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PREFACE.

———

THIS WORK is intended to be partly historical and
partly explanatory. So far as I know, no book has
hitherto been published.in England giving a com-
plete account of the transits of 1639, 1761, and 1769,
and of the various interesting circumstances connected
- with them. This want I have endeavoured here to
meet, illustrating by maps the conditions under which
those transits were obsetved. In the chapters re-
lating to the tramsits of 1761 and 1769, I sketch
the causes of the partial failure of the observations
then made, and give an account of the attempts made
in recent years to reconcile those observations with
the present estimate of the sun’s distance. = It will be
observed that in dealing with the latest of these at-
tempts I adopt the opinion of Continental and American
astronomers, no longer regarding that attempt as in
any sense removing the difficulties recognised before
it was made.

In Chapter IV. I have given a simple account of



vi PREFACE.

the principles on which the recurrence and observa-
tion of transits depend.

In the last chapter I carry on the history of the
subjéct to the present time. It would be impossible,
as Sir Edmund Beckett points out in the latest edition
of" his fine work ¢ Astronoiny without Mathematics,” to
present the subject adequately without a short account
of the occurrences of 1869 and 1873—now belonging
to - the histbry of transits, and instructive in many
respects. It has seemed to me best to quote the
original papers of 1868 and 1869, and then briefly
sketch the progress of events which led to the arrange-
ments finally adopted.

The plans of the -various scientific nations for
the transit now at hand are worthy of the occa-
sion. Astronomers attach just value to the beautiful
method of Delisle, while not losing sight of the
favourable opportunity presented for applying the
simple method invented by Halley. They have
wisely noted the fact that all the best Halleyan
stations are excellent also for Delisle’s method, and
have taken such measures, that if bad weather should
prevent the beginning or end from being both ob-
served, one or other may still be utilised. In this
way new Delislean stations have been obtained by

the very arrangements which provided for the em-
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" ployment of Halley’s method; and thus the chance

of absolute failuré through bad weather has been very

largely diminished. The long-neglected region in North

India has been occupied, and useful observations will
doubtless be made there. Southern observing-stations

are also now amply provided for—first-class Halleyan

stations having been quadrupled in number since last

year, when it was pointed out that the want of them

endangered the whole scheme of operations.

The suggested Antarctic expeditions for viewing
the transit of 1882 have been very properly aban-
doned.

A brief account is given at the end of Chapter V.
of the' conditions of the transits of 2004 and 2012.

RicHARD A. PROCTOR.
Loxpox : October 1874.

For the use of Plates X., XL, XIL., XIIL, and
XI1V., I have to thank the Editor of the ¢ Astro-
nomical Register,” Rev. S. J. Jackson. These pic-
tures originally -appeared in the ¢Illustrated London
News,’” for which journal I drew them. Electros
were supplied to Mr. Jackson for use in the ¢ Re-
gister,” and were lent to me by him. These plates
have also appeared, slightly reduced by some process
unknown to me, in the New York ¢ Daily Graphic.’






CONTENTS.

CHAPTER
I. TRANSITS OF THE SEVENTEENTH CENTURY. . . .

« II. Tee Teansit oF 1761 . . . . .
III. Tae TransiT oF 1769 . . . . . .
IV. OrF Tmsm: AND THEIR CONDITIONS . .

V. Tae Comixe TraNsiTs . . . . . . .

TABLE
I. TeaNsiT oF 1874. PLACES FOR OBSERVING EARLY HE-

GINNING . . . . . . . .

II. Traxsit oF 1874. PLACES FOR ORSERVING LATE Bk-

GINNING . . . . . . . .
III. Transit orF 1874. PLACES FOR OBSERVING EARLY ENDING
IV. TraxsIT oF 1874. PLACES FOR OBSERVING LATE ENDING

V. TraNsiT oF 1874. PLACES FOR OBSERVING GREATEST AND

LEAST DURATION . . . . . . .

VI. For DETERMINING THE SUN'S DISTANCE CORRESPONDING

TO ANY GIVEN PARALLAX . . . . .

235

ib.

236

ib.

238






ILLUSTRATIONS.

- PLATES.
PLATE ) )
1. Chords of transit in 1631, 1639, 1761, 1769, 1874. 1882,
2004, and 2112 . . . . . . Frontispiece.

PAGE
II'  Chart of the transit of 1631 To face each other [ 12

III

“ ) 1639 between pages 13

Iv. » “ 1761 { 16

V. N . 1769 J ’ 47

VL " » 1874 } S 92

VII " " 1882 i L g3

VIIL ” ' 2004 S92

IX. ” w2012 J ” U3
X. TIllustrating passage of Venus's shadow-cone over earth

in 1631, 1639, 1874, and 1882. . To fuce page 119

XI. Transit-chords, &c., in 1874 and 1882 . . " 125

! Plates II.—IX,, and Plates XVIIL., XVIIL, are to be arranged
so that all the titles, TRANSIT OF 1631, 1639, &ec., lie towards
the left when the book is opened between any pair of plates and held
in the usual manner. Plate XX. is to read the other way; that is,
it is to have its title, Plate XX., towards the right.



xii ILLUSTRATIONS.

PAGR

PLAYE
. XII. Sun-view of the Earth at beginning
of transit of 1874 { 75, fuce each other 126
XIII. Sun-view of the Earth at end of [ s rven pages 127
transit of 1874
XIV. Sun-view of the Earth at beginning
of transit of 1882 126
XV. Sun-view of the Earth at end of ” { 127
transit of 1882
XVI. The Earth’s passage through Venus's shadow-cone during
the transit of 1874 . . . . To face page 145

XVIL The transit of 1874, beginning . \ Zo face cach other (116

XVIIL » - end . } between pages 147
XIX. Paths of Venus's centre across Sun's disc, as seen from

twelve stations, in 1874 . . . To face page 151
XX. The same in miniature, shown on the Sun's disc 152
WOODCUTS IN TEXT.

FIG. PAGE
1. Paths of Venus and the Earth 2
2. Transit of 1639, as observed by Horrocks 21
3. o 1761, as computed by Halley, and as observed 37
4. Illustrating conditions of same, as computed by Halley 38
5. Projection of same on Halley’s mistaken assumption 39
6. Three views of ‘black drop’ . . . . . 57



ILLUSTRATIONS. xiii
FIG. PAGE
7. Venus distorted (Mayer) . . . 61
8. The ‘black drop’ as seen by Bayley . . . . 62
9. » » Hirst . . . . 63
10. . . Bervis . 63
11 and 12. Explaining formation of ¢black drop’ ... 64
13. Illustrating determination of Sun’s distance by transit obser-

14.

16.
17.
18.

19.

20.
21,

27,

32.
33.
34.
35.
36.
37.

38.

vations . . . C . .

Nlustrating effects of Earth’s rotation on Venus in transit

. Conjunctions of Earth and Venus. .o . . .

Showing transit-regions of Earth’s orbit . .
Tlustrating occurrence of transits . . . .
Regression of conjunction-lines over transit-regions .

Position of conjunction-lines in years 1870, 1871, 1873, 1874,

and 1876. . .
Venus's shadow-cone .
29, 23, 24, 25, and 26 fall in Plate X. . . . Sacing

28, 29, 30,and 31. Illustrating passage of Venus’s shadow-cone
over Earth in 1761, 1769, 2004, and 2012.

Showing Halleyan poles midway between Delislean poles .
Illustrating case unfavourable for Halley's method . .
,, - interaal and external shadow-cones . .o

Internal und external shadow-cones .
Explaining Plate XVI. . . . . .
Illustrating construction of Plate XIX. .

Trausit of 1882, ingress . . . . .

94
98
102
106
107

110

115
118

119

124
131
136
140
142
145
148

154



xiv

FIG.

ILLUSTRATIONS.

39. Trapsit of 1882. egress .

10. Effect of rotation on progress of a transit .

41,

42, Illustrating the plmt: graphic and direet methe.d

43.

’”

position of transit-chords

i)

.y

<

PAGE
155

158

208

209



TRANSITS OF VENUS.

CHAPTER L
TRANSITS OF THE SEVENTEENTH CENTURY.

As soon as the Copernican theory of the solar system
was established, astronomers perceived that the inferior
planets, Mercury and Venus, must from time to time
appear to cross the face of the sun. For although on
most of these occasions when either planet passes
between the sun and the earth, no transit was-to be
expected, the planet either passing above or below the
face of the sun, yet it could not but happen that; in
the course of many such conjunctions, the planet
would make a passage at so small a distance north or
south of the sun’s centre as to appear for a time to be
upon the sun’s disc. To iake this clear, without
entering into any nice details at this stage, let Ee and
vv (fig. 1) be the paths of the Earth and Venus,
B .

254
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appear to cross the face of the Sun. But in the course
of many conjunctions there must be some which take
place when the two planets are thus placed; that is,
either near v/ and E’, or near v and ¢. Similar
remarks apply to the case of Mercury.

This was early perceived by the followers of
Copernicus. The Ptolemaic system did not, indeed,
preclude the possibility of such phenomena as transits ;
but since the older astronomers regarded the planets as
ghining by their own inherent lustre, it was not to be
expected that, even if a transit occurred, the planet
would be discernible while crossing the sun’s face.
And as in reality the Ptolemaic system gave no means
of inferring the relative distances of the several planets
(including the sun'!), there could not even be any
certain assurance that Venus or Mercury ever came
between the earth and the sun. It was only by a
mere assumption that the old astronomy assigned to
the sun a sphere outside the spheres of Mercury and
Venus.

Still we find that, even so far back as the ninth
century, Mercury was supposed to have been seen as
a dark spot on the face of the sun. Doubtless one of
those large sun-spots, which from time to time are
visible to the naked eye, had attracted attention, and
was regarded by the ignorant as caused by the passage
of one or other of the planets, Mercury or Venus,
between the earth and the sun. Venus being probably

! The sun and moon were ‘ planets’ in the old ast.ronomy, and we
still find traces of the usage in some modern expressions.

B 3
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conspicuous at the time, either as a morning or evening
star, the less familiar planet Mercury afforded a con-
venient explanation of the dark spot. The account
of the phenomenon accords well with the belief that a
solar spot was seen, for we are told by the author of
the ¢ Life of Charlemagne ’ that Mercury was visible
as a black spot upon the sun for eight consecutive
days in April of the year 807. Kepler, who was
perfectly well aware that Mercury moves too rapidly
to remain even for as many hours on the sun’s disc,
endeavoured to show that the expression originally
used in the manuscript had not been octo dies, but
octoties, a barbaric form of octies, for ¢eight times.’

