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PHILOSOPHICAL and MATHEMATICAL

DICTIONARY.

A.
ABA ABA

BACIST, an Arithmetician, Tn this fenfe we tions were eafily made. Mahudel, in Hift, Acad. R.
find the word ufed by William of Malmefbury, Infcr. t. 3. p. 390.
in his Hiftory de Geftis Anglorum, written about the The Roman Abacus was a little varied from the Gre-
year 1150; where he fhews that one Gerbert, alearned  cian, having pins fliding in grooves, inftead of ftrings or
monk of France, who was afterwards made pope of wiresand beads. Philof. Tranf. No. 180.
Rome in the year 998 or 999, by the name of Silvefter The Chinefe Abacus, or Shwan-pan, like the Gre-
the 2d, was the firlt who got from the Saracens the cian, confifts of feveral feries of beads ftrung on brafs
abacus, and that he taught fuch rules concerning it, as  wires, ftretched from the top to the bottom of the in-
the Abacifts themfelves could hardly underftand. ftrument, and divided in the middle by a crofs piece
ABACUS, in Arithmetic, an ancient inftrument ufed  from fide to fide. In the upper fpace every ftring has
by moft nations for cafting up accounts, or performing  two beads, which are each counted for §; and in the
arithmetical calculations : it is by fome derived from the lower fpace every ftring has five beads, of different
Greek a6af, which fignifies a cupboard or beaufet, per-  values, the firft being counted as 1, the fecond as 10,
haps from the fimilarity of the form of this inftrument ;  the third as 100, and fo on, as with us, See SHWAN-
and by others it is'derived from the Pheenician abal, pan.
which fignifies dult or powder, becaufe it was faid that The Abacus chiefly ufed in European countries, is
this inftrument was fometimes made of a fquare board  nearly upon the fame principles, though the ufe of it is
or tablet, which was powdered over with fine fand or duft, here more limited, becaufe of the arbitrary and unequal
in which were traced the figures or charaders ufed in  divifions of money, weights, and meafures, which, in
making calculations, which could thence be eafily de- China, are all divided in a tenfold proportion, like our
faced, and the abacus refitted for ufe. But Lucas Pa- f{cale of common numbers. ‘This is made by drawing
ciolus, in the hrft part of his fecond diftinétion, thinksit any number of parallel lines, like paper ruled for mufic,
is a corruption of Arabicus, by which he meant their at fuch a diftance as may be at leaft equal to twice the
Algorifm, or the method of numeral computation re- diameter of a calculus, or counter. Then the value of

ceived from them.

We find this inflrument for computation in ufe, under
fome varfations, with moft nations, as the Greeks, Ro-

mans, Germans, French, Chinefe, &c.

The Grecian abacus was an oblong frame, over
which were ftretched feveral brafs wires, ftrung with
little ivory balls, like the beads of a necklace; by the
various arrangements of which all kinds of computa-

Vor. L.

thefe lines, and of the fpaces between them, increafes,
from the loweft to the higheft, in a tenfold proportion.
Thus, counters placed upon the firft line, fignify fo many
units or ones ; on the fecand line 10’s, on the third
line 300’s, on the fourth line 1000%s, and fo on: in
like manner a counter placed in the firft {pace, between
the firft and fecond line, denotes 5, in the fecond fpace
§0, in the third fpace 5oo, Bin the fourth fpace soooé
an
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and fo on. So that there are never more than four
~ounters placed on any line, nor more than one placed
in any {pace, this being of the fame value as five coun-
ters on the next line below. So the counters on the
Abacus, in the figure here below, exprefs the number
or fum 47382,

gw‘OC—O = 10000
—O0—C 1000
_"UqO S 100
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o—6—5 10
raN Lo\
Aoy T 1

Befides the above inftruments of computation, there
have been feveral others invented by difierent perfons ;
as Napier’s rods ox bones, defcribed in his Rabdologia,
which fée under the word Narier; alfo the Abacus
Rhabdologicus, a variation of Napier’s, which is de-
feribed in the firfk vol. of Machines et Inventions ap-
prouvées par PAcademie Royale des Sciences. An ins
genious and general one was alfo invented by Mr. Ga-
maliel Smethurft, and is defcribed in the Philofophical
T'ranfa&tions, vol. 46 ; where the inventor remarks that
computations by it are much quicker and eafier than by
the pen, are lefs burthenfome to the memory, and can
be performed by blind perfons, or in the dark as well as
in the light, A very comprehenfive inftrument of this
kind was alfo contrived by the late learned Dr. Ni-
cholas Saunderfon, by which he performed very intri-
cate calculations : an account of it is prefixed to the
firlt volume of his Algebra, and it is there by the editor
salled Palpable Arithmetic : which fee.

Asacus, Pythagorean, fo denominated from its in-
ventor, Pythagoras ; a table of numbers, contrived for
readily learning the principles of arithmetic; and was
probably what we now call the multiplication-table.

Azacus, or ABaciscus, in drchitc@ure, the upper
part or member of the capital of a column ; ferving as
a crowning both to the capital and to the whole. co-
lumn. Vitruvius informs us that the Abacus was ori-
ginally intended to reprefent a fquare flat tile laid over
an urn, or a bafket; and the invention is afcribed to
Calimachus, an ingenious ftatuary of Athens, who, it is
faid, adopted it on obferving a fmall bafket, covered
with a tile, over the root of an Acanthus plant, which
grew on the grave of a young lady; the plant fhoot-
ang up, encompafled the bafket all around, till meeting
with the tile, 1t curled back in the form of fcrolls:
Calimachus pafling by, took the hint, and immediately
executed a capital on this plan ; reprefenting the tile by
the Abacus, the leaves of the acanthus by the volutes or
fcrolls, and the bafket by the vafe or body of the ca-
pital. See AcanTHus.

Abacus is alfo ufed by Scamozzi for a concave mould-
ing in the capitdl of the Tufcan pedeftal. And the
word is ufed by Palladio for other members which he
defcribes. Alfo, in the ancient archite@ure, the fame
term is ufed to denote certain compartments in the in-
cruftation or lining of the walls of ftate-rooms, mofaic-
pavements, and the like. There were Abaci of marble,

3
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porphyry, jafper, alabafter, and even glafs; varioufly
thaped, as {quare, triangular, and fuch like.

Asacus Logiflicus is a right angled triangle, whofe
fides, about the right angle, contain all the numbers
from I to 60; and its arca the produéts of each two of
the oppofite numbers, This is alfo called a canon of
Jexagefimals, and is no other than a multiplication-table
carried to 60 both ways.

Asacus & Palmule, in the Ancient Mufic, denote
the machinery by which the ftrings of the polypletra,
or inftruments of many ftrings, were ftruck, with a
ple@rum made of quills.

Anacus Harmonicus is ufed by Kircher for the ftruc-
ture and difpofition of the keys of a mufical inftrument,
either to be touched with the hands or feet.

Asacus, in Geometry, a table or flate upon which
{chemes or diagrams are drawn.

