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THE ‘TRANSIT OF VENUS.

IMPORTANCE OF TO-NIGHT’S EVENT.
WHY TRANSITS ARE S0 RARE, AND HOW
THEY ARE FORETOLD—HOW THE
TRANSIT OF 1874 WILL BE UTILIZED—
THE PREPARATIONS BY DIFFERENT NA-
TI'NS—WHAT THE ANCIENTS THOUGHT.
Sever minutes before 9 o’clock to-night, an
cbserver stationed anywhere upon the earth
Wwhere it is then day, will, by looking under
suitable conditions, see 2 small black spot creep
on the upper left-hand edge of the sun’s disk,
and continue, for rather more than four hours,
to describe a diagonal line geross it, and then
flisappear. The phenomenon cannot be seen at
ell with thenaked eye, and even when seen with
suitable instruments, it will, except for the
Inowledge that two celestial bodies are con-
xerned, appear scarcely more imposing than the
march of a house-fly across a dinner-plate. Yet
Iiions of dollars have been spent m prepara-
tions 1o observe this apparently insignifi-
cant event with an exactness never before
epplied by human art. and to-night hundreds of
skilled astronomers, scattered over about seven-
ty stations, widely scattered over the
durface of the globe, will turn their
fnstruments toward the sun, inspired with a
#all conviction that the results of this observa-
tion of the transit of Venus will more than re-
Yay their large expenditure of labor and
4coney. What adequate resurn do they expact ?
A true man of science will hardly discuss the
Auestion. To him knowledge is its own reward,
<nd it is enongh that he is about to learn some-
Ihing he does not know. But fortunately a
nore practical answer can be given as well as
demanded. It is expected that afier the tran-
sit, and by its aid, a perfect map of the solar
System can be made. It is true that a very
well-appearing map can already be laid down
vn paper. Close observation of the revolutions
of the planets, and the application of geo-
wetrical principles, have enabled astron-
rmers to map cut the orbit of every
planet. And. furthermore, according to what is
imown as Kepler's third law. they can map out
these orbits in their exact relations to each
ther, for the law gives the relative distances of
Ywo planets from the sun, when we know the
»elation between their periods of revolution.
This Iaw, the discovery of which is one of the
wonders of human achievement, and which cost
*epler haif a lifetime of laborious study, is very
gimple in ita application, and is very imvortant
4r conmection with thix transit. It may be
Ahus stated: Square the number of years
*aken by a planet to go around tie sun; the re-
sult will give a first number. Then tind a see-
oud number the cubie of which is eaval to tha
Erst number. This second number wili express
\&e pianet’s distance from the sun. that of the
varth beinz called one. To take an examule:
-Jupiter. as astronomers know by observation,
vakea about eleven years to go avonnd the sun.
By squaring eleven we got 121 for a fivst num-
Yer. Then by triai we find tbat the cube of 3
4z almest equal to 121, Five, then. is the sec-
»nd pumber. and it will express Jupiter's dis-
%ance from the sun when that of the earth is
talled ane, Hence we are vight in saying that
Tupiter is about five tumes as far {rom the sun
w2 the earth is. aad if the exact number of
Foars had been used tha exact distance would
tave beep got. And this method way mani-
1estly be applied to 21l the other planets. Thus
% i3 that zatronomers are avle to draw™ a celes-
. fial map, in which the actual ellintic orbits
=rould he espresaed 30 exactly that no micro-
s<ope could detect an error. But if this is so
wvhat more can be wanied ! The unsuppiied
wwontisa fafnl Golscv—rue map has noseale. And
wo long as 2 seals iz wanling it i3 wani-
{estly mmpossgible o say how much aerual dis-
tance is measured hy an inch upon the map.
&rd the case iz even worse than this, for the
welestial map, instead of having no scale, has an
erroneous one. DBur if now, since the relations
of the map are so accurate, the actual number
<f miles betweea any two points can be ob-
+tained, the astronomers will then plainly know
swhat an inch on the map stands tor in actual
fistance, and thus will be supplied the lackinge
weale. Thusitis seen why the cowing transit
43 so important. It is expected not only to decide
%xhe distance from the carth to the sun, but also,
tnd by means of this distance, to furnish
1ke means for calculanu':; all the dimensions of
4lie solar system. Thiz is the main bencft
hich 18 expected to be derived from the transit.
But there are many incidantal benefi¢ts also
whioch are not entively beneath notice. The
science of optica will, it is thought, be benefitted
<2 no small degree, and the accuracy of the sci-
+nce of mavigation wiil be greatly increased.
For not only will the longitude of many specific
stations be determined with, humanly speak-
&~7, perfect exactneszs, but the knewiedge of
Y5e exact distances of the heavenly bodies
wil enzbhle the marine tables to be corrcet
24, and will enabla vesseis to sail by “ dead
weckoning,” that is without any direct observa-
tion of the heavenly bodies, with a confidence
«nd accuracy at present morely hoped for.
tgain, it cannot be doubted but that some
among the host of scientiic men whom the
vazious expeditions will scatter to the ends of
Jdbe knowe world, will make valuable meteoro-
Yozical and magnetic observations; and geolo-
gists, botanists, and naturalisis are specially
<opointed to accompany some of the English
axpeditions. There then can be but hittle doubt
shat science in general, as well as astronomy in
particular, will greatly profit by the transit of
Venus. But why, it may reasorably be asked,
% the transit of Venus—a celesdal phenomenon
x0 rare that 1t only occurs twice in each cen-
\vury—singled out to supply this information?
It is because Venus is the planet nearest
o the earth, and because the dificulty of
“reasurement is so much inereased by the greater
Qistances of the others as to be nearly in-
“uperable.
WHY TEANSITS ARE SO RARE.