It is now well known that Mercury is far too
small to be seen by the naked eye when crossing the
gun’s disc. And this fact disposes of the statément
made by the famous physician Ebn Roschd (commonly
called Averroés), in his Ptolemaic Paraphrase, to the
effect that he saw the planet on the sun in the year
1161, at a time when Mercury really was in inferior
conjunction. We need not, however, question the
veracity of the learned doctor, seeing that Kepler him-
self supposed he had seen the planet upon the sun on
one occasion. When, a few years later, the existence
of sun-spots was detected by the telescope, Kepler
admitted that in all. probability he had seen such a
spot, and not the planet Mercury.

After Kepler had completed his Rudolpbme tables
of the planetary motions he was able to arrive at
tolerably accurate results as to the epochs of the
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transits of Mercury and Venus over the solar disc.
In fact, he announced, in 1627, that in the year 1631
both Mercury and Venus would pass over the sun’s
face—Mercury on November 7; and Venus on De-
cember 6; and that in 1761 Venus would again pass
across the face of the sun.

As the first occasion on which the transit of an
. inferior planet was ever witnessed, the transit of
Mercury in 1631 has an interest resembling that which
attaches to the first observation of a transit of Venus,
eight years later. Therefore I think the reader will
be interested to hear how Gassendi succeeded in ob-
serving Mercury in transit.

Gassendi made preparations for the observation of
the transit at Paris. The manner in which he ob-
served the phenomenon was somewhat remarkable.
Through a small aperture in a shutter the solar light
was admitted into a darkened room, and an image of
the sun, some nine or ten inches in diameter, was
formed upon a white screen. A carefully divided
circle was traced upon this screen, and the whole was
so arranged that the image of the sun could be made
to coincide exactly with the circle. As Gassendi was
anxious to ascertain the exact moment of the ingress
of the planet upon the sun’s disc, or—supposing he
should fail in that respect—at least to determine the
moment of egress, and as he had no trustworthy clock,
he determined that the altitude of the sun should be
carefully estimated several times during the progress
of the transit, and particularly at the moment of
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egrese. It was pecessary, therefore, that he should
have an assistant, and, further, that his assistant shonld
work in apother room ; for from the room m wiich
Gassendi was working the sun’s bight, as I have =aid,
had been carefully excluded, save at the minme
sperture in the window-shutter. Aoccordingly, Gassendi
placed his assistant in a room above him, with a large
quadrant for taking altitudes, instructing him to ob-
serve the height of the sun as soon as he heard '
Gassendi stamp upon the floor of the room beneath.
A clumsy arrangement, truly, when compared with
the subtle devices of modern astronomers—with the
aid which they derive from powerful telescopes, all but
perfect clocks, and, where need arises for communi-
cating with one another from distant stations, the
instantaneous indications of telegraphy. Yet we can-
not but admire the spirit in which Gassendi worked,
the readiness with which, for want of more perfect
instruments, he set himself to invent arrangements
which suited his requirements, and the skill with
which he availed himself of those lmperfect adap-
tations,

And if we admire these qualities in Gassendi, still
more must we admire the patience with which he
waited for the commencement of the phenomenon.
Modern astronomy is able to announce, within three
or four minutes, the instant at which a transit will
commence at any given spot upon the earth’s surface.
But Kepler’s prediction respecting Mercury’s motions
did not lay claim to any accuracy of this sort. So
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uncertain did the epoch of the occurrence appear to
be, that Gassendi began to watch for the transit
two days before the date assigned by Kepler for its
occurrence,.

The 5th of November proved unfavourable for
observation, the day being rainy. The next day was
also unsuitable, clouds having overspread the sky
during nearly the whole day. The morning of the 7th,
the day appointed by Kepler for the transit, was also
cloudy. Thus Gassendi began his watch on that day
with the uncomfortable feeling that during some part
of the two preceding days the planet might already
have passed over the sun’s disc,—perhaps that the
transit had been completed but a few minutes before
the clouds broke up on the morning of the 7th.

A little before eight the sun shone for a few
minutes through the openings between the clouds, but
there still remained enough mist to prevent Gassendi
from being able to determine whether any spot existed
upon the image of the sun in his observing-room.
Nearly an hour passed before the sun was sufficiently
clear of clouds to enable Gassendi to make any satis-
factory observations, Towards nine, however, the
sun became distinctly visible, and turning to the image
on the screen, the astronomer perceived upon it a
small black spot. He could not believe, however, that
this was Mercury, as the received estimate of the
planet’s dimensions had led him to look for a spot
nearly twice as large. As he was familiar with the
nature of solar spots, and the rapid manner in which
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they form, he concluded that one had made its appear-
ance on the sun’s surface since the preceding day.
At nine o’clock he had another opportunity of observ-
ing the spot, and he carefully estimated its position;
intending to make use of it as a point of reference for
determining ‘the path of the planet in transit, if
he should be fortunate enough to witness that phe-
nomenon. Soon after, he had another view of the
spot, and was surprised to find that it had moved away
considerably from its former position. He felt assured
that no ordinary solar spot could have moved so
rapidly ; but still he could not persuade himself that
he was looking at Mercury in transit, having so fully
satisfied his mind respecting the dimensions which the
planet would exhibit. Besides, the hour had not yet
arrived at which Kepler had predicted that the transit
would begin.

Gassendi was still in doubt, and endeavouring to
recall the circumstances of his former measurement,
in order to convince himself that he had made no
mistake, when the sun again made his appearance
through the clouds, and it was apparent that the spot
had moved yet farther from its original place. No
room now remained for doubt. It was clear that the
phenomenon which had been so long and so anxiously
awaited by the astronomer was already in progress.
He immediately stamped upon the floor to attract the
notice of his assistant. But this person, whose name
has not reached us, was possessed of less patience than
Gassendi.” He probably felt much less interest in the
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phenomenon ; possibly, he placed very little faith in
the calculations of Kepler. Whatever was the reason, .
he had grown weary of watching, and had left his
post. Gassendi had to continue his observations.
alone, hoping that at least his assistant would re-
turn before the planet had passed completely off the
sun’s face. Fortunately this happened; the requisite
observations were made for determining the time of
egress; and thus an important addition was made to
our knowledge of the motions of the innermost planet
of the solar system.

Gassendi sent an amusing account of his observa-
tions to Professor Shickhard, of the University of
Tiibingen. ¢ The crafty god,” he wrote, ‘had sought
to deceive astronomers by passing over the sun a little
earlier than was expected, and had drawn a veil of
dark clouds over the earth in order to make his escape
more effectual. DBut Apollo, acquainted with his
knavish tricks from his infancy, would not allow him
to pass altogether unnoticed. To be brief, I have
been more fortunate than those hunters after Mercury
who sought the cunning god in the sun. I found him
out, and saw him where no one else had hitherto seen
him.” He states that the planet, as seen projected on
the image of the sun, did not appear altogether black,
but was greyish, and somewhat ruddy round the
margin. Doubtless these peculiarities were due to the
method of observation employed by the astronomer.
- He estimated the apparent diameter of the spot at
about one-ninetieth part of the sun’s apparent diameter,
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an estimate considerably exceeding the true dimen-
sions, but still more considerably below the dimensions
which astronomers had been disposed to assign to the
planet.

Gassendi, although he did not observe the com-
mencement of the transit, was yet able to compute
the time of its occurrence. He found that the transit
had begun nearly five hours before the time assigned
by Kepler.!

I have mentioned that Kepler had predicted that
a transit of Venus would take place on December 6,
1631. It need hardly be said that Gassendi, after his

! The second observed transit of Mercury took plice on November 3,
1651. The observations of Gassendi had enalled astronomers to esti-
mate the epoch of the transit much more exactly than in the former
instance. It resulted from their calculations that the phenomenon
would not be visible in England. or indeed in Europe; but would be
well seen over a large part of Asia. Accordingly a young Englishman,
Jeremiah Shakerley, went to Surat. in India, for the purpose of witness-
ing the phenomenon. Such a journey undertaken for such a purpose in
an age when sea-voyages were not only much more protracted, but also far
more dangerous than in the present day, must be looked upon as a re-
markable and commendable instance of devotion to scientific pursuits,
It is pleasing to be able to record that the energy of the young English-
man was rewarded by complete success.

The third observed transit took place on May 38, 1661. It was
observed by Hevelius at Dantzic, and at London by Huyghens, Street,
and Mercator. Hevelius was surprised to find that the diameter of the
planet was very much smaller than he had been led to expect. He
found on measurement that Gassendi's estimate was nearly twice as
great as the true diameter of the planet.

The fourth transit of Mercury was observed by Halley at St. Helena
on November 7, 1677. He was the first astronomer who had ever
observed the complete passage of the planet across the solar disc.

Later transits of Mercury have no special historical interest, though
obgervations of considerable importance were made during the transits
of 1736, 1799, and 1868.
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success in observing the transit of Mercury, had
good hopes of observing Venus to even greater ad-
vantage. It is true that, according to Kepler’s calcu-
lation, the transit might be expected to begin only
towards sunset, and it was therefore possible that the
phenomenon would not be visible at all in Europe. |
But it was equally possible that any error in the
calculation might lie in the other direction, and so
the whole transit be favourably seen before sunset.
Gassendi took the same measures for observing the
transit as in the case of Mercury. He had proposed
to- observe the sun on December 4 and 5, but ¢an
impetuous storm of wind and rain rendered the face of
the heavens invisible on both those days. On the 6th
he continued to obtain occasional glimpses of the sun
till a little past three o’clock in the afternoon, but no
indication of the planet could be discerned upon the
sun’s disc as depicted upon the white circle. On the
7th he saw the sun during the whole forenoon, but he
looked in vain for any trace of the planet.” ¢It is
now well known,” proceeds Prof. Grant, from whose
account I have just quoted, ¢that the transit of the
planet took place during the night between December
6 and 7" I do not know where any calculation of the
circumstances of the transit can be found; but an
investigation of my own (sufficiently accurate for a
past and unseen phenomenon) shows that in the South-
eastern parts of Europe the egress might have been
observed, occurring for those parts after sunrise on the
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morning of December 7.! Plate II. shows the parts
of the earth whence the transit might have been seen
wholly or in*part. The position of the line ¢ b, which,
according to my calculation, marks the boundary be-
tween the places where day and night were in progress
in the Northern hemisphere at egress, shows the parts
of Europe whence the end of the transit might have
been observed. '
Kepler had stated that after. the transit of 1631
there would be none till the year 1761. According
to his calculations, Venus, when in her inferior con-
junction on December 4, 1639, would pass very near
to the sun’s centre, but not quite near enough for a
transit to occur, the planet passing below—that is,
south of the sun. On the other hand, the tables of
Lansberg, a Belgian astronomer, who followed the old
system of computation, seemed to show that Venus
would on this occasion transit the upper or northern
part of the sun’s face. Horrocks, a young and then
unknown astronomer, having been led to examine the
tables of Venus, found that though Kepler’s were much
more exact than Lansberg’s, a transit would really
occur, Venus passing below the centré of the sun, as
Kepler had predicted, but not so low as to miss the

1 M. Dubois, in his admirable work, ¢ Les Passages de Vénus,” gives
the following humorous explanation of Gassendi's failure:—¢Le Pas-
sage de Vénus, qui sans doute n’était pas prédit avec une précision
suffisante, ne fut pas observé—d’abord parce que Gassendi, qui s'apprétait
4 T'observation, en fut empéché par la pluie, mais surtout parce que le
passage eut lieu pendant la nuit pour les observateurs européens. [The
italics are mine.]
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sun’s disc altogether. The circumstances under which
Horrocks made this discovery possess considerable
interest, and I propose to devote some space to his
account of them.