ABAS, aweight ufed in Perfia for weighing pearls ;
and is an eighth part lighter than the European carat.

ABASSI, a filver coin current in Perlia, deriving
its name from Schaw Abbas 1I. King of Perfia, and is
worth near eighteen pence Englith money.

ABATIS, or AsaTT1s, from the French abatsre, to
throw down, or beat down, in the Military Art, denotes
a kind of retrenchment made by a quantity of whole
trees cut down, and laid lengthways befide cach other,
the clofer the better, having all their branches pointed
towards the enemy, which prevents his approach, at the
fame time that the trunks ferve as a breaft-work before
the men. The Adbattis is a very uleful work on moft
occafions, efpecially on fudden emergencies, when trees
are near at hand ; and has always been praftifed with
confiderable fuccefs, by the ableft commanders in all
ages and nations.

ABBREVIATE ; to abbreviate fraions in arith~
metic and algebra, is to leffen proportionally their terms,
or the numerator and denominator; whichis performed
by dividing thofe terms by any number or guantity,
which will divide them without leaving a remainder.
And when the terms cannot be any farther fo divided,
the fraction is faid to be in its leaft terms,

16 _ 8 4 _ 2

So 24 12 6 3°
by dividing the terms continually by 2.

And 224 147 _49 _ 7

504 252 84 12’
by dividing by 2, 3, and 7.

Alfo 3X2X§ - 8:5 = 4X§ = 20,
by dividing by 3 and by 2.
-2
And I::: = E_i_"’, by dividing by 4 a .
b2 L b2 s 2
And %:—t—;zi = %, by dividing by a+x.

ABBREVIATION, of fra&ions, in Arithmetic
and Algcbra, the reducing them to lower terms.
ABERRATION, in A4fronomy, an apparent mo-
tion of the celeftial bodies, occafioned by the pro-
greffive motion of light, and the earth’s annual motion
in her orbit.
This effe& may be explained a dnfamiliarized by thn
motion
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motion of aline parallel to itfelf, much after the manner
that the compofition and refolution of forces are ex-
plained.  If Iight have a progreffive motion, let the
proportion of its velocity to that
* of the carth in her orbit, be as
the line BC to the line AC3;
then, by the compofition of thefe
two motions, the particle of
light will feem to defcribe the
line B A or DC, inftead of its
real courfe B C; and willappear
in the dire&ion A B or CD, in-
ftead of its true dire¢tion C B.
So that if A B reprefent a tube,
carried with a parallel motion by
an obferver along the line AC,
in the time that a particle of light
would move over the fpace BC,
the different places of the tube being AB, ab, c¢d, CD;
and when the eye, or end of the tube, is at A, let a
particle of light enter the other end at B; then when
the tube is at a 4, the particle of light will be at ¢, exaétly
in the axis of the tube ; and when the tube is at ¢ 4, the
particle of light will arrive at £, {till in the axis of the
tube ; and laitly, when the tube arrives at C D, the par-
ticle of light will arrive at the eye or point C, and con-
fequently will appear to come in the dire&ion D C of
the tube, inftead of the true dire@ion BC. And fo
on, one particle fucceeding another, and forming a con-
tinued ftream or ray of light in the apparent direétion
DC. So that the apparent angle made by the ray of.
light with theline A E, is the angle D CE, inftead of
the true angle BCE ; and the difference, BC D or
A B C, is the quantity of the aberration.

M. de Maupertuis, in his Elements of Geography,
gives alfo a familiar and ingenious idea of the aber-
ration, in this manner: ¢ It is thus,”” fays he, ¢ con-
cerning the direétion in which a gun muft be pointed
to ftrike a bird in its flight; inftead of pointing it
itraight to the bird, the fowler will point a little before
it, in the path of its flight, and that fo much the more
as the flight of the bird is more rapid, with refpeét to
the flight of the fhot.”” In this way of confidering the
matter, the flight of the bird reprefents the motion of
the earth, or the line A C, in our fcheme above, and
the flight of the fhot reprefents the motion of the ray
of light, or the line BC,

Mr. Clairaut too, in the Memoires of the Academy of
Sciences for the year 1746, illuftrates this effect i a
familiar way, by {uppofing drops of rain to fall rapidly
and quickly after each other from a cloud, under which
a perfon moves with a very narrow tube ; in which cafe
it is evident that the tube muft have a certain inclina-
tion, in order that a drop which enters at the top, may
fall freely through the axis of the tube, without touching
the fides of it ; which inclination muft be more or lefs
according to the velocity of the drops in refpeét to that
of the tube: then the angle made by the diretion of
the tube and of the falling drops, is the aberration arif
ing from the combination of thofe two motions.

This difcovery, which is one of the brighteft that have
been made in the prefent age, we owe to the accuracy
and ingenuity of the late Dri Bradley, Aftronomer
Royal ; to which he was occafionally led by the refult

AZCCE
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of fome accurate obfervations which he had made with
anothier view, namely, to determine the annual parallax
of the fixed ftars, or that which arifes from the motion
of the earth in its annual orbit about the fun.

The annual motion of the earth about the fun had
been much doubted, and warmly contefted. The de-
fenders of that motion, among other proofs of the rc-
ality of it, conceived the idea of adducing an incon-
teftable one from the annual parallax of the fixed ftars,
if the ftars fhould be within fuch a diftance, or if in-
ftrumnents and obfervations could be made with fuch ac-
curacy, asto render that parallax fenfible. And with
this view various attempts have been made. Before the
obfervations of M. Picard, made in 1672, it was the
general opinion, that the ftars did not change their po-
fition during the courfe of a year. Tycho Brahe and
Ricciolus fancied that they had afflured themfelves of it
from their obfervations; and from thence they concluded
that the earth did not move round the fun, and that
there was no annual parallax in the fixed ftars. M. Pi-
card, in the account of his Poyage d’ Uranibourg, made
in 1672, fays that the pole ftar, at different times of
the year, has certain variations which he had obferved
for about 10 years, and which amounted to about 40”
a year: from whence fome who favoured the annual
motion of the earth were led to conclude that thefe va-
riations were the effect of the parallax of the earth’s
orbit. But it was impoffible to explain it by that pa-
rallax ; becaufe this motion was in a manner contrary to
what ought to follow only from the motion of the earth
in her orbit.

[n 1674 Dr. Hook publithed an account of obfer-
vations which he faid he had made in 1669, and by
which he had found that the ftar 4 Draconis was 23
more northerly in July than in O&ober: obfervations
which, for the prefent, feemed to favour the apinion of
the earth’s motion, although it be now known that
there could not be any truth or accuracy in them.

Flamfteed having obferved the pole ftar with his
mural quadrant, in 1689 and the following years, found
that its declination was 40” lefs in July than in De-
cember ; which obfervations, although very juft, were
yet however improper for proving the annual parallax 3
and he recommended the making of an inftrument of
15 or 20 feet radius, to be firmly fixed on a ftrong
foundation, for deciding a doubt which was otherwife
not {oon likely to be brought to a conclufion.