It takes the earth 360 days to complete its
3ourney around the sun. while Venus completes
ier revolution in 224, Since, thea, her time of
wevolution is so much shorter than the earth’s,
+he must overtake it sometimes, and this she
Joes in a period of 584 days, or about nineteen
wonths. But how is it that she can overtake
1he earth once every nineteen months for 120
‘rears, or some seveuty-five times in all, and yet
aever once come beswaen the earth ard the sun
in all that century? The explanation is very
~imple. If Venus and the earth traveled about
+he sun on the same level, that is, if their orbits
‘were in the same plane, just sv surcly as Venus
avertook the earth she would pass between it
and the sun, and there would be a iransit of
Venus every uincteen months instead of two in
tvery century. But they do not travel about
{ke sun on the seme level. The eilipse in which
Wenus travels is so inclined to the earth’s path
“that one-half lies above 1t and one-half below it.
A representation of this may easily be made by
-sutiing a piece of board into an ellipse and
3ben plunging it for haif 1ts lemgth into the
senire of g circular basin of water. The eir-
<umference of the basin would represent the
~arth’s orbit, and the level surface of the water
‘would represent its plane. And as the rim of
he eliiptical board represents the path of Venus,
it ig clear that that portion of her path above

the surface of the water is above the plane of
ihe earth’s orbit, that ihas portion below the
surface of the water is below the plans of the
parth’s orpit. Now it needs no demonstration
.o show that Venus may be at any point of her
orbit when she overtakes the earth. But
wvhether she is . above the earth or

below it, it is equally impossible that
she should come between it and the sun.
That she can do only when she is in the plane
of the earth’s orbit, gnd in the experiment
the mimic Venus will be in that planc only
when she reaches that point on the elliptical
board which is just at the level of the water.
That there are only two such points in her
orbit, and that she must overtake the earth
when she is exactly at, or very near them, in
order to pass between the earth and the sun,
are the reasons that transits of Venus are so
rere. This illustration will help to explain the
accompanying figure.
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The outer cirele shows the orbit of the earth,
and her positions in March, June, September,
end December. The ellipse lying within this,
and inclined to it at an aungle of the one hun-
dreth part of a circle, reprosents the
orbit of Venus. Now it can readily be seen
how, if the planet overtook the earth between
June and December, she would scem to be
below the line joining it and the suun, and if be-
tween December and the following June, ahove
it. And it can also bs scen how, wheu the
earth and Venus are both on the line which the
planes of the two orbits make by cutting each
other, (represented in the ficure by the line
Jjoining the points reached by the earth in every
June and Deccember.) she must pass betwean
the earth and the sun, and thus cause the phe-
nomenon known as a transit of Venunas.

HOW TRANSITS ARE FORLTOLD.

The rarity of thess transits, of course, adds
nothing to the ditiienlty of thewr pradiction.
They are foretold in the same manner as
eclipses. and the periods of their occurrence de-
pend upon the relative times of revolution of
the earth and Venus, combined swith the ineli-
nation ol the planes of the two orbits to each
other. The fizure just referved to will help to
an understanding of this alsa. The earth, wo
will suppose, is ab the point in its orbit marked
“December,” and Venus is at the point in its
orbit marked V. In other words, tha trausit of
1374 i3 just ocenrring. In one year the earth
will return to exactly the same point in its
orbit. But Venus completes its revolution in
224 days. Therefore, when the earih in 365 da ¥s
hasretarned to the point marked Decomber,
Venus will have not only reached V, but will
have passed as much beyand it as tn the noi .
marked 75, whi-h i8 her pasition in thas vear.
In anothar 335 davs the earth will azain veach
the point marked Deceraber. Venus. too. has
in the same period again reached V, but as he-
fore, she Las passed beyond it. and i3 now at
the point marked 78, in which year, az alao
in 79, taere can be nn transit, for reasons al.
ready explained. And this goes on for eight
years, a period of time which is so nearly equal
to thirteen of Venus' years, moaaning thereby
her time of revolution ahout the sun, that in
1582 both Venus and the earth ars almost in the
same positions they occupie:d in 1874, aud there
is consequently another transit. If they were
in exactly the same positions, of course, there
would be a transit every eight vears. But the
departure from perfect equality between eight
revolutions of the earth and thirteen of Venus,
although not sufficient to prevent a transit mm a
single period of eight yeare, will be doubled in
sixteen vears, and then no transit is possibie.
And each year thereafter this departurs is in-
creased, until finally it is eaual to a whole revo-
lution of Venus. This occurs after 235 yoars.
and then there is another transit. Thus it will
be seen that transits occur at the Deceinber sta-
tion of the earth at intervals of eight and 235
years. Eight years from this Desember there
will be another transi:, anl thers was one 1n
Decewmber, 1639—235 years ago. But it will no:
be 235 years from 1332 boefore thers 18 2n0 ther
transit, for it will be remembored that transits
may also occur at the point in the earth’s orbit
warked June. During the 235 years from Da-
cember, 1882, on June 7, 2,304, there will be a
transit, and another eight years aftarit. Then
it will be 235 years from that last dats befors
there can be another Juns transit, and in the
mean time the period for a December transit
will have again arrived. Thus is explained, ic
is hoped, with an approach to clearness, how
transits are foretold, and also why it is that
they eccur in pairs at the mystic period of
eight years.

Supposing, now, that by these methods it is
known that a transit 1s about to o:zur. How
ia it to be utilized in ascertaining the sun's dis-
tance from the earth? There are several meth-
ods in use among astronomers for this purpose,
but before dezeribing them it will be neceasury
to thorougzhly explain

WIHAT PARALLAX IS.

