
standls, we draw a plane touching the globe, and prolong it in
imagination till it attain the region of the stars, and through
the centre of the carth conecive another planc parallel to the
former, and co-extensive with it, to pass; these, although
separated throughout their whole extent by the same interval,
viz, o semidiameter of the earth, will yet, on account of the
vast distance at which that interval is seen, he confounded
together, and undistinguishable from each other in the region
of the stars, when viewed by a speotator on the earth, The
zone they there include will be of evanescent breadth to his
eye, and will only mark ouf a great cirele in the heavens, one
and the same for both the stations, Thia great circle, when
spoken of as a circle of the sphore, is enlled the celestial
hwrizon or simply the horizon, and the two plancs just de-
scribed are also spoken of as ‘the sensible and the rational
horizon of the observer’s station.

(75.) T'rom what has been said (art. 73.) of the distance of
the stars, it follows, that if we suppose a spectator at the
centre of the earth to have his view bounded by the rational -
horizon, in exactly the same manner as that of a corresponding
spectator on the surface is by his sensible horizon, the two
ohservors will see the same stars in the same velative si-
tuations, each beholding that entire hemisphere of the heavens
which i8 above the celestial horizon, corresponding to their
common zenith. Now, 80 far as appearances go, it is clenrly
the same thing whether the heavens, that is, all space, with
ita contents, revolve round a spectator at rest in the eavth’s
centre, or whether that spectator simply turn round in the
opposite direction in his place, and view them in succession.
The aspeet of the heavens, at every instant, as veferred to his
horizen (which must be supposed to turn with him), will bo
- the same in both suppositions, .And sinoe, a8 has beon shown,
appoarances are also, so far ag the stars are concerned, the
game to o spectator on the surface as to ona at the centre, it
follows that, whether we suppose the heavens to revolve
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without the earth, or the carih within the heavens, i #he
oppostte direction, the dinrnal phenomens, to allits inhabitants,
will be no way different,

(76.) The Copernican astronomy adopts the latter as the
true explanation of these phenomena, avoiding thereby the
necessity of otherwise vesorting to the cumbrous mechanism
of a solid but invisible sphere, to which the stavs must be
supposed attached, in order that they may be carvied round
the earth without derangement of their relative siluations inder
se, Such a contrivance would, indeed, suffice to explain the
dinrnal revolution of the stars, so as to “save appearances; ”
but the movements of the sun and moon, as well as those of
the planets, are incompatible with such o supposition, as will
appear when we come to treat of ilese bodies. On the
other hand, that a spherical mass of moderate dimensions (or,
rather, when compared with the surreunding and visible uni-
verse, of evanescent magnitude), held by no tie, and free 10
move and to revolve, should do so, in conformity with those
general laws which, so far as we know, regulato the motions
of all material bodieg, is so far from being a postulate difficuls
to he conceded, that the wonder would rathor be should the
fact prove otherwise. As o postulate, therefore, wao shall
henceforth regard it; and as, in the progress of our work,
analogics offer themselves in its supporlt from what we ob-
gerve of other celestial bodies, we shall not {ail to point them
out to the reader’s notice.

(77.) The carth’s rotation on its axis so admitted, explain-
ing, as it evidently does, the apparent motion of the stars in
a completely satisfactory manner, prepares us for the further
admission of its motion, bodily, in space, should such a
motion enable us to explain, in & manner equally so, tho
apparcently complex and enigmatienl motions of the sun,
moon, and planets. The Copornican astronomy adopts thig
idea in 1ts full extent, ascribing to the earth, in addition to its
motion of rotation about an axis, also one of franslation oy
transference through space, in such a course or ordit, and so
régulated in diveotion and celority, as, taken in conjunction

with the motions of the other bodics of the universe, shipll
1 '
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render a rational account of the appearances they successively
present,~ that is to gay, an account of which the several paris,
postulates, propositions, deductions, intelligibly cohere, with-
out contradicting each other or the nature of things as
concluded from experience. In this view of the Uopernican
doctrine it 1s rather a geometrical conception than a physical
theory, inasmuch it simply assumes the vequisite motions,
without attempting to explain their mechanical origin, or
assign them any dependence on physical causes, The New-
tonian theory of gravitation supplies this deficiency, and, by
showing that all the motions required by the Copernican con-
ception must, and that no others can, result from a single,
intelligible, and very simple dynamical law, has given a
degree of certainty to this conception, as a matter of fact,
which attaches to no other ercation of the human mind,

(78.) To undorstand this coneeption in its further develop-
ments, the reader must bear steadily in mind the distinction
hotween relative and adsolute motion. Nothing is easier to per-
ceive than that, if a spectaior ai rest view a certain numbor
of moving objects, they will group and arrange themselves
o his eye, at each successive moment, in a very different
way from what they would do were he in active motion
among them, — if he formed one of them, for instance, and
joined in their dance, This is evident {from whal has heen
gaid hefore of parvallactic motion; but it will be asked, Ilow
is such a spectator to disentangle from each other the two
parts of the apparent motions of these external objects,~—that
which arises from the eflect of his own change of place, and
which 18 therefore only appavent (or, as g (terman meta-
physician would say, subjective — hiaving reference only to
him as perceiving it), —and that which ia veal (or odjective—-
having & positive existence, whether perceived by him or
not)? By what rule is he to ascertain, from the appearances
presented to him while himself in motion, what would e the
appearances were he at vest? It by no meons follows, indeed,
that he would even then at once obtain a clear conception
of all the mations of all the objects. The appearances so pre-
sented to him would have still something subjective about them.
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They would be still appearances, not geometrienl realities,
They would still have a reference to the point of view, which
might be very unfavourably situated (ps, indeed, is the case
in our system) for affording a clear notion of the real move-
ment of each object. No geometrical figure, or curve, 1s scon
by the oye as it is conceived by the mind to exist in reality.
The laws of perspective interfere and alter the apparent di-
rections and foreshorten the dimensions of ity several parts,
If the spectator be unfavourably situated, as, for instance,
nearly in the plane of the figure (which is the case we have to
deal with), they may do so to such an extent, ag to make a
considerable effort of imagination necessary to pass from the
senstble to the veal form.

(79.) Still, preparatory to this ultimate step, it is fivst ne-
cessary that the spectator should free or clear the appearances
from the disturbing influence of his own change of place,
And this he can always do by the following general rule ox
jroposition : «—

The relative motion of hwo bodies is the same as if either
of them were at rest, and all s motion communiccted to the
other in an opposite direction, *

Hence, if two bodies move alike, they will, when scen
from each other (without reference to other near hodies, but
only to the starry sphere), appear at rest. Ilence, also, if the
absolute motions of two bodies be uniform and reeiilinear,
their relative motion is so also,

(80.) Tho 'stars are so distani, that ag we have scon it is
absolutely indifferent from what point of the earth’s surfrce wo
view them. Their configurations ¢nfer se arc identically the
same. It is otherwise with the sun, moon, and planets, which
are near enough (especially the moon) to be parallactically
displaced by change of station from place to place on one
globe, In order that astronomers residing on different points

* ‘This proposition is equivalent to the following, which preeisely meets the
case proposed, but i1equires somewhat more thought for its clem appehension
than can perhaps be expected from a beginner 1 —

roe, — If two bodies, A and B, be in motion tndependently of cach other, the
wption twhich B seen from A would appear to have if A were ab 1ot is the samo
with that which 1t vould appear o have, A belug in motrom, if, In wddition to its oun
nwtion, ¢ molton cgnal to A's and in the same dirution were comncated to i,

E
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of the earth’s surface should he able to cgmpm'c thoir ob-
servations with effect, it s necessary that they should clearly
understand and take account of this effect of the difference
of their stations on the appearance of the outward universe
as seen from cach, As an exterior object seen from one
would appear to have shifted its place wore the spectator
suddenly transported to the other, go two spectators, viewing
it from the two stations at the sanme instant, do not see 1t in
the snme direction. Ience arises a necessity for the adoption
of a conventional centre of reference, or imaginary siation
of observation common to all the sorld, to which each ob-
server, wherever situated, may refer (or, as it is called,
reduce) his observations, hy calculating and allowing for the
effect of his local position with respect to that common centro
{supposing hiun to possess the necessary data). If there were
only two observers, in fixed stations, one might agree to refer
his observations to the other station; but, as every locality
on the globe may be a station of observation, it is far more
convenient and natural to fix upon a point.equally related to
all, as the common point of reference; and this can be no
other than the centré of the globe itself. The parallactic
change of apparent place which would arise in an object,
could any ohserver suddenly transport himself to the centre
of the earth, is evidently the angle C S P, subtended at the
object S by that radius CP of the carth ihich joing its
contre and the place I’ of observation,
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CHAPTER I

TRRAINOLOGY AND RLEMENTARY GROMETRICGAT OCONCEPTIONS AND
RELATIONS = TERMINOLOGY TELATING TO TIE GLOBE OV TIIE
FARTIL —- TO TIIE CGELESTIAL SPHERE. —— OELESTIAL PRERSIEC-

TV,

(81.) SEvERAL of the terms in use among astronomers have
been explained in the preceding chapter, and others used anti-
cipatively, But tho technical language of every subject
reguires to be formally stated, both for consistency of usage
and definiteness of conception. We shall therefore proceed,
in the first place, to define a number of terms in perpetual
use, having relation to the globe of the earth and the celestial
sphere. h

(82.) DewrnirioN 1. The awis of the earth is that dia~
meter about which 1t revolves, with a uniform motion, fiom
west to east; performing one revolution in the interval which
clapses Detween any star leaving a corisin point in the
heavens, and returning to tho same point again,

(83.) DER, 2. ,The poles of the earth arve the points whevo
its axis meets its suiface. The North Polo is that nearest to
Turope; the South I’ole that most romote from it,

(84.) DEr. 3. The earil’s cquator is a great ocircle on its
surface, equidistant from its poles, dividing it into two hemi-
spheres—a northern and a southern; in the midsi of which
are situated the respective poles of the cavth of those names.
The plane of the equator is, therefore, a plane porpendicular
to the earth’s axis, and passing through its contre,

(85.) Dxur, 4. The terrestrial meridian of a station on the
earth’s surface, 13 n great civele of thoe globe passing through

both poles and ihrough the plane, The plane of the meridian
is the plane in which that civele lics,
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(86.) Dew, 5, The sensible and the rational horizon of any
station have been already defined in art. 74.

(87.) Dir, 6. A merician line is the line of intersection of
the plane of the meridian of any station with the planc of the
sensible horizon, and therefore marks the norih and south
points of the horizon, or the directions in which n spectator
mugt set out if he would travel directly towards the north o
sonth pole,

(88.) Dcr. 7. The latitude of a place on the earth’s surface
is its angular distance from the equator, measured on its own
terrestrial meridian: it is reckoned in degrecs, minutes, and
seconds, from 0 up to 90°, and northwards or southwards ac-
cording to the hemisphere the place lies in.  Thus, the obser-
vatory at (areenwich is situated in 51° 287 40 north latitude.
Thig definition of latitude, it will be observed, 18 to be con-
gidered as only temporary. A more exact knowledge of the
pliysical stimeture and figure of the earth, and a better ac-
quaintance with the niceties of astronomy, will render some
modification of its terms, or a different manner of considering
it, necessary.

(89.) Dxrv, 8, Parallels of latitude are small circles on the
earth’s surface parallel to the equator. Ewvery point in such
o circle has the same Jatitude. Thus, Greenwich 1is said to
be situated in the parallel of 51° 287 407,

(90.) Dzw, 9. The longitude of a place on tho earih’s
surface is the inclination of its meridian to-that of somoe fixed
atation reforred to as a point to reckon from, English astro-
nomers and geographers use the observatory al Groenwich for
this station; foreigners, the principal observatories of their
vespoctive nations, Some geographers have adopted the island
of Ferro. Herenfter, when we speak of longitude, wo reckon
from Greenwich, The longitude of a place is, thercfore,
measured by the arc of the oquator intercepted between the
mevidian of the place and that of Greenwich; or, which is the
same thing, by the spherical angle at the pole included
between these meridians.

(91.) As latitude 1s reckoned north or soyth, so longitude is
usually said to be reckoned west or east.  Ii would add




TLRMINOLOGY. 1534,

oreatly, however, {0 systematie vegularity, snd tend much to
avoid confusion and ambiguity In computntions, weie thig
mode of expression abandoned, and longitudes rockoned nva-
riably westward from their origin round the whole circle from
0 to 360°. Thus, the longitude of Paris i3, i common
parlance, cither 2° 207 227 east, or 357° 39’ 38" west of
(Greenwich, DBut, in the sense in which we shall henceforth
use and recommond others to use the term, the latier s its
proper designation. T.ongitudoe is also reckoned in timo ai
the rate of 24 h. for 360°% or 15° per hour. In this system
the longitude of Paris 1s 2831 50 m. 883s.%

(92.) Knowing the longitude and Iatitude of a place, it
may be laid down on an artificial globe; and thus a map of
the earth may be constructed. Mlaps of pavticular countrics
arc detached portions of this ‘general map, extended into
planes; or, rather, they are representations on planes of such
portions, executed according fo certain conventional systems
of rules, called projections, the object of which is either to
distort as litile as possible the outlines of countries from what
they are on the globe-—or to establish casy means of ascer-
taining, by inspection or graphical measurement, the latitudes
and longitudes of places which occur in them, without re-
{erring to the globe or to books-——or for other peculiar uscs,
See Chap, IV,

(93,) Dur, 10, The Zropies are two parallels of latitude,
one on the north and the other on the south side of the
cquator, over every point of which respectively, the sun in
its diurnal course passes vertically on the 21st of Maveh and
the 21st of September in overy year, Their latitudes arve
about 23° 28 vespectively, north and south,

(94.) Dzr. 11. The Avetic and Antarctic civeles ave two
small circles or parallels of latitude as distant from thoe north
and south poles as the tropics are from the equator, that is
to say, about 23° 285 their Intitudes, therefore, are about

* To dlstinguish minutus and seconds of time fiom those of angulm measmo
we shall invariably adheie to the distinet system of notation heve adopted
(°f 7 amd I, m,s), Great confusion sometimes mises {rom the mactico of
using the sume marks fon both,
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66° 32, We say about, for the places of these circles and of
the troples are continually shifting on the carth’s surinee,
though with extreme slowness, ag will be explained in its
proper plage.

(95.) Drr, 12, The sphere of the hoavens or of tho stars
is an imeginary spherical surface of infinite radius, having the
oye of any spectator for its cenlre, and which may be con-
ceived as n ground on which the stars, planects, &e., tho visible
contents of the univerge, are scen projeoted as in a vast
pleture, *

(96.) Drr. 13. The poles of the celestial sphere are the
points of that imaginay sphere towards which the earth’s

axis 18 directed.
(97.) Dur. 14. The celestial equator, or, as it is often called

by astronomers, the equinoctind, is a great civele of the celestial
sphere, marked out by the indefinite extension of the plane

of the terrestrial aquator,

(98.) Dz, 15. The celestial horizon of any place is & great
circle of the sphere marked out by the indefinite extension of
the plane of any spectator’s sensible or (which comes o the
same thing as will presently be shown), his rafional horizon,

as m the case of the equator,

(99.) Duxr. 16, The zenith and nadirt of n spectator amd
the two points of the sphere of the heavens, vortically over
hig head, and vertically under hiz feet, or the poles of

* The ideal sphere without us, to which we iefer tho places of abjeots, and
which we eury along with us wheraver we pgo, is no doubt intimately con-
negted by association, if not entively dependent on that obsouro peiception of
senaation in the rvetinm of our cyes, of which, even when elosed and unexeited,
we ennnot entively divest them, We have a 1eal spherical suifree within onr
eyes, the seat of sensation and vision, colresponding, point for point, to the ox-
teinal sphere,  On this the stais, &e, are 1eally mapped down, ns we bhave syp-
posed them in the text to be, on the imaginaiy eoncave of the heavens, When
the whole surface of the retina is exoited by light, habit leads us to assoeiate it
with the idea of a real surface existing without us. Thus we become impressed
witl: the nation of @ sty and a hexpen, but the concave smface of the reting itself
is the true seat of all wable angular dimenstan and angular motion, The sub-
stitution of the reting for the leavens would be awkward and inconvement in
lIanguage, but it may always be mentoily made, (See Schiller’s pretty emgma
on the eye in his Turandot )

Trom Ajabie words  Nndir coyiesponds cvidently to the Gevman aieder

(down), whenee aur nether,
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the celestial horizon ; that i8 to say, poinis 90° distant from
gvery point in it.

(100.) Dewr, 17, Vertical circles of the sphere are great
circles pagsing through the zenith and nadiv, or great civeles
perpendiculnr to the horizon. On these are measured the
altitudes of objects above the horizon-——the complements Lo
which ave their zenith distances.

(101.) Der. 18. The eelestial meridian of a spectator is the
great circle marked out on the sphere by the prolongation of
the plane of his terrestrial meridian, If the emth be sup-
posed at vest, this is a fixed circle, and oll the stars are cerried
acrosy it in their diurnal courses from ecast to west, If tho
stars vest and the earth rotate, the spectator’s meridian, like
his horvizon (arvt. 52.), sweeps daily across the stars from
west to east. 'Whenever in future wo speak of the mendian
of a spectator or observer, wo intend the celestial meridian,
which being a civele passing through the poles of the heavens
and the zenith of the observer, is necessarily o vertical civéle,
and passes through the north and south points of the
horizon,

(102,) Dxuw. 19, The prime vertical 1a a vertical civele pev-
pendicular to the meridian, and which therofore passes through,
the enst and west points of the horizon,

(103.) Dur, 20, 4dzémuth is the angular distance of n ce-
lestial objeet from the north or south point of the horizon
(according as it is the north or south pole which is elevated),
when the objeot is referred to the horizon by n vertical civele;
or it is the angle comprised betwaen two vertical planes— ona
passing through the clevated pole, the ofher through tho
object. Azimuth may be reckoned eastwards or westwards,
from the north or south point, and is usually so reckoned
only to 180° cither way. But to avoid conflusion, and to
preserve continuity of interpretaiion when algebraic symbols
are used (a point of essential imporiance, hitherto too little
ingisted on), we shall always reckon azimuth from the points
of the hovizon most remote from the elevated pole, westward (so
ds to agree i general directions with the apparent dimrnal
motion of the stars), and earry its reckoning from 0° to 860° if
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always reckoned positive, considering the eastward reckoning
ag negative. .