In this ftate of uncertainty and doubt, then, Dr.
Bradley, in conjun&ion with' Mr. Samuel Molineux,
in the year 1725, formed the proje&t of verifying, by
a feries of new obfervations, thofe which Dr. Hook
had communicated to the public almoft 5o years
before. And as it was his attempt that chiefly
gave rife to this, fo it was his method in making the
obfervations, in fome meafure,.that they followed ; for
they made choice of the fame fiar, and their inftrument
was conftruéted upon ncarly the fame principles: but
had it not greatly exceeded the former in exalnefs,
they might ftill have contirued in great uncertainty as
to the parallax of the fixed ftars. And this was chiefly
owing to the accuracy of the ingenious Mr. George
Graham, to whom the lovers of aftronomy are alfo in-
debted for feveral other exa® and convepient inftru-

ments.
B2 The
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‘The fuccefs then of the intended experiment, evi-
dently depending very much on the accuracy of the in-
firument, that leading obje& was firlt to be well fe-
cured. Mr. Molineux’s apparatus then having been
completed, and fitted for obferving, about the end of
November 1723, cn the third day of December follow-
ing, the bright ftar in the head of Draco, marked 4 by
Bayer, was for the firit time obferved, as it paffed near
the zenith, and its fituation carefully taken with the in-
ftrument.  The like obfervations were made on the
fifth, cleventh, and twelfth days of the faine month
and theie appearing no material difference in the place
of the ftar, a farther repetition of theni, at that feafon,
feemed needlcfs, it being a time of the year in which
no fenfible alteration of parallax, in this ftar, could foon
be expe€ted. It was therefore curiofity that chiefly
urged Dr, Bradley, beirg then at Kew, where the in.
ftrument was fixed, to prepare for obferving the flar
again on the 17th of the fame month; when, having
adjylted the inftrument as ufual, he perceived that it
pafled a little more foutherly this day than it had done
before.  Not fulpeting any other caufe of this appear-
ance, they firlt concluded that it was owing to the un-
certainty of the obfervations, and that either this, or
the foregoing, was not fo exa&t as they had before fup-
pofed. For which reafon they propofed to repeat the
obfervation again, to determine froin what caufe this dif-
ference might proceed: and upon doing it, on the zoth of
December, the dotor found that the ftar paffed ftill more
foutherly than at the preceding obfervation. This fen-
fible alteration furprifed them the more, as it was the
contrary way from what it would have been, had it
proceeded from an annual parallax of the ftar. But
being now pretty well fatisfied, that it could not be en-
tirely owing to the want of exaltnefs in the obferva-
tions, and having no notion of any thing elfe that could
caufe fuch an apparent motion as this in the ftar ; they
began to fufpe& that fome change in the materials, or
fabric of the inftrument itfelf, might have occafioned it.
Under thefe uncertainties they remained for fome time ;
but being at length fully convinced, by feveral trials, of
the great exactuefs of the inftrument ; and finding, by
the gradual increafe of the ftar’s diftance from the pole,
that there muft be fome regular caufe that produced it ;
they took care to examine very nicely, at the time of
each obfervation, how much the variation was; till
about the beginning of March 1526, the ftar was found
to be 20’/ more foutherly than at the time of tlie firft
obfervation: it now indeed feemed to have arrived at its
utmoft limit fouthward, as in feveral tiials, made about
this time, no fenfible difference was obferved in its fitu-
ation. By the middle of April it appeared to be re-
turning back again towards the north; and about the
beginning of June, it paffed at the fame diftance from
the zenith, as it had done in December, when it was
firft obferved.

From the quick alteration in the declination of the
ftar about this time, increafing about one fecond in
three days, it was conjeétuved that it would now pro-
ceed northward, as it had before gone fouthward, of its
prefent fitvation ; and it happened accordingly; for
the ftar continued to move northward till September
following, when it became ftationary again ; being then
near 20" more northerly than in June, and upwards of

[ 4 ]
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39" more northerly than it had been in March. From
Scptember the ftar again returned towards the fouth,
till, in December, it arrived at the fame fituation in
which it had been obferved twelve months before, allow=
ing for the difference of declination on account of the
preceffion of the equinox.

This was a fufficient proof that the inftrument had
not been the caufe of this apparent motion of the ftar;
and yet it feemed difficult to devife one that fhould be
adequate to fuch an unufual effe€, A nutation of the
earth’s axis was one of the firft things that offered itfelf
on this occafion ; but it was foon found to be infuf-
ficienc; for though it might have accounted for the
change of declination in 9 Draconis, yet it would mnot
at the fame time accord with the phenomena obferved
in the other ftars, particularly in a fmall one almoft ops
pofite in right afcenfion to ¢ Draconis, and at about
the fame diltance from the north pole of the equator :
for though this ftar feemed to move the fame way, as a
nutation of the earth’s axis would have made it; yet
changing its declination but about half as much as v
Dracomis in the fame time, as appeared on comparing
the ubfervations of both made on the fame days, at &t
ferent feafons of the year, this plainly proved that the
apparent motion of the ftar was not occafioned by a
real nutation; fince, had that been the cafe, the alter-
ation in both ftars would have been nearly equal.

The great regularity of the obfervations left no room
to doubt, but that there was fome uniform caufe by
which this unexpeéted motion was produced, and which
did not depend on the uncertainty or variety of the
feafons of the year. Upon comparing the obfervations
with each other, it was difcovered that, in both the
ftars above mentioned, the apparent difference of decli-
nation from the maxima, was always nearly proportional
to the verfed fine of the fun’s diftance from the equi-
noctial points. This was an inducement to think that
the caufe, whatever it was, had fome relation to the
fun’s fituation with refpe&t to thofe points. But not
being able to frame any hypothefis, fufficient to account
for all the phenomena, and being very defirous to fearch
a little farther into this matter, Dr. Bradley began to
think of ereéting an inftrument for himfelf at Wanltead;
that, having it always at hand, he might with the more
eafe and certainty enquire into the laws of this new
motion. The confideration likewife of being able, by
another inftrument, to confirm the truth of the ob-
fecvations hitherto made with that of Mr. Molineux,
was no fmall inducement to the undertaking ; but the
chief of all was, the opportunity he fhould thereby have
of‘trying in what manner other ftars fhould be affected
by the fame caufe, whatever it might be. For Mr. Moli-
neux’s inftrument being originally defigned for obferving
v Draconis, to try whether it had any fenfible parallax, it
was {o contrived, as to be capable of but little alteration
in its direGion ; not above feven or cight minutes of a
degree : and there being but few ftars, within half that
diftance from the zenith of Kew, bright enough to be
well obferved, he could not, with his inftrument, tho-
roughly examine how this caufe affeGted ftars that were
differently fituated, with refpe& to the equino¢tial and
folticial points of the ecliptic.