This 18 about the only scientific term with
which the reader need be troubled. aund it can-
not be got rid of, because it is the key to the
whole matter. Once having mastered the mys-
tery of the parallax the rest follows easily, and,
therefore, upon the threshold of thiy sketch, an
attemnt will be made to enable the reader to
get, as he very eaeily may, 2 clear idea of
what an astronomer means by the parallax
of a heavenly body. Going to our Webster,
we find that parallax is, in astronomy, *‘ the
change of place in a heavenly body in conse-

uence of being viewed from different points.”

0 sn asironomer, who knows beforehand what
parallax is, the definition is pertectly clear, but
to one in search of information the explanation
is nearly unintellizible. An illustration may
help the matter. Let 2 man assuice such a po-
sition with reference to some fixed object that a
line drawn from him through it will point ex-
actly north. Now, let bim change his position
to the westward. A line drawn from him to
the observed object mow will mno longer
point north but in some other dircction,
say mnorth-east. Tlis change in the di-
rection of the object 18 the ecftect of parallax.
It is an apparent change of place in conse-
quence of being viewed from different points.
A single other illustration will suflice. Let anvy
sinall object, as a lead pencil, be held in {ront
of the eyes, and at a convenien!, distance from
them for seeing it. Now close the leit eye and
note upon the opposite wall some fixed point
covered by the pencil. Then, closing the
right eye, and opeuing.the left, also note upon
the wall some fixed puint covered by the penoil
when thus looked at. All this tiwme the pencil
has remained unmoved, and yet it will be
found to have  shifted its apparent
position.  on the wall to a degree
whieh will astonish any one whohas never tried
the simple experiment. And this change of di-
rection in consequence of bemg viewed from
different points is- the parallax of the pencil.
The experiment may seem a rude one, and yet
observe how exactly it represents the astro-
nomical phenomenor now heing discussed. For
the head, the earth may be substituted ; for the
eyes, two observers situated as far apart on the
earth’s surface as they camn get; for the wall,
the sun’s face ; for the pencil, Venus, and for
the parallax of the pencil,the parallax of Venus.
As the.observer’s eyes in the experiment with

the pencil are on a horizontal line, of course the
change in the position of the pencil occurs on
a horizontal line also. But it is very easy tosup-
pose that the eyes are in a vertieal position, as
if the observer were lying upon his side, and in
that case the change of position would also be
in a vertical line, which is the sanie as saying
that parallax may be a charge of vertical as
well as of horizontal position. To give a single
example: In the figure, illustrating De Lasle’s
method, an observer at A would see C ic mthe
direction A C, and an observer at B would see
C in ibhe direction B C. The diffcrence of these
directions is the angle A C B, which is the par-
allax of C, as seen from the points A B.

THE RELATION OF PARALLAX TO DISTANCE.

Besides keeping to an understanding of what
parallax is, the experiment with the peneil will
also help us to understand how the ascertain-
went of a body’s parallax gives its distance.
Thus let the experiinent be tried several times,
and at different distances from the wall. It
will be found that the change of direction is
due to the distance hetwecn the eyes, but that
this beina constant, the amount ¢i the peneil’s
displacement on the wall is due only to its dis-
tance from it, and that, consequeutly, as the
distance varies the amount of displacement va-
ries also. Now woe are prepared to say how
the distance of the wall can be calculated
without going to it. For as the apparent mo-
{ion of ihe pencil on the wall is so connected
with its distance from it as that the one de-
pends upon the other, tables may clearly be
prepared from which, when one is known, the
other may he found. Such are the trigonomet-
rical tables in common use, which will always
give the distance exactly when the change of
direction or of place, or, in other words, the
parallax, is known exactly. At the visk of repe-
tition it is again staied that finding an objeet’s
distance and finding its parallax are converti-
ble terms. When the latter is lavge it is easily
got, and implies a small distonce. But when
minute it is found with difficulty, and implies
great distance. The fixed stars, tor iustanee,
are so far from the earth that they have no
appreciable parallax. Aud it may
be added that the run’s horizomal parallax, as
the astronomers call its change of direction nas
seen by two abservers separated by hulf tho di-
ameter of the earih, is almost immeasurably
small. 1t is less, whatever it 15, thaa an angle
01 97,5, or than that angle which o human hair
would fill at a distance of five feet from the
eye. It was an ervor of one-thirtieth of this
last—an ervor, less, that is, than a literal hair's
breadth seen tifty yards off —which caused the
mistake of 3,000,000 miles now known to have
heen made in measuring the sun’s distagee in
1769,

MALLEY'S METHOD.

Having premised thus much, we are now in a
condition 1o consider how the transit of Venus
may be wade available for determining the dis-
tance of the sun ifrom the earth. 1t has been
seen ibat the parallax of the sun cannot be
used for. this purpose hecause of its immeas-

rable smalluess when direetly obtained trom
the carth. Dr. Hallev's metho:l enables the as-
tronomer to employ, insiead of the parallax of
the sun, the parallax of Venus when neavest
the carth, and cousequently when her parallax
is areatest. In faet.ile distance frowm the earth
to Venus is only ubout one-quarter as much as
that to the sum, and therefore her paiallaxis
almost four times as large as his. Let it Le as-
sumed, then, that a transit of Venus across the
sun's disk is actually under inspection from the
carth, The adjoining figure will represent all
the different rejations which are necessary to
the solution of the problem.