(104.) Der. 21. The aliitude of a heavenly body is its ap-
parent angular clevation above the horizon. It ig the com-
plement to 90° therefore, of its zemith distance. ‘Lhe alti-
tude and azimuth of an objeel being known, its place in the
visible heavens is determined,

(105.) Dum 22, The declination of a hoavenly body is its
angulay distance from the equinoctial or celestial equator, or
the complement to 90° of its angular distance from the
nearest pole, which latter distance is called its FPolar distance.
Declinations are reckoned plus or meinus, according as the
object is situated in the northern or southern celestial hemi-
sphere, Polar distances ave always reckoned from the North
Pole, from 0° up to 180° by which all doubt or ambiguity
of expression with respect to sign is nvoided, -

(106.) Dzr. 23, Hour circles of the gphere, or circles of
declination, are groat circles passing through the poles, and
of course perpendicular to the equinoctial. The hour cirele,
passing through any particular heavenly bedy, serves to
vefer it to a point in the equinoctial, as a vertical cirvele does
to a point in the horizomn.

(107.) Dzr. 24, Thehourangle of a heavenly body is the
angle at the pole included between the hour circle passing
through the body, and the celestial meridian of the place of
observation. We shall always reckon 1t pesitively from the
upper culmination (avt, 125.) westwards, or in conformity
with the apparent divrnal motion, completely vound the
cirele from 0° to 860°. Hour angles, generally, are angles
included at the pole between different hour oircles,

(108.) Drxw, 25, The right ascension of a heavenly hody
is the arc of the equinoctial included hetween a certain point
in that circle called the Vernal Equinox, and the point in the
same circle to which it ig veferved by the circle of declination
passing through it. Or'it is the angle included between two
hour cireles, one of which passes through the vernal equinox
(and is called the equinoctial colure), the other through the
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body., Ilow the place of this initial peint on the equinoctial
ig determined, will be explamed further on,

(109.) The right asccnsions of cclestial objeots are always
reckoned eastwards from the ecquinox, and are estimated
cither in degrees, minutes, and seconds, as in the case of
terrestrial longitudes, from 0° to 360° which completes the
cirele ; or, in time, in hours, minutes, and scconds, from Oh,
to 24h, The apparent diurnal motion of the heavens being
contrary to the real motion of the earth, this is in conformity
with the westward reclkoning of longitudes, (Art. 91.)

(110.) Sidereal time is rockoned by the diurnal motion of
the stars, or rather of that point in the equinoctial from
which right ascensions are reckoned. This point may be
considered as a star, though no star is, in fact, there; and,
moreover, the point itself 1s linble to a certain slow vaviation,
~30 8low however, as not to affect, perceptibly, thoe interval,
of any two of its successive returns to the meridian, This
interval is called 2 sidereal day, and is divided into 24 sidereal
hours, and these again into minutes and seconda. A clock
which marks sidereal time, 74 ¢ which goes at such a rate as
always to show Oh. Om. Os. when the equinox comes on the
meridian, i3 called a sidereal clock, and is an indigponsable
piece of furniture in every observatory. Ilence the hour
angle of an objeet reduced to thme at the rate of 15° per
hour, expresses the interval of sidercal time by which (if
its reckoning be positive) 1t has past the mervidian; or, if
negative, the time it wants of arriving at the meridian of the
place of observation. So also the right ascension of an ob-
jeot, if converted into time at the same rate (since 860° heing
described uniformly in 24 hours, 15° must be so describad
in 1 hour), will express the inlerval of sidereal time which
elapscs {rom the passage of the vernal equinox across the
meridian to that of the object next subsequent.

(111.) As a globe or maps may bo made of the whole or
particular regions of the surface of the earth, so algo a globe,
or gencral map of the heavens, as well as charts of particu-
lar parts, may be constructed, and the stars laid down in
their proper situations relative to each other, and Lo the poles
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of the heavens and the celestial cquator. Such a reproscnta-
tion, once made, will oxhibit a true appearance of the stars
ng they present themselves in succession to every spectator
on the surface, or as they may be conccived to be scen at
once by one at the centre of the globe. It is, therefore, in-
dependent of all geograplhical loealitics. Thero will ocenr in
snch a representation neither zenith, nadir, nor horizon -—
neither east noy west points; and alithough great circles may
be drawn on 1t from pole to pole, corresponding to terrestrial
meridians, they can no longer, in thig point of view, be re-
garded as the celestial meridians of fixed points on the carth’s
surface, since, in the course of one dinrnal revolution, every
point in it passes beneath each of them. If is on account of
this change of conception, and with a view to cstablish a
complete distinction between the two branches of Geography
and Uranograply®, that astronomers have adopted different
terms, (viz. declination and right ascension) to represent those
ares in the heavens which corvespond to latitudes and longi-
tudes on the earth, It is for this reason that they term the
equator of the heavens the equinoctial ; that what are me-
ridians on the carth ave called Zowur cireles in the heavens,
and the angles they include between them at the poles ave
called hour angles, All this i convenient and intelligible ;
and had they been content with this nomenclature, no con-
fuston could ever have arisen. Unluckily, the carly astro-
nemers have employed also the words latitnde and longitnde
in their nranography, in speaking of aves of circles not cor-
responding to those meant by the same words on fhe earth,
but having reference to the motion of the sun and plancts
among the stats, It is now too late to remedy this confusion,
which is ingrafted into every existing work on astronomy:
we can only regret, and warn the reader of it, that he may
be on his guard when, at a more advaneed period of our work,
we shall have occasion to define and use the terms in their
celestiol sense, at the same fime urgently recommending to
future writers the adoption of others in their places,

* Ty, the earth 5 ypagew, to deseribe or represent ; ovpaves, the heaven,
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(112.) It remaing to illustrate these desariptions by re-
ference to & figure, Lot C be the centre of the earth, N C 8

i/

its axis; then are N and 8 its poles; I} Q its equator; A B
the parallel of latitude of the station A on its surface; A P
parallel to S C N, the direction in which an observerat A will
see the elevated pole of the heavens; and A Z, the prolonga-
tion of the terrestrial radius C A, that of his zonith, NAT S
will be his meridian; N G S that of somoe fixed station, as
Greenwich 3 and G- Ii, or the spherieal angle (r N ¢, his lon-
gitude, and I8 A. his latitude, Morcovor, if' ns be a plane
touching the surface in A, this will be his gonsible horizon;
n A s marked on that plane by its. intcrsection with his mao-
ridian will be his mervidian line, and » and s the noxth and
gouth points of his horizon,

(113.) Again, neglecting the size of the cartly or concelving
him stationed at iis centre, and referving every thing to his
rational horizon; let the annoxed figure represent the sphere
of the keavens; C the spectator; Z his zenith; and N his
nadir: then will HAO a great civcle of the sphere, whose
poles are Z N, be hig celestial horizon; P p the elevated and
depressed POLES of the heavens; II P the altitude of the pole,
ad LD ZEO his meridian ; I T Q, a great civele perpen-
dicular to I p, will be ithe equinoctial ; and if’ T represent, the

equinox, T will be the »ight ascension, T 8 the declination,
1"
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and P S the polar distance of any star or object S, referred
to the equinoctibl by the hour circle T STp; and BSD

will be the diurnal circle it will appear to describe about the
pole, Again, if we refer it to the horizon by the vertical
cirele Z S M, OM will be its azimuth, M S its altitude, and
Z S its zenith digtance. II and O are the north and south,
e w the enst and west points of his horizon, or of the heavens,
Moreover, if L %, O o, be small civcles, or parallels of decli-
nation, touching the horizon in its north and south points,
EH & will be the civele of perpetual apparition, hetween which
and the elevated pole the stars never set; O o that of per-
petunl occultation, botween which and the depressed pole Lhey
never 7ise.  In all the zone of the heavens between II 2 and
O o, thoy rise and set; any one of {ham, ag S, vemnining
above the horizon in that part of its diurnal civele reopro-
sented by a« B A, and below it throughout all the part repre-
sented by A D a, It will exerveise the reader io construct
this figure for several different elevations of the pols, and for «
vartety of positions of the star S in each,

(114.) Celestial perspective is that branch of the genaral
science of porspective which teaches us to conclude, from a
Ienowledge of the real situation and forms of objects, lines,
angles, motions, &ec. with vespect to the speetator, their ap-
parvent aspects, as seen by him projected on the imaginary
concave of the heavens; and, vice versd, from the apparent
configurations and movements of objects so seen projected,
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to conclude, so far ag they can be thence concluded, iheir
rea]l geometrieal relntions to onch other and to the spectator,
It agrees with ordinary perspective when only & small visual
arca is contemplated, because the concave ground of the
celestial sphere, for 2 small extent, may be regarded as a
plane surface, on which objeots are seen projected or depieted
as in common perspective. But when large amplitudes of the
visual aren sre considered, or when the whole contents of
space are regarded as projected on the whole interior surface
of the sphere, it becomes necessary to use a different phra-
seology, and to resort to a different form of conception, In
common perspective there is a single “point of sight,” or
“ gentre of the picture,” the visual line from the cyo to
which is perpendicular to the * plane of the picture,” and all
straight lines ave vepresented by straight lines. In celestial
perspective, every point to which the view is for tho moment
directed, is equally entitled to be considered as the ¢ centre
of the picture,” every portion of the surface of the sphere heing
similarly related to the eye. Moreover, every straight line
(supposed to be indefinitely prolonged) is projected into »
semicircle of the sphere, that, nnmely, in which a plane passing
through the line and the eye cuts its surface. And every
system of parallel straight lines, in whatover direotion, is pro-
jeeted into a system of semicircles of the sphore, meeting in
two common apexes, or vanishing poinis, diamctrieally op-
posite to each other, one of which corresponds to the vanishing
point of parallels in ordinary perspective; the othor, in such
perspective has no exisience.  In other words, every point in
the sphere to which the eye is directed may be vegarded as one
of the vanishing points, or one spex of a system of straight
lines, parallel to that radius of the sphere which passes through
it, or to the direction of the hne of sight, scen in porspeotive
from the carth, and the points dinmetrically opposite, or that
from which: he is looking, as the other,  And any great civcle
of the sphere may similarly be regarded gs the vanishing cirele
‘'of a system of planes, parallel 1o its own.

(115.) A familiar ustration of this is often to be had h;)f

attending to the Hnes of light seen in the air, when the sun’s
1 4
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rays ayo darted through aperfures in clonds, the sun 1iself
belng at the time obgoured behind them.  These lines which,
marking the course of rays emanating from a point almost
infinitely distant, ave to be considered as parallel straight lines,
ave thrown into great civeles of the sphere, having Lwo apexes
or points of common intersection— one in the place whero the
san itself (if mot obscured) would be seen, The other di-
ametrically oppostto,  The fivst only is most commonly sug-
gestedl when the speciator’s view is towards the sun. But
in mountainous countries, the phenomenon of sunbeams
converging towards a point dinmetrieally opposite to the sun,
and ag much depressed below the horizon as the sun is elevated
above it, is not unfrequently noticed, the back of the spectator
being turned to the sun’s place. Occasionally, but much
mare ravely, the whole course of' such o system of sunbeams,
stretching in semicireles across the hemisphere from horizon
to horizon (the sun being near setting), may be seen.¥ Thus
again, the streamers of the Aurora Bovealis, which ave doubt-
less electvionl vays, parallel, or neavly parallel ta each other,
and to the dipping needle, nsually appear to diverge from the
poing towards which the needle, froely suspended, would dip
northwards (7. e. about 70° below the horizon and 23° west of
north from London), and in their upward progress pursuc
the conrse of grent circles till they agnin converge (in ap-
pearance) towards the point dinmetrically opposite (2. e 70°
above the horizon, and 23° to the castward of sonth),
forming a sort of canopy over head, having that point for its
centre.  So also in the phonomenon of shooting astars, the
lines of dircction which they appear to take on certain re-
markable occasions of periodical recurrenee, are observed, if

¥ It is in sueh eases only that we coneeive them ag oireles, the ordinary sonven.
tions of plane pmspestive becoming untenable, The author Lad the pood fortune
to witness on one oceasion the phenomenon deseribed in the text under ¢ireinm.
stauces of mare than uvsual grandeur,  Approaching Liyons framn the sonth on
Sept. 80, 4826, nbout 51h. 1 an, the sun was seen nearly getling behind noken
masses of stormy eloud, from whose aperfures streamed forth beams of rose.
coloured light, traceabla all aergss the bemisphera almost to their gpposite point
of eonvergence belind the snowy precipices of Mont Blane, conspicuously
visible at nearly 100 miles to thoe eastward. T'he lmpression produced was that
of another but feebler sun about to yise fiom behind the mountain, and darting
forth preavtvsory beams {o maot those of the yeal one opposito.
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prolonged backwards, apparently to meet nearly in orle point
of the sphere; a certain indication of a genernl near approach
to parallelism in the real directions of their motions on those
occasions. On which subject more hereafter,

(116.) In relation to this idea of celestial perspective, wo
may conceive the north and south poles of the sphere ag the
two vanishing points of a system of lines parallel 4o the axis
of the earth; and the zenith and nadir of those of a system
of perpendiculars to its surfaco at the place of observation,
&c, It will bo shown that the divection of a plmb-ne, at
. every place is perpendicular to the surface of still water at
that place which is the trune hovizon, and thongh mathe-
matieally speaking no two plumb-lines arc exacily parallel
(since they converge to the earth’s centre), yet over very
small tracts, such as the avea of a building-—in one and the
snme town, &c., the difference from exact parallelism is so
small that it may be practically disregarded.* To a spec-
tator looking upwards such a system of plumb-lines will ap-
pear to converge to his zenith ; downwards, to his nadin,

(117.) So also the celestial equator, or the equinpctial, must
be conceived as the vanishing circle of a system of plancs pa-
rallel to the carth’s equator, or perpendicular io its axis, Tho
celestinl horizon of any speetator is in like manner tho
vanishing cirele of all plancs parallel to lis true hovizon, of
which planes his rational horizon (passing through the earth’s
centre) i one, and his senstdle horizon (tho {angent plane of
his station) anothon. -

(118.) Owing, however, to the absence of nll the ordinary
indications of distance which influence our judgment in re-
spect of tcrrestrial objects, owing to the want of determinate
figure and magnitude in the stars and planets ag commonly
seen—the projection of tho celestial bodies on the ground of
tho heavenly concave is not usually rvegarded in this its truo
light, of a perspective representation or picture, and it oven ro-
quires an offort of imagination to coneceive them in their true
relations, as at vastly diflorent distances, one behind the other,

* An interval of a mile corresponds to o convergences of plumbelines amonnt-
ing to somewlitt less space thun o minute,

o3
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and forming with one another lines of junetion violently fore-
shortened, and including -angles altogether diflering from
those which their projected representations appear Lo malke,
To do so at all with effect presupposes a knowledgo of their
actual situations in space, which it is the buginess of asiro-
nomy to arrvive at by appropuviate consideraiions. Dut the
connections whiclr subsist among the sevoral parts of the pie-
ture, the purely geometrical relations among the angles and
sides of the spherical triangles of which it consists, constitute,
under the name of Uranometry®, a proliminary and sub-
ordinate branch of the general science, with which 1t 1s
necessary to be familiar before any further progress,can he
made. Some of the most elementary and frequontly oc-
curring of these relatiohs wo proceed to oxplain,  And first,
ag immediate consequences of the above definitions, the {ol-
lowing propositions will be boine in mind.

(119.) The altitude of the clevated pole is equal tv the lati-
tude of the spectator’s geographical station.

Tox it appeara, sec fig. arvt. 112, that the angle P A Z he-
tween the pole and the zenith is equal to N C A, and the angles
Z An and N C It being right angles, we have P An=A CE,
Now the former of these 18 the elovation of the pole as seen
from K, the latier is the angle at the earth’s centre snbtonded
by the are I A, or the latitude of the place.

(120.) Ilence to a spectator at the north pole of the earth,
the north pole of the heavens is in his zenith,  As he fravels
southward it becomes Jess and less clevated till hie reaches
the cguator, when both polos are in his horizon—south of
the equator the north pole becomes depressed Delow, whila
the south rises above his horizon. and continnes to do zo till
the south pole of the globe is reached, when that of the
haavens will be in the zenith,

(121.) Thesame stars, in thelr divunal revolution, come to
the meridian, successively, of evary place on the globe once
in twenty-fonr sidereal hours, .And, since the diurnal ro-
tation is uniform, the interval, in sidercal time, which clapses

H Ovgaros, the heayens ; MeETpE, 0 measirc the measurcment of tho
heavens,
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between the same star coming upon the meridians of two
different places is measured by the difference of longitudes
of the places,

(122.) Vice versd— the interval elapsing hetween two iy
ferent stars coming on the mevidian of one and the same place,
expressed in sidereal time, 18 the measure of tha difference of
right ascensions of the stars.

(123.) The equinoctial intersects the horizon in the cast
and west points, and the meridian in a point whose altitude
is equal to the co-latitude of the place, Thus, at Greenwich,
of which the latitude iz 51° 28’ 407, {he altitude of the in-
tersection of the equinoetial and moeridian is 38° 31° 207,
The north and south poles of the heavens are the poles of
the equinoctial. The east and west points of the hoizon of o
spectator are the poles of his oclestial meridian,  The north
and south points of his horizon are the poles of his prime ver-
tical, and his zenith and nadir are the poles of his horizon,

(124.) All theheavenly bodics culminate (. e. come to"their
greatest altitucdes) on the meridian; which is, therefore, the
best situation to observe them, being least confusged by ihe
inequalitics and vapoury of the atmosphere, ag well ag least
displaced by refraction.

(125.) All celestial objeots within tho cirele of perpetual
appavition come twice on the meridian, above the horizon, in
every diurnal revolution; once above and ance delow the pole,
These ave callod their upper and lower culminations.