Thefe confiderations determined him; and by the
contrivance and diretion of the fame ingenious perfop,

Ts
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Mr. Graham, his inftrument was fixed up the 19th of
Augult 1727. As he had no convenient place where
he could make ufe of fo long a telefcope as Mr. Mo-
lineux’s, he contented himfelf with one of but little
more than half the length, namely of 12 feet and a half,
the other being 21 fect and a half long, judging from
the experience he had already had, that this radius would
be leng enough to adjuft the inftrument to 2 fufficient
degree of exactnefs : and he had no reafon afterwards
to change his opinion ; for by all his trials he was very
well fatisfied, that when it was carefully re&tified, its
fituation might be fecurely depended on to half a
fecond. As the place where his inftrument was hung,
in fome meafure determined its radius; fo did it alfo
the length of the arc or limb, on which the divilions
were made, to adjuft it: for the arc could not conve-
niently be extended farther, than to reach to-about 63
degrees on each fide of his zenith. This however was
fufficient, as it gave him an opportunity of making
choice of feveral ftars, very different both in magnitude
and fituation ; there being more than two hundred, in-
ferted in the Britith Catalogue, that might be obferved
with it. He needed not indeed to have extended the
limb fo far, but that he was willing to take in Capclla,
the only ftar of the firft magnitude that came fo near his
zenith.

His inftrument being fixed, he immediately began to
obferve fuch flars as he judged moft proper to give him
any light into the caufe of the motion already men-
tioned. 'There was a fufficient varicty of {mall ones,
and not lefs than twelve that he could obferve through
all feafons of the year, as they were bright enough to
be feen in the day-time, when neareft the fun. He
had not been long obferving, before he perceived that
the notion they had before entertained, that the ftars
were fartheft north and fouth when the fun was near
the equinoxes, was only true of thofe ftars which are
near the folfticial colure, And after continuing his
obfervations a few months, he difcovered what he then
apprehended to be a general law obferved by all the
ftars, namely, that each of them became ftationary, or
was fartheft north or fouth, when it paffed over his
zenith at fix of the clock, either in the evening or
morning. He perceived alfo that whatever fituation
the ftars were in, with refpect to the cardinal points of
the ecliptic, the apparent motion of every one of them
tended the fame way, when they paffed his inftrument
about the fame hour of the day or night; for they all
moved fouthward when they paffed in the day, and
northward when in the night; fo that each of them
was fartheft north, when it came in the evening about
fix of the clock, and fartheft {fouth *when it came about
fix in the morning.

Though he afterwards difcovered that the maxima,
in ‘mott of thefe ftars, do not happen exa&ly when they
pafs at thofe hours; yet, not being able at that time to
prove the contrary, and fuppofing that they did, he en-
deavoured to find out what proportion the greateit
alterations of declination, in different ftars, bore to each
other ; it being very evident that they did not all change
their declination equally., 1t has been before noticed,
that it appeared from Mr. Molineux’s obfervations, that
% Draconis changed its declination above twice as much
as the before-mentioned fmall flar that was nearly op-
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pofite to it ; but examining the matter more nicely, he
found that the greateft change in the declination of
thefe ftarsy was as the fine of the latitude of each ftar
refpe@ively.  This led him to fufpeét that there might
be the like proportion between the muaima of other
ftars; but finding that the obfervations ¢f fome of them
would net perfeétly correfpond with fuch an hypothefis,
and not knowing whether the fmall difference he met
with might not be owing to the uncertainty and crror
of the obfervations, he deferred the farther examination
into the truth of this hypothefs, till he fhould be farther
furnifhed with a {eries of obfervaticns made in-all parts
of the year ; which would enable him net only to de-
termine what errors the cbfvivations migh: be lLiable to,
or how far they might falcly be depended on; but alfo
to judge, whether there had been any fenfible change in
the parts of the inftrument itfelf,

When the year was completed, ke began to examine
ard compare his obfervaticns; and having pretty well
fatisfied himfclf as to the general laws of the pheno-
mena, he then endeavourcd to find out the caufe of
them. He was already convinced that the apparent
motion of the ftars was not owing to a nutation of the
earth’s axis. The next that occurred to him, was an
alteration in the dire&ion of the plumb-line, by which
the inftrument was conftantly adjufted ; but this, upon
trial, proved infufficient. Then he confidered what re-
fra&tion might do; but here alfo he met with no fatif-
faGtion. At laft, through an amazing fagacity, he
conjeGtured that all the phenomena hitherto mentioned,
proceeded from the progreffive motion of light; and the
earth’s annual motion in *her orbit: for he perceived,
that if light were propagated in time, the apparent
place of a fixed obje& would not be the fame when the
eye is at reft, as when it is moving in any other direc-
tion but that of the line pafling through the obje& and
the eye; and that when the eye is moving in different
diretions, the apparent place of the obje& would be
different.

He confidered this matter in the following manner.
He imagined CA to be a ray of
light, falling perpendicularly npon the C
line BD: then, if the eye be at reft at A
A, the objeét muft appear in the di-
re€tion A C, whether light be propa-
gated in time, or in an inftant, But
if the eye be moving from B towards
A, and light be propagated in time,
with a velocity that 1s to the velocity
of the eye, as AC to A Bj then,
light moving from C to A, whilft the
eye moves from B to A, that particle
of it by which the obje¢t will be dif-
cerned, when the eye in its motion
comes to A, is at C when the eye is
at B. Joining the points B, C, he
fuppofed the line BC to be a tube,
inclined to the line BD in the angle D BC, ard of
fuch a diameter as to admit of but one parti-le of light :
then it was eafy to conccive, that the particle of light
at C, by which the obje&t muft be feen when thi: eye
arrives at A, would pafs through the tube B C, fo in-
clined to the line B D, and accompanying the eve in
its motion from B to A ; and that it would not come

to
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to the eye, placed behind fuch a tube, if it had any
other inclination to the line B D. If, inftead of fup-
pofing B C fo fmall a tube, we conceive it to be the
axis of a larger ; then, for the fame reafon, the particle
of light at C cannot pafs through that axis, unlefs it be
inclined to B D in the fame angle D B C.

In the like manner, if the eye move the contrary
way, from D towards A, with the fame velocity ; then
the tubz muft be inclined in the angle BDC. Although
therefore the true or real place of an obje&, be perpen-
dicular to the line in which the eye is moving, yet the
vifible place will not be fo; fince that muft doubtlefs
be in the direftior of the tube. But the difference be-
tween the true and apparent place, will be, ceteris pa-
ribus, greater or lefs, according to the different pro-
portions between the velocity of light and that of the
eye: fo that if we could fuppofe light to be propagated
in an inflant, then there would be no difference between
the real and vifible place of an obje&, although the eye
were in motion ; for in that cafe, A C being iniinite
with refpeét to A B, the angle A CB, which is the
difference between the true and vifible place, vanithes.
But if light be propagated in time, which was then
allowed by moft philofophers, then it is evident from
the foregoing confiderations, that there will always be
a difference between the true and vifible place of an ob-
je&t, except when the eye is moving either direly to-
wards, or from the objet. And in all cafes, the fine
of the difference between the true and vifible place of
the obje&, will be to the fine of the vifible inclination
of the objeét to the line in which the eye is moving, as
the velocity of the eye, is to the velocity of light.