‘While preparing himself for practical observation,
Horrocks undertook (apparently from sheer love of
science) the computation.of Venus’s motions from the
tables of Lansberg. These tables were so highly
valued by their author'that he had spoken of them
as superior to all others, quantum lenta solent inter
viburna cupressi. But Horrocks recognised many im-
perfections in them, and at length, as he says, ¢ broke
off the useless computation, resolved for the future
with his own eyes to observe the positions of the stars
in the heavens; but, lest so many hours should be
entirely thrown away,” he made use of his results to
predict the positions of the planets. ¢ While thus
engaged, I received,’ he proceeds, ¢ my first intimation
of the remarkable conjunction of Venus and the sun ;
and I regard it as a very fortunate occurrence, inasmuch
as about the beginning of October it induced me, in
expectation of so grand a spectacle, to observe with
increased attention.” Nevertheless, his heart was
wroth within him against Lansberg, insomuch that he
could not refrain from the extreme step of ¢ forgiving ’
him in the following agreeable terms: ¢I pardon, in
the meantime, the miserable arrogance of the Belgiagn
astronomer who has overloaded his useless tables with
such unmerited praise, and cease to lament the mis-
application of my own time, deeming it a sufficient
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reward that I was thercby led to consider and to fore-
see the appearance of Venus in the sun. But, on the
other hand, may Lansberg forgive me’ (this is charming)
¢ that I hesitated to trust him in an observation of such
importance, and from having been so often deceived by
his pretensions to universal accuracy that I disregarded
the general reception of his tables.” ¢Lest a vain
exultation should deceive me,’ he proceeds, ‘and to
prevent the chance of disappointment, I not only de-
termined diligently to watch the important spectacle
myself, but exhorted others whom I knew to be fond
of astronomy to follow my example; in order that the
testimony of several persoms, if it should so happen,
might the more effectually promote the attainment of
truth, and because by observing in different places our
purpose would be less likely to be defeated by the
accidental interposition of clouds, or any fortuitous
impediment.” He was particularly anxious, because
Jupiter and Mercury seemed by their positions to
threaten bad weather. ¢For,’ says he, ‘in such ap-
prehension I coincide with the opinion of the astrologers,
because it is confirmed by experience; but in other
respects I cannot help despising their puerile vanities,’
Among the astronomers to whom he wrote was his
friend Crabtree.!

' Both these ardent students of astronomy died young. Horrox
(or Horrocks, as his name is now more commonly spelt) was but twenty
years old when he calculated the transit, so that his feat may not in-
aptly be compared to that of Adamsin calculiting the place of the
unknown planet Neptune within a few months of taking his degree.
Each instance of an early mastery of difficult problems was fated to
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In what follows I quote the account given by
Horrocks himself of the observations made upon this
occasion, using the translation given by the Rev. Mr.
‘Whatton.!

¢Following the example of Gassendi,’ says Horrocks,
€T have drawn up an account of this extraordinary
sight, trusting that it will not prove less pleasing to
astronomers to contemplate Venus than Mercury,
though she be wrapt in the close embraces of the sun:

Vinclisque nova ratione paratis
Admisisse Deos.
Hazil! then, ye eyes that penetrate the inmost recesses
of the heavens, and, gazing upon the bosom of the sun
with your sight-assisting tube, have dared to point out
the spots on that eternal luminary! And thou, too,
illustrious Gassendj above all others, hail ! thou who,
first and only, didst depict Hermes’ changeful orb in
hidden congress with the sun. Well hast thou re-
stored the fallen credit of our ancestors, and triumphed
o’er the inconstant wanderer. Behold thyself, thrice
celebrated man! associated with me, if I may venture
so to speak, in a like good fortune. Contemplate, I
repeat, this most extraordinary phenomenon, never in

meet with neglect; but Horrocks died before justice had been done him.
Adams was quickly able to prove that his work was sound, notwith-
standing the eoolness with which it had been received by official
astronomers. Horrocks died in 1641, in his twenty-second year. Crab-
tree is supposed to have been killed at the battle of Naseby Field.

! The memoir accompanying Mr. Whatton's translation will be
found full of interest. The complete work is pubhshed by Macintosh,
24 Paternoster Row.
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our time to be seen again! the planet Venus, drawn
from her seclusion, modestly delineating on the sun,
without disguise, her real magnitude, whilst her disc,
at other times so lovely, is here obscured in melancholy
gloom; in short, constrained to reveal to us those
important truths, which Mercury on a former occasion
confided to thee.

¢ How admirably are the destinies appointed !
How wisely have the decrees of Providence ordered
the several purposes of their creation! Thou, a
profound divine, hast honoured the patron of wisdom
and learning ; whilst I, whose youthful days are scarce
complete, have chosen for my theme the queen of love,
veiled by the shade of Phacbus’ light,

¢ Whilst I was meditating in what manner I should
commence my observation of the planet Venus, so
as effectually to realise my expectations, the recent
and admirable invention of the telescope afforded me
the greatest delight, on account of its singular ex-
cellence and superior accuracy above all other instru-
ments. For although the method - which Kepler
recommends in his treatise on Optics, of observing
the diameter and eclipse of the sun through a plain
aperture without the aid of glasses, is very ingenious,
and in his opinion, on account of its freedom from
refraction, preferable to the telescope; yet I was un-
able to make use of it, even if I had wished to do so, -
inasmuch as it does not show the sun’s image exactly,
nor with sufficient distinctness, unless the distance
from the aperture be very great, which the smallness
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of my apartment would not allow. Moreover, I was
afraid to risk the chance of losing the observation ;
a misfortune which happened to Schickard and
Mostling, the astronomer to the Prince of Hesse, as
Gassendi tells us in his “ Mercury: ” for they, expect-
ing to find the diameter of Mercury greater than it
was reasonable to anticipate, made use of so large an
aperture that it was impossible to distinguish the
planet at all, as Schickard himself has clearly proved ;
and even though Venus gave promise of a larger
diameter, and thereby in some measure lessened this
apprehension, and [ was able to adapt the aperture to
my own convenience, yet in an observation that could
never be repeated I preferred encountering groundless
fears to the certainty of disappointment. Besides, I
possessed a telescope of my own, of such power as to
show even the smallest spots upon the sun, and to
enable me to make the most accurate division of his
disc; one which, in all my observations, I have found
to represent objects with the greatest truth.

¢ This kind of instrument, therefore, I consider
ought always to be preferred in such experiments.

¢ Having attentively examined Venus with my
instrument, I described on a sheet of paper a circle
whose diameter was mnearly equal to six inches,
the narrowness of the apartment not permitting me
conveniently to use a larger size. This, however,
admitted of a sufficiently accurate division ; nor could
the arc of a quadrant be apportioned more exactly,
even with a radius of fifty feet, which is as great a .

C
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one as any astronomer has divided; and it is in my
opinion far more convenient than a larger, for although
it represents the sun’s image less, yet it depicts it more
clearly and steadily. I divided the circumference of
this circle into 360 in the usual manner, and its
diameter into thirty equal parts, which gives about as
many minutes as are equivalent to the sun’s apparent
diameter; each of these thirty parts was again divided
into four equal portions, making in all 120; and these,
if necessary, may be more minutely subdivided; the
rest I left to ocular computation, which, in such small
sections, i8 quite as certain as any mechanical division.
Suppose, then, each of these thirty parts to be divided
into 60, according to the practice of astronomers.
When the time of the observation approached I re-
tired to my apartment, and having closed the windows
against the light, I directed my telescope, previously
adjusted to a focus, through the aperture towards the
sun and received his rays at right angles upon the
paper already mentioned. The sun’s image exactly
filled the circle, and I watched carefully and unceasingly
for any dark body that might enter upon the disc of
light.

¢ Although the corrected computation of Venus’s
motions which I had before prepared, and on the
accuracy of which I implicitly relied, forbade me to
expect anything before three o’clock in the afternoon
of the 24th; yet since, according to the calculations of
most astronomers, the conjunction should take place
sooner—by some even on the 23rd—I was unwilling to
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depend entirely on my own opinion, which was not suffi-
ciently confirmed, lest by too much self-confidence 1
might endanger the observation. Anxiously intent,
therefore. on the undertaking through the greater part
of the 23rd, and the whole of the 24th, I omitted no
available opportunity of observing her ingress. I
watched carefully on the 24th from sunrise to nine
o’clock, and from a little before ten until noon, and at
one in the afternoon,—being called away in the in-
tervals by business of the highest importance, which for
these ornamental pursuits I could not with propriety
neglect.! But during all this time I saw nothing in the
sun except a small and common spot, consisting as it
were of three points at a distance from the centre
towards the left, which I noticed on the preceding and
following days. This evidently had nothing to do
with Venus. About fifteen minutes past three in the
afternoon, when I was again at liberty to continue my
labours, the clouds, as if by Divine interposition, were
entirely dispersed, and I was once more invited to the

! Presumably, as Mr. Whatton points out, ‘the business of the
highest importance’ here referred to was the duty of conducting divine
service, as November 24, Old Style, was a Sunday. Mr. Whatton quotes
the following passage from one of Thomas Hearne's pocket-books, dated
February 8, 1723: ‘Mr. Horrox, a young man, minister of Hoole, &
very poor pittance, within four miles of Preston, in Lancashire, was a
prodigy for his skill in astronomy, and had he lived, in all probability
he would have proved the greatest man in the whole world in his
profession. He had a very strange unaccountable genius, and he is
mentioned with great honour by Hevelius upon account of his discovery
of Venus in the sun, upon a Sunday; but being called away to his
devotions and duty at church, he could not make such observations as
otherwise he would have done.’

c2
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: Distance
The Hour of the Centres
At 8.1 by theelock . . . . . . 14 24
» 886 ', . SR . . . 13 80"
» 3.45 " . . 1 0

» 3.50 the apparent sunset.