HALLEY'S METHOD

Lot S represent the sun, E, the earth, and V,
Veuus, supposed to be moving in her orhit at V
between the sun and theearth. Let A and Brep-
resent thie postions of two observers watching
the phenomenon from the earth, A beingz 2 poiut
neat the North Pole, and D a peint near the
South Pole. It is evident that to these two
abservers the tranzit  will appear to
take place en different  lines. Lo the
observer at A, Veaus will seein o cross the
sun’'s disk on the lite (D, while to the observer
at B she would seem to c¢ross it on the line FG.
And @b, the distance between the limes CD and
F, measures the avgle Vb, which is equal
to the angle AVB, and the ancle AVDB is the
parallax of Venus ag seen {row the stations A B
on the earth., ‘The problew before us is {o see
how the line ab will help us to the distance of
the earth fron the sun. Now, according to the
principles of the geometrical relations of trian-
¢les we have the proportion aV: AV:: «b: AB,
which is equivalent to saying that the line ab
must be just as much longer than the line AB

as  the line «V is louger than the  line
AV, But we know from Kepler's thivd ruie
that AV must be twken 1 and 37

times to equal ¢V, and we may know, by meas-
urement, exactly how many miles. {feet and
inches apart are the stations A avd B on the
earth’s surfece. Cobnsequently, we kuow that if
A and B istaken 1 and 3-7 times, the produst
will equal ab. 'I'he exact length in miles of
ab on the sun's surface has, tiierefore. been
obtained, and the tirst step in the solu-
tion of the problem haz been tuken.
It only reinams to find out if possible what part
wb s of tiie .entire diameter of the sun, and
tuen we should Eonow thia dismeter in :siles.
We do know the wnular diamneter of the suu;
thut is, we know tise angie made by two lines
drawn trom the eye to the extvemities of the
sun’s diameter is equal to 32. The radius of
the san is therefore 1(3’. It the observer, theu,
at A had timed with great precision the ingress
of the planet at C and its egress at D, be would
know the time occupied by Vevus m traversing
the line C D. Then, knowing the rate at which
Lhe earth and Venus move in thew orbits in
minutes, not in miles, he can tell the exact
length of CD in minuies. lu like mauner the
length of FG can be deterwsined m miuutes.
From these lengths it is casy for a geomeirician
to derive the lenxth ¢t b, the distance between
the two lnes, iv wiuutes. Butwealready know
«b in wiles, and from these two values of the
same quantity we can easily ascertain how
many miles are due to each second of are at the
distance of the sun. It is about 450 milea.
Hence the angle subtended by the earti’sradius,
which is catled the parvallax of the sun, must he
the quotientof 43V wiles contained in the earth’s
radius, namcly something rather larger than
87.5, eorresponding, according to Eucke, to

a  distauce  of  absut  U5.274,000 niles.
Such is substantiaily, though nut exact-
Iy, the process by which ihe sum's par-

allax, and therefore the sun’s distance, is ob-
tained 1romn the transit of Venus according 1o
Halley's method. 'fhere are numberiess con-
siderations connected with the process which
cannot be bere explained. It will of coursz he
undersiood thai such complicationsas arisy from
the elliptical rather than circular iorm of the
orbits, the real inequality of the meotion of
Venus and the earth in their orbits, the aet of
the earth’s being constantly turning and chang-
ing the observers’ positions whecherthey will or
no, apd many other sumilar details, can only be
mentioned here by way of suggestmg how ex-
cessively intricate are the actual computations
which the astronomer must make. [t
was said that the distance of the
earth was “about™ 95,274,000 miles. It will
of course be understood that the inesactnessof
expression arises, trom the tact thut the sum's
parallax is kunown to.be ouly ‘“about” 5.5,
After the transit, the astreuvmers hope to be
abie to say exactly what the [,)ara,llax is, and
theu they can compute the sun’s distance ex-
actly. At present they ounly knew that 95,274,000
oi miles is ailmost threc per cent. too larye to ex-
press the sun’s true distunce from the carth,
Although the explanaticn of Halley’s method
has becn wmade as simple as pessible, it is quite
likely thut the necessity of vlosc reference to
the figure will perplgx those not revently ac-

custowmed to geomectrical discussions. A
demonstration may Dbe given which is
substuntially the same as the above,

and which yet requires mno figure. It
is cJear that 1 the case of iwo obscrvers at
dafferent stations, Venus will appear to describe
two paths in her transit across the sun. But
when one of these stations is in the far north
and the other in the far south, one of these
gaths, which are both chords of the sun, will

e further from the sun’s centre, and conse-
quently shorter, than the other. The duration
of the trausit, so fa3 as this effect is concerned,
is directly proporitioned to the length of the
chord traced out by Venus. Thus frow observ-
ation we obtain the lengiiis of these chords;
and by geometry we can deduce the least dis-
tance between ihe centres of the sun and Venus
at each of the fwo stations. and hence we
can determine the sun’s parallax. In leav-
ing this method it may be said that its chief
excellepoe is it great accura,cg, which
consistg in this, . that in one second of time.

Venus moves, over only about 0”.02, and if even
an error ot a whole sccond is made in noting
the time of ingress or of egress, the sun’s paral-
lax is measured with an error of no miore than
.02 of a seccond of are. But it has its disad-
vantages also, among which are the necessity of
observing the whole transit, and these have led
the English astronomers to use this vear