If light moved only tcoo times falter than the eye,
and an objeé, fuppofed to be at an infinite diftance,
were really placed perpendicularly over the plane in
which the eye is moving; it follows, from what has
been faid, that the apparent place of fuch objet will
always be inclined to that plane, in an angle of 8¢°
56’%; fo that it will conftantly appear 32 from its true
place, and will feem fo much lefs inclined to the plane,
that way towards which the eye tends, That is, if
AC be'to AB or AD, as 1000 to 1, the angle
A B C will be 8¢° 56’1, and the angle A C B 3/1, and
BCD or 2A CB will'be ¥/, if the direétion of themo-
tion of the eye be contrary at one time to what it is at
another,

If the earth revolve about the fun annually, and the
velocity of light were to the velocity of the earth’s mo-
tion in its orbit, as 1000 is to 1 ; then it is eafy to
conceive, that a ftar really placed in the pole of the
ecliptic, would to an eye carried along with the earth,
feem to change its place continually ; and, negleéting
the {mall difference on account of the earth’s diurnal
revolution on its axis, it would feem to defcribe a circle
about that pole, every where diftant from it by 3°%,
So that its longitude would be varied through all the
points of the ecliptic every year, but its latitude would
always remain the fame, 1ts right afcenfion would alfo
change, and its declination, according to the different
fituztion of the {un in refpet of the equino@ial points;
and its apparent diftance from the north pole of the
eqnator, would be 7/ lefs at the autumsal, than at the
vernal equinox,
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The greateft alteration of the place of a ftar, in the
?ole of the ecliptic, or, which in effe® amounts to the
ame, the proportion between the velocity of light and
the earth’s motion in its orbit, being known, it will
not be difficult to find what would be the difference, on
this account, between the true and apparent place of
any other ftar at any time; and, on the contrary, the
difference between the true and apparent place being
given, the proportion between the velocity of light, and
the earth’s motion in her orbit, may be found.

After the hiftory of this curious difcovery, related
by the author nearly in the terms above, he gives the
refults of a multitude of accurate obfervations, made on
a great number of ftars, at all feafons of the year.
From all which obfervations, and the theory as related
above, he found that every ftar, in confequence of the
earth’s motion in her orbit and the progreffive motion
of light, appears to defcribe a fmall ellipfe in the
heavens, the tranfverfe axis of which is equal to the
fame quantity for every ftar, namely 40" nearly ; and
that the conjugate axis of the ellipfe, for different ftars,
varies in this proportion, namely, as the right fine of
the ftar’s latitude ; that is, radius is to the fine of the
ftar’s latitude, as the tranfverfe axis to the conjugate
axis: and confequently a ftar in the pole of the ecliptic,
its latitude being there go°, whofe fine is equal to the
radius, will appear to defcribe a fmall circle about that
pole as a centre, whofe radius is equal to 20”, He
alfo gives the following law of the variation of the
ftar’s declination : if A denote the angle of pofition,
or the angle at the ftar made by two great circles drawn
from it through the poles of the ecliptic and equator,
and B another angle, whofe tangent 1s to the tangent
of A, asradius is to the fine of the ftar’s latitude ;
then B will be equal to the difference of longitude be-
tween the fun and the [Rar, when the true and ap-
parent declination of the ftar are the fame, And if
the fun’s longitude in the ecliptic be reckoned from that
point in which it is wnen this happens; then the dif-
ference between the true and apparent declination of
the ftar, will be always as the fine of the fun’s longitude
from that point. It will alfo be found that the greateft
difference of declinatian that can be between the true
and apparent place of the ftar, will be to 20”, the
femitran{verfe axis of the ellipfe, as the fine of A tothe
fine of B,

The author then fhews, hy the comparifon of a num-
ber of obfervations made on different ftars, that they ex-
adtly agree with the theory deduced from the progreflive
motion of light, and that confequently it is highly pro.
bable that fuch motion is the caufe of thofe variations
in the fituation of the ftars, From which he infers,
that the parallax of the fixed ftars is much {maller, than
hath been hitherto fuppofed by thofe, who have pre.
tended to deduce it from their obfervations, He
thinks he may venture to fay, that in the ftars he had
obferved, the parallax does not amount to 2”'; nay,
that if it had amounted to 1%, he fhould certainly have
perceived it, in the great number of obfervations that
he made, elpecially of y Draconiss which agreeing
with the hypothefis, without allowing any thing for
pgrallax, nearly as well when the fun was in conjunéion
with, as in oppofition to, this ftar, it fems verybpﬁw

able
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bable that the parallax of it is not fo much as one
fingle fecond ; and confequently that it is above 4000c0
times farther from us than the fun.

From the greateft variation in the place of the ftars,
namely 40", Dr. Bradley deduces the ratio of the
velocity of light in comparifon with that of the earth
in her orbit. ~ In the preceding figure, A C isto A B,
as the velocity of light to that of the earth in her or
bit, the angle A C B being equal to 20”; fo that the
ratio of thofe velocities is that of radius to the tangent
of 207, or of radius to 20”’, fince the tangent has no
{enfible difference from fo fmall an arc: but the radius
of a circle is equal to the arc of §7° 35 nearly, or equal
to 206260”; therefore the velocity of light is to the
velocity of the carth, as 2¢6260 to 20, or as 10313
to 1.

And hence alfo the time in which light paffes over
the fpace from the fun to the earth, is eafily deduced ;
for this time will be to one year, as A B or z0” to 36c°
or the whole circle; thatis, 360°: 20/ :: 365} days:
8™ 7%, namely, light will pafs from the fun to the earth
in the time of 8 minutes, 7 feconds; and this will be
the fame, whatever the diftance of the fun is.

Dr. Bradley having anuexed to his theory the rules
or formulz for computing the aberration of the fixed
ftars in declination and right afcenfion ; thefe rules have
been varioufly demontftrated, and reduced to other prac-
tical forms, by Mr. Clairaut in the Memoirs of the
Academy of Sciences for 1737 ; by Mr. Simpfon in his
Effays in 1740; by M. Fontaine des Crutes in 1744 ;
and feveral other perfons.  The refults of thefe rules
are as follow: Every ftar appears to defcribe in the
courfe of a year, by means of the aberration, a fmall
ellipfe, whofe greater axis is 40/, and the lefs axis, per-
pendicular to the ecliptic, is equal to 40” multiplied by
the fine of the ftar’s latitude, the radius being 1.
The eaftern extremity of the longer axis, marks the
apparent place of the flar, the day of the oppofition ;
and the extremity of the lefs axe, which is fartheft
from the ecliptic, marks its fituation three months
after.