(126.) The probloms of uranometry, ns wé have deseribed
it, consist in the solution of a variety of spherical triangles,
both right and oblique angled, according to the rules, and
by the formulwe of spherical trigonomatry, which we suppose
known to tho reader, or for which he will consult appropriate
treatises, We ghall only here observe generally, that in all
problems in which spherical geometry i concerned, the student
will find it a useful practical maxim rather to consider the
poles of the great cirveles which the question before him refers
to than the cireles themselves, To use, for example, in the
relations ho has to consider, polar distances rather than de-

clinntions, zenith distances rather than altitudes, &e.  Boar-
[
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ing this in mind, there are fow problemsin uranometry whicli
will offer any difficulty. The following are the combinations
which most commonly oceur for solution when the place of
one celestiel object only on the sphere 18 concerned,

(127.) In the triangle Z I* 8, 7 is the zenith, P the
elevated pole, and S the star, sun, or other celestial object.
In this {riangle occur, 1si, P Z, which being the comple-
ment of I IT (tho altitude of the pole), is obviously the com-
plement of the latitude (or the co-latitude, ns it is called) of
the place; 2d, I’ 8, tha polar distance, or the complement of
the declination (co-declination) of the star; 3d, Z 8, the
zenith distance or co-altitude of the star. If P S be greater
than 90°, the object is sitnated on the side of the cquinoctial
opposite to that of the elevated pole. If Z 8 be so, the ob-
ject is below the horizon,

In the same triangle the angles ave, 1st, Z P S the lower .
angle ; 2d, P Z S (the supplement of 8 Z O, which latter
is the azimuth of the star or other heavenly body), 8d, T S Z,
an angle which, from the infrequency of any practical re-
ference to it, has not acquired a name.*

The following five astronomical magnitndes, then, occur
among the gides and angles of this most useful triangle : viz.
1st, The oco-latitude of the place of observation; 2d, the
polar distance ; 3d, the zenith distafice ; 4th, the hour angle;
and 5th, the sub-azimuth (supplement of azimuth) of a given
colestial objeci; and by its solution therelore may all pro-
blemg be resolved, in which threo of thesc magnitudes ave
direotly or indirectly given, and the other two required to he

found,

(128.) T'or example, suppose the time of rising or setting
of the sun or of a star were required, having given its right
agcension and polar distance. ‘The star rises when apparcntly
on the horizon, or really about 34’ below it (owing to refrac-
tion), so that, at the moment of its apparent rising, its zenith

* In the practical discussion of the meastives of double starg and other objects
by the aid of the position micrometer, this angle is sometimes required to b
known ; and, when so required, it will be not inconvenioutly referred to as *the

angle of pesition of the zenith.”
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distance is 90° 34’=7%1S. Iis polar dislanco I’ 5 being also
given, and the co-latitude Z P of the place, we have | given

; /|
JI% ’ J
H#J ;

the three sides of the triangle, to find the hour angle Z P 5,
which, being known, is to he added to or subtracted from the
star’s right ascension; to give the sidereal time of sctting or
vising, which, if we please, may be converted into solar timo
by the proper rules and tables,

(129.) As another example of the use of the same triangle,
we may propose to find the local sidoreal time, and the latitude
of the place of observation, by observing equal altitudes of the
same star east and west of the meridian, aud noting the mterval
of the observations in sidereal {ime,

The hour angles corresponding to equal altitudes of » fixed
star bemg equal, the howr angle enst or west will be mensured -
by half the observed interval of tho observations. In our
triangle, then, we bave given this hour angle 7 I’ 5, the polar
distance P 8 of the star, and,Z S, its co-altitude at the momont:
of observation. Ilence we may find P Z, the co-latitude of
the place, Moveover, the hour angle of the star heing known,
and also its right ascension, the point of the equinoctial is
known, which is on the meridian at the momont of obsorva-
ation ; and, therelore, the local gidercal time at that moment.
This is a very useful observation for determining the Iatitude
and time al an unknown station,
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CIIAPTER IIL*

01' TI¥ NATURE OF ASTRONOMICAL INSTRUMENTS AND ODBSERVA-~
TIONS IN GENERAL. — OF SIDEREAT, AND SOLAR TIME, — OF THE
MEASUREMENTS OF TIME, —- CLOCKS, CIIRONOMETERS. — OF AS-
TRONOMICAT, MEASUREMNENTS, ~~PRINCIPLE OF TRLESCOPICQ SIGIITS
TO INCREASE TIIE ACCURACY OF DOINTING. — SIMPLEST APPLICA-
TION OF TIIS PRINCIPLIY, — TTE TRANSIT INSTRUMENT, ~—OF TIIE
MEASUREAIENT OF ANGULAR INTERVALS, — MLTHODS OF INOREAS-
ING TIIE ACCURACY QF READING. ~— TTIE VERNIER. — THE MICRO-
$COPE. —— OF THE MURAL CIRCLE. ~— TIIE MERIDIAN CIRCLE, —
FIXATION OF POLAR AND TIORIZONTAT POINTS, — TIIE LEVEL,
I’LUMB-IINE, ARTIFICIAT, IIORIZON.—PRINCIPLE OF COLLIMATION.
w— COLLIMATORS OF RITTENHOUSE, KATER, AND BENZENDERG, «——
OF COMPOUND INSTRUMENTS WITII CO-ORDINATE CIRCLES. —- THE
BQUATORIAL, ALTITUDE, AND AZIMUTII INSTRUMENT, —~ THEQ-
DOLITE, — OF THE SEXTANT AND REPLECTING CIROLE, ~— PRIN-
CIPLE OF REPETITION, — OF MIOROMETERS, — PARALLEI, TWIRE
MICROMETER. — PRINCIRLE OF THE DUPLICATION OF IMAGES, —
THE HELIOMETER, — DOUBLE REFRAQTING EYE-PIECE,— VARIA-
BLE PRISM MICROMETER, — OF ‘EIIE POSITION MIOROMETER,

(130.) Our first chapters have been devoted to tho acquisition
chiefly of preliminary notions respecling the globe we inhabit,
its relntion to the celestial objeets which surround it, and the
physieal cireumstances under which all astronomical observa-
tions must be made, as well as fo provide ourselves with a
stock of technical words and clementary ideas of most frequent
and familiar use in the sequel. We might now proceed to o
more exact and detailed statement of the facts and theories
of astronomy ; bui, in order to do this with full effect, it will
be desirable that the reader be made acquainted with the

* The student who is anxious to become aequainted with the chief subject
matier of this work, may defer the reading of that part of this chapter which is
devoted to the deseription .of paiticulnr instruments, or content himself with a
cursory perusal of it, until farthier advanced, when it will e necessary to 1eturn

to it.
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principal means which astronomers possess, of determining,
with the degree of nicety their theories require, the data on
which they ground their conclusions; in other words, of as-
certaining by measurement the apparent and real magnitudes
with which they are conversant, It is only when in pos-
gession of this knowledge that he can fully approtiate either
the truth of the theories themselves, or the degree of reliance
to be placed on any of their conclusions antecedent to trial :
since it is only by knowing what amount of error can cei-
tainly be perceived and distinetly measured, that he can
satisfy himself whether any theory offers so close an approx-
imation, in its nunerical results, 10 actual plhienomena, ag will
justify him in receiving it as a {rue representation of nature.
(131.) Astronomical instrument-making may bo justly
regarded as the most refined of the mechanical arts, and that
in which the nearest approach to geomstrical precision is ve-
quired, and has Deen attained, It may be thought an casy
thing, by one unacquainted with the niceties requived, to turn,
a circle in metal, to divide its civcumference into 360 equal
parts, and these again into smaller subdivisions, ~— {o place it
accurately on ite centre, and to adjust it in a given position ;
but practically it is found to be one of the moast diffisult.
Nor will this appear extraordinary, when it is considered that,
awing to the application of telescopes to the purposea of an-
gular measnrement, every imperfeeiion of structure of divi-
sion becomes magnified by the wholo optical power of that
instrument ; and that thus, not only direct errors of work-
manship, arising from unsteadiness of hand or imperfection of
tools, but those Inacouracies which oviginate in far more
uncontrollable causes, such as the unequal expansion and
contraction of metallic masses, by n change of temporature,
and their unavoidable flexure or hending by their own weight,
become perceptible and measurable. An angle of one minute
ococupies, on the circumference of a circle of 10 inches in
radius, only about 35th part of an inch, n quantity too small
to be certeinly dealt with without the use of magnifying
plasses; yet one minute is a gross quandily in the astro-
nomical measurement of an angle, With thut instraments

4
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now ¢mployed in observatorics, a single sccond, or the 60th
part of & minute, is rendered o distinetly visible and appreti-
able quantity, Now, the are of a cirele, subtended by one
sccond, 18 less than the 200,000th part of the radius, so that on
a cirele of 6 feet in diamcter it wounld ocoupy no greater lincar
cxient than sopth part of an inch; a quantity rvequiring s
powerful microscope to be discerned ot nll. Liet any one
figure to himself, therefore, the difficulty of placing on the
civcumference of a motallic cirele of such dimensions (sup-
posing the difficulty of its comstruction surmounted), 360
marks, dots, or cognizable divisions, which shall all be true to
their places within such narvow limits; to say nothing of the
subdivision of the degrees so marked off into minutes, and of
these again into seconds, Such a work has probably baffled,
and will probably for ever continue to baffle, the utmost
stretch of human skill and industry § nor, if exccuted, counld
it endure. The ever varying fluctuations of heat and cold
have a tendency to produce mnot mercly temporary and
frandient, but permanent, uncompensated changes of form in
all considerahle masses of those metals which alone are applic-
able to such uses and their own weight, however symmetui-
cally formed, must always be unequally sustained, since it is
impossible to apply the sustaining power to every part sepa-
rately: even could this be done, at all events force must he
used to move and to fix them ; which can never be done with-
out producing temporary and risking permsnent change of
form. 1t 18 true, by dividing them on their centres, and in
the identical places, they nre destined to oceupy, and by a
thousand ingenious and delicate contrivances, wonders have
been accomplished in this department of art, and a degree of
perfection has been given, not merely to chefs d'auwvre, but to
instruments of moderate prices and dimensions, and in ordi-
nary use, which, on due consideration, must appear very
surprising., But though we are entitled to look for wonders
at the hands of scientific artists, we arve not to expect mirucles.
The demands of the astronomer will always surpass the power
of the artist; and it must, therefore, be constantly the aim
of the former o make himself, as far as possible, indepondent
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of the imperfections incident to every work the latter can
place in his hands., IHe must, therefore, endeavour so to
combine his chservations, so to choose his opportunities, and
so to familiarize himgelf with all the caunses which may pro-
duce instrnmental devangenent, and with all the peculiarities
of structure and material of cach instrument he possesses, as
not to allow himself to be misled Ly theilr ervors, but to ex~
tract from their indications, as {ar as possible, all that is frue,
and rcject all that is erroncous, It isin this that the art of
the practical astronomer consists, ~— an art of itsolf of a curious
and intricate naturd, and of which we can here only notice
some of the leading and general features,

(132} The great aim of the proctical astronomer being
numerical correctness in the results of instrumental measure-
ment, his constant cave and vigilance must be divected to.the
detection and compensation of errors, either by annihilating,
or hy taking account of, and allowing for them. Now, if we
examine the sources from which exrors may arise in any in-
strumental determination, we shall find thom chiefly reducible
to three principal heads : —

(133,) 1st, Tixternal or incidental cauges of error; com-
prehending such as depend on external, uncomtrollable cir-
cumstances: such as, fluctuations of weather, which distwrb
the amount of refraction from its tabulated value, and, being
reducible to no fixed law, indunce vncertainty to the exient
of their own possible magnitude; such ag, by varying the
temperature of the air, vary also the form and position of the
ingtruments used, by allering the relative magnitudes and the
tension of thetr parts ; and others of the like nature.

(134.) 2dly, ZLirrors of observation: such as arize, for ox-
ample, from Inexpertness, defective vision, slowness in seizing
the cxact instant of occurrence of a phenomenon, ov preci-
pitancy in anticipating it, &c.; from aimospheric indistinet-
ness ; nsuflicient optical power in the instrument, and the
like, Under this head may also be classed all orrors arising
from momentary instrumental derangement, — slips in clamp-
ing, looseness of screws, &e.

(135.) 3dly, The third, and by far the most numerous class
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of crrors to which nstronomical mensurements ave linble, arise
from eauses which may he deemed instromental, and which
may be subdivided into Lwo principal classes, The first com-
prehends those which arise from an instrument not being what
it professes to be, which is error of workmanship. Thus, if
a pivot or axis, iustead of being, as it ought, cxactly eylin-
drical, be slightly flattencd, or elliptieal, — if it be not exactly
(as it is inlended it should) concentric with the circle it
cnrries 3 —if this cirele (so called) be in reality not oxactly
circular, or not in one plane; — if its divisions, intended {o
be precisely equidistant, should be placed in veality at un-
equal intervals, — and a hundred othor ilings of the same
sort, These are not mere speculitive sources of crror, but
practical annoyances, which every observer has to contend
with.

(136.) The other subdivision of instrumental errors com-
prehends snch as arise from an instrument not being placed
in the position it ought to have; and from those of its parts,
which are made purposely moveable, not being properly dis-
posed Znfer se. 'These ave errors of adjustment. Some are
ungvaidable, as they arise from a general unsteadiness of the
goil or building in which the instruments are placed; which,
though too minuto to be noticed in any other way, become
appretiable in delicate astronomical observations: others,
agpin, are consequences of imperfeet workmanship, as where
an instrument once well adjusted will not remain so, bul
lkeeps deviating and shifting. But the most important of thig
olnss of crrors avige from the non-existence of natural indica-
tions, other than those afforded by astronomical observations
themselves, whether an strument has or has not the exnet
position, with prespect to the horizon and its cardinal points,
the axis of the earth, or to other principal astronomical lines
and circles, which it ought to have to fulfil properly its objects.

(137.) Now, with respect to the first two classes of erron,
it must be observed, that, in so far as they cannot be reduced
to known laws, and thereby become subjects of calculation
and due allowance, they actually vitiate, to their full extent,
the results of any observalions in which they subsist, Being,
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however, in their nature casual and accideninl, their offects
nceegsarily lie sometimes one way, sometimes the other;
sometimes diminishing, somelimes tending to increase the re-
sults. Ilence, by greaily multiplying observations, under
varied circumstances, by avoiding unfavourable, and taking
advantage of favourable circumstances of weather, or other-
wise using opportuntty to advantage-—and finally, by taking
the mean or average of the results obtained, this class of
errors may he ro far subdued, by sciting thom to destroy one
another, as no longer sensibly to vitinte sny theovetical or
practical conclusion. This is the great and indeed only
resource against suech errors, not merely to the astronomer,
but to the investigator of humerical results in every depari-
ment of physical research.

(188.) With regard to errors of adjustment and work-
manghip, not only the possidility, but the certainty of thehr ex-
istence, in every imaginable form, in all instroments, must be
contemplated. Human hands or machines never formed a
circle, drew o straight line, or eveeted a perpendicular, nox
ever placed an instrument in perfect adjustment, unless acci-
dentally; and then only during an instant of time, This
does not prevent, however, that a great approximation to all
these desiderata should be attained. But it is the peculinrity
of astronomical observation to be the ullimate means of dew
tection of all mechanical defects which clude by their mi-
nutencss every other mode of detestion. What the oyo
cannot discern nor the touch perccive, a course of astronomical
observations will make distinctly cvident. The imporfcet
products of man’s hands are liere tested by being brought into
comparison under very great magnifying powors(corresponding
in effect to a great increase in acutencss of perception) with
tho perfect worlkmanship of naturc; and there is none whish
will bear the frinl, Now, it may scem like arguing in a
vicions clrele, to dedunoe theoretical conclostons and laws from
ohservation, and then to turn round upon ihe insirumenis
with which those obsorvations were made, ncouse them of in-
porfection, and atiompt to deteot and: rectify thoir crrors by
means of the very laws and theorios which they have helped



80 CUTLINES OT ASTRONOMY.

ns to a knowledge of. A little consideration, however, will
suffice to show that such a course of procceding is perfectly
legitimate.

(139.) The steps by which we arrive at the lnws of nataral
phenomena, and espeeially those which depend for their veri-
ficntlon on numecrieal determinations, are ncecessarily suc-
cessive. (ross results and pelpable laws arc arrived at by
rude observation with coarse instruments, or without any in-
struments at all, and arve exprossed in language which is not
to be considered as absolute, but is to be interpreted with a
degree of latitude commensurate to the imperfection of the
observations themselves, Thaese results are corrected and re-
fined by nicer serutiny, and with more delicate moans, The
first rude expressions of the laws which embody them ave
perceived to be inexaclk, The language used in their ex-
pression 1s corrccted, its terms more rigidly defined, or fresh
terms infroduced, until the new state of language and termi-
nology is brought to fit the improved state of knowledge
of facts. In the progress of thiy serutiny subordinate laws
are brought into view which still further modify both the
verbal statement and numericol results of those which first
offered themselves to our notice; and when these are traced
out and reduced to certainty, others, again, subordinate to
them, make their appearance, and become subjeots of further
inquiry. Now, it invarinbly Inppens (and tho reason is
evident) that the first glimpse we catch of such subordinate
laws —the fivgt form in which they are dimly shadowed out
to our minds — ig that of errors. We perceive a discordance
between what we expect, and what we find, The first oc-
currence of such a discordance we attribute to accident, It
happens again and again; and we begin to suspect our in-
struments. e then inquive, {o what amount of ervor their
‘determinations can, by possibility, be liable, If their tmit of
possible error exceed the olserved deviation, we at once con-
demn the instrument, and set about improving its construc-
tion or adjustments. Still the same deviations oceur, and,
go far from being palliated, are more marked and hetter de-
fined than before. We are now sure that we are on the
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traces of a law of nature, and we puvsue it till we have
reduced it to a definite statement, and verified it by repeated
observation, under cvery variety of circumstiances,

(140.) Now, in the course of this inquiry, it will not fail
to happen that other discordances will strike ns.  Taught by
experience, we suspect the existence of some natural law,
before unknown; we tabulate (% e dvaw out in order) the
results of our observations; and we perceive, in this synoptic
statement of them, distinet indications of & regular progres-
sion, Again we improve or vary our instruments, and we
now lose sight of this supposed new law of nature altogether,
or find it replaced by some other, of a totally different cha-
racter, Thus we ave led to suspect an instrumental canse
for what we havenoticed. We examine, therefore, the fheory
of our instrument; we suppose defects in its structure, and,
by the aid of geometry, we trace their influence in intro-
ducing actual errors into its indications. These errors have
thetr laws, which, so long as we have no knowledge of causos
to guide us, may be confounded with laws of nature, as they
are mixed up with them in their effects. They are not for-
tuitous, like errors of observation, but, as they arise from
sources inherent in the instiument, and unchangeable while
it and its adjustments remain unchanged,’ they are reducible
to fixed and ascertainable formae; each particular defoct,
whether of structure or adjustment, producing its own ap-
propriate form of error, When these are thoroughly inves-
Ligated, wo 1'euugmze among them one which coincides in its
nature and prﬂgresﬂmn with thal of our observed discord-
ances. The mystery is at once solved. 'We have detected,
by direct ubservﬂtmn, an instrumental defcol.