DE LISLE’S METHOD,

Which is far simpler than Halley’s. It takes
advantage of the fact that the ingress
ol Venus upon the sun will take place
later when scen iromm some parts of the
earth than from others, and 1t uses the orbit of
Venus as a vast protractor for measuring smail

angles. It will Dbe best to precede the
detailed exposition of the method bv
an illustra‘ion. If we suppose a per-
son looking at a vemote olject—say a

lighted window—from a distance of half a mile
or rather more, the distance between lis eyes
hears mnearly the same relation to that of the
light from themn that the distance between any
two stations practically usable on the earth
does to that of the sun. Accordingly, the diifi-
culty of obtaining the sun’s parallax without
moving from off the carth is quite comparable
to that the observer would experience in trying
to measure the distance of the light without
moving from his place. To prevent tl'xe prob-
lem being quite meapable of selution, he
may be granted all the help the astromo-
mer will derive from the transit of
Vonus. Her motion may be represented by
a car moving at a uniform rate, on a circular
track, between the light and the observer. If
the car pass across the light from left to right,
{as Venus crosses the sun,) it will, of coursc, cut
off the observer’s view of the left side of the
window firom the left eyve first, and if the motion
of the car is slow enough, we may suppose him
io note thie exact time Jrom that instant
hefore the sight of the same point by the
right eye is intercepted. Now, if he knows
{rem previous watehing how long it takes the
ear to make a whole cirenit of’ 3602, he ean tell
from his wateh just what fraction of 360 1t went
over in pass'ng, or int its shadow passing, from
one vyo to the other: and this certain fraction
of 2697 is the mensure of the anvle which the
distance hetween his eyes wounld appear to sub-
teud as seen irom the light. Buf that is ihe
parallax of the light, and it gives him its dis-
tance at once when ibe distance between the
oyes—the base line—is known. Now to apply
this on a grander scale. We know that the
earth revolves about the sun in 365 daya, anad
Venus in 224,  But it will be simpler to take no

account of the eartl’s revolution, but to
suppose our globs to stand etill  with
reference to Venus, in which case the

revoliition of Venus relatively to the earth, the
synodical revolution, in astronomical language,
is 584 days. Now, as Venus passes through
360° in 58} days she, of course, passer through
1-584 of 360° in one day, and by dividing that
quotient by the number of minutes in a day we
can get the length of her path in one mnute,
and it 18 found to be about 1.54 of are. That is
ihe rate at which theshadow of Venus (coulil she
throw one so far) wonld pass over the eavth as
seen from the sun. Itis necdless to say that
the path of the shadow of Venus across the
ecarth cannot be observed, for the lighs
of the sun will blot it out, but the instant at
which an observer has his view of the edge of
the sun interrupted by Venus is clearly the
instant at which this imperceptible shadow will
reach his eye.

DE L'ISLE'S METHOD

e

Now., in the adjsining cur. we are snpposed to
be hifted above the sun, earth, and Venus, ard
to look down wpon what occurs as from an
immenae halloon. & represents the sun, V
Venus, and E the earth, upon which A is sup-
posed to he the position of an ebserver upon the
extreme left or castern side of the globe, and B
the poaition of an obsrerver at the centre of
the globe. C rvepresents that point upona
the rim of the sum’s disk at whih Venns
appears to bezin her transit, and the angle at C
is the angle which the earth’'s semi-diameter
would fili to an cye at the sun, or, in other
worris, 1t is the solar parallax, for it representa
the difference in the directions m which the sun
would be seen by the two observers. Now.
suppose the observer at A has his view of C
interrupted by V coming into line with it at
exactly 9 o'clock. The observer at B ean stil
sce C clearly, Lut in say 531 minutes Venus haa
progressed to V', and then B has his view of C

intevrrupted by the interposition of the
}\nl:mpt. But since, as  has been seen,
“enus passes over 1751 in each minute,

in 5% minutes ske has passed over 8785, and
this uangle represents the ditferencs of divections
in which the sun will be seen by the observers
at A and B.  And the astronomor, on referring
to hia solar tables, will find that such a differ-
ence of direction could only be causud hy an
ohjueet nearly 92,000,000 miles away. Ttis hoped
that the trausit wiil show how much the angle
87.85 must hie changed in value to insure its ab-
solute corrvectness, and then the distance ean
also be obtained from the solar tables with
equal exaciness. It only remains to be added
that in practice the observers need not he placed
at the extreme edge and centre oi thie earth,
since the efiect of distances greater or less than
half a dizmetar can he easily allowed for. RBut
this is only one of the many ecomplicating cir-
camatances which simplicity demanded shonld
bLe emitred,

TIIE PHOTOGRAPIIIC AND HELIOMUETIGC )[!{T"ODS..

Two methods remain to be deseribed, and the
four, with their variations, will inclnde all the
methods, ancient and modern. by which the
transit of Venus is utilized inobtaining the snn's
distance. The photographic method appeils
larzely to our national pride, fer it was origi-
nally proposed by Mr. L. M. Kuntberfurd, of thiis

City., and to it the attention of the
American  observers has  heen  principally
devoted. Scuie idea has heen  given
of the almost  inconccivable  delicacy

of the measurements which are to be made, and
the diftieulty is a thousand-fold enhanced by the
necessity of making them instantly, as the pen-
alty of losing. perhaps, the only chance in 2 cen-
tury. DBut suppose a lurge namber of insianta-
ncous photosraphs of the sun with Venus on its
face are taken. It is easyto see that by dom-
bining the photograpis whieh represent the dif-
ferent positions ot Venus during the transit, a
Pex‘feet]ycxm-t mapofthe apnarent pathwaymay
he made. Here we bave something that can be
taken home and wessured at leisure, for the
seusitive plate isan observer which does not get
fiurried, is perfectly impartial, and whose obser-
vations are permanently rccorded. Of course,
it is impossible to photograph the sun directly,
and it the lens of a common telescope were used
to produce the image of the suun upon the s-nsi-
tive plate the picture would be too small for ac-
curate measwrement. Mr. Rutheriurd avoids
the difficulty by using a telescope nearly torty
feet in length. So lung a telescope is far too
unwieldy to point at the sun. It is iherefore
fixed in a horizontal position, and tie rays of
ihe sun are thrown throucsh it by a mirror. An
image of the sun about tour inches in
dioweter is thus prodiced. The mirror is
simply a piece of finely polished glass, without
any silvering whatever. It ouly retlects about
one-twentieth of the sun’s light, but so intense
are his rays that his picture can be taken iuless
than the tenth of a seccond. The most difficult
operation in the construction of the apparasus
was the polishing of the mirror, for if it should
deviate but the ope hundred thousaudth of an
inct from perfect flatness the error would be
fatal. Thewscale of the picture is deternined
by actually measuring the distanrce between the
object glass and the photograph plate.