The greateft aberration in longitude, is equal to 20"
divided by the cofine of its latitude. And the aber-
ration for any time, is equal to 20/ multiplied by the
cofine of the clongation of the ftar found for the fame
time, and divided by the cofine of its latitude. This
aberration is fubtrative in the firlt and laft quadrant of
the argument, or of the difference between the longi-
tudes of the fun and ftar; and additive in the fecond
and third quadrants. The greateft aberration in lati-
tude, is equal to 20/ multiplied by the fine of the ftar’s
latitude. And the aberration in latitude for any time,
is equal to 20// multiplied by the fine of the ftar’s lati
tude, and multiplied alfo by the fine of the elongation.
The aberration is fubtra&ive before the oppofition, and
additive after it.

The greatelt aberration in declination, is equal to 2¢”
multiplied by the fine of the angle of pofition A, and
divided by tzhe fine of B the difference of longitude
between the fun and ftar when the aberration in decli-
nation is nothing. And the aberration in declination
at any other time, will be equal to the greateft aberra-
tion multiplied by the fine of the difference between the
fun’s place at the given time and his place when the
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aberration Is nothing. Alfo the fine of the latitude of
the ftar is to radius, ae the tangent of A the angle of
pofition at the ftar, is to the tangent of B, the differ-
ence of longitude between the fun and ftar when the
aberration in declination is nothing. The greateft aber-
ration in right-afcenfion, is equal to 20/ multiplicd by
the cofine of A the angle of polition, and divided by
the fine of C the difference in longitude between the

fun and ftar when the aberration in right afcenfion ts
nothing.  And the aberration in right-afcenfion at any
other time, is equal to the greateft aberration multiplied

by the fine of the difference between the fun’s place

at the given time, and his place when the aberration is

nothing. Alfo the fine of the latitude of the ftar is

to radius, as the cotangent of A the angle of pofition,

to the tangent of C.

ABERRATION of the Planets, is equal to the geocen-
tric motion of the planet, the fpace it appears to move
as feen from the earth, during the time that light em-
ploys in pafling from the planet to the earth. Thus,
in the fun, the zberration in longitude is conftantly 20,
that being the fpace moved by the fun, or, whichis the
fame thing, by the earth, in the time of 8™ 73, which is
the time in which light paffes from the fun to the earth,
as we have feen in the foregoing article. In like man-
ner, knowing the diftance of .any planet from the earth,
by proportion it will be, as the diftance of the fun is to
the diftance of the planet, fo is 8™ 75" to the time of
light paffing from the planet to the earth: then com-
puting the planet’s geocentric motion in this time,
that will be the aberration of .the planet, whether it be
in longitude, latitude, right-afcenfion, or declination.

It is evident that the aberration will be greateft in
the longitude, and very fmall in latitude, becaufe the
planets deviate very little from the plane of the ecliptic,
or path of the earth ; fo that the aberration in the lati-
tudes of the planets, is commonly negle&ed, as infenfi-
ble ; the greateft in Mercury being only 4//}, and much
lefs in the other planets. As to the aberrations in de-
clination and right-afcenfion, they muft depend on the
fituation of the planct in the zodiac. The aberration
in longitude, being equal to the geocentric motion, will
be more or lefs according as that motion is; it will
therefore be leaft, or nothing at all, when the planet is
ftationary ; and greatelt in the fuperior planets Mars,
Jupiter, Saturn, &c, when they are in oppofition to the
fun; but in the inferior planets Venus and Mercury, the
aberration is greateft at the time of their {uperior con-
jun&tion. Thefe maxima of aberration for the feveral
planets, when their diftance from the fun isleaft, are as
below : viz, for

Saturn - - - 2370
Jupiter - - - 29 '8
Mars - - - 37 8
Venus - =« - 43 °2
Mercury - - .59 o
The Moon -~ - %

And between thefe numbers and nothing the aberrations
of the planets, in longitude, vary according to their
fituations. But that of the fun varies not, being con-
ftantly 20", as has been before obferved. And this
may alter his declination by a quantity, which varies
from o to near 8//; being greateft or 8// about the
equinoxes, and-vanifhing in the folftices, Th

¢
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The methods of computing thefe, and the formulas
for all cafes, are given by M. Clairaut in the Memoirs
of the Academy of Sciences for the year 1746, and
by M. Euler in the Berlin Memoirs, vol. 2, for 1746.

Optic ABERRATION, the deviation or difperfion of
the rays of light, when refle€ted by a fpeculum, or re-
fracted by a lens, by which they are prevented from
mecting or uniting in the fame point, called the geo-
metrical focus, but are fpread over a fmall {pace, and
produce a coufufion of images. Aberration is either
lateral or longitudinal : the lateral aberration is mea-
fured by a perpendicular to the axis of the fpeculum
.or lens, drawn from the focus to meet the refraéted or
rcfleCted ray @ the longitudinal aberration is the dif-
tance, on the axis, between the focus and the point
where the ray meets the axis. The aberrations are
very amply treated in Smith’s Complete Syftem of
Optics, in 2 volumes 4to.

There are two fpecies of aberration, diftinguifhed
according to their different caufes: the one arifes from
the figure of the {peculuin or lens, producing a geome-
trical difperfion of the rays, when thefe are perfeétly
equal in all vefpeds; the other arifes from the unequal
refvangibility of the rays of light themfelves; a dif-
covery that was made by Sir Ifaac Newton, and for this
reafon it is often called the Newtonian aberration. As
to the former fpecics of aberration, or that arifing
from the figure, it is well known that if rays iffue from
a point at a given diftance ; then they will be refleGted
into the other focus of an ellipfe having the given lu-
minous point for one focus, or direftly from the other
focus of an hyperbola ; and will be varioufly difperfed
by all other figures. DBut if the luminous point be
infinitely diftant, or, which is the fame, the incident
rays be parallel, then they will be refle€ted by a para-
bola into its focus, and varioufly difperfed by all other
figures. But thofe figures are very difficult to make,
and therefore curved fpecula are commonly made fphe-
rical, the figure of which is generated by the revolu-
tion of a circular arc, which produces an aberration
ofall rays, whether they are parallel or not, and therefore
it has no accurate geometrical focus which is common
to 2ll the rays. Let BV F reprefent a concave {phe-
rical fpeculum, whofe centre 1sC; andlet AB, EF
be incident rays paraliel to the axis CV. Becaufe the
angle of incidence is equal to the angle of refletion in

A EH
C
> D
\A F
B v

all cafes, therefore if the radii C B, C F be’drawn to the
points of incidence, and thence B D making the angle
C B D equal to the angle CB A, and F G making the
angle CF G equal to theangle CFE; then BD, FG
nill be the reflefted rays, and D, G, the points where
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they mect the axis. Hence it appears that the point
of coincidencs with the axis is equally diftant from the
poinc of incidence and the centre : for becaufe the angl:
CB D is cqual to the angle CB A, which is equal to
the alternate angle B CD, therefore their oppofite
fides C D, D B are equal: and in like manuer, in any
other, G F isequal to G C. And herce it is evident
that when B is indefinitely pear the vertex V, then D
isin the middle of the radius C V' ; and the nearer the
incident ray is to the axis C V, the nearer will the re-
fleCted ray come to the middle point D; and the con-
trary. So that the.aberration D G of any ray E F G,
is always more and more, as the incident ray is farther
from the axis, or the incident point F from the vertex
V' ; till when the diftance V I is 6o degrees, then the
refle@ted ray falls in the vertex V, making the aberra-
tion equal to the whole length D V. And this fhews
the reafon why fpecula are made of z very {mall fegment
of a fphere, namely, that all their refle¢ted rays may
arrive very near the middle point or focus D, to produce
an image the moft diftin&, by the leaft aberration of
lthef rays., And inlike manner for rays refrated through
enfes.