The true setﬁng being 3.45, and the apparent about
five minutes later, the difference being caused by
refraction. The clock, therefore, was sufficiently
correct.

¢In the third place, I found, after careful and
repeated observation, that the diameter of Venus, as
her shadow was depicted on the paper, was larger,
indeed, than the thirtieth part of the solar diameter,
though not more so than the sixth, or at the utmost

along the line of transit from the place just noted. His picture is too
elaborate to be given in full, but the accompanying drawing (fig. 2)

Fig. 2.—The Transit of 1639, as observed by Horrocks.

serves sufficiently to show what he observed—v being the position of
Venus when first observed, v' the position she had reached when the
sun avas about to set. ' o
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the fifth of such a part. Therefore, let the diameter
of the sun be to the diameter of Venus as 30" to 1/ 12",
Certainly her diameter never equalled 1’ 30", scarcely
perhaps 1’ 20", and this was evident as well when the
planet was near the sun’s limbs as when far distant
from it.

¢ This observation was made in an obscure village,
where I have long been in the habit of observing,
about fifteen miles to the morth of Liverpool, the
latitude of which I believe to be 52° 20/, although by
the common maps it is stated to be 54° 12; therefore,
the latitude of the village will be 53° 35, and the
longitude of both 22° 30’ from the Fortunate Islands,
now called the Canaries. This is 14° 15’ to the west
of Uraniburg, in Denmark, the longitude of which is
stated by Brahé, a native of the place, to be 36° 45
from these islands.

¢ This is all I could obwerve respecting this cele-
brated conjunction during the short time the sun
remained in the horizon: for although Vewus continued
on his disc for several hours, she was net visible to me
for longer tham half an hour, on acceunt of his so
quickly setting. Nevertheless, all the dbservations
which could possibly be made in so short a time I
was enabled by Divine Providence to complete so
effectually that I could searcely have wished for a
more extended period. The inclimation was the only
point upon which I failed to attain the utmost pre-
cision; for, owing to the rapid motion of the sun, it
was difficult to observe with certainty to a single
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degree; and I frankly confess that I neither did nor
could ascertain it. But all the rest is sufficiently
accurate, and as exact as I could desire.’

Horrocks was not the only observer of the transit
of 1639. <I had written,” he says, ‘to my most
esteemed friend William Crabtree, a person who has
few superiors in mathematical learning, inviting him
to be present at this Uranian banquet, if the weather
permitted ; and my letter, which arrived in good time,
found him ready to oblige me. He therefore carefully
prepared for the observation, in a manner similar to
that which has been béfore mentioned. But the sky
was very unfavourable, being obscured during the
greater part of the day with thick clouds; and as he
was unable to obtain a view of the sun, he despaired
of making an observation, and resolved to take no
further trouble in the matter. But a little before
sunset—namely, about thirty-five minutes past three
—the sun bursting forth from behind the clouds, he
at once began to observe, and was gratified by behold-
ing the pleasing spectacle of Venus upon the sun’s
disc. Rapt in contemplation, he stood for some time
motionless, scarcely trusting his own senses, through
excess of joy; for we astronomers have, as it were, a
womanish disposition, and are overjoyed with' trifles,
and such small matters as scarcely make an impres-
sion upon others; a susceptibility which those who
will may deride with impunity, even in my own
presence ; and if it gratify them, I too will join in the
merriment.  One thing I request : let no severe Cato



24 TRANSITS OF VENLY

be aeriomaly offended with our follies; for. @ speak
poetically, what young man on earth wouid not, Jike
onraelven, fondly admire Venus mm conjuncton wira
the aun, pulchritudinem divitiis conjunctam ?

¢ But to retarn, he from his ecstacy and I >wm
my digression. In a little while the clouds agan
obacured the face of the sun, go that he could :cserve
nothing morve than that Venus was certainly on the
diae; at the time. What he actually saw in so shors
a apace was as follows: In the apartment Venus
ocenpied the right side of the sun, being higher than its
centre, and therefore in the heavens lower, and on the
left. She was distant at the aforesaid hour—namely,
thirty-five minutes past three—a sufficiently appre-
ciable space from the sun’s left imb, but Crabtree’s
oppertunity was o limited that he was not able to
olmerve very minutely either the distance itself or the
inclination of the planet. As well as he could guess by
his eye, and to the best of his recollection, he drew
upon the paper the situation of Venus, which I found
to differ little or nothing from my own observation;
nor indeed did he err more than Apelles himself
night have done in so rapid a sketch. He found
the diameter of Venus to be seven parts, that of the
sun being 200, which, according to my calculations,
gives about 17 37,

¢ This observation was made near Manchester,
ealled by Antoninus, Mancunium, or Manucium, the
latitude of which Mr, Crabtree makes 52° 24’; and
the common tables 54° 15’ ; the longitude 23° 15’; or
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three minutes of time to the east of Liverpool, from
which it is distant twenty-four miles.

¢ I wrote also of the expected transit to my younger
brother, who then resided at Liverpool, hoping that
he would exert himself on the occasion. This indeed
he did, but it was in vain; for on the 24th the sky
was overcast, and he was unable to see anything,
although he watched very carefully. He examined
the sun again on the following day, which was some-
what clearer, but with no better success, Venus having
already completed her transit. '

‘I hope to be excused for not informing other of
my friends of the expected phenomenon ; but most of
them care little for trifles of this kind, preferring rather
their hawks and hounds, to say no worse ; and although
England is not without votaries of astronomy, with
some of whom I am acquainted, I was unable to con-
vey to them the agreeable tidings, having myself" had
so little notice. If others, without being warned by
me, have witnessed the transit, I shall not envy their
good fortune but rather rejoice, and congratulate them
“on their diligence. Nor will I withhold my praise from
anyone who may hereafter confirm my observations
by their own, or correct them by anything more exact.

¢ Venus was visible in the sun throughout nearly
the whole of Italy. France, and Spain; but in none
of those countries during the entire continuance of the

transit.
¢ But America!

O fortunatos nimium, bona si sua norint.
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Venus ! what riches dost thou squander on unworthy
regions which attempt to repay such favours with gold,
the paltry product of their mines. Let these bar-
barians keep their precious metals to themselves, the
incentives to evil which we are content to do without.
These rude people would indeed ask from us too much
should they deprive us of all those celestial riches, the
use of which they are not able to comprehend. But
let us cease this complaint, O Venus! and attend to
thee ere thou dost depart.’ :

On which Horrocks bursts into strains of poetry,
imploring Venus not to seek those barbarous regions
for which, even as his eyes were gazing upon her, she
was hastening. ¢But ah!’ he sighs, ¢ thou fliest,

And torn from civil life,
The savage grasp of wild untutored man
Holds thee imprisoned in its rude embrace.
Thou fliest, and we shall never see thee more ;
‘While heaven, unpitying, scarcely would permit
The rich enjoyment of thy parting smile.
Oh! then farewell, thou beauteous queen! thy sway
May soften natures yet untamed, whose breasts,
Bereft of native fury, then shall learn
The milder virtues. We, with anxious mind,
Follow thy latest footsteps here, and far
As thought can carry us; my labours now
Bedeck the monument for future times
Which thou at parting left us. Thy return
Posterity shall witness; years must roll
Away, but then at length the splendid sight
Again shall greet our distant children’s eyes.’



THE TRANSIT OF 1761. 27

CHAPTER II.
THE TRANSIT OF 1761.

Frou the way in which Horrocks showed how the
apparent place of Venus on the sun’s face must be
affected by the observer’s position, it is tolerably clear
that he would have beer led to perceive how obser-
vations made from different places could be used to
determine the sun’s distance, had time permitted him
to correspond with other astronomers. For at the
beginning of Chapter VI. he says: I beheld Venus
during the transit, not from the centre, but from the
surface of the earth, therefore I observed her apparent
and not her true situation. Her true situation, which
chiefly concerns us, is only to be obtained by the
correction of the parallaxes, into which subject I now
. proceed to inquire. The hypotheses of all astronomers
make the parallax of Venus in so near an approach to
the earth sufficiently apparent; but this I shall leave
to be further considered in a separate treatise.” He
then shows how the sun’s distance enters into the
determination of the true from the apparent position.
At the end of the work he speaks again of the pro-
posed treatise. ‘I had intended,’ he says, ‘to offer
a more extended treatise on the sun’s parallax; but as
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the subject appears foreign to our present purpose,
and cannot be dismissed with a few incomplete arg‘u-
ments, I prefer discussing it in a separate treatise—
« De syderum dimensione "—which I have in hand.
In this work I examine the opinions and views of
others; I fully explain the diagram of Hipparchus, .
by which the sun’s parallax is usually demonstrated,
and I subjoin sundry new speculations. I also show

that the hypotheses of no astronomer (Ptolemy not
~ excepted—nor even Lansberg, who boasts so loudly
of his knowledge of this subject) answer to that
diagram, but that Kepler alone properly understood it.
I show, in fact, that the hypotheses of all astronomers
make the sun’s parallax either absolutely nothing or
so small that it is quite imperceptible, whereas they
themselves, not understanding. what they are about,
come to an entirely opposite conclusion, a paradox of
which Lansberg affords an apt illustration. Lastly,
I show the insufficiency and uselessness of the common
mode of demonstration from eclipses. I give many
other certain and easy methods of proving the distance
and magnitude of the sun, and I do the same with
regard to the moon and the rest of the planets, adducing
" several new observations,’

There cannot be a doubt, I think, that had Hor-
rocks lived to complete this treatise, the methods
subsequently devised by Halley and Delisle would
have been found included among the ¢certain and
easy methods of proving the sun’s distance and mag-
nitude.” They are so obvious, when once the connec~
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tion between transits and the solar parallax has been
moticed, that they could not possibly have escaped the
Xkieen insight of the young astronomer, especially as he
Tnad actually observed. Venus in transit.