(141.) It is, therefore, n chief requisite for the practieal
agtronomer to make himself completely familiar with the
theory of his instruments, By this alone is he enabled at once
to decide what ¢ffect on his observations any gwen nnperfec-
tion of structure or adjustment will produce in any given
circumsiances under which an ohservation can be made, This
alone also can place him in a condition to derive available
and practieal means of destroying and eliminating altogether

G
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the influenco of such imperfections, by so arranging his ob-
servations, that it shall affcet their results in opposite ways,
and that its Wnfluence shall thus disappear from their mean,
which is one of tho chief modes by which preeision is attained
in puactical agtronomy. Suppose, for example, the principle
of an instrument required that a eircle should be concentric
with the axis on which it 18 made to turn. As this 18 a con-
dition which no workmanship ean exactly fulfil, it becomes
necessary to inquire what cxrors will be produced in observa-
tions made and registered on the faith of such an instrument,
by any assigned doviation in this vespect ; that is to say, what
would he the disagreement between observations made with
it and with onc absolutely perfect, could such he obtained,
Now, simple geometrical considerations suffice to show — Lat,
that if the axis be oxcentric by a given fraction (say one
thousandth part) of the radius of the circle, all angles read off
on thai part of the civele fnwards which the oxcentricily lies,
will appesr by that fractional amount too small, and all on
the opposite side too large. And, 2dly, that whatevsr be the
amount of the excentricity, and on whatever part of the circle
any proposed angle is measured, the effect of the error in
question on the result of observations deponding on the
graduation of ity civcumference (or limb, as it is technically
called) will be completoly annihilated by the very ensy method
of always veading off the divisions on two diametrically op-
posite points of the circle, and taking a mean; for tho eflect
of oxcentricity is always 1o increage the ave representing iha
angle in question on one side of the civele, by just the samo
quantity by which it diminishes that on the other. Agnin,
suppose that the proper use of the instrument requived that
this axis should be exactly parallel to that of the enrth, As
it never can be placed or remain so, it becomes a question,
what amount of crror will arise, in its use, from any assigned
deviation, whether in & horizontal or vertical plane, from this
precise position, Such inquirvics constitute the theory of in-
sfrumontal ervors; a theory of the utmost imporiance fo
practice, and one of which a complete knowledge will enable
an obgerver, with moderate instrumental means, often to
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attain a degrec of precision which might seem {o belong only
to the most refined and costly, This theory, as will readily
be apprehended, turns almost entively on considerations of
pure geometry, and those for the most part not difficult, In
the preseut work, however, we have no further concorn with
it, The astronomical instruments we propose briefly to de-
soribe in this chapier will be considered as perfect hoth in
consiruction and adjusiment, * 1

(142.) As the above remarks are vory essential to a right
understanding of the philosophy of onr subject and the spivit
of astronomical methods, we shall elucidate them by taking
one or two special cases, Observant persons, hefore the in-
vention of astronomical instruments, had already concluded
the apparent diurnal motions of the stars to be performed in
circles about fixed poles in the heavens, as shawn in the
foregoing chapter. In drawing this conclusion, however,
refraction was entirely overlooked, or, if forced on their nolice
by 1ts great magnitude in the mmmediate neighbourhood
of the horizon, was regarded as a local irvegularity, and, as
such, neglected, or slurred over. As soon, however, as the
cdiurnal paths of the stars were attempted to Le traced by in-
struments, even of the coarsest kind, it became ovident that
the notion of exact circles described aboul one and the
game pole would not represent the phenomena corroctly,
but that, owing to some cause or other, the apparent dinrnal
orbit of every star is distorted from a civeular inta an oval
(orm, its lower segment being Jfatfer than its upper; and the
deviation Deing greater tho nearer the star approached the
horizon, the effect being the same as if the circle had heen
scueezed upwards from below, and the lower parts more than
the higher. Tlor such an effect, a8 it was soon found to arise
from no casual or instrumental cause, il became necessary to
seek a natural one; and refraction readily ocourred, to solvo
the difficulty, In fact, it is a case preciscly analogons to

* The principle on which the chicf adjustments of two or thiee of the most
useful and common instiuments, such nas the tiansit, the equatorial, and the
sextant, are perfoimed, ai1e, however, noticed, for the convenionce of renders who
may use such instruments without going fmrther into the, arcana of practieal

astronamy.
a 2
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what we have already noticed (art. 47.), of the apparent dis-
tortion of the sun near the horizon, only on a larger seale,
and traced up to greator altitudes. This new law once
eslablished, it became necessary to modify the expression of
that anciently reeeived, by inserting in it a salve for the
effect of refraction, or by making a distinetion hetween the
apparent diurnal orbits, as affected by vefraction, and the #rue
ones cleaved of that effect, This distinetion between the ap-
narent and the true—Dbetween the uncorrected and corrected —
between the rough and odvious, and the refined and ultimate—
18 of perpetual oceurrence in every part of astronomy,

(143.) Again. The first impression produced by a view
of the diurnal movement of the heavens i, that all the
heavenly bodies perform this revolution in one common
period, viz., ¢ day, or 24 hows, DBut no sooner do we come
to examine the matter instrumentally, 1. e. by noting, by time-
keepers, their successive arvivals on the meridian, than we find
difforences which cannot be accounted for by any error of ob-
sorvation, All the stars, it is true, occupy the same interyal
of time between their successive appulses to the meridian, or
to any vertical circle; but #s is a very diffevent one from
that occupied by the sun. It iz palpably shorter; being, in
fact, only 28" 56’ 4:09”, instead of 24 hours, such hours as
our common clocks maxk, 1lerg, then, we have alvendy two
different days, o sidereal and 2 soler; and if, instead of the
sun, we observe the moon, we find a third, much longer than
either, — n funar day, whose average duration is 24" 54™ of
our ordinayy time, which last is selar time, being of necessity
conformable to the sun’s successive re-appearances, on which
all the business of life depends,

(144.) Now, all the siers are found to be unanimous in
giving the same exact duration of 28" 56/ 409", for the
sidereal day ; which, thercfore, we cannot hesitate to receive
as tho period in which the earth makes one revolution on its
axis. Ve are, therefore, compelled to look on the sun and
moon ay gxceptions to the general law ; as having a different
nature, or at least a different relation to us, from the stars;
and as having motions, real or apparent, of their own, inde-
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pendent of the rotation of the ecarth on its axis, Thus a
great and most important distinction is disclosed to us.

(145.) To establish these facts, almost no apparatus is
required. An observer need only station himself to the
north of some well-defined vertical object, as the anglo of a
building, and, placing his eye cxacily at a certain fixed point
(such as o small hole in a plate of metal nailed to some
immoveable support), notice the successive disappearances of
any star belind ihe building, by a watch.®* Whon he ob-
gerves the sun, he must shade his eye with » dark-coloured
or smoked glags, and notice the moments when its western
and eastern edges successively come up to the wall, from
which, by taking half the interval, he will ascertain (what he
cannot directly observe) the moment of disappearance of its
centre,

(146.) When, in pursuing and establishing this general
fact, we are led to attend more nicely to the times of the
dnily arrival of the sun on the meridian, irregularities (such
they first seem to be) begin to make their appearance. The
intervals between two successive arrivals are not the same at
all times of the yoar, They are sometimes greater, sometimes
less, than 24 hours, as shown by the clock; thati is {o say,
the solar day is not always of the same length. About the
21st of December, for example, it is half & minute longer, and
about the same day of September nearly as much shorfer,
than its average duration. And thus a distinetion is again
pressed upon our notice betwen the acfunl solar day, whicl is
never two days in succession alilce, and the mean solar day
of 24 hours, which is an average of all the solax days
throughout the year. Ilere, then, n new source of inguiry
opens to us, The sun’s apparent motion is not only not the

¥ This 19 an excellent practienl method of ascerimining the iate of a tlook or
wately, being excecdingly accurnte if a few precautions are attended to; the
ohief of wlich is, to take cme that that part of the edge behind which the stas
(a Wight one, not @ planet) disappems shall be quite smootl; ns otherwise vari-
nble rofraction way transfer the point of disappenrnnce from a protuberance to
noteh, and thus vary the moment of obsexvation unduly. This is easily scoured,
by nading up a smooth-edged bomd, ‘The verthality of s edge shonld bo
ensured by the use of o plumb-line

g 9
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same with that of the stars, but it iz not (as the latter is)
uniformy, It is subjeci to fluctuations, whoso laws become
matter of investigation, But to pursue thesc laws, wo ve-
quire nicer means of observation than what we have de-
seribad, and ave obliged to eall in to our aid an instrument
crlled the #ransit instrument, especially destined for such
observations, and to attend minutely to all the causes of
irregularity in the gomg of cloclks and watches which may
affect our reckoning of time. Thus we become involved by
degrees in more and more delicate instrumental inguiries;
and we speedily find that, in proportion as we ascertain the
amount and law of one great or leading fluctuation, or in-
equality, as it is called, of the sun’s diurnal motion, we bring
into view others continually smaller and smaller, which were
before obscured, or mixed up with crrors of observation and
instrumental imperfections, In short, we may not inaptly
compare the mean length of the solar day to the mean or
average height of waler in a harbour, or the general level
of the sea unagitated by tide or waves. The great annual
fluctuation above noticed may be compared to the daily vari-
ations of level produced by the tides, which are nothing but
enormous waves extending over the whole ocean, while the
smaller subordinate nequalities may be agsimilated to waves
ordinarily so called, on which, when large, we perceive lesser
undulations to ride, and on these, again, minuter ripplings,
to the series of whose subordination we can perceive no end.

(147.) With the causes of theso irregularities in the solar
motion we have no concern at present ; (their explanation be-.
longs to a more advaneed part of our subjcct: but the dis-
tinction between the solar and sidereal days, as it pervades
every parh of agtronomy, requires to be early infroduced, and
never lost sight of. It is, as alveady observed, the mean or
average length of tho solar day, which is used in the ecivil
reckoning of time. It commences at midnight, bul astro-
nomers, even. when thoy use mean solar time, depart from
the civil reckoming, commencing their day at noon, and
reckoning the hours from 0 round to 24. Thus, 11 o’clock
in the forenoon of the sccond of Janvary, in the civil reckon-
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mg of time, correspondy io January 1 day 23 hours in tho
astronomical reckoning; and 1 oclock in the afternoon of
the former, to January 2 days 1 hour of the latter reckoning,
This usage has its advanteges and disadvanlages, hut tho
latter seem to preponderate; and it would be well ify in con-
sequence, it could be broken through, and the eivil reckoning
substituted,  Uniformity in  nomenclature and modes of
reckoning in all malters relating to time, space, weight, mea-
sure, §e., is of such vast and paramount importance in every
relation of life as to outweigh every consideration of technical
conventence or custon, ®

(148.) Both astrongmers and civilians, howevor, who in-
habit different points of the eartl’s surface, differ from cach
other in their reokoning of time; ag it is obvious they must,
if we consider that, when i1t is noon at one place, it is mid-
night at a place diametrically opposite; sunrise at anoihor;
and sunset, again, at a fourth. Hence arises considerable in-
convenience, especially as vegpeots places diffeving very widely
in situation, and which may even in some oritical cases in-
volve the mistake of a whole day. To obviste this incon-
venience, there has lately been introduced a systom of
reckoning time by mean solar days and parts of a day counted
from o fixed instant, common to all the world, and determined
by no local ciroumstance, such as noon or midnight, but by
the motion of the sun among the stars, Time, so reckoned,
is called equinoctial time; and is numerically the same, ai
the same instant, in every part of the globe, Ita origin will
be explained more fully at a more advanced stage of our
work,

(149.) Time ig an essential element in astronomical ohsex-
vation, in a twofold point of view: — lst, Astho represen-

* The only disadvantege to astronomeis of using the eivil reckoning is this —
that their observations being chiefly caniied on durmg the night, the day of their
date will, in this reckoning, always linve to be changed at midnight, and the
former and latfer portion of svery night's observations will belong to two differ.
ently numbered civil days of the month, There is no denying this to be an
inconvenience, Ilabit, howevor, would allevinte ity and some inconveniences
must be oheerfully submitted to by all who resolve to net on general principles.
All other classes of men, whose aecupation extends to the night as well ns day,
submit Lo it, and fnd theb advantage in doing so,

&
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tative of angular motion, The earth’s diurnal motion being
uniform, every star describes its diwrnal civele uniformly ;
and the time elapsing between the passage of the stars in
succession across the meridian of any observer becomes,
therefore, a divect mensuve of their differences of right as-
cengion. 2dly, As the fundameniel olement (or nntural én-
dependent variable, to use the language of geometers) in all
dynamical theories. The great ohject of astronomy is the
determination of the lawa of the celestial motions, and theix
reference to their proximate or remote causes, Now, the
statement of the law of any observed motion in a celestial
objeot. can be no other than a proposition declaring what has
been, ig, and will be, the real or apparent situation of that
object at any time, past, present, or future. To compare
such laws, therefore, with observation, we must possess n
register of the ohserved sitnations of the object in guestion,
and of the fimes when they were observed.

(150.) The mesasurement of time is performed by clocks,
chronometers, clepsydras, and hour-glasses, The two former
are alone nsed in modern astrouomy. The hour-glass is a
coarse and rude contrivance for measuring, or rather counting
out, fixed portions of time, and is entively disused. The
clepsydra, which measured time by the gradual emptying of
n large vessel of water through a detorminate orifice, is sus-
coptible of considerable cxactness, and was the only depen-
dence of astronomers before the invention of clocks and
watches, At present it is abandoned, owing to the greater
convenience and exactness of the latter instruments. In one
cagc only has the revival of its use been proposed; viz, for
the geeurate measurement of very small portions of time, by
{he {lowing out of mercury from a small orifice in the bottom
of a vessel, kept constantly full to o fixed height, The stream
is intercepted at the moment of noting any cventi, and
directed ngide into a receiver, into which it continues to run,
till the moment of noting any other event, when the inter-
cepting canse iz suddenly rémoved, the stream flows in its
original course, and ccases to run into the recciver, The
weight of mercury received, compared with the woight re-
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ceived in an intorval of tite obsorved by the clock, gives the
interval between the cveunts observed, This ingenious and
simple method of resolving, with all possible precision, apro-
blem of much importance in many physical inquiries, is due
to the late Captain IKater.

(151 ) The pendulum clock, howgver, and the Dbalance
watch, with those improvements and refinements in its struc-
ture which constitute it emphatically a chwenometer ®, are the
instruments on which the astronomor depends for his know-
ledge of the lapse of time. These instrumenis are now
brought to such perfection, that an habitual irregularvity in
the rate of going, to the extent of o single gecond in fwenty-
four hours in two cuuseuutwe days, 18 not tolerated in onc of
good charncter ; g0 that any interval of time less than twenty-
four hours may be certainly ascertained within a fow tenths
of a second, by their wse, In proportion as intervals are
longer, the risk of error, as well as the amount of error
risked, becomes greater, becanse ihe accidental exrors of many
daya may accumulate; and causes producing a slow progres-
sive change in the rate of going may subsist unperceived. It
is not safe, thercfore, to trust the determination of time to
clocks, or watches, for many days in succession, withon
checking them, and ascertaining thelr errors by reference to
natural cvents which we know to happen, day aftor day, at
equal intervala, DBut if this be done, the longest intervals
may be fixed with the same precision ag the shortest ; since,
i fact, it is then only the times intervening helween the firal
and the last moments of such long intervals, and such of those
periodically reetnring cvents adopted for our points of reckon-
ing, as ocewr within twenty-four hours respectively of cither,
that we measure by artificial means. The whole days are
counted out for us by nature; the fractional parts only, at
either end, are measured by our clocks, Tokeep the reckon-
ing of the integer days correct, so that none shall be Jost or
counted twice, is the ohject of the calendar., Chronology
marks out the order of wuccession of evenis, and refors them

¥ Xooyps, time ; perpen, 10 measure,
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to their proper years and days; while chronometry, ground-
ing its determinations on the precise observation of such
regularly periodical evenis as can be conveniently and éxactly
subdivided, enables us to fix the moments in which phenomena
oceur, with the last degrec of preoision.

(162.) In the culmination or transit (1. e. the passage acvoss
the meridian of an observer,) of every star in the heavens, he
ig furnished with such a regularly periodical natural event as
we allude to, Accordingly, it is to the framsits of the
brightest and most conveniently situnted fixed stars that
agtronomers vesort to ascertain their oxact time, or, which
comes to the same thing, to determine the exact amount of
ervor of their clocks,

(158.) Before we describe the instrument destined for the
purpose of observing such culminations, however, or those in-
tended for the measurement of angular intervals in the sphere,
it iy roquisite to place clearly before the reader the principle
on which the telescope is applied in astronomy to the precise
determination of & direction in space, — that, namely of the
visual ray by which we see o star or any other distant objeot.

(154.) The teclescope most commonly used in astronomy
for these purposes is the refracting telescope, which conaisig
of an object-glass (either single, ornsis now almost universal,
doulle, forming what is called in optics, an achromatic coms
bination) A ; a tube A DB, into which the brass cell of the

A , H -
L Iii L —
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object-glass is firmly scrowed, and an eye-lons C, for which is
often substituted a combination of glasses designed to incrense
the magnifying power of the telescope, or otherwise give
more distinctness of vision according to optical prineiples
which we have mo oceasion here to refer to. This also is
fitted into o ccll, which is sorewed firmly into the end B of
the tube, so that object-glass, tube,” and eyc-glass may be
considered ns forming one plece, invariable in the relative
position of its parts.
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(156.) The linc P Q joining the centres of the object and
eye-glasses and produced, 18 called the aais or lne of collima-
tion of the telescope, And it is evident, that the situation of
this line holds a fixed relation to the tube and ite appondages,
so long as the object and oye-glasses maintain thelr fixity in
this rospect.

(156.) Whatover distant object I&, this line is directed to,
an inverted picture or image of that object I' is formed (ac-
cording to the principles of optigs), in the focus of the object-
glass, and may there be viewed as if 1t were a real object,
through the eye-lens C, which (if of short focus) enables us
to magnify it just as such a lens would magnify a material
object in the same place. -, !