In fpherical lenfes, Mr. Huygens has demonftrated
that the aberration from the figure, in different lenfes,
is as follows.

1. In 2ll plano-convex lenfes, having their plane fur-
face expofed to parallel rays, the longitudinal aberration
of the extreme ray, or that remoteft from the axis, is
equal.to £ of the thicknefs of the lens.

2. In all plano-convex lenfes, having their convex
furface expofed to parallel rays, the longitudinal aber-
ration of the extreme ray, is equal to % of the thicknefs
of the lens. So that in this pofition of the fame plano-
convex lens, the aberration is but about one-fourth
of that in theformer; being to it only as 7 to 27.

3. In all double convex lenfes of equal fpheres, the
aberration of the extreme ray, is equal to § of the
thicknefs of the lens.

4. In a double convex lens, the radii of whofe {pheres
are as 1 to 6, if the more convex furface he expofed to
parallel rays, the aberration from the figure is lefs than
in any other fpherical lens; being no more than 12 of
its thicknefs.

But the foregoing fpecies of aberration, arifing from
the figure, is very {mall, and ealily remedied, in com-
parifon with the other, arifing from the unequal re-
frangibility of the rays of light; infomuch that Sir
Ifaac Newton fhews in his Optics, pa. 84 of the 8vo.
edition, that if the obje¢t-glafs of a telefcope be plano-
convex, the plane fide being turned towurds the obje&,
and the diameter of the {phere, to which the convex
fide is ground, be 100 feet, the diameter of the aper-
ture being 4 inches, and the ratio of the fine of inci-
dence out of glafs into air, be to that of refraion, as
20to 31 ; then the diameter of the circle of aberrations
will in this cafe be only 5 ;855555 parts of an inch:
while the diameter of the little circle, through which
the fame rays are fcattered by unequal refrangibility,
will be about the gg5th'part of the aperture of the ob-
je€-glafs, which here is 4 inches. And therefore the
error arifing from the fpherical figure of the glafs, is to
the error arifing from the different refrangibility of the
rayé, as yrivsoow tO %y that is as 1to 5440, S
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So that it may feem ftrange that obje@s appear glafs moft of all. But without enquiring into the
through telefcopes fo diftinét as they do, confidering caufe of this difference, he proceeded to adapt wedges
that the error arifing from the different refrangibility, 1s  of crown glafs, and of white flint glafs, ground to dif-
almoft incomparably larger than that of the figure. ferent angles, to each other, fo as to refract in different
Newton however folves the difficulty by obferving that  dire&ions; till the refraGted light was entirely free from
the rays, under their various aberrations, are not fcat- colours. Having meafured the refralions of each
tered uniformly over all the circular fpace, but colleéted ~ wedge, he found that the refraction of the white glafs
infinitely more denfe in the centre than in any other was to that of the crown glafs, nearly as 2 to 3: and
part of the circle; and that, in the way from the cen- he hence concluded in general, that any two wedges
tre to the circumference, they grow more and more made in this proportion, and applied together fo as to
rare, fo as at the circumference to become infinitely refraét in contrary direQions, would refra@ the light
rare; and, by reafon of their rarity, they are not without any aberration of the rays.
ftrong enough to be vifible, unlefs in the centre, and Mr. Dollond’s next obje& was to make fimilar trials
very near it. with fpherical glaffes of different materials, with the

In confequence of the difcovery of the unequal re- view of applying his difcovery to the improvement of
frangibility of light, and the apprehenfion that equal telefcopes: and here he perceived that, to obtain a re-
refrations muft produce equal divergencies in every fraCtion of light. in contrary dire&ions, the one glafs
{ort of medium, it was fuppofed that all fpherical obje@&- muft be concave, and the other convex ; and the
glafles of telefcopes would be equally affe€ted by the latier, which was to refraét the moft, that the rays
different refrangibility of light, in proportion to their might converge to a real focus, he made of crown
aperture, of whatever materials they might be con- glafs, the other of white flint glafs. And as the
ftru&ted : and thercfore that the only improvement that  refradtions of fpherical glaffes are inverfely as their
could be made in refia@ing telefcopes, was that of in- focal diftances, it was neceffary that the focal diftances
creafing their length, So that Sir Ifaac Newton, and  of the two glaffes fhould be inverfely as the ratios of
other perfons after him, defpairing of fuccefs in theufe the refra&ions of the wedges ; becaufe that, being thus
and fabric of lenfes, direfted their chief attention to proportioned, every ray of light that paffes through
the conflruction of refle@ing telefcopes. this compound glafs, at any diftance from its axis,

However, about the year 1747, M. Euler applied will conftantly be refratted, by the difference between
himfelf to the fubje of refrattion; and purfued a two contrary refrattions, in the proportion required ;
hint fuggefted by Newton, for the defign of making and therefore the different refrangibility of the light
ohje&-glaffes with two lenfes of glafs inclofing water  will be entirely removed.
between them ; hoping that, by conftru&ting them of But in the applications of this ingenious difcovery
different materials, the refraions would balance one to pradtice, Mr. Dollond met with many and great
another, and fo the ufual aberration be prevented. Mr. difficulties. At length, however, after many repeated
John Dollond, an ingenious optician in London, mi- trials, by a refolute perfeverance, he fucceeded fo far as
nutely examined this fcheme, and found that Mr. to conftruét refrating telefcopes much fuperior to an
Euler’s principles were not fatisfadtory. M. Clairaut  that had hitherto beenmade ; reprefenting objefts wi
likewife, whofe attention had been excited to the fame  great diftinétnefs, and in their true colours.
fubjeét, concurred in opinion that Euler’s fpeculations Mr. Clairaut, who had interefted himfelf from the
were more ingenious than ufeful. This controverfy, beginning in this difcovery, now endeavoured to afcer-
which feemed to be of great importance in the fcienceof  tain the principles of Mr. Dollond’s theory, and to lay
optics, engaged alfo the attention of M. Klingenftierna  down rules to facilitate the conftrution of thefe new
of Sweden, who was led to make a careful examination telefcopes. With this view he made feveral experiments,
of the 8th experiment in the fecond part of Newton’s to determine the refraltive power of different kinds
Ogptics, with the conclufions there drawn from it. The of glafs, and the proportions in which they feparated
confequence was, that he found that the rays of light, the rays of light: and from thefe experiments he de-
in the circumitances there mentioned, did not lofe their  duced’ feveral theorems of general ufe.” M. D’Alem-
colour, as Sir Ifaac had imagined. This hint of the bert made likewife a great variety of calculations to
Swedifh philofopher led Mr. %ollond to re-examine the the fame purpofe ; and he fhewed how to corre& the
fame experiment : and after feveral trials it appeared, errors to which thefe telefcopes are fubje®, fometimes
that different fubftances caufed the light to diverge very by placing the object-glafles at a fmall diftance from
differently, in proportion to their general refraitive each other, and fometimes by ufing eye-glafles of dif-
powers. In the year 1757 therefore he procured ferent refraltive powers. But though foreigners were
wedges of different kinds of glafs, and applied them hereby fupplied with the moft accurate calculations,
together fo that the refractions might be made in con- they were very defe&ive in practice. And the Englith
trary direfions, that he might difcover whether the telefcopes, made, as they imagined, without any precife
refration and divergency of colour would vanifth toge- rule, were greatly fuperior to the beft of their con-
ther. The refult of his firlt trials encouraged him to  ftrution.
perfevere ; for he difcovered a difference far beyond his M. Euler, whofe fpeculations had firft given occafion
hopes in the qualities of different kinds of glafs, with to this important and ufeful enquiry, was very reluétant
refpe to their divergency of colours. "L'he Venice in admitting Mr, Dollond’s improvements, becaufe