Passing, however, from what might have happened,
Ret us consider how, during the interval between
Horrocks’s transit and the next, the idea of utilising
transits for the determination of the sun’s distance
presented itself to astronomers.

Priority in this matter has been claimed for James
Gregory ; but, as Sir Edmund Beckett points out in
the last edition of his ¢ Astronomy without Mathe-
matics,’” on insufficient grounds. In a scholium to the
87th problem of his Optica Promota, Gregory says
that ¢the problem has a very beautiful application,
although perhaps laborious, in observations of Venus
or Mercury when they obscure a small portion of the
sun; for by means of such observations the parallax
of the sun may be investigated.” But the method
described in the problem, the object of which is to
determiue the parallaxes of two planets by observations
of their conjunctions, has no practical value. I can-
not understand on what grounds Prof. Grant, in his
¢ Physical Astronomy, claims for Gregory the credit
usually attributed to Halley. For if the mere mention
of the connection between the phenomena of a transit
and .the solar parallax be the point insisted upon,
Horrocks seems clearly to have anticipated Gregory ;
if the method described by Gregory be insisted upon,
then, since that method never has been and never.
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could be applied successfully, Gregory camnot be
regarded as having anticipated Halley, the inventor
of a practicable method. The very fact that Mercury
in associated with Venus, in the sentence quoted from
(iregory’s work, shows how little he had grasped the
idea of Halley’s problem, in the solution of which
transits of Mercury are useless. It is not because of
the intrinsic importance of the invention that I discuss
the rival claims; for I think that the approach of the
transits of 1761 and 1769 would probably have forced
the attention of astronomers to the very simple con-
riderations on which the matter depends. But, as
Halley had in all probability read the Optica Promota
( Admiral Smyth thinks Halley had certainly done so'),
the much more important question whether Halley
treated Giregory with fairness is really involved. As
Giregory died in 1675, only four years before Halley
mentioned the utility of observations of Venus in
transit, it would seriously affect our estimate of Halley’s
character if we adopted Prof. Grant’s conclusion. I
think, however, there can be very little question, when
(iregory’s remnarks have been carefully studied, that
Halley must be acquitted of all unfairness. '

On November 7, 1677, Halley, stationed at St.
Helena, witnessed a transit of Mercury. He noticed
that the duration of the transit could be observed very
oxactly, and was thus led to believe that the apparent

! Novortholess, this may be doubted, as Halley was but twenty-one
yonrs old when the idea of utilising transits first occurred to him; and
it, was only two years later that he announced the idea.
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Position of the path of -transit of Mercury or Venus
could be very accurately determined. In 1679, in the
Catalogus Stellarum Australium, we find his first
* Public mention of the idea. Later, he gave it closer
Attention, and at last, in 1716 (three years before he
became Astronomer Royal), he contributed to the
B roceedings of the Royal Society the following paper !
CX quote Ferguson’s translation) :—
¢ There are many things exceedingly paradoxical,
&xnd that seem quite incredible to the illiterate, which
Yet, by means of mathematical principles, may be
€asily solved. Scarce any problem will appear more
hard or difficult than that of determining the distance
of the sun from the earth, very near the truth; but
even this, when we are made acquainted with some
exact observations, taken at places fixed upon and
chosen beforehand, will, without much labour, be
effected. And this is what I am now desirous to lay
before this illustrious Society (which I foretell will
continue for ages), that I may explain beforehand to
young astronomers, who may perhaps live to observe
these things, a method by which the immense distance

1 «It must be admitted,’ says Grant of this essay, ‘that the ability
with which Halley expounded the peculiar advantages attending the
determination of the solar parallax by observations of the transits of
Venus, the earnestness with which he recommended the practical ap-
plication of the method, and the weight of his authority on questions
relating to astronomical science, were mainly instrumental in inducing
the different Governments of Europe to adopt those liberal proceedings
for observing the transits of 1761 and 1769 which have led to a more
accurate knowledge of the dimensions of the solar system than could
otherwise be hoped for.
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of the sun may be truly obtained to within a five-
hundredth part of what it really is.

It is well known that the distance of the sun
from the earth is by different astronomers supposed
different ; according to what was judged most probable
from the best conjecture that each could form.
Ptolemy and his followers, as also Copernicus and
Tycho Brahe, thought it to be 1,200 semidiameters
of the earth ; Kepler, 3,500, nearly ; Ricciolus doubles
the distance mentioned by Kepler, and Hevelius only
increases it by one-half. But the planets Venus and
Mercury, having, by the assistance of the telescope,
been seen in the disc of the sun, deprived of their
borrowed brightness, it is at length found that the
apparent diameters of the planets are much less than
they were formerly supposed; and that the semi-
diameter of Venus, seen from the sun, subtends no
more than a fourth part of a minute, or fifteen seconds,
while the semidiameter of Mercury, at its mean dis-
tance from the sun, is seen under an angle only of ten
seconds ; that the semidiameter of Saturn, seen from
the sun, appears under the same angle ; and that the
semidiameter of Jupiter, the largest of all the planets,
subtends an angle of no more than a third part of a
minute in the sun. Whence, trying the proportions,
some modern astronomers have thought that the semi-
diameter of the earth, seen from the sun, would sub-
tend a mean angle between that larger one subtended
by Jupiter and that smaller one subtended by Saturn
and Mercury ; and equal to that subtended by Venus
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—namely, fifteen seconds—and have thence concluded
that the sun is distant from the earth almost 1,400 of
the earth’s semidiameters. But the same authors have,
on another account, somewhat increased this distance ;
for inasmuch as the moon’s diameter is a'little more
than a fourth part of the diameter of the earth, if the
sun’s parallax should be supposed fifteen seconds, it
would follow that the body of the moon is larger than
that of Mercury; that is, that a secondary planet
would be greater than a primary, which would seem
- inconsistent with the uniformity of the mundane
system. And, on the contrary, the same regularity
and uniformity seems scarcely to admit that Venus,
an inferior planet, that has no satellite, should be
greater than our earth, which stands higher in the
system, and has such a splendid attendant. There-
fore, to observe a mean, let us suppose the semi-
diameter of the earth seen from the sun, or, which is
the same thing, the sun’s horizontal parallax, to be
twelve seconds and a half—according to which the
moon will be less than Mercury, and the earth larger
than Venus—and the sun’s distance from the earth
will come out nearly 16,500 of the earth’s semi-
diameters. This distance I assent to at present as the
true one, till it shall become certain what it is by the
experiment which I propose. Nor am I induced to
alter my opinion by the authority of those (however
weighty it may be) who are for placing the sun at an
immense distance beyond the bounds here assigned,
relying on observations made upon the vibrations of a
D
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¢ Ahour forty vears agn. when [ was in the island
of St. Helena, observing the stars about the south pole,
I had an opportunity of observing. with the greatest
diligence. Mercury passing over the disc of the sun:
and (which succeeded better than I could have hoped
for) I observed. with the greatest degree of accuracy,
by means of a telescope twenty-four feet long, the
very moment when Mercury, entering upon the sun,
seemed to touch its imb within, and also the moment
when going off it struck the limb of the sun’s disc,
forming the angle of interior contact : whence I found
the interval of time, during which Mercury then ap-
peared within the sun’s dise, even without an error of
one second of time. For the lucid line intercepted
hetween the dark limb of the planet and the bright
limb of the sun, although exceedingly fine, is seen by
the eye, and the little dent made on the sun’s limb,
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by Mercury’s entering the disc, appears to vanish in a
moment ; and also that made by Mercury leaving the
disc seems to begin in an instant. When I perceived
this it immediately came into my mind that the sun’s
parallax might be accurately determined by such kinds
of observations as these, provided Mercury were but
nearer to the earth, and had a greater parallax from the
sun; but the difference of these parallaxes is so little
as always to be less than the solar parallax which we
seek, and therefore Mercury, though frequently to be
seen on the sun, is not to be looked upon as fit for our
purposc.

¢ There remains, then, the transit of Venus over
the sun’s disc; whose parallax, being almost as great
as the solar parallax, will cause very sensible differ-
ences between the times in which Venus will seem
to be passing over the sun at different parts of the
carth. And from these differences, if they be ob-
served as they ought, the sun’s parallax may be
determined even to a small part of a second. Nor do
we require any other instruments for this purpose
than common telescopes and clocks, only good of their
kind ; and_ in the observers nothing more is needful
than fidelity, diligence, and a moderate skill in as-
tronomy. For there is no need that the latitude
of the place should be scrupulously observed, nor
that the hours themselves should be accurately deter-
mined with respect to the meridian; it is sufficient
that the clocks be regulated according to the motion
of the heavens, if the times be well reckoned from

D 2
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the total ingress of Venus into the sun’s disc to the
beginning of her egress from it; that is, when the dark
globe of Venus first begins to touch the bright limb
of the sun within; which moments I know, by my
own experience, may be observed within a second of
time.

¢ But, on account of the very strict laws by which
the motions of the planets are regulated, Venus is
seldlom seen within the sun’s disc; and during the
course of 120 years it could not be seen once—namely,
from the year 1639 (when this most pleasing sight
happened to that excellent youth Horrocks. our
countryman, and to him only since the Creation) to
the year 1761,in which year, according to the theories
which we have hitherto found agreeable to the celestial
motions, Venus will again pass over the sun on May
26,' in the morning; so that at London about five
o'clock in the morning we may expect to see it near
the middle of the sun’s disc, and not above four minutes
of a degree south of the sun’s centre.? But the dura-

! June 6, according to new style.

3 The true time of mid-transit was almost twenty-three minutes past
five, and Venus, instead of being only 4’ south of the sun’s centre at
mid-transit, passed more than 9}’ below that point. The difference in
the latter respect was much the more important. Halley was not un-
aware of the possibility of error in his computation, since the error
nrose from his neglecting the shifting of the nodes of Venus, described
farther on (p. 108); and he notes that possibly the nodes may shift.

Any exact discussion of the phenomena which the transit would have
presented if Halley's computations had been correct would, of course,
be idle; but it may be as well roughly to indicate the actual difference
between the transit as it occurred and as Halley computed it.