'he exact measurement of the distances of
Venug’ edges from the opposite edges of the
sunis another way of obtaining the distance be-
tween the centres of the sun and plancts. The
heliomotric method consists in measuring these
distances directly with the heliowmeter, an in-
strument which cannot be had in- this country
at all, ard which English astronomers’ deseribe
as being both complex in construction and dithi-
enlt to use. IFurther description of it may
therefore be spared, cxcept to say that it fur-
nishes two images of the sun, and gives the
weans for measuring them exactly according
to scale. 'This instrument will be used by the
(iermans, Russians, and Lord Lindsay, an Eng-
lish nobleman who fits out a private expedition,
and not at all by the Awmericans, English, or
French.

Haviug now completed a review of the meth-
ods by which Venus’ transit will be utilized, it
will be suitable to examine the

DIFFICULTIES TO BE ENCOUNTERED.

by the observers. It may be premised that an
astonishing degree ol accuracy was long ago
obtained. The angle which represents the
error Kepler found in the sun’s parallax as then
known would correspond to that filled by the
page of an ordinary octavo volume at the dis-
tance of nhalf 2 mile from the eye, and the error
now admitted as probable by Prot. Newcomb,
a great American authority on such mat-

ters, would correspond to that filled
by the edge of the same leaf at
the same -distance. ‘The whole angle

of the parallex which is to be measured only
equals 87 ur 97, and its value is already known
to within: one-tenth of a second. What is de-
sired is -to make the measurement exact to
within a hundredth of a second of arc. An ex-
ample will give an idea of the excessive small-
ness ,0f these angles. A second of arc is the
anele filled .by a silver half' dollar at the dis-

tance of nearly four miles. A tenth of 3 second
of arc is the angle subtended by the same coin at
the distance of forty miles, and the error in the
parallax is probably not more than a tenth of a
second. A huandredth of a second, which is the
degree of accuracy aimed at, is equal enly to
the angle filled by a human hair at the dissance
of a mile. But there are other obstacles to be
encountered besides the excessive accuracy of
the necessary measurements. Observations
upon the sun are attended with peculiar difti-
culties. Its surface, instead of being a perfect
globe, which would present to the earth the
appearance of a disk with a sharply-
detined  outline, 18 compused of gases
in a fearful state of agitation and
combustion. The edges of the disk are
ragged and irregular, and it is therefore difficult
to tell the precise mstant wben the first contact
of Venus with the sun takes place. Moreover,
it is impossible to see Venus until after the con-
tact has actually begun, because her dark side
is turned tow:rd the earth. These are difficul-
ties attending the ‘“cxternal coutacts,” as are
called those phases of the transit when Venus is
just touching the sun, but is yet wholly outside
of it, the ‘“‘internal contacts ”’ being those phases
when  Venus is  just wholly inside the
sun’s ring, and is about to separate
her edges from bis. And. like the external
contacts a peeculiar difliculty, known as the
“black drop,” is found to atiend the determina-
tion of the precise moment of internal contact.
The black drop is an optical illusion by waoich,
when it would seem that Venus ought to be
clear of the sun’s edge, she yet appears to cling
to it and to pull it out of shape, something as a
drop of ink distorts the poiut of a penin fall-
ing from it. It can rcadily be scen how such
an appearance as this would disconcert those
who were expecting, in 1769, that the edge of
Venus and the edge of the sun would appear
as sharply defined as the edges of two circular
coins brought in contact with each other. Bug
the difficulties attending rthe observations of
both internal and external contacts are now
provided for. For determining the exact instant
of the latier, the spectruscope will be used, ae-
cording to a plan which Prof. Young conceived
during his cbservation of the eclipse of 1869,
It is well known that it the spectroscepe be
turned upon the hody of the sun a spectrum is
{urnished which is crossed by vlaci lines.  But
it'it be turned upen the gaseous envelope which
swrounds the sun a spectrum of bright
lines is seen. wlnch have all been located
and named with great exactuess. If now the
spectroscope is so arranged that no light can
reach it exeept from that portion of the
gaseous envelope which Yenus must cross
the instant before she enters upon the
true disk of the  sun, she muat
m her passage obstruct that light and constant-
Ir blotout the Lright lines of the spectrum.
The moment of their total extingnishment must
be the woment of external contact. The phe-
nomenon of the black drop will also cause less
ditficulty in estimativg the true time of internal
contact now than formerly, partly because it 18
expected, amdl partly because its na-
ture is  better  understood. It was for-
merly thought to be due to the atmosphere of
Venus., but it is now known to be caused by
irradiation, in the sawe way that a very thin
platinum wire, when  lLieated to an
mtenve degree by electricity, scems to be
ahout  the  thickness of  a pencil to
thuse who are regarding it from a distance. In
order to accustom the observers to this distor-
tion of Venuwr' dusk by the black drop, an artifi-
cial planet was made to move by clock-work
over an artificial representation of a portion of
tire sun's disk. The apparatus was set up at a
distance of half @ mile from the observars m or-
der to give the effect due to atmospheric
undujations. ‘This instrument has both thrown
a great deal of light on the (uestion of the
black drop and has also given the observers
much preliminary practice ;n the observations
they will have to make on thie day of the transit.
Maupy otner difliculties whieh embarrassed the
observers of the last transit wiil be obviated by
the improvemems of modern astronomy.
Among them may be mentioned the following :
The matruments will be of better qguulity, and
witl give much more clearly-deiined images ;
the chronograph will help to measure time to
hundredibs of a second as easily and accurately
as tenths could Lefore be measured, and tinally,
not to 8peak of lesser improvements, the
meaus for obtaining the exact iongitude of the
stations of the differcnt obscrvers are much im-
preved, and in sowe cases will be almost per-
teet, owing to the uec of the telegraph.
PREPARATIONS WHICH HAVE BEEEN MADE.
Having tuus outlined what the astronoincrs
expect 1o see tais evening, and how they will
make use of it, with a view rather to elearness
of apprehension bv the reader than te auy ap-
proiwch to scientitic aceutacy, it will be appro-
priate to give some idea of the preparations
which have been made tfor the oceasion by the
various nations of the world. The Engiish were
the first to take action in the matrer. As far
back .as 1857, Sir George Airy, Astronomer
Royul, had sketched a general plan of op-
crations, and in 1370 his instruments
were in process  oi  construction. In
1269, the Russians aud Prassians took prelimi-
nary wmeasures, ald it was not until the Naval
Apvropriation bill ot IST] was passed that our
own Government took any ofiicial notice of the
trapnsit. Then a commission was appointed,
consisting of the Superintendent and two pro-
fessors ot the Naval Observatory, the Superin-
tendent of the Coast Survey. and the President
of the National Academy of Science. to make
all necessary preparations, and an appropria-
tion of ¥150,000 was wade for this purpose, be-
sides giving the services of naval vessels for
the transportation of the observers aud their
siores and instruments to the places selected.
The selectivn ot the places of observation was
u matter which ealled for the exercise of 2 high
degree of judement. They must be so geogra-
phically situated as to make it possible to sce
the transit ; they must be chosen with a view
to favorable atmospheric conditions: they
must be on solid land, for the observers cannot
work on shipbosrd. And as the recent cor-
respondence of Tune Times has shown, even
when the places chosen satisfy all other condi-
tions, it may be  impossible to land
observers at them, or to subsist them
when once landed. All these matters were
carefully weighed, and it was determined
thut of the eight parties which were to be sent
from the United States, five should go to south-
ern and three to northern stations. Suitable
northern stations were easily found, for the
transit will be visible over all of China, Japan,
and Northern India, but in the sonthern Liewi-
sphere there was considerable ditheulty in
choosing etations, as the localities where the
trausic will be visible are mostly in mid-ocean.
The {toilowing are the names of the prineipal
American  observers and thewr  situation:
Wladiwostok. Siberia—Prof. 1all, of the Naval
Obscrvatory, assistad by Mr. O. B. Wheel-
er, of the Lake Survey. Pekm, Clina—DProf.
J. C. Watson, of Ann Arbor. Nagasaki—Prof. (.
Davidsan, assisted by Mr. O. M. Tittman., The
tollowiug are the Southern stations: Camnpbell-
town, Tasmania—Capt. Laymond, oi the United
States kinginvers, assistod by Lieut. Tilman.
‘Lhis party 1siled to make their provosed lund-
ing at Urozets on account of stormy weather,
and the party were landed on kerguelen’s
Island. Hooart Town, tasmanin—Proi. Hark-
ness, of the Naval Observatory, assisted by Mr.
L. Waldo., of Columbia Coilege. NKerguelen's
Island—Lieut. Commanders Ryan and 1rain, of
the United States Navy. Blufl' Harbor, New-