(157,) Now ag this image is formed and viewed in the
air, being itself imaterial and impalpable — nothing prevents
our placing in that very place I in the axis of the telescope, a
real, substantial object of very definite form and delicate
make, such ag a fine wetallic point, as of a needle — or het-
ter still, & crossformed by two very fine throads (spider-lines),
thin metallic wires, or lines drawn on glass intersecting each
other at right angles — and whose intersection is nll but a
mathematical point. If such a point, wire, or cross be care-
Fully placed and firmly fixed in the exact foous IF, both of the
object and eye-glass, 1l will be seen through the lattor af the
same time, and oceupying the same preeise place ag the imago
of ihe distant star J& The magnifying power of the lens
renders perceptible the smallest deviation from perfect coinei-
dence, which, should it exist, is a proof, that the axis QT is
not directed rigorously towards I, In that case, a fine mo-
tion (by means of a serew duly applied), communicated to
the tclescope, will be necessary to vary the diveclion of the
axis till the coincidence is rendered perfect, So precise is
this mode of pointing found in practice, that the axis of a
telescope may be directed towards  star or other dofinite co-
lestial object without an error of more than o few tenths of a
sccond of angular mensure,

(1568.) This application of the telescope ;nn.y be considerod
ag completely annihilating that part of the error of observa-
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tion which might otherwise arise from an erroncous estimation
of the direotion in which an object lies from the observer’s
eyc, or from the centre of the instrument. It is, in fact, tho
grand source of all the precision of modern asironomy, with-
out which all other refinements in instrumental workmanship
would be thrown away; the crrors capable of being com-
mitted in pointing to an objeet, without such assistance, being
far greater than what could arise from any but the very
coavsest graduation, * In fact, the telescope thus applied
becomes, with respect to angunlar, what the mtoroscope is with
respect to linear dimension. Dy concentrating attention on
it smallest parts, and magnifying into palpable intervals the
minutest differences, it enables us not only to serutinise the
form and structure of ihe objects to which it s pointed, but
to refer their apparent places, with all but geometrieal pre-
cigion, to the parts of any scale with which we propose to

compare them.
(168,) We now return to our subject, the determination of

time by the transits or culminations of celestial objects. The
insirument with which such culminations are observed is
called o transit instrument, It consists of a telescope firmly
fastened on a horizontal axig directed to the east and west

poiiits of the horizon, or at” right angles to the plane of the

% The honour of this eapital improvement has been suceessfully vindieated
by Dertham (Phil, Traps. xxx. 608,) to our young, talented, and unfortunnte
countiyman Gascoigne, from his corvespondence with Crabtree and IXorrockes,
in his ( Derlinm's) possession, The passages cited by Derliam from these letters
leave ne doubt that, so early as 1640, Gascoigne had applied tolescapes to biy
quadeants and sextants, with M eads in the common focus of the glasses ; and had
even cariied the invention so far as to illuminnte the ficld of view Ly artificial
light, which ha found @ very Aelpful when Hhe moon appeareth not, or it is not other-
wise Ught enough,” ‘These inventions weie freely communicated by him to
Crabtree, and thipugh bim to his friend Iorrockes, the pide and lLonst of
Byitish astronomy 3 hoth of whom expressed their unbounded admiration of this
+nd many other of his delicate and admirable improvements in the art of obser.
vation. Onscoigne, however, perished, at the age of twenty-three, at the battle
of Mawston Moor; and the piematuie and sudden death of IToirockes, at a yet
enylier age, will account for the tempoiary oblivion of the invention, It was
revived, or 1e<invented, in 1667, by Picard and Auvzout (Lalande, Astron,
2310.), after which its use became universal. Dloiin, even earlier than Gog-
coigne (in 1634), had preposed to substitule the tclescope for plain sights; but
it is the thiead or wire stretehed in thie foeus with which the image of a star
can be brought to exact coincidenee, which gives the teluscope ity advantage in
practice; and the 1deq of Wiy does nut seem to have ocetized to Moiin,  Seo

Lalande, ub signd )
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mevician of the place of observation. The extremitics of the
axis are formed inte cylindrieal pivots of exactly equal di
ameters, which rest in notches formed in metallic supports,
hedded (in the case of large instruments) on strong picces of
stone, and susceptible of nice adjustment by screws, both in
a vertical and horizontal divection, By the former adjust-
ment, the axis can be rendered precisely horizontal, by Zevel-
ling it with a level made 10 rest on the
pivots, DBy the latter adjustment the
axis 18 bronght precisely into the east
and west direction, the criterion of
which is furnished by the ohservations
. themselves made with the instrument,
in s manner presently to be explained,
or by a well-dcfined object, called o meridian mark, originally
determined by such observations, and then, for convenience
of ready reference, permanently established, at a great dis-
tance, exactly in a meridian line passing through the central
point of the whole instrament, It is evident, from this de-
seription, that, if the axis, or line of collimation of the
telescope be once well adjusted at right angles to the axis of
.the transit, it will never quit the plane of the meridian, when
the instrument is turmed round on its axis of rotation,

(160.) In the focus of the eye-picce, and at right angles to
the length of the telescope, is placed, not a single cross, as in
our general explanntion in art, 167, bui & system of one
AT~ horizontal and several equidistani vertical
/ threads or wires, (five or seven are more

usually employed,) as ropresented in the an~

nexed figure, which always appear in zhe
\ Jeld of view, when properly illuminated, by
ST day by the light of the sky, by night by that
of & lamp introduced by & confrivance not necossary here
to explain, The place of this system of wires may Dle
altered by adjusting screws, giving it a lateral (horizontal)
motion; and it 18 by this means brought to snch a position,
that the middlc one of the vertical wires shall interscet e
line of collimation of the tolescope, where it 18 arvested and
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permanently fastened.* In this situation it is evident that
the middle thread will be 2 vigible representation of that
portion of the celestinl meridian to which iho tolescopo
is pointed; and when n star is seen to oross this wire in the
telescope, it is in the act of culminating, or passing the
celestial meridian, The ingtant of this event is noted by the
clock or chronometer, which forms an indispensnble accom.
paniment of the transit instromont, Ior greater precision,
the moments of ifs crossing oll the vertical threads is noted,
and o mean taken, which (since the threads are equidistant)
would give exactly the same resnlt, were all the obscrvations
perfect, and will, of comae, tend to subdivide and destroy their
errors In an average of the whole in the contraxy case.

(161.) I'or the modo of executing the adjustments, and
allowing for the errors umavoidable in the uge of this simple
and clegant instrument, the reader must consult works
espeeinlly devoted to this depariment of practical astronomy.]
We ghall here only mention one important verification of its
corvectness, which consists in reversing the ends of the axis,
or turming it east for west. If this be done, and it continue
to give the same results, and itersect the same point on the
meridian mark, we may be sure that the line of collimetion of
the telescope is truly at right angles to the axig, and describes
striotly a plane, 7 e. marks out in the heavens a great cirele,
In good trangit observations, an ervor of two or three tenths
of a second of time In the moment of a star’s culmination iy
the utmost which nced be apprehended, oxchusive of the error
of the clock: in other words, a clock may be compared with
the earth’s diurnal motion by a single observation, without
risk of greater error, By muliiplyingépbservations, of course,
a yet greater degree of precision may %e obtained.

(162.) The plane deseribed by the line of collimation of

* Theie I8 no way of biinging the #ue optie aris of tha abject plass to co-
incide evactly with the hine of collimation, but, so long as the object glasy does
not shift or shaka in its eell, any line kolding an invarinble position with respect to
that aaxis, may be tnken foi the conyentionul o1 astranomien! axis with equal
ﬂﬂbﬂtt

T See D1, Pearson’s Treatise on Piactiesl Astronomy. Alse Bianchi Sopra
lo Stramento de’ Passagi,  Ephem. di Milang, 1824,
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a transil onght to he that of the meridian of {he place of ob-
servation. To nseertain wlhother 1t 18 s0 or nof, celestial
observaiion ‘must be resorled to, Now, as the menidian is a
great circle passing through the polo, it neecssarily biscots
the diurnal circles described by all the stars, all which describe
the two semicircles so axising in equal intervals of 12 sideresl
hours ench. HHenece, if wo chooso a star whose whole diurnal
civele is above the horizon, or which nover sets, and observe
the moments of its upper and lower {ransits across the
middle wiro of the tclescope, if we find the two semidiurnal
portions cast and woest of the plane deseribed by the telescope
to be described In precisely equal times, we may be sure that
plane ig the meridian.

(163.) The angular intervals measured by means of the
transit nstrument and clock are arcs of the equinoctinl, intex-
cepted between circles of declination passing through the
objects observed ; and their mensurement, in this case, is per-
formed by no artificial graduation of civeles, hut hy the help
of the earth’s diurnal motion, which carries equal arcs of the
equinootinl across the meridian, in equal times, at the rate of
15° per sidercal hour. In all other cases, whon we wonld
measure angular intervals, 1t is necessary to have recourse to
circles, or portions of circles, construcied of metal or other
firm and durable matorial, and mechanically subdivided into
equal paris, such as degrees, minutoes, &e.” The sunplest and
most obvions mode in which the measurement of the angulay
interval between two directions in space ean he porformed
i as follows, Let A B CD be a oirele, divided into 360
dogrees, (numbered in order from any point 0° in the cireum-
ference, round to the same point agam,) and connected with
its centre by spokes or rays, x, ¥, 2, firmly united to its circams
ference or Gmb. At the centre lot a circular hole ba plorced,
in which shall move a pivot exactly fitting it, carrying utube,
whose axis, ¢ b, is exactly parallel to the plane of the cirele,
or perpendicular to the pivot; and also two arms, m,n, at
right angles fo it, and forming ome piece with {he, tube and
the axis; so that the motion of the axigs on the contre shall
carry the tube and arma amoothly round the civele, to be
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arrested and fixed at any point we pleage, by a contrivance
called o elamp., Suppose, now, we would measure the angu-
lar interval between two fixed objects, 5, T,  The planc of
the cirvele must first be ad-
justed g0 as to pass through
¢ them both, and immoveably
fixed and maintained i that
position. This done, let the
axis « & of 1the tube he
r divected to one of them, S,
and clomped, Then will o
mark on the arm m point
either exactly fo some one of the divisions on the limb,
or hetween two of them adjacent, In the former ease,
the divigion must be noted as the reading of the arm m. In
the latter, the fractional part of one whole interval between
the consecutive divigions Dy which the mark on m surpasses
the last infevior division must be estimated or measured by
gome mechamical or optical meana. (See art. 165.) The
division and fractional part thus noted, and reduced into
degrees, minufes, and seconds, is to be set down as the read-
ing of the fimb corvesponding to that position of the fube a b,
where it points to the object B, The same must then be
done for the ohject T'; tho tube pointed to it, and the Zmbd
“rend off,” the position of the circle remaining meanwhile
unaltered. It is manifest, then, that, if the lesser of these
rendings be subtracted from the grenter, their difference will
be the apgular interval between S and T, ns seen from the
contre of the cirele, at whatever point of the limb the com-
mencetent of the graduations or the point 0° he situated.
(164.) The very same vesult will bo obtained, if, instead
of making the tube moveable upon the circls, we connect it
imzmi&bly with the Iatter, and make both revolve togﬁther
on an axis concentrie with the cn*clu, and ﬁ)rmmg one pmne
with it, working in a hollow formed $0 receive and fit it in
some fixed support. Such & combination is represented in
gection in the anncxed sketoh, T is the tube or sight,
fastened, at p p, on the circle A B, whose axis, D, works in
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the solid metallic ceniring If, from whiah originates an arm,
I, carying al its extremity an index, or othor propor mark,
T . _
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to point out and read off the exact division of the circlo at B,
the point close to it. It is evident that, as the telescope and
circle revolve through any angle, the part of the limb of the
latter, which by such revolution is carried pest the index I,
will measure the angle deseribed. This is the most usual
mode of applying.divided eircles In astronomys.

(165.) The index I may either be a simple "pointer, like a
clock hand (fig. @); ov a vernicr (fig. 4); or, lastly, a com-

pound microscope (fig. ¢), represented n scetion in Jfg. d,
and furnished with a cio8s in the common focus of its objest
and oyc-glass, moveable by a fine-threaded screw, by which
the interseetion of the cross may be brought to exact coinei-
dence with the image of the ncavest of the divisions of the
cirele formed in the focus of the object lens upon the very
same principle with that explained, axt. 157, for the point-
ing of the telescope, only that here the fiducial cross is made
moveable ; and by the turns and parts of a turn of the serow
IT
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required for this purpose the distance of thal division from
the original or zero point of the microscope may bo estimated.
This simple but delicate contrivance gives to the reading off
of g circle a degree of accuracy only limited by ihe power of
the mieroscope, and the perfoction with which & screw emn
be executed, and places the subdivision of angles on the same
footing of optical certainty which is introduced into their
measurement by the use of the telescope,

(166.) The exactness of the result thus obtained must
depend, 1st, on the precision with which the tube « 5 can be
pointed to the objects; 2dly, on the accuracy of gradunation
of the limb; 3dly, on the decuracy with which the subdi-
vision of the intervals between any two consecutive gradua~
tions ean be performed. The mode of accomplishing the
Iatter objeet with any required exaciness has been explained
in the last arvticle. With regard to the graduation of the
limb, being merely of a mechanical nature, we shall pass it
without remark, further than this, that, in the preseni statc
of instrument-making, the amount of erver from this sourece
of inaceuracy is reduced within very narrow limits indeed.®
With regard to the firat, it must be obvious that, if the sights
a b be nothing more than simple crosses, or pin-holes at the
ends of a hollow tubo, or an oye-hole ai one end, and o cross at
the other, no greater nicety in pointing can he expected than
what simple vision with tho naked eye can command, Bud
if, in place of these simple but conrse contrivances, the tubo
itself he converted into a felescope, having an object-glass at
b, an eye-piece at @, and a fiducial cross in their common
foons, as explained in art. 167,; and if the motion of the
tube on the limb of the circle be arvested when the ohject is
brought just into coincidence with the infersectional point of
that cross, it is evident that a greater degree of exactness
may be attained in the pointing of the tube than by the un-~
assigted cye, in proportion to the magnifying power and
distinetness of the telescope used.

i

¥ In the great Tortel cirele at Pulkova, the probable amount of the aceidental
ervor of division is stated by M, Struve not to exceed 07264, Dese. de 1'Obs,
centrale de Pulkova, p. 147,
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(167.) Tho simplest mode in which the measurement of
an angular Interval can he exccuted, is what we heve just
deseribed 3 but, in strictness, this mode is applicable only to
tervestrinl angles, such as those occupicd: on the sensible
horizon by the objects whicl surround our gtation, —-beeause
these only remain siationary during the interval while the
telescope is shified on the IimD from one object 1o the other,
But the divrnel motion of the heavens, by destroying this
essential condition, renders the dircet measurement of an-
gular distance from odject 1o odject by this means impossible,
The same objection, however, does not apply if we seck only
to determine tho interval between the diurnal cireles de-
geribed by any two celestial objects. Suppose every siar, in
its diurnal revolution, were to leave behind it a visible trace
in the heavens,—a fine line of light, for instance,—then =
telescope once pointed to a star, so as to have its image
brought to coincidence with the interscetion of the wives,
would constantly remain pointed to some portion or other of
this line, which would therefore continue to appear in its
field as a luminous line, permanently intersecting the same
point, till the star came round again. TFrom one such line
to another the telescope might be shifted, at leisure, without
ervor; and then the angular interval between the two dinrnnl
civcles, i the plane of the telescopd’s rotation, might be moa-
sured. Now, though we cannot see the path of astar in the
heavens, we can wadt till the star itself crosses the field of
view, and seize the moment of its pasgage to place the inter-
section of its wires so that the star shell traverse it; by
which, when the telescope is well clamped, we equally well
secure the position of its diurnal cirele as if we continued to
see 1t ever 80 long. The reading off of the limb may then be
performed at leisure; and when anoiher star comes round
into the plane of the cirvele, we may unclamp ihe teleseope,
and =« similar observation will enable us to assign the place of
its diurnal cirele on the limb: and the observations, may be
repeated alternately, every day, as the stars pnss, fill we are

sntisfied with their result,
H 2
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(168.) This is the principle of the mural civele, which is
nothing more than such a circle as we have deseribed in art.
183., firmly supported, in the plane of the meridian, on a
long and poworful horizontal axis, This axis is let into a
magsive pler, or wall, of stone (whence the name of the in-
strument), and so sccured by screws as to bo capable of ad-
justment both in a vertical and horizontal direction 3 .80 that,
like tho axis of the tranait, it can be maintsined in the exaet
direction of the east and west poinis of the lhorizon, the planc
of the cirele being tonsequently truly meridional.

(169,) The meridian, being at right angles to all the di-
urnal civeles described by the stars, its ave intereepted he-
tweon any two of them will measure the least distance
Letween thege cireles, and will be equal to the difference of
the declinations; as also to the difference of the meridian alti-
tudes of the objeots ~— at least when corrected for refraction,
These differences, then, are the angular intervals directly
measured by the mural circle. But {rom these, supposing
the law and amount of refraction known, it is easy to con-
clude, not their differences only, but the quantities them-
selves, as we shall now cxplain, '

(170.) The declination of a heavenly body is the comple-
ment of its distance from the pole, The pole, being a point
in the moridian, might be directly observed on the imb of the
cirele, if any star stood exactly thorein; and thence the polar
distances, and, of courge, the declingtions of all the rest,
might he at once deterthined, DBut this not being the case,
g bright star as near the polo as can be found is selested, and
observed in 1ts upper and lower culminations; that is, when
it passes the meridian above and Delow the pole. Now, as its
distance from the pole remains the same, the difference of
roading off the circle in the two cases is, of course (when
corrected for vefbaction), equal 1o twice the polar distance of
the star; the arc intercepted on ihe limb of the circle heing,
in this case, equal to the angular diameter of the star’s diurnal
circle. In the annexed diagram, I P O represents the celestinl
mevidian, P the polo, B R, A Q, C D the diurnal circlés of
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stars which arvlve on the meridian al 13, A, and C in iheir
upper and at R, Q, D in their lower culminations, of which D>
and Q happen abovo the horizon A N
O, P ig the pole; and if wo ¢ .
suppose A p o to be the mural h ¢—3

circle, having S for 1i3 contre, b a 4‘\\ \

e pd will be the points on its @ S P [¢
ciretumference corresponding o I3 3

A CPD in the heavens. Now

thearce b a, De,bd, and ¢d e R

oivon immediately by observation; ~——

and since CP =T D, we have also ¢ p=p d, and each of them
==} ed, consequently the place of the polar point, us it is
enlled, upon the limb of the circlo becomes known, and the
arcs pb, pa, pe, which represent on tho «<ivele tlm polar
distances required, become also known.