In fig. 8, ¢ is the centre of the sun’s disc, ¢ B; e is the path of
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tion of this transit will be almost eight hours—namely,
from two o’clock in the morning till almost ten. Hence

Venus, as eomputed by Halley ; 1k is the path she actually traversed.
The time occupied in traversing 1 ® was about 6} hours, whereas the

Fig. 8.—llusteating the Transit of Venus in 1(61, as it actually
occurred, and as Halley computed it.

time which would have been occupied in traversing ¢ ¢ amounts to close
upon eight hours, being very little less than that occupied in a central
transit. It is manifest, at once, that the chords of transit ¢ e are much
more nearly equal than the chords, 1 , so that as far as mere length of
transit chord is concerned it would be useless to set the observers far
apart in a northern and southern direction. But what Halley hoped to
do was this:—

Let », fig. 4, be the North pole of the earth, travelling in the direction
indicated by the arrow, p being in sunlight, as the date is June 6. The
equator is represented by ¢ Ee. Now, suppose for a moment that an
observer at x sees Venus in the direction 8 v (Venus herself being sup-
posed to lie far beyond the picture om the right, and above the level of
the paper, to correspond to the shape given to the terminator between
light and darkness on the earth). Then, at this moment an obscrver
at A sees Venus in direction A v, or apparently not so far advanced (since
she ccmes between the earth and sun, moving in the same direction as
the earth around the sun, and with a greater velocity). On the other
hand, the observer at A’ sees her in direction A’ v/, or apparently farther
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Gemini, having almost twenty-three degrees north
declination, it will be seen ‘without setting at all,

longitude of a, as of A, would depend on the time at which transit
began, since we must have the station which is at A at the beginning
carried to the position k, at the middle. According to Halley’s computa-
tion the middle of the transit would occur at about 5 in the evening, or
2 must be in seven hours east longitude at mid-transit. This, then, is the
longitude of the equatorial station; and the longitude of the northern
station is therefore to be in five hours west longitude.

"Plate IV. would have to be thus altered to illustrate the circum-
stances of the transit as computed by Halley :—The two projections,
instead of touching in Sumatra, should touch about a third of an hour
farther east; since ¢ A corresponds to the length of transit, the points
A and p should be brought nearly two hours in longitude nearer together ;
and of course A’ and D’ should be shifted to correspond. The point
1 would move to a place near the new position of A’, 1’ to a point near
the new position of B, E near to the new position of », and 1’ near the
new position of ¢. Thus, u, which is the middle of the arc = 1, would
come close to Sumatra, and ® would be near the Galapagos Islands.
It would have been easy to find a number of stations near u in its new
position ; but the region e m i, much increased by the shifting of A B

Fig. 5.—Illustrating the changes to be made in Plate IV., in order that
it may correspond to the transit of 1761, as computed by Halley.

and ¢ p, would be the hest part, so far as approach to the new position
of B’ was concerned. It will be seen that, under the actual conditions
of the transit, the region m ¢ ¢ was quite unsuited for the purpose which
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in almvet ail partz of the norch frigad zove : and there-
fore the inbatizanwm «f tihe rorth orast «f Norway,
beyond the city of Nitrusia, which = called Drontheim,
as far as the North Cape. will be able to observe Venus
entering the suns disc: and perhape the ingress of
Venus upon the sun when rising will be seen by the
Scutch, in the northern paris of the kingdom, and by
the inhabitants of the Shetland Isles, commonly called
Thule. But at the time when Venuz will be nearest
the sun’s centre the sun will be vertical to the northern
ghores of the Bay of Bengal, or rather over the kingdom
of Pegu ; and therefore in the adjacent regions, as the
sun, when Venus enters his disc, will be almost four
hours towards the east, and as many towards the west
at the time of her egress, the apparent motion of Venus
on the sun will be accelerated by almost double the
horizontal parallax of Venus from the sun; because
Venus at that time is carried with a retrograde motion
from east to west, while an eye placed upon the earth’s
surface is whirled the contrary way, from east to west.
Supposing the sun’s parallax (as we have said) to be
124", the parallax of Venus will be 43" ; from which,
subtracting the parallax of the sun, there will remain
30” at least for the horizontal parallax of Venus from
the sun; and therefore the motion of Venus will be
increased 45” at least by that parallax, while she passes
over the sun’s disc in those elevations of the pole

hnd led Halley to indicate it for occupation ; and the nearest approach
to 1’ was within the space o’ m' &/, near w/. Fig. 5 illustrates the con-
ditions of transit as computed by Halley.
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which are in places near the tropic, and yet more in
the neighbourhood of the equator. Now, Venus at
that time will move on the sun’s disc very nearly at
the rate of four minutes of a degree in an hour; and
therefore eleven minutes of time at least are to be
allowed .for 45”, or three-fourths of a minute of a
degree; and by this space of time the duration of this
eclipse caused by Venus will, on account of the parallax,
be shortened. And from this shortening of the time
only we might safely enough draw a conclusion con-
cerning the parallax which we are in search of, pro-
vided the diameter of the sun and the latitude of
Venus were accurately known. But we cannot expect
an exact computation in a matter of such subtility.

¢ We must endeavour, therefore, to obtain if possible
another observation, to be tiken in those places where
Venus will be in the middle of the sun’s disc at mid-
night; that is, in places under the opposite meridian
to the former, or about six hours or ninety degrees
west of London, and where Venus enters upon the
sun a little before its setting, and goes off a little after
its rising. And this will happen under the above-
mentioned meridian, and where the elevation of the
north pole is about fifty-six degrees; that is, in a part
of Hudson’s Bay near a place called Port Nelson.
For, in this and the adjacent places, the parallax of
Venus will increase the duration of the transit by at
least six minutes of time; because while the sun from
its setting and rising seems to pass under the pole,
those places on the earth’s disc will be carried with a
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motion from east to west contrary to the motion of the
Gavoges; that is, with a motion conspiring with the
motion of Venus; and therefore Venus will seem to
move more slowly on the sun, and to be longer in
passing over its disc.

“If therefore it should happen that this transit should
be properly observed by skilful persons ut both these
places, it is clear that its duration will be seventeen
minutes longer as seen from Port Nelson, than as
seen from the East Indies. Nor is it of much con-
sequence (if the English shall at that time give any
attention to this affair) whether the observation be
made at Fort George, commonly called Madras, or
at Bencoolen, on the western shore of the island of
Sumatra, near the equator. But if the French should
be disposed to take any pains herein, an observer may
station himself conveniently enough at Pondicherry,
on the west shore of the Bay of Bengal, where the
altitude of the pole is about twelve degrees. As to
the Dutch, their celebrated mart at Batavia will afford
them a place of observation fit enough for the purpose,
provided they also have but a disposition to assist in
advancing, in this particular, the knowledge of the
heavens. And indeed I could wish that many obser-
vations of this famed phenomenon might be taken by
different persons at separate places, both that we
might arrive at a greater degree of certainty by their
agreement, and also lest any single observer should
be deprived by the intervention of clouds of a sight
which I know not whether any man living in this or
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the next age will ever see again; and on which depends
the certain and adequate solution of a problem the
most noble, and at any other time not to be attained
to. I recommend it therefore again and again to those
curious astronomers who (when I am dead) will have
an opportunity of observing these things, that they
would remember this my admonition, and diligently
apply themselves with all their might in making this
observation, and I earnestly wish them all imaginable
success: in the first place, that they may not by the
unseasonable obscurity of a cloudy sky be deprived of
this most desirable sight, and then, that having ascer-
tained with more exactness the magnitudes of the
planetary orbits, it may redound to their immortal
fame and glory.

* We have now shown that by this method the
sun’s parallax may be investigated to within its 500th
part, which doubtless will appear wonderful to some.
But if an accurate observation be made in each of
the places above marked out, we have already demon-
strated that the durations of this eclipse made by
Venus will differ from each other by 17 m. of time;
that is, upon a supposition that the sun’s parallax is
124”. But if the difference shall be found by obser-
vation to be greater or less, the sun’s parallax will be
greater or less nearly in the same proportion. And
since 17 m. of time are answerable to 124" of solar
parallax, for every second of parallax there will arise
a difference of more than 80 s. of time ; whence if we
have this difference true to two seconds it will be certain
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what the sun’s parallax is to within a 40th part of 17}
therefore his distance will be determined to within its
500th part at least, if the parallax be not found less than
what we have supposed : for 40 times 124 make 500.
¢And now I think that I have explained this
* matter fully, and even more than I needed to have
done to thoze who understand astronomy ; and I would
have them take notice that on this occasion I have
had no regard: to the latitude of Venus, both to avoid
the inconvenience of a more intriﬁate calculation,
which would render the conclusion less evident, and
also because the motion of the nodes of Venus is not
yet discovered, nor can be determined but by such
conjunctions of the planet with the sun as this is.
For we conclude that Venus will pass four minutes
below the sun’s centre, only in consequence of the
supposition that the plane of Venus’s orbit is im-
movable in the sphere of the fixed stars, and that its
nodes remain in the same places where they were
found in the year 1639. But if Venus in the year
1761 should move over the sun in a path more to the
south, it will be manifest that her nodes hive moved
backwards among the fixed stars; and if more to the
north, that they have moved forwards; and that at
the rate of 54’ of a degree in 100 Julian years, for
every minute that Venus's path shall be more or less
distant than the above-said 4 of the sun’s centre,
And the difference between the duration of these
eclipses will be somewhat less than 17 m. of time, on
account of Venus’s south latitude ; but greater if by
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the motion of the nodes forwards she should pass on
. the north of the sun’s centre.’

The rest of Halley’s dissertation I omit, because
it relates to the details of the transit as incorrectly
computed by him, and therefore possesses no present
interest.

As T have said it was not until three years after
his essay appeared that Halley became Astronomer
Royal. It does not appear that during the remaining
years of his life he made any farther contribution to
the subject. He died on January 14, 1742, more
than nineteen years before the transit occurred.