Zealand—Prof. C. H. F. Peters, of Hamil-
ton College, New-York, assisted by Lieut.
Boss, of the United Staies Engineers.

Chathaw island—Mr, Kdwin Sinith, assisted by
Mr. Scott, both ot the Cuasi Survey. Halley's
and the plotographic methods will be clietly
used by che Amcricans, The English chiefs ot
observers and stations are as follows: Egypt,
Capt. C. O. Browne, R. A.; Sandwich Islands,
Honolulu, Capt. G. L. Tupman, R. M. A,, and
Hawaii, Igrof. G. Iorbes ; Rodriguez, Lieut. C.
B. Neate, R. N.; Christ Church, New-Zealand,
Major H. Palmer, R. E.; Kerguelen's Island,
Christmas Ilarbor, Rev. S. J. Perry,
and Port DPalliser, Lieut. C. Corbet, R.
N. In additivn to these, Lord Lindsay
fits out o most completely-appointed private
expedition to Mauritius, and it is possible that
Mr. Proctor will make photographic obgerva-
tions at & station in Northern Indaia, 't he method
gonerally used by the Enelish is Del Isic's.
Under the lead of M. Dumes the French wiil
occupy stations at the iollowing places, under
the charge of the astronomers named in connec-
tion with ihem: Cawpbell Istand, M. Bouquet
De La Grye; St. Paul Island, M. Moucher;
Pekin, M. Fleuriels: Yokobama, M. Jann-
sen, and also stations at Tientsin, Sagou,
Nuwea, and Nukahiva, in the Marquesas..
‘The photographic and De 1’ Isle’s mcthod
will be used by the French. The Germans, un-
der the superintendence of Dr. Auwers, will
use the heliowetric method chiefly at the fol-
lowing stations: Chefoo, Kerguelen’s Island,
Auckland Islands, Mauritius, lspahan, Aden,
and perhaps a station in Japan. The Prussians
will also use the heliometer at some twensy-
seven Siberian stations, and-the whole expedi-
tion is in the charge of M. Otto Struve. The
Dutch send one expedition to the island ot Bour-
bon, and the Italians send three, abvut which
little is known, and which are equipped with
spectroscopes. 'I'here being su many siations it
is almost wmpessible that unpropitious clouds
will prevent c.besrvations at all of tliem, and as
the most muicable interchange of results may
be counted upon, it is most likely that this prob-
lem will now be solved.
RESULTS OF PREVIOUS TRANSITS AND OTHER
METHODS. "
In this connection i will not be uninteresting
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to 'glance at what has "been previously done in
discovering the sun’s .distance. The ancients
held the most absurd ideas upon the subject.
Herodotus says the sun was thought to be five
wiles away, and to dritt southward, each year,
as if retreating. from the northern winds.