(171,) The situation of the pole star, which ig a very buil-
liant one, is eminently favourable for this purpose, being only
about a degree and half from the pole; it is, therefore, the
star usually and almost solely chosen for this important pur~
pose; the more especielly beenuse, both its culminations
taking place at great and not very different altitudes, the re-
fractions by which they are affected are of small amount, and
differ but slightly from each other, so that their correction is
easily and sefely applied. The bmghi;nesa of the prole star,
too, allowg it to be casily observed in the dﬂ,ytunﬁ. In con-
sequence of these peculiarities, this star is one of constant
resort with astronomers for the adjustment and verification of
ingtruments of almost every description, In the cnse of the
iransit, for instance, it furnishes an excellent object for the
application of the method 6f testing the meridional situation
of the instrument described in art. 182,, in fact, the mosl
advantageous of any for that purpose, owing to its being
the most remote from the zenith, at its upper culmination,
of all bright stars observable both ubnva and bolow the
pole,
(172.) The place of the palar point on the limb of the mural
n 3
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civele onco determined, beeomes an origin, or zero point, from
which the polar distances of all objects, refexred to other
points on the game limb, reckon. It matters not whether the
actual commencement 0° of the graduations stand theve, or
not; since it is only by the differences of the readings that
the arcs on the limb ave determined; and hence a great ad-
vantage is obtained in the power of commencing anew a fresh
series of observations, in which a different part of the oir-
cumferenca of the cirele shall he employed, and diffevent
graduationg brought into use, by which inequalities of divi-
sion may be detectod and neutralized. This is accomplished
practically by detaching the telescope from its old benrings
on the circle, and fixing it afresh, by screws or clamps, on &
different part of the sircumference,

(173.) A poing on the limb of the mural circle, nol less im-
portant than the polar point, is the horizonial poini, which,
being once known, becomes in like manner an origin, or zero
point, from which altitudes are reckoned. The principle of
its determination is nltimately nearly the same with that of
the polar point. As no star exists in the celestial horizon,
the observer must seek to determine two points on the limb,
the one of which shall he precisely as far delow the horvizon-
tal point as the other 13 above it. Ifor this purpose, a siar
is observed at its culmination on one night, by pointing tho
teleseope divectly to i, and the next, by pointing to the imaye
of the same star reflected in the still, unruffled surface of a
fluid at perfect rest, Mercury, as the most refltive fluid
known, 1s genorally chosen for that use, As the surface of a
fluid at rest is nccessarily horizontal, and as the angle of
reflection, by the laws of optics, is equal to that of incidence,
this image will be just as much depressed below the houizon
as the star itself is above it (allowing for the difference of
vefraction at the moments of observation). The are intey-
cepted on the limb of the cirele between ihe star and its re-
flected image thus consccutively observed, when corrccted for
refraction, is the double altitude of the siar, and its point of
bisection the horizontal point. ‘The reflecting surface of a
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{luid so used for thoe delerminaiion of the aliitudes of objcets
is called an artificial horizon®

(174.) The mural civele i3, in fact, at iho same time, a
tiansit ingtrmment; and, if furnished with a proper system
of vertical wires in the foous of its telescope, may be used as
such. As the axis, however, is only supporied at one end,
it has not tho sirength and permanence necessary for tho
more delicate purposes of a transit; nor cun it he verified, as
a transit may, by the reversal of the two ends of its axis,
east for wost. Nothing, however, prevents a divided cirele
being permanently fastened on the axis of a transit instro-
mont, either near to ome of its extremities, or close to the
telescope, so as to revolve with it, the reading off being per-
formed by one or more microscopes fixed on one of its piefs.
Such an instrument is called & TRANSIT CIRCLE, or a MERI-
DIAN CIROLE, and sorves for the simultaneous determination
of the right ascensions and polar distances of objects observed
with it; the time of transit heing noted Dy the clock, and
the circle being read off by the Jateral microscopes. Thereis
much advantage, when cxtensive catalogues of small siars
have to be formed, in this simultancous determination of both
their celestial co-ordinates:. to which may be added the fa-
cility of applying to the meridian circle a telescope of any
length and optical power. The construction of the mural
circle renders thig highly inconvenicnt, and indeed impracti-
cable beyond very moderate limits.

(175.) The determination of the horizontal poini on the
Imb of an instrument is of such essontial importance in
astronomy, that the student should be mace acquainted with
every means employed for this purpose. These are, the arti-
ficial horizon, the plumb-line, the level, and the collimaton,
The artificial horizon has been already explained, The plumb-

* By a peouliav and deheate manipulation and management of the setting,
bisection, and 1eading off of tho ewrele, auled by the use of a moveablo horizon-
tal mierometie wue n the focus of the object-glassy, it is found piaeticable to
obseive n slow moving stmr (as the pole stal) on one and the same might, both by
reflection and dircet vision, suflicicntly near to cither enlmination to give the
horizontal point, without risking the change of refigetion in twenty-four Lous
s0 that tlus source of error 14 thus complitely climumated,

H
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line is o fine thread or wire, to which is suspended a weiglt,
whose oscillations are impeded and quickly reduced to vest by
plunging it in water. The direction ultimately assumed by
such a line, admitting its perfect flextbility, is that of gravity,
or perpendicular to the smeface of still water, Its application
to the purposes of astronomy is, however, so delicate, and
difficult, and Hable to error, unless extracrdinary precautions
are talcen in its use, that it 18 at present almost universally
abandoned, for the more convenient, and equally exact in-
strument 2he level, ' '

(176.) The level 18 a glass tube nearly filled with a liquid,
(spirit of wine, or sulphuric ether, being those now generally

used, on account of their extreme mobifity, and not being
liable to freeze,) the bubble in which, when the tube is placed
horizontally, would rest indifferently in any part if the fube
could be mathematically sﬂ*highf‘ But that being impossible
to execute, and every tube having some slight curvature; if
the convex side be placed upwards tho bubble will cccupy
the higher part, as in the figure (where ithe curvature is puy-
posely cxaggerated), Suppose such a tube, as A B, firmly
fastened on a straight bar, C D, and marked at a I, two
points distant by the length of the bubble; then, if the in-
strument be 8o placed that the bubble shall ocoupy this inter-
val, 1t 18 c¢lear that C D can have no other than ono definite
inclination to the hovizon; because, were it ever so little
maved onc way or other, the bubble would shift its place,
and run towards the eclevated side. Suppose, now, that we
would ascortain whether any given line P Q be horizontal ;
let the base of the level C D be set upon it, and note the
pointe a b, between which the bubble is exactly contained;
then turn the level end for end, so that C shall rest on Q,
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and D on . If then the bubble continue to occupy the
same place between « and b, it is evident that I Q can be
no otlferwise than horizontal, If not, the side towards which
the bubble runs is highest, and must bo lowereds Astrono-
mical levels arve furnighed with o divided scale, by which the
places of the ends of the bubble can be nicely marked; and
it is eaid that they can be executed with such delicacy, ag to
indicate a single second of angular deviation from exact hori-
zontality, In such levels acoident is not trusted to to give
the requisite curvature, They are ground and polished in~
ternally by peculiar mechaniaal processes of great delicacy,
(177.) The mode in which = level may be applied to find
the horizontal point on the limb of a vertical divided circle
may be thus explained: Let A B be a telescope firmly fixed
to such a circle, D BT, and moveable in ope with if on &

horizontal axis C, which must
be like that of a transit, sus-
ceptible of reversal (see art,
161.), and with which the
cirele is inseparably connected.
Direct the telescope on some
digstant well-defined object S,
and bisect it by its horizontal
wirg, and in this position clamp,
it fast. ILet I bae a levol {ng-
tened ol vight angles to an arm,
L i B, furnished with a miero-
scope, or vernier at I, and, if we ploase, another at BB, Let
this arm be fitted by grinding on the axis C, but capable of
moving smoothly on it without carrying it round, and also of
being clamped fast on it, so ag to prevent it from moving
until required. While the telescopo is kopt fixed on the ob-
jeet 3, let the lovel bo get so as to bring its bubble to tho
marks @ b, and clamp it there. Thon will the mem L C I
have some certain determinatc inclination (no matter what)
to the horizon. In this position let the eirele bo 1cad off i
¥, and thon lot tho whele apparntus be reversed by {urning
ibs horizontnl axis end f(or end, without unclomping the level

g &
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arm from the axis, Thig done, by the motion of the whole
instrument (level and all) oun its axis, restore the lewvel to its
harizontal position with the hubble at @ 4. Then we are sure
that the tclescope has now the same inclination to the horizon
the other way, that it had when pointed to S, and tho reading
offat I will not have been changed.  Now unclam) the lovel;
and, keeping it nearly horizontal, twrn round the circle on
the axis, 80 ns to carry back the teloscope through the zenith
to 9, and in that position clamyp the circle and telescope fast.
Then it is evident that an angle equal to tivieq the zenith
distance of S has been moved over by the axis of the tele-
geope from its last position, Lastly, without unelamping the
telescope and circle, let the level be once more rectified. Then
will the arm L I B once more assume the saung definite po-
sition with respect to the horizon ; and, conscquently, if the
circle be again vead off, the difference between this and the
previous reading must measure the arc of its ciroumference
which has passed under the point If, which may be considered
as having all the while retained an invariable position, This
difference, then, will be the double zenith distance of 8, and
its half will be the zenith distance simply, the complement of
which 1s its altitude, Thus the altitude corresponding to a
given reading of the limb bccqpleﬁ known, or, in other words,
tha horizontal poini on the limb is ascertained. Cireuitous
as this process may appear, there is no other mode of em-
ploying the levol for this purpose which docs not in tho end
comg to the same thing, Most commonly, however, tho lovel
is uged as o mere fiducial relerence, to proserve a horizontal
point once well determined by other means, which is done by
adjusting it so as to stand level when the tolesgopo is truly
horizontal, and thus leaving it, depending on the permanence
of its adjustment, :

(178.) Tho lasi, but probably not tho least exact, as it
certninly s, in innumerable cnses, the most convenient means
of ascertaining the horizontal poin, is that afforded Ly the
floating collimator, an invention of Captain Kater, but of
which the optieal principle was first cwployed by Ritten-
house, in 1788, for the purpose of fixing a definiie divection
in space by tho cmergonce of parallol rays from a material
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object placed 1 the focus of a fixed Jens,  This elegunt ine
sirument is nothing morve than o small telescope furnished
with o oross-wire m its focus, nmnd fastencd horizontally, or
as nenrly so as may be, on a {lat ivon fload, which is made to
gwim on moreury, and whieh, of course, will, whoen lofl to
itsolly nssume always one and the samo inveriable inelination
{o the horizon, I the cross-wires of the collimaior bo illy-
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minated by a lamp, Deing in t}m focus of its objoct-glass, the
rays [rom thom will issue patallel, and will therofore be in n
fit staio to be brought to & focus by the object-glass of any
other telescope, in which they will form an iinagoe as if fhey
came jrom a celestial object tn thelr direction, 1. c. nt on nlti-
tude equal to their inclination.  Thus the injersection of the
cross of the collimnior mny be obsorved as if @ were a star,
and that, however near ihe two tcleseopes are Lo cach other,
By teansferring then, tho collimaior still floating on n vessol
of movenry from (he one side to the other of & civclo, wo are
furnished with two quasi-colestial oljoots, at precisely equal
altitudes, on opposilo sides of the conire; and il these: bo
observed in sucoession with tho telescope of the civele, bring-
ing ils crogs to biscet tho imago of tho oross of tho collimaior
(for which ond tho wiros of tlio laiter eross are purposely sot
45° inclined to the horizon), the diffcrence of the rendings on
its limb will bo twice tho zenith distenee of oithery whenee,
a8 in the last artielg, the horizonial or zonith peint is immo-
diaiely determindd. Another, and, in many respecls, profor-
able form of tho floating collimator, in which tho telescopo is
vertical, and whoreby tho zenith poind is direetly ascertnined,
18 deseribed in tho Phaly Trons, 1828, p. 267, by the swmne
authole

(179.) By far the neatest and most delieaty application of
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the principle of collimation of Ritlenhouse, however, ia_augﬂ
gested by Benzenberg, which affords at once, and by a singlo
observation, an exact kuowledge of the ngdir point of an
astronomicnl cirole, In this combination, the telescope of the
circle is its qwn collimator, The
object observed is the central inter-
sectional oross of the wires in its
own focus reflected in mercury. 1
A strong illumination being thrown %
upon the system of wires (art, 160.)
by & lateral lamp, the telescope of
the instrument is directed vertically

downwards towards the surface of -
the mercury, as in the figure an- ™
nexed. The rays diverging from /

the wires issue in parallel penecils -
from the object-glass, are incident

on the mercury, and are thence re-

flected back (without losing their r
parallel character) to the object- %ﬁhﬁ:‘ﬁ//

glass, which is therefore enabled to collect them again in its
focus, Thus is formed a reflected image of the system of
cross-wires, which, when brought by the slow motion of
the telescope to exaot coincidence (intersection upon intorsee-
tion) with the real system as seen in the cye-picce of {he
instrument, indicates the precisc and rigorous verticality of
the optical axis of tho telescope when directed to the nadiv
point, _

(180.) The transit and mural civele are cssentinlly moridian
instruments, being wsed only to observe the stars at the mo-
ment of their meridian passage, Independont of this boing
the most favourable moment for seeing them, it is thatl in
which their diurnal motion is parallel to the horvizon, It is
therefore easicr at this time than it could be at any other, to
place the telescope exactly in their true direction j since their
apparent course in the field of view being parallel to the
hovizontal thread of the system of wires thovein, ity may,
by giving o fine motion to the telescope, be brought to exact

iy
\}
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coineidence with it, and timo may bo allowed to exmmine and
correel 1his coineidonce, i’ not at flvst acomaioly hit, which
is the case in 'mo other sifuation. (Grenorally spenking, nll
angular magnitudes which it is of importance to ascorinin
oxactly, should, il' possible, be observed al thejr maxima ox
minima of incroase or dithinution becnuso at these points
thoy remain not porceptibly changed during o time long
enough to compleio, and even, In many cases, 10 ropeat and
verify, our observations in a onrvolul and loisurcly manner,
The angle which, in tho ease before vs, 1s in this predicament,
g the altitude of the star, which attning ils maximum or
minimum on the meridian, and which is measured on tho limb
of tho mural eircle, ;

(181.) The purposes of astronomy, however, require that
an observer should possess tho means of obsorving any objeet
not direeily on tho meridinn, but aé any point of its diurnal
courge, or wherever il may presonl ilself i the heavens.
Now, a point in the sphere is dotermined by roference to two
great eireles at right angles to cach other; or of two circles,
ono of which passes through the pole of the other, 'These,
in the language of geomotry, are co-ordinates Ly whioh itg
situntion 18 agcertained: for instance, —on tho enrth, o place
i8 known if wo Imow its longitude and Inlitudo; —in the
slarry honvens, il we kunow its right ascension and deolina~
tion ; ~—in the visible hiemisphove, if' we know ils azimuth
and altilude, &o.

(182.) To obsorvo an object at any poind of ils dlurnnl
course, we must possess the menns of directing n tolescope to
it 3 which, therofore, must bo capablo of motion in two plancs
at right angles to each other; and the amount of its nngulme
motion in each musi bo measnred on two circles co-ordinate
to ecach other, whoge planes must be pavallol to those in which
the tolescope moves,  The praction) accomplishment of this
condilion is effected by making the axis of ono of the cireles
penetrato that of the other at right angles, The pioreed nxis
tnrng on fixed supports, while the othor has no econncotion
with afly external support, but is sustainod entively by that
which it penetrates, which i strengthened and onlarged af
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the point of peneiration to recoivo it. The nnnoxed fgure
exhibits the simplest form of such n combination, though
very far indeed from the best in point of mechanism, The
two cireles ave r¢ad off Dy vorniers, or microscopes; the one
attached to the fixed support which carries the prinecipal axis,
the other to an arm projecting from that axis. Both civcles
also aro susceptible of Deing clamped, the clamps being at-
tnched to the same ultimate bearing with which ihe apparatus
for reading off is connected,

(188, It is manifest that snch a combination, howevor its
prineipal axis be pointed (provided that its divection bo invn-
riable), will enable us to ascertain the situation of any object
with respect to the observer's

station, by angles reckoned upon %D /
two great circles in tho visible 1 d
hernisphere, one of which has for -1

its poles the prolongations of ,. \'/ K
the prineipal axis or the vanish- » ﬁlﬁ & 7
ing points of a system of lines e
parallel to 1, and the ofher A fw
passes always through these /H

poles: for the former great cir- |
cle 13 the vanishing linc of all A T
plancs pavallel o the circlo @hﬂm '
A B, while the latter, in any "
position of the instrument, is
the wvanishing line of all the
planes parallel to the circlo G IT; and these two planes being,
by the construction of the instrument, al right angles, the
great civeles, which are their vanishing lines, must bo go too,
Now, if two great civoles of o sphere bo at right angles to
each other, the one will always pass through the other's poles,
(184.) There are, however, but two positions in which
such an apparatus can be mounted &0 as to bo of any prac-
tiea utility in astromomy. The first is, when the principal
axis C D is parallel to the earth's axis, and therofore points
to the poles of the heavens which nre the vanishing poinis of

all lines in thi§ system of parallels; and when, of course, the
plane of the civele A B is parallel to ihe carth’s equnfor, and
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therefore has the oquinoctial for ils vanishing cirele, and
measures, by ils aves read off, howr angles, or diflerences of
right ascension, Iu this case, tho great eivelos in the heavons,
corresponding to the various positions, which the cirele G 11
can be made to assume, by ihe rotation of the instrument
vound its axis C 1), ave all hour-civeles s and the aves read off
on this ciralo will bo declinations, or polar distances, ox their
differences,

(185,) In this position the apparatus assumes the name of
an equatorial, or, ag it wag formerly called, a parallactic in-
gtrument. 16 is & most convenicent insiroment for all such
observations as require an object to bo kept long in view,
beeause, being once sel upon the object, it can he followed as
long as wo please by o single motion, i o. by movely turning
the wholo apparatus round on ils polar axis. Tror since,
when the telescopo is sel on n siar, the angle betwoen its
diveciion and that of the polar axis 18 cqual {o tho polax
distance of the star, it follows, thai when tuened about
it axis, withoul altering the position of the telescope on the
circle G 11, the point to which ib is divected will always lie
in the small cirela of the heavens coincidend with the sthy'y
divenal path, In many observations this is an inestimable
advaniage, and one which belongs io no other instrumont,
The oquntorinl 18 also used lor dotermining the place of nn
unknown by compnarison with thai of n known objecl, in «
menner to bo described in tho [ifth chaptor. The adjusi-
ments of the oquatorial are somewhal complicaied and difli-
cult, Thoy avo best performed in {his manney s - 1st, follow
the pole star round is wholo divenal cowrse, by which it will
becomo cvident whether the polar axis i direcied above or
below, to tho right or to tho left, of the {rue pole,—nand corroet
it accordingly (withoul any atiompt, during this process, 1o
correct the ecrvors, if any, in the position of {he declinalion
nxis), 2dly, altor tho polar axis is thus bronght into adjusi-
ment, place the plane of the declination eivelo in or nenr the
meridinn; and, bhaving there seouved it, obsorve the Lransi(s
of sovorrl kuown stars of widely diffevont deelinntions. If
the intervels hetween these {vansits correspond to the known
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differences of yight ascensions of the stars, wo may bo sure
that the telescope desoribes a true meridian, and that, there-
fore, the declination axis is truly porpendicular to the polar
one; — if not, the devintion of the intervals from this law
will indicate the direstion and amount of the deviation of the
axis in question, and enable us to correct it.*

(186.) A very great improvement has, within a fow years
from the present time, been introduged into the consfruction
of the equatorial instrument. Tt consists in applying a clock-
work movement to turn the whole mgtrument round upon its
polar axis, and so to follow the dinmal motion of any colestial
object, without the necessity of the observer’s manugl intor-
vention, The driving power is the descent of n weight which
communicates motion to a train of wheelwork, and thus,
ultimately, to the polar axis, while, at the sama Eme, its Zoo
swift descent is controlled and regulated to the exact and
uniform rate required fo give that axis one furn in 24 hours,
by connecting it with a regulating clock, or (which is found
preferable in practice) by exhausting all the superfluons
energy of the driving power, by causing it to overcomo
a regulated frietion. Artists have thus succeeded in obtain~
ing o perfectly smooth, uniform, and regulable motion, which,
when so applied, sexrves to retain any object on which the
telescope may be set, commodiously, in the cenire of the ficld
of view for whole hours in succession, leaving the atiention
of the observer undistracted by having a mechanieal move-
ment to direct, and with both his hands at liberty.