As the time for the transit drew near astronomers
began to examine carefully the motions of Venus, in
order to ascertain how far the conditions on which
Halley’s computation had been based were really
fulfilled. Passing over, however, a paper by Tré-
buchet, pointing out inaccuracies in Halley’s disser-
tation, it was not until August 1760, or less than a
year Lefore the transit took place, that the conditions
on which successful observation depended were pointed
out by Delisle. He published a chart of the earth
on an equatorial projection, showing the hour at which
the transit would begin or end. The chart corresponded,
in fact, to Plate IV., meridional projections being sub-
stituted for the equatorial projections there used. It
will be understood, however, that Delisle did not claim
for his chart the degree of accuracy aimed at in
Plate IV. He showed that the stations selected by
Halley were not suited to the actual conditions of the
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transit, and that in fact the transit could not be well
observed by the method of durations. He showed
how, at suitably selected stations, whose longitude had
been accurately determined, the single observation of
a contact, whether at ingress or egress, would supply
the means of determining the solar parallax. For
the description of his method the reader is referred to
Chapter IV. '
Ferguson, in England, seems to have independently
arrived at the same conclusion, not long after; at least
_ his treatise on the subject suggests the impression that
he had selected his own method of dealing with it, and
had carried his analysis nearly to its completion when
Delisle’s paper and ‘map reached him. He found that
‘ instead of passing only four minutes of a degree below
the sun’s centre, Venus will pass almost ten minutes of
a degree below it, on which account the line of the
transit will be so much shortened as will make her
passage over the sun’s disc about an hour and twenty
minutes less than if she passed only four minutes below
the sun’s centre at the middle of her transit; and
therefore her parallax from the sun will be so much
diminished, both at the beginning and end of her transit,
and at all places from which the whole of it will be
seen, that the difference of its duration, as seen from
them, and as supposed to be seen from the earth’s
centre, will not amount to eleven minutes of time. But
this is not all; for although the transit will begin
before the sun sets to Port Nelson, it will. be quite
over before he rises to that place next morning, on
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account of its ending so much sooner than as given by
the tables to which Dr. Halley was obliged to trust.
So that we are quite deprived of the advantage that
otherwise would have arisen from observations made at
Port Nelson.’

Ferguson gave a chart of the transit on the same
plan as I have used in Plates II.-IX. The chart
was taken directly from Delisle, however, as Fergu-
son tells us, only ‘I have changed,” he says, ¢his
meridional projections into that of the equatorial; by
which I apprehend that the curved lines showing at
what places the transit begins or ends with the rising
or setting sun appear more natural to the eye and
are more fully seen at once than in the map from
which I copied; for in that map the lines are inter-
rupted and broken in the meridian that divides the hemi-
sphere, and the places where they should join cannot be
perceived so readily by those who are not well skilled
in the nature of the stereographical projections.” It
shows how clear an insight Ferguson had obtained into
the conditions of the transit, that, commenting on his
charts, in which the line, B A of Plate I'V., passes down
the eastern shore of the Red Sea, while A’ B’ crosses
Madagascar, he says: ‘I question much whether the
transit will begin at sunrise to any place in Africa that
~ is west of the Red Sea, and am pretty certain that the
sun will not be risen to the northernmost part of Mada-
gascar when the transit begins, so that the line,” corre-
sponding to A B, A’ B’ of Plate IV, seems to be a little
too far west in the map at all places which are south
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of Asia Minor; but in Europe I think it is very
well.

The actual circumstances of the transit of 1761 in
different parts of the earth can be inferred with suffi-
cient accuracy from what is shown in Plate IV. Here
the arcs A1B and A’ I B separate the dark and light
hemispheres of the earth at the beginning of the transit,
while the arcs ¢ E D and ¢’ E’ D’ separate the dark and
light hemispheres at the end of the transit. Thus the
beginning of transit was visible at all places on the
hemisphere formed by combining the sections A1BD and
A’Y B’ 1/, and the end of the transit was visible at all
places on the hemisphere formed by combining the
sections CEDA and ¢’ E' D' A’. ,The whole of the
transit was visible over the spaces Dei A and D' m’ A”;
but in the space i m e, though the beginning and end
of the transit were seen, the progress of the transit
was not wholly visible. No part of the transit was
visible over the spaces Bmc and B 7 ¢ ¢’; bat in
the space ¢ m’ ¢, though neither the beginning nor
the end were visible, the progress of the transit was
partially visible. At all points of the arcs A1 B and
A’ 1" B’ the ingress occurred with the sun on the horizon;
but whereas the sun was rising for the arcs A 7and A’ 7,
he was setting for the arcs B and B'7 : at all points
of the arcs CED and ¢'E' D’ the egress occurred with
the sun on the horizon; but whereas the sun was
rising for the arcs ce and ¢’ ¢, he was setting for the
arcs Deand D' ¢. At the points m and m’ the sun
was on the horizon both at ingress and at egress; but
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whereas the progress of the whole transit, except ingress
and egress, took place during the night at m, it took
place during the day at m’. In all that has here been
said, the passage of Venus’s centre has been alone con-
sidered.

The point I’ was that where ingress occurred
earliest, the point 1 being that where ingress occurred
latest. Tt was around these points, then, that observers
of ingress by Delisle’s method were to be placed, keep-
ing, of course, to that side of the arcs A’ B’ and A B
on which the sun would be above the horizon at the
time of ingress. We see that several islands were con-
veniently placed near 1’ for showing accelerated ingress,
though they were not very well known in those days.
The eastern parts of Arabia and parts of India
afforded convenient stations near 1 for observing re-
tarded ingress. ’

The point E was that where egress occurred earliest,
¥ being that where egress occurred latest. Kams-
thazka, J apan, and Manchooria afforded convenient
8t tions for observing accelerated egress, while the Cape
of  Good Hope was well placed for observing retarded
e ress.! '

As regarded the application of Halley’s method—
that is, the observation of duration where greatest and
1e&st—-the transit was not a favourable one. H was the

' Encke, in 1822, found the following elements for the transit of
1761, I quote them from the excellent little treatise,  Les Passages de
Vénus sur le disque Solaire, by M. Dubois, Naval Examiner in Hydro-
graphy for France, substituting Greenwich for Paris time and longitude,

E
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place where transit had the shortest duration, B’ being
the place where, if the transit had been visible, its
duration would have been least. Stations near H
could of course be occupied, as here the summer of
Siberia was in progress. But we see that there was
‘no station at all-near to H' whence the whole transit
could be seen. The point m’ was geometrically the
most advantageous, but there the sun was upon the
horizon. The south-western extremity of Australia or
the island of St. Paul were the only regions available,
and they were almost as far from B’ as from H. In
point of fact, Halley’s method failed totally on this
occasion. It commonly fails at the earlier transit of a
pair separated by eight years, as will be shown in the
next chapter; but it is worthy of notice that the
circumstances of the transit of 1761 in this respect
were very much like those of the coming transit of
1882,  Although the transit of 1882 will be the

and correcting a misprint, by which in one place north and south lati-
tudes are interchanged : —

h. m. =
Ingress of Venus's centre . . . 14 12 485 ) Greenwich
Middle of the transit . . . .17 23 00 } apparent.
Egress of the centre . . . . 20 29 135 ) solar time,
Duration of the transit . . . . 6 16 250 .
Least distance of centres, . . . 0 9 842
Latitude Longitude
o ’ o 4
Pole of accelerated ingress . . . 20 668 132 28W
» 5 retarded PR . . 20 56N 47 32E
» » accelerated egress . . . 46 47N 167 69E
» 5 retarded » . . . 46 478 12 1w
shortened durations . . . 62 31N 92 42E

» 9

» s lengthened ,, . .. . 62 318 87 18W
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second transit of a pair, its geometrical superiority is
counterbalanced by the inaccessibility of the antarctic
as compared with the arctic regions,

I do not know that any useful purpose could be
served by inserting here an account of the various
observations of the transit of 1761 made by the persons,
176 in number, who took a more or less important share
in the work at no less than 117 stations. Presently
the peculiar phenomena which rendered the observation
of internal contact uncertain will be described; but
the mere records of time observations have no special
interest. A few examples may suffice to show this,

We see from Plate IV. that the beginning of the
transit was invisible in the western parts of Europe,
but the latter half was visible there, though not under
specially advantageous circumstances, We have the
following particulars respecting the observations in
London at Greenwich: ¢ Early in the morning, when
every astronomer was preparing for observing the
transit, it unluckily happened that, both at London and
the Royal Observatory at Greenwich, the sky was so
overcast with clouds as to render it doubtful whether
any part of the transit wonld be seen, and it was 38 m.
21 s. past 7 o’clock, apparent time, at Greenwich when
the Rev. Mr. Bliss, our Astronomer Royal, first saw
Venus onthe sun. . . From that time to the beginning
of egress the Doctor made several observations, both of
the difference of right ascension and declination of the
centres of the sun and Venus, and at last found the
beginning of egress, or instant of the internal contact

E2
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of Venus with the sun’s limb, to be at 8 hours 19 minutes
0 seconds apparent time. . . . By the means of three
good observations the diameter of Venus on the sun
was 58 seconds of a degree.’ ¢Mr. Short made his
observations at Savile House, in London, 30 seconds
in time west of Greenwich, in presence of His Royal
Highness the Duke of York, accompanied by Their
Royal Highnesses Prince William, Prince Henry, and
Prince Frederick.” So the account runs. We are not
told whether the Duke of York actually honoured
Venus by directing His Royal gaze upon her during her
transit, or whether Their Other Royal Highnesses made
any observations; but as Venus was under observation
for about 34 hours, we may suppose thai these exalted
persons did not lose the opportunity of witnessing a
phenomenon so seldom seen. Venus, all unconscious of
the honour, moved onwards to egress, contact occurring
at 8 h. 18 m. 154 s, apparent Greenwich time, or
8% s. sooner than at Greenwich. At Stockholm the
whole transit was observed by Wargentin, the whole
duration (between the internal contacts) being 5 h.
50 m. 45 s., corresponding to a little over six hours
for the passage of the centres. At Stockholm, as we
see from Plate IV., the transit was shortened as com-
pared with the mean duration.