Aristarchus, +who flourished about =270
. - deduced from measurements
of the triangle formed by +the sun,

earth, #nd moon, when the latter was exactly
half full, that the sun was tweuty times more
remote than the moon. Ptolemy, from some
ancient obscrvations of eclipses, concluded that
the rolar parallax was 3, corresponding to a dis.
tance of 1,200 sewmi-diameters of the earth, and
this grossly erroncons measurement was aceept-
ed as true until the time of Kepler. His discov-
ery of the relative distances of the planets first
made possible the application of the transit of
Venus to the --solution- of -vthe - problem,
and by the aid of his Rudelphine tables-he made
the fitst prediction of a transit of Venus, bat as
it took place after the sun was below the hori-
zon in Europe it was invisibie there. After this
the matter seems to have dropped trom general
attention. But Jeremiah Horrox, a young Eng-
lish curate, who had the taste and learning
necessary to a successful pursuit of astrono-
my, suspected that a transit would occur
in 1639, although none was foretold, and he ac-
quainted his iriend Crabtree, of Manchester,
with what he thought upon the subject. These
two young men were the only persons who saw
the transit of 1639, Horrox prepared himself
to observe it by so arranging a telescope as to
throw an image of the sun (ahout six inches in
diameter) upon a screen in a darkened room.
His caleulations indicated that the transit would
occur on Nov. 24, (old style,) but he kept watch
from the 3d, 80 as to prevent
all disappointment. The 24th was Sunday,
but although he kunew he was watching for
what no man then living could hope to see
again, he left his telescope to perform his cleri-
cal duties. On his return he went instant-
ly to his darkened room, and therg, in his
own words, “an opening in the clouds, which
rendered the sun distinetly visible, scemed as if
Divine Providence encouraged my aspirations,
when, oh ! most gratifying spectacle, the objeet
of 80 many earnest wishes, I perceived a new
spot of unusual magnitude and perfectly round,
which had just entered wupon the left
limb of the sun.” His observations were of
great value in correcting the tables of Venus,
but his estimate of the distance of the sun at
7,900 diameters of the earth, was mecessarily
very erroncous, as it was the woik of a single
obgerver, and no good result can be obtained,
as has been shown, by less than two who are
widely separated. But Halley was the first vo
see clearly wlias an unequaled opportunity for
determining the sun’s distance is afforded by a
transit of Veanus, and in a letter written in
1672, from St. Helena, whither he had been
sent by Charles II. to make a catalorue
of the stars of the southern hemisphere, he pro-
posed the method which bears his name, but
which hs knew he could not live to apply. The
importance of the cransit was, however, im-
ressed upon astronomers by lom, and, as the
ong-expoected Sth of June, 1761, approached ex-
editions were sent out to observe the transit
y France, England, Denmark, Sweden, and
Russia. But their observations were deprived
of a4l correctness by the black drop, and
when an error of ope second Wwas
hardly expected there was an actual one of
tweaty or thirty. On returning home and com-
puting their observations the English observers
reported o parailax of 8.5, and.the French of
10.5. These are the extremes of all the ob-
servations, and as the corresponding estimates
of the sun’s distance varied from &3,000,000 to
108,000,000 of miles, it will readily be secn that
not much certainty bhad yet been obtained.
But, undismayed, preparations were again made
by the various European Governments to
observe the traunsit of 1769, The com-
mencement of this transit was visible in
thiz country, and, under the auspices of the
American Philosophical Society, parties of ob-
servers were stationed at Norristown, Phila-
delphia, and Cape Henlopen. ‘I'be observations

-they made have the appearance of being very

accourate, but they were also very discordant
f10in the European observations. The obhserva-
tions of the several parties in 1769 agreed very
well, and seemed to indicate a parallax of about

875, - but half a century clapsed betore
the results were ecompletely worked up.
In 1824 Encse undertook  the task,

and the value of the solar parallax, as re-
ported by him, was 87.5776, corresponding to the
distance ¢o familiar to all who were at school
twenty years ago. This value was unquestioned
for more than thirty years, but then an error
was suspected from the unanimity of the values
given by several other methods for caleulating
tue sun’s distauce. One of them was the aber-
rations of the moon in its orbit, which Han-
aen, in 1854, showed could not be accounted
for except by supposing that the sun wasg
nearer 1o the moon than was supposed by
about onec-thirtieth of its entire dis-
tance. Another method was by measuring the
velocity ot light. Reecent experiments made in
France by Foucault and Carew have proved
that light travels about 185,000 miles in & sec-
ond, and we know that it consumes 498 seconds
in coming to the earth from the sun. This
gives a distance ot Y2,515,000 miles, and a solar
parallax of ¥”.86. Alwost the sume result was
reached in 1862, when the solar parallax was,
with the aid of the planet Mars, tound to be
87.85. From the general accordance of these
and various other methods, it is  almost
& certainty that Encke was wroung, that the
solar parallax lies between the limits of 87.82
and 5.86, and that the sun’s distance is some
where between 92,200,000 and 92,600,000 miles.
TLis is all that can be said until the results of
the transit of 1874 are thoroughly worked up.
Individual parties may complete their compu-
tation sooner, but it is not probable that the re-
sult of any gencral comparison of observations
can be made known much before the year 1876,