(187.) Tho other position in which such a compound
apparatus as we have described in art, 182, may bo ad-
vantageously mounted, is that in which the prineipal axis
occupies & vertical position, and the one circle, A B, con-
sequently corresponds to the celestial hovizon, and the other,
G I, to a vertical circle of the heavens. The angleg mea-
sured on the former are therefore azimuths, or dillerences

¥ See Littrow on the Adjustment of the Equatminl (Mom, Ast. Soe, vol. 11,
I 45,), whete formule me given for ascertaining the amount and direction of
all the misadjusiments simultaneously.  But the practical observer, who wishes
ta avoid hewildering himself by doing two things at onee, had better proceed as
recommeénded in the text.
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of aztmuth, and those of the Iaticr zenith distances, or alti-
tudes, aceording as tho graduaiion commences from thoe upper
point of its lwmb, or from ong 90° distant from i, It ig
Utereforo known by the name of an azimutle and altitude in-
strament,  Thoe vertieal position of its principal axig is se-
cured either by a plumb-line suspended {rom the upper end,
which, however it bo tnemed round, should continue always
{o intersect one and tho samo fiducial mark near its lower
extremity, or by n lovol fixed dircetly acvoss it, whose bubble
ouglht not 1o shift its place, on moving the instrument in
azimuth,  The nortlr or south poini on the horvizontal cirele
is ascorteined by bringing the vertical cirelo 1o coincide with
the planc of the meridian, by the samo eriterion by whick
the azimuthal adjustmoni of the lransit Is performed (ort.
162.), and noting, in {his position, the reading off of {he
lower cirele; or by the following process,

(188,) Let a bright star be obsorved al a considerablo .
distance to tho east of tho moeridian, by bringing it on tho
oross wires of tho telescope.  In this position let the horizon-
ial circle be read off, and the telescope securely elamped on
the vertical one, 'When thie stnr has passed the meridinn,
and is in the deacending point of it daily convde, let it ha
followed by moving the whole instrument round to the west,
without, however, unclumping the telescope, until it comes
into tho fleld of view; and untily by continuing the horizon.
tal motion, the slor and thoe oross of the wives come once
more {o coineide, In this position it is evident the stox must
have tho sme precise altitude above the western horizon, that
it had ai tho momont of tho firsl observation above tho
eastern, At this point let 1the molion be arrested, and tho
horizonial civole De again read offi Tho difforence of the
readings will be the azimuthal are described in the interval,
Now, 1t is evident thai when the altitudes of any star aro
equal on cither side of the meridian, its azimuths, whelhor
reckoned both from the north or hoth from ihe sonth point of
tho horizon, must also be equal, -— consequontly the north ox
sonth point of the horizon must biseet the azimutlwd are thus
detormined, and will thervefore becomo known,

)
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(189,) This meihod of determining the north and south
points of a horizontal cirvele is ealled the « meihod of equal
altitudes,” and is of great and constant usc in practienl astro-
nomy. If wo note, at the momenis of the two obsorvations, tho
time, by a clock or chronometer, tho ingtant, halfway betweon
them will De the moment of the star’s meridian pagsage, which
may thus be determined without s transil; and, wice versd,
the ervor of n clock or chronometer may by this process bo
discovered, Tor this Inst prirpose, 1t is nol necessary that our
instrument should be provided with 2 horizontal eirvele at all,
Any means by which altitudes ean be mensuved will enahlo
us to determine the moments when the sune star arvives at
equel altitndes in the castern and western halves of its diurnal
course; and, these once known, the instant of moeridian
passitge and the crror of the clock becomo also known.

(190.) Thus also a meridian line may hedrayn and o meréidiun
mark evected. For the readings of the north and sonth poinds
on the limh of the horizontnl civele being known, {he vertical
circle may be brought cxaclly inte the plang of the meridian,
by setiing it to that precise reading. This dong, let the
telescope be depressed to the north horizon, and let the puint,
intersected theve by its cross~wires bo noted, and a mwmk
arected there, and lot the same be dono for the south horizon,
The ling joining these points is a meridien line, passing
thronugh the centre of the horizontal civelo. The marks may
he made secourg and permanent if veguived,

(191.) One of the chiof purposes fo which the altitude and
azimuth circle is applieablo is the investigation of the amount,
and Jaws of refraction. Tor, by following with it a circums-
polar star which passes the zenith, and another which grazes
the horizon, through their whole diurnal course, tho oxact
apparent form of their diurnal orbits, or the ovals inlo which
their cireles arve distorted by refraction, can be traced; and
their devintion from circles, being at overy moment given by
the nature of the observation in the dircetion in which the
refraction itself takes plece (1. o,  altitude), 1s made a matlox
of direct observation,

(192.) The cenith sector and the theodolite arvo peculiar
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nwodificniions of the aitvinde and azimuth mstromoent,  The
former is adapted for the vory exact ohservation of siars in
or near the zenith, by giving a great length to the vertical
axis, and suppressing all the cireumlerence of the vertieal
cirele, oxcoph 8 fow degrees of ila lowor part, by which o
greab length of rading, and a consequent proportional enlarge-
moent of the divisions of its are, 18 oninad,  Thoe Iatter ig
cspecintly devoled to the measurcs of horizontal angles -
tween {orreatvinl ohjects, in which 1he felescope never recuirves
to be elevated more thon o few degrees, and in which, there-
fore, the vertical circle 18 cither dispensed with, or executed
on o smallor seale, and with loss delicacy 5 while, on the other
hand, great cnre is Destowed on securing the oxael perpendi-
cularity of the plane of tho {clescope’s motion, by yesting its
horizonial axis on two supports like the piers of a {ransit-
ingtrument, which themselves are firmly bedded on the spokes
of the horizontal eircle, and turn with il.

(198.) The next instrumend. wo shall deseribe is ono by
whose aid the angular distanco of any two objecis may ho
measuved, or the altitade of o ningle ono defermined, cither
by measuring its dislonce from the visthle horizon (such ng
the sen-offing, allowing for its dip), or from its own reflection
on tho surfaco of mereury, It is tho sextant, or gundrant,
commonly ealled Jadley's, from iis vepuled inveutor, thongh
tho priority of mvention belongs nudoubtedly 1o Newton,
whose olnims io the gratiludo of the navigator aro thus
doubled, hy his having {uraished at onco the only theory by
which his vessel can be seeurvely guided, and the only instin.
menti which hag ever been found {o avail, In applying (hai
theory to its nantienl uscs,®

(104,) The principle of this instrament is the optieal pro-
perty of refleeted rays, thus announced: — ¢ The angle De-

* Newion communicted it to Ih, Ialley, who suppiessed it The deserip.
tion of the justiument was found, after the death of IInlley, among his papors,
in Newton's own handwiiting, by his excentor, who communieated the papets
to the Iloyal Socicty, twenty-five yeavs after Newton's death, and eleven alter
tho publiestion of Iladley’s invention, whish wight be, ond pmobably was,
indepondent of any knowledge of Newton's, though ITution insinuates the
contrary,

w I}
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tween the fivst and lagt diveetions of & ray which has su Yorod
two 1'eﬂect1uns in one plane is equal to twico the inclination
of the 1eflecting swrfaces to each other” Lot A B bo the

limb, or graduated arc, of & por-

tion of a cirele 60° In coxtent, ¢
03 7 v
but divided into 120 equal parts,
On the radivs C B lel a sil- r /
vered plane glass D De fixed, at -~ »

right angles to the plane of the
cirele, and on the moveable ra-
dius C B let another such sil+ OO

vered glnqs, C, be fixed, The N R L
glass D is permanently fixed |

parallel to A C, and only one half of it is silvered, the othor
half allowing objects to be seen through it. The glass C is
wholly silvered, and its plane is pm‘nllel to the length of the
moveable radius C B, at.the extremity Il of which a vornier
iz placed to vead off the divisions of the limb, On the radius
A Cis set o telescope F, through which any object, Q, may
be seen. by direct rays which pass through the unsilvored por-
tion of the glass D, while another objeet, P, 18 seen through
the same telescope by rays, which, after reflestion at C, havo
been thrown vpon the silvered part of D, and aro thenco
directed by a second reflection inio the tclescope.  The fwo
images so formed will both Le secn in the flold of view ni
once, and by moving the radive CI& will (if tho reflectors be
truly perpendicular to tho plane of the circlo) mect and pasy
over, without obliterating each other, The motion, howover,
1 arrested when they meet, and at this point the angle in-
cluded between the divection CI of one object, and I Q) of
the other, is twice- the angle I8 C.A included Dbolween tha
fixed and moveable radii C A, CE, Now, the graduations
of the limb being purposely made only half as distant as wonld
correspondd to degrees, the are A I, when read ofl ag il the
graduations were whole degrees, will, in fact, read double it
real amount, and therefore the numbers so read off will ex-
press not the angle I C A, byt its double, the angle sub-
tended by the objects.
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(195.) To dolerming the oxael distances between tho stnrs
by direct observation is comparatively of littlo service; but
in nautical nsironomy the measurement of their distances
from tho moon, and of their aliitudes, s of cssontinl Import-
ance je ond as Lho soxtant roquires no fixed supporl, hut
ean bo held in the hand, and used on ship-bonrd, the utility
of the instrumont hceomwes al onco obvious, Ior altitudes
at sea, as no level, plumb-ling, or artificial hovizon ean le
used, the sea~ofling affords the only resourcos; and the image
of the star obscrved, scen by acflection, is broughi to coin-
cide with the boundary of the sea scon by direct yays, Thus
the altitude above the sea-ling is found; and this eorrected
for tho dip of the horizon (ari, 23.) gives tho truo altitudo of
thestar.  Onland, an ariificial horizon may be used (net, 178.),
and the consideration of dip 18 rendered unnocessary.,

(196,) The adjustments of the sextant ave gimple, They
cousist in fixing the {wo refleotors, tho ono on e revolving
radius C I, tho other on tho fixed one C 13, s0 ns {0 havo {hLely
plancs perpendiculay to the plane of the civele, and pavallel to
each other, whon the reading of the instrumont is zevo.  This
adjustment in {ho Inlter rospeot is of little momont, ng its
cffecl is {o produce a eonstant ervor, whose amount is rendily
ascortained by bringing the two images of one and the sama
slar or other disient object io coinoidence; whon the instrus
mont ought lo vend zevo, and if it does not, tho anglo which
it does vond is tho zero corvection and must bo subirnetod
from all angles measured with ihe soxianl.  Thoe former ad-
jusiments are cssential {o bo mainlained, and ave performed
by small sorews, by whose aid cithor or both the glasses may
be tilted o little one way or another until the dixeet and re-
{locted imagos of o vortical Zne (n plumb-ling) can bo bronght
o coincidence over fheir whole extent, 8o as to fovm n single
unbroken straight line, whatover be tho position of 1tho move-
able arm, in the middle of the field of view of the telescope,
whose axis is cnrefully adjusied by the optician 1o parallelivm
with the plane of the limb, In pisctice it is usual o leave

only the roflcotor C on tho moveable indius adjustable, that
L3
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on the fixed lLeing set to great micety by the nikor, In
this caso the best way of making the adjustment is io view
a pair of lines crossing cnoh other at right angles (ono
being hotizontal the other vertical) through tho tolescopoe of
the instrument, holding the plane of its hmb verticsl, — then
having brought the horizontal lne and its voflocted image to
coincidence by the motion of the radius, the two images of
the vertical arm must be brought to coincidence by tilting
one way ov other the fixed rveflector D by means of an
adjusting seraw, with which every sextant is provided for that
purpose. When hoth lines coincide i fhe cenire of the field
the adjustment is correct.

(197.) The reflecting circle is an instrument destined for
the same uses as the sextant, but more complete, the cirele
being entire, and the divisions carried all round. It is nsunlly
furnished with threc verniers, so as to admit of three distinet
readings off, by the average of which the crror of graduation
and of reading is reduced. This is altogether a very refined
and elegant instrument,

(198.) We must not conclude this part of our subject
without mention of the “principle 'JM
of vepetition;” an invention of '
Borda, by which the error of gra-
duation may be diminigshed to any
degree, and, practically spealking,
pamibilated, Liet P Q be iwo ob-
jects which we mny suppose fixed,
for purposes of mere explanation,
and let K 1. be o {elescope moveablo
on O, the common axis of two
civeles, AM: and al ¢, of which
the former, A MIL, i absolutely fixed in the plane of the
abjects, and carvics the avadustions, and the lntter is frecly
moveable on the axis. The telescope is atinched pet
manently to the latter circle, and moves with it. An arm
O a A carries the index, or vernier, which reads off the -
duated limb of the fixed cirele. This arm is provided with
two clamps, by which it can e temporarily conneetetl
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with either cirele, and detached ab pleagure,  Suppose, now,
tho telescope direeted to 10 CGlamp the mdex s O A (o
the tuaer civelo, and unclamp it from the outor, and read ofl
Then carry the telescope round Lo tho other object Qv In so
doing) the inner eirelo, and the index~avm whieh iy clamped
to i, will also be ecarvied round, over an are A B3, on the
eradunied limb of tho outer, equal to the angle P O Q. Now
clump the index to the ouler cirele, and unclamyp thoe inner,
and read off': the difference of readings will of conrso measure
the angle P O Q5 but the result will be linble to two sourees
of crror —that of graduation and thal of obscrsalion, hoth
which 1t is our objeet to gel vid of.  To thig end teansfor tha
telescope back to 17, withowt nnclamping the arm from the
outer eivele; ther, having made the biscetion of I, clamp the
arm to 5, and unelamp it from B, and again transfor tho
telescope 10 Q, by which the wrm will now bo enrriod with
il to C, over nsecond arve, B O, equal to the angle P O Q.
Now ngain rcad off'y then will the difference Detween 1his
reading and the erdiginal ono measuro éwice tho angle 1 O Q,
affected with doth crrors of observation, but only with e
same error of graduation as before. et this process be re-
peated ng often ag woe pleaso (suppose ten timos); then will
the final are A B C D read off on the circle bo ten times the
required angle, affested by tho joint cxrors of all the ten ob-
servations, but only hy the samoe consiant ervor of geaduation,
which depends on tho initinl and {inal readings ofl' alone,
Now ihe crrovs of observation, when numorous, tond to
balanee and destroy ono another; so that, if sufliciently mnl-
tiplicd, their influence will digappear from tho vesult,  Lhero
remning, then, only tho consiuul crror of praduation, which
comes {0 be divided in tho {inal result by tho number of ol-
soervations, and 18 therefore diminished in i influonee 10 ono
tenth of ite possible amount, or to less il meed be. 'The
abstract bosuty and advaniage of this prineiple scem 1o he
connterbalanced in practice by some unknown cause, whicl,
probably, nrust be sought for in imperfeet clamping,

(199.) Micromoters are ingtrumends (ws the name im-
14
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ports*) for measuring, with great precision, small angles, not
excoeding a few minutes, or at most & whole degree,  Thoy
ave very various in construction and prineiple, nearly all,
however, depending on the excecding delicacy with whicl:
space can be subdivided Dy the turns and parts of a {urn of
fine serews. Thus—in the parellel wire micromeler, Lwo
parallel threads (spider’s lines are genorally used) strofched
on sliding frames, one or both moveable by screws in a di-

rection perpendicular to

that of the threads, are — T T
placed in the common {Ej{ "f//// jf;ﬂ e b \\\\

focus of the object and U!ﬁl:}’;;cﬁﬁ - “i\“" S -
cye-glasses of a tele- ”"fjf wue® \&;@ :
scope, and brought by n ~5

the motion of the serews

exactly to cover the two extremities of the image of any small
object seen in the telescope, ag the diameter of a planet, &e., the
angular distance between which it is requived to moasure. This
done, the threads are closed np by turning one of the screws till
they exactly cover cach other, and the number of turns and
parts of a furn required gives the intorval of the thrends,
which must be converted info angulay measuve, cithor by nc-
tual caleulation from the linear measure of the threads of ihe
screw and the focal length of the object-glass, or experiment-
ally, by measuring the image of a known object placed ol a
known distance (a8 o foot-rule at o hundred yards, &e.) and
therefore subtending a known angle,

(200.) The duplication of the image of an object by optieal
means furnishes a valuable and fertile resonrce in micrometry,
Suppose by any optical contrivinge the single image A of
any object can be converted into ftwo, cxactly equal and
similar, A B, at & distance from one another, dependent (by

SOONN®

¥ Mumpos, smally perpay, to measure
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some mechanienl moveniont) on the will of the observer, and
in any requived direction {from onc another, As these can,
therefore, be made to approach 1o or recede from oach other
at ploensurg, they may be brought in the frst place to ap-
proach iill they touch ono another on one side, as at A O, and
then being made by continuing the motion 1o cross and touch
on the opposito side, ns A1), it is ovident that the quantity
of movemoent requirved 1o produco the change from onc con-
tact Lo the other, 7F uniform, will measwure tho double dinmoter
of tho object A. )

(201.) Innumerablo oplical combinations may he devised to
operate such duplication, ‘Tho chiel and most important
(from its vecent applications), 18 tho Aeliomeler, in which tho
imago is divided by bisceting the object-glass of the iclescope,
and making its two halves, sot in separate brass [rames, slido
Interally on each other, as A I, the motion Loing produced
ancdd mensured by o serew,
Each half, by the laws of
optics, forms its own Image
(somewhat blurred, il is true,
by diffenction *), in ils own
axis 3 and thus two cqual and
similnr images nre formed sido
by side in the focus of the
oyc-picee, which may be mado
to appronch and recede by the
motion of tho serew, and thus aflovd the means of menguyres
ment ag ahove desoribed,

(202.) Doublo refrnction through crystallized medie nilords
another menns of accomplishing the same cud.  "Without
going into the intricacics of this difficult hranch of opties, it
will suflice to stato that objects viewed through cerinin crys-
lals (as Iecelnnd spar, or quartz) appear double, two images
cquelly distinet Loing formed, whose angulne distance from
cach other varies from nothing (or perfect coincidence), up to

* This might be evced, though ot sn oxpense of light, by ¥miting each Jwlf
to n chicular spaco by diaphirogme, as reprosented by the dotted Jines.
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o cortain limit, according to the direction with respcct to
certain fived line in the erystal, ealled its oplical axis, Sup-
pose, then, to take the simplesi caso, thai the cye-lons of o
telescope, instead of glass, wore formed of such a crystnl (say
of quartz, which may be worked as well or better than glasy),
and of a spherical form, 80 as {o offer no differenco when
turncd about on its centre, other than the inclination of its
optical axis 1o the visual ray, Then when that axis coincides
with the line of collimation of tho object-glass, one image
ouly will he seen, but when made to vevelve on an axis
perpendicular to that line, two will arise, opening gradually
out from each other, and thus originating the desired dupli-
cation. In this contrivance, the angular amount of the
rotation of the sphere affords the necessary datum for
determining the geparation of the imnges,