E}lafs and Englith crown glafs were found to be nearly
lied in this refpeét: the common Englifh plate glafs
made the rays diverge more; and the Englifh flint

Vo, I,

they militated againit a pre-conceived theory of his
own. At lalt however, after feveral altercations, being
convinced of their reality and importance by M. Clais-

aut,
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ABS [

aut, he aTented ; and he foon after received farther fa
tisfattion from the experiments of M. Zeiher, of Pe-
terfburgh,

M. Zeiher fhewed by experiments that it is the lead,
in the compofition of glafs, which gives it this remark-
able property, namely, that while the refrattion of the
mean rays is nearly the fame, that of the extreme rays
confiderably differs. And, by increafing the lead, he
produced a kind of glafs, which occafioned a much
greater feparation of the extreme rays than that of the
flint glafs ufed by Mr. Dollond, and at the fame time
confiderably increaled the mean refration. M. Zeiher,
in the courfe of his experiments, made glafs of minium
and lead, with a mixture alfo of alkaline falts; and he
found that this mixture greatly diminifhed the mean
refraltion, and yet made hardly any change in the dil-
perfion: and he at length obtained a kind of glafs
greatly fuperior to the flint glals of Mr. Dollond for
the conftru&ion of telefcopes; as it occafioned three
times as great a difperfion of the rays as the common
glafs, whillt the mean refradtion was only as 1-61 to I.

Other improvements were alfo made on the new or
achromatic telefcopes by the inventor Mr. John Dol-
lond, and by his fon Peter Dollond; whic}l may be
feen under the proper words.  For various differtations
on the fubje& of the aberration of light, colours, and
the figure of the glafs, fee Philof. Tranf, vols. 35, 48,
§0, 51, 52, §5, 60; Memoirs of the Academy of
Sciences of Paris, for the ycgrs 17%7, 1726’ 1752,
1755, 1756, 1757, 1762, 1764, 1765, 17067, 17703
tthtSSBer]zri Ac.7517746, 1762, 1766 ; Swed. Mem. vol.
16; Com. Nov. Petripol. 1762 ; M. Euler’s Dioptrics;
M. &’Alembert’s Opufcules Math.; M. de Rochon
Opufcules; &c, &e. .

ABRIDGING, in Algebra, is the reducing a com-
pound equation, or quantity, to a more fimple form of
expreflion. This is done either to fave room, or the
trouble of writing a number of fymbols; or to fimplify
the expreflion, either to eafe the memory, or to render
the formula more eafy and general.

So the equation 2% — ax* + abx—abec = o, by put-
ting p = a, ¢ = ab, and r = abc, becomes 2? —pa* +
gx -1 = 0.

5 .
And the equation x2 + (a+5) x—-a—c—z o, byputting
p=a+b,andg= -‘-’;, becomes 42 4 px ~g = o.
ABSCISS, Asscisse, or ABscissa, is a part or

fegment cut off a line, terminated at fome certain point,
by an ordinate toa curve; as AP orBP.

Q Q

A

A P b A P B

The ablcifs may either commence at the vertex of
the curve, or at any other fixed point.  And it may be
taken cither upon the axis or diameter of the curve,
or upon any other line drawn in a given pofition.

10 ]

ABS

Hence there are an infinite number of variable ahfcif-
fes, terminated at the fame fixed point at one end, the
otherend of them being at any point of the given line
or diameter.

In the common parabola, each ordinate P Q_has but

I
o

A B
/‘T
A

P

one abfcifs A P ; in the ellipfe or circle, the ordinate
bas two abfciffes AP, B P lying on the oppofite fides
of it ; and in the hyperbola the ordinate P QQ_has alfo
two abfcifles, but they lie both on the fame fide of it.
That is, in general, a line of the fecond kind, or a
curve of the firlt kind, may have two abiciffes to each
ordinate. But aline of the third order may have three
abfciffes to each ordinate; a line of the fourth order
may have four; and fo on.

The ufe of the abfcifes is, in conjun&ion with the
ordinates, to exprefs the nature of the curves, either
by fome proportion or equation including the ablcifs
and its ordinate, with fome other fixed invariable line
or lines. Every different curve has its own peculiar
equation or property by which it is expreffed, and dif-
ferent from all others : and that equation or expreffion
is the fame for every ordinate and its abfciffes, whatever
point of the curve be taken. So, in the circle, the
fquare of any ordinate is equal to the re@angle of its
two ablciffes, or AP+PB = PQ2?; in the parabola,
the fquare of the ordinate is equal to the re&angle of
the abfcifs and a certain given line called the parame-
ter; in the ellipfe and hyperbola, the {quare of the or-
dinate is always in a certain conftant proportion to the
reCtangle of the two abfciffes, namely, as the fquare of
the conjugate to the fquare of the tranfverfe, or as the
parameter is to the tranfverfe axis ; and fo other proper-
ties in other curves,

When the natures or properties of curves are ex-
prefled by algebraic equations, any general abfcifs, as
A P, is commonly denoted by the letter x, and the or-
dinate P Q_by the letter y ; the other or conftant lines
being reprefented by other letters. Then the equa-
tions exprefling the nature of thefe curves are as fol-
low ; namely, for the
circle - - dx — 22 = y2, where d is the diameter A B;
parabola- px = 42 | where p is the parameter ;
ellipfe - 12:c%::40—a%: 42, [ wheretis the tranfverfe,
hyperbolas®: ¢ : 0 4x 4 x2: y2, | & ¢ the conjugate axis.

ADBSIS, ABSIDES, See Apsisy APSIDEs.

ABSOLUTE
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