(203.) Of all methods which have been proposed, however,
the simplest and most unobjectionable would appear to be
ihe following. It 18 well known to every optical student,
that two prisms of glass, o flint and a crown, may be opposcd
to cach other, o as to produce a colourless deflection of paval-
lel rays, An object seen through such s componnd on
achromatic prism, will be scen simply deviated in divection,
but in no way otherwise altered or distorted, ILiet such a
prism be constrncted with ils surfaces so nearly parallel that
the fotal deviation produced in fraversing them shall not ox-
ceed 2 small amonnt (say §'). Let this Do cut in half, and
from ecach half let & circular disc
be formed, and cemented on a-
circular plate of parallel glass, or
otherwise sustained, close to and
concentric with the other Dy a
framework of metal so light as to
intercept but a small portion of the
light which passes on the outside
(a8 in the amnexed figure), where
the dotted lines »epresent tho
radii sustaining one, and the un-
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dotted thoso carying the olher dise.  Thoe wholo niust le
so mounted as to allow eno dise io revolve in its own plane
behind the other, fixed, and o allow tho amount of votation
to be read off. It s ovidend, then, that when the dovintions
produced by the two dises conspive, o total doviation of 10/
will be offceted on all the light which has pagsed through
them; that when they oppose each other, the yays will
emerge undevinted, and thet in internediate positions o do-
viantion varying from 0 to 10/, and caleulable from the angy-
lnr rotation of the once dise on the other, will arise, Now,
lot this combination be applied at such o point of the eonc
of rays, between the object~glass and ils foeus, that the dises
shall occupy exactly half the aren of its seotion. Then will
half’ the light of the object lens prss undevinted—the other
half devinted, ns above described ; and {hus a duplication of
image, variable and measurcable (ag requived (or micrometrie
measurement) will ocour. I the object-glass Do not very
largo, the most convenient point of its appliention will bo ex-
ternally before it, in which case tho dimoter of tho dises
will be to that of the objest~glays ns 707 1 10003 or (allow-
ing for thie gpokes) about as 7 10 10,

(204.) Tho Lesition Micrometer is simply a ylraight thrend
or wire, which is carried round by o smooth yovolving motion,
in the common focus of the objeet and eye-glasses, in o plane
perpendicular to the axia of the (elescope. T4 gorves to de-
tormine the siluation with reypest to somo fixed line in the
ficld of view, of the line joining wuy two ohjocts or points of
an ohjecl scen in that ficld -~ as two stors, for inslance, neny
cnough to be scen at once,  Ifor this purpose the movoablo
thread is placed g0 asg to cover hoth of them, or stand, ns nny
best be judged, parallel to their ling of junction, .And its
angle, with the fixed one, i3 thon read off upon a smnll
divided civele extorior to the instrnmeni.  When such o
micrometer i applied (as ik most commmonly is) 1o an equn-
torially mounted {elescope, the zero of its position corresponds
to o divection of the wire, such as, prolonged, will represent
o circle of declinntion in the henvens—-and the ¢ angles
of position™ 5o read off are reckoned invarinhly from one
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point, and in one direction, viz., north, following, south, pre-
cecding ; so that 0° position corresponds 1o tho gitualion of an
ohject exactly north of that assumed as a cenive of reforence,
— 90° 10 a situalion oxactly eastward ov following; 1800
oxaclly south ; and 270° exactly west, or preceding in the
ordor of diurnal movement.
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CIIAPTER IV,
OF GREOGLRAPUIY.

OF THI FIGURE OF TIE BARTIL——1T8 BXACT DIMBENEIONS, ~T'IS
FORAM 'TITAT OT EQUILIBRIUM MODIFIED BY CENTRIFUGAL FOROR,
— VARIATION OF GRAVITY ON ITS SURFAQCH, w— STATICAT, AND
DYNAMICAL NEASUREE OB GRAVITY, ~TT1F PENDULUM, — GRAVIEY
10 A SPIIKROID, —OTHER RBFFROTS OF THH BARLICS ROTATION.
e TRADI WINDS, — DETERMINATION OF GLOGRATIIICAT, TOSITIONS,
wee OF LATITUDRES. —OF LONGITUDES, — CONDUCD OF A TRIGO-
NOMKTRICAT, SURVEY,~—0F MADS, ~TROJECTIONS OF 911 SPIIER L
—=MEASURBMENT OF IIEIGIITS DY TIUE BAROMITLR,

§

(205.) GEoerarnY is not only the most important of the
practical branches of knowledge to which asironomy is
applied, but it is also, theorolically speaking, an ocssential
part of tho lattor seionce. ‘Tho enrih being the goneral station
from which we view the henvens, o knowledeo of the docal
situntion of particular sintions on its gurlneo is of great con-
sequened, when wo come to inquire the dislances of the nearor
henvenly bodies from us, as conoluded lrom observationy of
iheir parallnx as woll as on all olher oconsions, where o
difference of localily can be supposed Lo influence nstronomical
vesults, Wo propose, thorelore, in this chapter, Lo expluin
the principles, by whieh astronomical observation is applied
to geographienl determinations, and to give at tho same time
an outline of geography so far as it i8 Lo bo considered a purt
of astronomy, : *

(206.) Geographygas the word imports, 18 a delineaiion or
deseription of tho carth. TIn its widest sense, 1lis compre-
honds not only tho delineation of the form of its continents
and seag, its rivers and mountaing, bui their physical condition,
climates, and products, and their approprintion by communi-
ties of men, WWith physical and political geography, howavor,
we have no concern hero., Astronomical geography hag for
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its objocia the oxaet knowledgo of the form and dimensions
of tho carth, the paris of its surface occupied by sen and land,
and the configuration of the surface of the Intier, regarded as
protuberant above the ocean, and broken inlo the varions
forma of manntain, table land, and valley 3 neither should the
form of the bed of the ocean, regarded as n continnation of
the surface of the land boeneath the water, be lefi out of eon-
sideration: we know, it is frue, very little of it; but this 1
an jgnorance rather to be lnmented, and, if possible, remedicd,
than acquicseed in, inasmuch ag there arc many very im-
portant hranches of inquiry which would be greatly advanced
by a better acquaintance with it,

(207.) With vegard to the figure of the carth as a whole,
we have alveady shown that, speaking loosely, it may ho
regarded as spherical ; but the veader who has duly appreciated
the vemavks in art. 22, will not be nt a loss to perceive that
this_result, concluded from observations not susceptible of
much exactness, and ewmbracing very small portions of the
surface at once, can only be regarded as o first approximation,
and may require to be materially modified by ontering into
minutize before neglected, or by increasing the delicacy of our
observations, or by including in their oxtent Inrger nreas of
its surface. Ior instance, if it should tnrn out (as it will),
on minuter inguiry, that the true figure is somewhai, ollip«
tical, or flattened, in the manucy of an orange, having the
diameter which coincides with the axis about ¢} ¢th par( shorter
than the dizmeter of its cquatorial civele j -——this is o trifling
n deviation from the spherieal form that, i’ a model of such
proporiions were furncd in wood, and Iaid befove us on a
table, the mcest eyc or hand would not deteet the flattening,
since the differenco of diameters, in a globe of Afteen inchas,
would amount only to 4%h of an inch, In all common
patlance, and for all ordinary purposes, Yhen, it wounld siill be
called a globe; while, nevertheless,~hy careful measurement,
the difference would not {fal to be noticed; and, speaking
strictlv. it would bhe termed. not a elaba. bt an ahlaia
ellips
geom
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(208.) The sectiona of suely o figure by o plano are not
circles, but cllipses; so that, on such o shaped earth, {he
horizon of a speetntor would nowhere (oxeept ut the poles)
be oxactly civenlay, but somewhat elliptical. It s cnay o
demonstrate, however, that ity devintion from the civenlar
form, arviging from go very slight an “ipticity” es nlove
supposed, would bo quito imporeeptible, not only to our oye-
gight, but to tho test of the dip-scetor; so that by that mode
of observation we should never ho led (o notice so snull o
devintion from perfeet sphericity, Wow we aro led to this
conclusion, as o practien] rgsulf, will appear, when wo have
exp]nmud the means of determining with uccuruthIm (li-
mensions of the whole, or any parvt u[' the earth,

(209.) As wo cannotl gragp the eavth, nov recedo from it
far enough to viow it at oneo a8 & whole, and compare it with
& known standard of measure in any degree commensuraio
to its own size, but can only creep about npon it, and apply
our diminniive monsures {o comparntively small parts of iis
vast sarface in ﬁucﬂussiun, it hecomes necessmry to supply, by
ceometrien] reazoning, the defeet of our physieal powers, amd
from a delicate and enroful mensurement of such sinell puts
to conclude the form and dimensions of the wholo muss,
This would present little difliculty, if wo wero sure the varth
were strietly o sphere, {for the proportion of tho eireumfor
ence of o cirele Lo its dinmetor heing known (viz, that of
3:14156826 1o 1:0000000), wo have only 1o ascortain {ho
longth of the ontire circumfvrenco of any great chrele, such
as & moeridian, in miles, foct, or any othor standard units, to
know the diameter in uniis of tho same kind,  Now, the eir-
cumforence of tho whole cirelo i8 known ns soon ag we koow
the exact length of any aliquot part of i, such as 1° or y}yth
part; and this, being not more than abonl seventy miles in
length, ig not beyond the limits of very exact mesguremant,
and could, in fact, bo measured (if wo kuew lis exnet tormis
nation at coch cxtromity) within a very fow feot, or, indeed,
inches, by methods presently (o be particularized,

(210.) Supposing, thon, we were to begin measuring with
all due nicety from any station, in {he oxnet dircetion of &
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meridian, and go moasuring on, iill by some indieation wo
wore informed that we had accomplished an exact degree [rom
the point we sot out from, our problom would then be ot ouce
rosolved, It only remains, therofore, to inquire by wihai
indications wo can be sure, lst, that wo Zaeve advancod an
exact degree ; and, 2dly, that wo have been mensuring in tho
exact divection of a great ¢irele.

(211.) Now, the earth hos no landmarks on it to indicato
degroes, noy traces inseribed on its surface to guide us in such
a course, The compass, though it affords n tolerablo gnide
to the mariner or the trayeller, is far too uncertain in ils
indications, and too little known in its Iaws, to be of any use
in suek an operation. We must, therefore, look outwards,
ol vefer our situntion on the surface of our globe to naturel
marks, external to it, and which are of equal permancnce and
stability with the earth itself, Such marks arc afforded by
the stars. DBy observations of their meridian altitudes, por-
formed at any station, and from their known polar distances,
we conclude the height of the pble; and since tha altitude of
the pole 18 equal to the latitude of the place (art. 118,), the
same observations give the latitudes of any stations where wo
may establish the requisite Instruments, When our latitude,
then, is found to have diminished a dogree, wo know that,
provided we have kept to the meridian, wo have desoribed ono
three hundred and sixtieth part of the earth’s civeumfborance,

(212.) The divection of the meridian may bo scoured al,
every mstant by the observations deseribed in avt, 162, 188, ;
and although local difficulties may oblige us to deviato in our*
measurement from this exact direction, yet if wo keep o striot
ncecount of the amount of this deviation, a very simyple caleu-
lation will enable us to reduce our observed measure to ils
meridionel value,

(213.) Such iz the principle of that most ilnporlunf oon~
graphical operation, the measurement of an are of the meri-
dian. In its detail, however, a somewhat modificd course
must be followed. .An observatory cannot ha mounted and
dismounted at cvery step; so that wo cannot identify and
mensure an exact dogres neither more nor less.  But ihis is
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of no consequence, provided wo lknow with equal precision
how mueh, more or loss, wo havo measured.  In plaee, then,
of measuring this prociso sliquol pari, we tako the mors
convenient method of measwring from ono good observing
atation 1o another, adewt n degreo, or lwo or three dogrees,
ns the case may be, or indeed any dotermmate mngular
intorval apart, and detexmining by astronomical obsorvation
the procise difference of latitudos botween the sintions.
(214.) Again, it is of greal conscquence to avoid in this
operalion every souree of uncertuinty, becauso an crror com-
mitied in the length of n single degree will be muliiplied
360 iimes in the circumference, and nearly 115 times in the
diameter of the earth concluded from it,  Any orror which
may aflect the astronomical delermination of & siat’s altitude
will be especially influentinl.  Now, therc is still too much
unceriainty and {luctuntion in the amount of refraction at
moderaie altitndes, not to make it especially desivable {o
avold this source of owmor. To ofleet ihls, we tako cwro
to sclect for observation, at the cextremo siations, some star
which passes through or ncar ihe zeniths ol both, 'The
amouni of refraction, within o few degrees of tho zenith, is
very small, and its fluctuations and uncervininly, in point of
quantily, so excessivoly minule as to be utierly inapprotinble.
Now, 1ii is tho same thing whaether we obsorve the pole 1o Do
reised or dopressed o degreo, ov the zendth distance of o sl
when on the mexidinn to have changed by the samo quantity
(fig. avt. 128.), Lf at ono slation we observe any star (o pass
through the zonith, and at the other to pass ono dogree
south or north of the zenith, we arosure that the geographical
Intitudes, or the aliitudes of tho pole ai ihe two sistions,
must differ by the same amount, :
(218.) Granting that the terminal points of one degres
can’ be ascortained, its lmgih may bo messured hy the
mothods which will be presenily deseribed, as wo have before
remarked, to within a vory fow feol.,  Now, the exror which
may bo commitied in fixing cach of these terminal points
ennnot oxcecd that which may bo commitled in the observas
tion of the zenith distance of o star properly situated for the
IK
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purpose 1n question. This crror, with proper care, can
hardly cxceed half a second. Supposing we grant the possi-
bility of ten feet of error in the length of cach degree 1n a
measured arc of five degrees, and of half a second in cach
of the zenith distances of one star, observed at the northern
and southern stations, and, lastly, suppose all these errors to
conspire, so as to tend all of them to give a result greater, ov
all less, than the truth, it will appear, by a very easy pro-
portion, that the whole amount of error which would be thus
entailed on an estimate of the earth’s diameter, as concluded
from such a measure, would not exceed 1147 yards, or about
two thirds of a mile, and this 18 ample allowance.

(216.) This, howcver, supposes that the form of the carth
18 that of a perfeet sphere, and, in consequence, the lengths
of its degrees in all parts preciscly equal. DBut, when we
come to compare the measures of meridional arcs made in
various parts of the globe, the results obtained, although
they agree sufficiently to show that the supposition of a
spherical figure is not very remote from the truth, yet exhibit
discordances far greater than what we have shown to be
attributable to error of observation, and which render it
cvident that the hypothesis, in strictness of its wording, is
untenable. The following table exhibits the lengths of a
degree of the meridian (astronomically determined as above
described), expressed in British standard feet, as resulting [rom
actual measurement made with all possible care and precision,
by commissioners of various nations, men of the first emi-
nence, supplied by their respective governments with the
best instruments, and furnished with every facility which
could tend to ensure a successful result of their important

labonrs.
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Mean
Measured t%gn E{lzferﬂ
Latitud
County. Middio pf Are. | meamnod, | Lengthin [at tho Mid.
X tude In
¥Yeot, |}
Sweden*, B . ~ | +66°20/1070| 1987/ 19| 598277 | 865744
Sweden, A - - +66 19 87 0 &7 804 8518382 | 865782
Russia, A - -| +58 17 87 3 85 52 | 1309742 | 865368
Russia, B - - 56 8 555 8 2 989 | 2937439 | 865291
Prussia, I3 - - +54 58 260 ( 1 80 290 551073 | 365420
Denmark, B -|4+564 8 137 | 1 31 588 559121 | 865087
Hanover, A DB = - 4+82 82 166 | 2 0O 574 736425 | 865300
England, A - -|+52 38545 | 8 57 131 | 1442953 | 864971
England, B - -~ +52 2194 | 2 50 235 | 1086409 | 864951
France, A - - | 46 52 2 8 20 0'3 | 3040005 | 364872
France, AB -  ~|+44 51 25 |12 22 12+ | 4509832 | 364572
Rome, A - - +49 59 — 2 9 47 787919 | 364962
America, A - -1 489 12 -— 1 28 450 538100 | 368786
India, AB - -|4+16 8 21'5 (15 57 407 | 5794598 | 363044
India, A B - - +12 32 208 | 1 84 56°4 574318 | 362956
Peru, A B - ~-{— 1 31 04 ] 3 7 85 | 1181050 | 8636926
Cape of Good Hope, A | —83 18 30 1 13 176 445506 | 864713
Cape of Good Ilope, B | —85 48 200 | 3 34 347 | 1301993 | 864060

e — e

It 1s evident from a mere nspection of the sccond and fifth
columns of this table, that the measured length of a degree in-
creases with the latitude, being greatest near the poles, and
least near the equator. Liet us now consider what inter-
pretation is to be put upon this conclusion, as regards the
form of the carth.

" (217.) Suppose we held in our hands a model of the earth
smoothly turned in wood, it would be, as alrendy observed, so-
nearly spherical, that neither by the eye nor the touch, un-
agsisted by instruments, could we detect any deviation from
that form. Suppose, too, we were debarred from measuring
directly across from surface to surface in different directions

¥ The astronomers by whom these measurements werc executed were as

follows : — p

Sweden, A B —— Svanberg, France, A B— Delambre, Mechain.
Sweden, A — Maupertuis, RRome -~ Boscovich,

Russia, A — Struve. * America-—— Mason and Dixon,
Russia, B~ Struve, Tenner, India, 1st-—— Lambton.

Prussin— Bessel, Bayer. India, 2d «~— Lambton, Xvercst.
Denmark - Schumacher. Peru— Lacondamine, Bouguer,
Hanover — Gauss. Cape of Good Hope, A — Lacaille,
England — Ray, Kater. Cape of Good ¥ope, B.— Maclear.
Iranee, A — Laeaille, Cassini, e Astr. Nachr. 574,

x 2
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with any instrument, by which we might at once ascertain
whether one diameter were longer ihan another; how, then,
we may ask, ave we to ascertain whether it 1s a truc sphercor
not? It ig clear that we have no resource, but to endeavour
to discover, Dy some nicer mecans than gimple mspection on
{eeling, whether the convexity of its surface is the same 1n
every part; and if not, where 1t is gmatesf and where least.
Suppose, then, a thin plate of
metal to he cut into a con-
cavity at its edge, so as ex-
actly to fit the surface at A.:
let this now be removed from
A, and applied successively
to several other parts of the
gurface, taking care to lkeep its _

planc always on a great circle

of the globe, ag here represented. If, then, we find any
position, B, in which the light can enter in the middle be-
tween the globe and plate, or any other, C, where the lattor
tilts by pressure, or admits the hght under its cdges, we
are surc that the curvature of the surface at B 1s less, and
at C greater, than at A.

(218.) What we here do by the application of a metal plate
of determinate length and curvature, we do on the earth by
-the measurement of a degree of variation in the altitude of
the pole. Curvature of a surface is nothing but the continual
deflection of its tangent from one fixed direction as we <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>