Chappe d’Auteroche was stationed at Tobolsk, in
Siberia—an important station for the Halleyan method
(see Plate IV.), if any stations had been available
for observing lengthened durations. The transit, as
observed by him, lasted 5 h. 48 m. 32} s., or nearly
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2 m, less than at Stockholm. Chappe had some:
trouble in reaching Tobolsk in time for his observations.
He started at the end of November 1760, and reached
St. Petersburg readily enough; but the journey
thence to Tobolsk was not completed without incon-
venience and even serious dangers. He reached
Tobolsk on April 10, 1761, the voyage having lasted
five months,

England sent out an expedition intended for Ben-
coolen, in Sumatra, apparently because that station had
been mentioned in Halley’s dissertation ; for Sumatra,
“almost midway between H and m’ (Plate IV.), offered
10 advantages for the observation of durations, and was
altogether too far removed both from 1 and E to be of
the least service as a Delislean station. Fortunately the
ship was attacked by a Spanish war-ship on the road,
and had to putin at the Cape, where very useful obser-
vations of the retarded egress were made. Another
English expedition was sent to St. Helena, a station
where retarded egress was observable, but by no
means advantageously. At Madras, Mr. Hirst, and
at Calcutta, Mr. Magee (whom M. Dubois converts
into Magec) observed the duration of transit, obtain-
ing respectively the.periods 5 h. 51 m. 43 s,, and 5 h.
50 m. 36 s., values which differ much more from each
other than parallax will account for. As Ferguson well
remarks of the whole series of observations: ¢ Whoever
compares the times of the internal contacts, as given
by different observers, will find such difference among
them, even those which were taken from the same spot,
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as will show that the instant of either contact could
not be so accurately perceived by the observers as
Dr. Halley thought it could, which probably arises
from the difference of people’s eyes and the different
magnifying powers of those telescopes through which
the contacts were seen. If all the observers had made
use of equal magnifying powers there can be no doubt
that the times would have more nearly coincided, since
it is plain that, supposing all their eyes to be equally
quick and good, they whose telescopes magnified most
could perceive the point of internal contact soomest
and of the total exit latest.’ '

Le Gentil, who had been appointed to observe at
Pondicherry, was very unfortunate. The following
account is taken from M. Dubois’ admirable work
already referred to: ¢ On account of the distance of
the station where he was to observe the transit, Le
Gentil set out from France on March 26, 1760. The
observation he hoped to make at Pondicherry was
curious and interesting, says J. D. Cassini; in fact, he
would have seen the wlole transit, and the middle
would have occurred when the sun was nearly on the
meridian at about ten degrees from the zenith. Le
Gentil arrived at the Isle of France on July 10, 1760,
that is to say, nearly a year before the expected
transit ; but the war which arose at that epoch between
France and England rendered it no longer possible
for him to go to Pondicherry. He resolved to betake
himself to Rodriguez, awaiting meanwhile the pro-
gress of events, He was just setting off for this new
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station, where also De Pingré was to observe, when he
learned that a French frigate was about to leave the
Xsle of France for the coast of Coromandel. Le Gentil
wesolved to avail himself- of this opportunity to go to
the place selected by the Academy of Sciences; but
he was not able to leave the Isle of France on board
this frigate till about the middle of March 1761. It
was already very late. The frigate carrying the
French astronomer experienced at first long-continued
calms, which were enough to cause Le Gentil to
despair, and which did not permit him to reach the
coast of Malabar before May 24. To increase his ill-
fortune, the commander of the frigate learned that the
English were masters of Mahe and Pondicherry. The
frigate had no other resource but to take flight without
delay. This she did; and, to the utter despair of Le
Gentil, she retook her way towards the Isle of France.
The 6th of June arrived! The frigate was in 87°
East longitude (from Paris), and 5° 45" South latitude.
The sky was clear, the sun splendid! The unfortunate
Le Gentil, unwilling to be altogether idle, observed
the transit on board the ship, taking all possible care.
He noted the times of ingress and egress; but with
what degree of approximation were those times obh- .
tained, even admitting that those he mnoted coincided
exactly with the instant of the contacts? The voyage
of the French Academician ended thus in failure.
Le Gentil then experienced one of those mishaps which
assume to the man of science all the proportions of a
real misfortune—to have traversed so large a portion of
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the globe, to have endured all the weariness, all the
privations, all the perils of a long sea-voyage, and to
effect nothing! This was enough to have disgusted
anyone with scientific observation, or at least with
Halley’s method. We shall presently see, however,
when dealing with the transit of 1769, that Le Gentil,
so far as that method was concerned, had not yet seen
the last of his troubles.’

De Pingré reached Rodriguez in May 1761; and
although he had to observe in the open air, and could
scarcely find a place where to keep his clock out of the
wind, his observations were among the best of those
effected during the’transit of 1761,

The results of the observations were far from
satisfactory, the values of the solar parallax deduced
by mathematicians ranging between 87:5 and 10”5,
corresponding to a distance of the sun ranging from
96,162,840 miles to 77,846,110 miles. From a com-
parison of a great number of observations made by
Short the parallax 8”:5 was deduced for the day of
the transit, corresponding to 87:65 for the earth’s
mean parallax, or a distance of 94,498,420 miles. In
1822, Encke, then sub-director at Seeberg, deduced
from the observations made in 1761 a' parallax lying
between the extréme limits 8”+429813 and 87551237,
corresponding to the distances 97,000,000 miles and
95,600,000 miles.

These discrepancies were no doubt due to two
chief causes. In the first place, the ebservations were
mostly Delislean, and in the last century means did
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not exist for the detérmination of the longitude with
the degree of accuracy which was required. Secondly,
it was found that the phenomena attending the ingress
and egress of Venus are not so simple as Halley had
supposed, when he stated that the time of internal con-
tacts can be detérmined within a single second of time.
Halley had reckened on the appearances presented
during a transit such as he had observed at St.
Helena, when the sun was high above the horizon,
and the small disc of Mercury was little disturbed by
atmospheric. effects. But at most of the stations
for effectively observing the transit of Venus in 1761,
and at all those best suited for applying Delisle’s
method, the sun was not far from the horizon, and the
outline of Venus was seriously affected by atmospheric
undulations. Moreover, an optical phenomenon which
had not attracted Halley’s attention was presented
during the transit.of 1761, and caused the observations
to be much less reliable than they would otherwise
have been. The disc of Venus was found to assume
near the time of internal contact a distorted form. In
some cases she seemed to be attached to the edge of

1 2
Fig. 6.—Illustrating the Black Drop.

the sun by a dark ligament of greater or less breadth,
as shown at 1, 2,’and 3, fig. 6; in other cases shé
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appeared shaped like a pear, while in others she was
altogether distorted by the combined effect of atmo-
spheric disturbances and the optical distortion (what-
ever its real nature may be) which causes the black
drop and pear-shape figures.

This was the first occasion on which the peculiar
appearances in question were noted ; but as the diffi-
culty thus introduced affected the discussion of the
observations made during both the transits of the last
century, this will be a convenient place for describing
what was seen in 1769 as well as in 1761. . Professor
Grant has collected together in his fine ¢ History of
Physical Astronomy’ several of the most interesting
observations of this kind, and from his work I quote
the following cases :—

Mr. Hirst, who observed the transit of 1761 at
Madras, stated that ¢ at the total immersion the planet,
instead of appearing truly circular, resembled more
the form of a bergamot pear, or, as Governor Pigott
then expressed it, looked like a ninepin; yet the pre-
ceding limb of Venus was extremely well defined.’
With respect to the end. of the transit, he remarked
“that the planet was as black as ink, and the body
truly circular, just before the beginning of egress, yet
it was no sooner in contact with the sun’s preceding
limb, than it assumed the same figure as before at the
sun’s subsequent (following) limb ; the subsequent limb
of Venus keeping well-defined and truly circular.’

A similar appearance was observed by Salunde at
Paris, by Bergman at Lpsal and also by several other
individuals,
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Dr. Maskelyne, who observed the transit of 1769
at Greenwich, gives the following description of a
phenomenon of a similar nature witnessed by him at
the egress of the planet :—

¢ The regularity of Venus’s circular figure was
disturbed towards the place where the internal contact
should happen by the addition of a protuberance dark
like Venus and projecting outwards, which occupied
a space upon the sun’s circumference which bore a con-
siderable proportion to the diameter of Venus. Fifty-
two seconds before the thread of light was formed,
Venus’s regular circumference (supposed to be con-
tinued as it would have been without the protuberance)
seemed to be in contact with the sun’s circumference,
supposed also completed. Accordingly, from this time
Venus’s regular circumference (supposed defined in the
manner just described) appeared wholly within the
sun’s circumference,and it seemed, therefore, wondertul
that the thread of light should be so long before it
appeared, the protuberance appearing in its stead.
At length when a considerable part of the sun’s cir-
cumference (equal to one-third or one-fourth of the
diameter of Venus) remained still obscured by the
protuberance, a fine stream of light flowed gently
round it from each side, and completed the same in
the space of three seconds of time. But the protube-
rance, though diminished, was not taken away till about
twenty seconds more; when, after being gradually
reduced, it disappeared, and Venus’s circular figure
was restored. '
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Dr. Bevis states in the account of his observations -
that ¢ the planet seemed quite entered upon her disc,
her upper limb being tangential to that of the sun;
but instead of a thread of light, which he expected
immediately ‘to appear ‘between them, he perceived
Venus to be still conjoined to the sun’s limb by a
slender tail, nothing near so dark as her disc, and
shaped like the neck of a Florence flask. The said
tail vanished at once; and for a few seconds after, the
limb of Venus, to which it had been joined, appeared
more prominent than her lower part, somewhat like
the lesser end of an egg, but soon resumed its rotun-
dity.’

The Rev. Mr. Hirst thus describes the appearance
presented during the transit: ¢ The same phenomena
of a protuberance which I observed at Madras in 1761,
at both internal contacts, I observed again at this last
transit. At both times the protuberance of the upper
edge of Venus diminished nearly to a point before the
thread of light between the concave edge of the sun
and the concave .edge of the planet was perfected,
when the protuberance broke off from the upper edge
of the sun, but Venus did not assume its circular form
till it had descended into the solar disc some distance.’

‘Mr. Dunn, who observed the transit at Greenwich,
remarks that ¢ he saw the planet held as it were to the
sun’s limb by a ligament formed of many black cones
whose bases stood on the limb of Venus, their vertlces
pointing to the limb of the sun.’

¢ Mr. Pigott states that Venus, before she separated

.
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from the sun, was considerably stretched out towards
his limb, which gave the planet nearly the form of a
pear; and even after the separation of the limbs Venus
was twelve or nine seconds before she resumed her
rotundity.’ ,

The following cases, with their accompanying illus-
trations, serve at once to indicate the nature and
suggest the explanation of the peculiar appearances
presented by Venus when nearly at internal contact.

Fig. 7 represents the appearance presented by
Venus as observed by Mayer at St. Petersburg, in
1769. A reference to Plate V. will show that at St.

Fig. 7.—Appearance presented by Venus at Internal Contact, as
observed by Mayer.

Petersburg the sun was almost upon the horizon at
the moment of ingress, and close to the horizon at the
moment of egress. There can be no doubt that the
distorted appearance of Venus is due to atmospheric
disturbances, such as are always recognisable when
the sun is observed low down. I may remark that
fig. 7 corresponds precisely to what I observed when
examiuning the artificial transit of Venus as arranged
at Washington, on a morning when the atmosphere
was unusually disturbed. The American astronomers



62 TRANSITS OF VENUS.

consider that the corresponding arrangements at Green-
wich are not so good as their own, because the distance
between the observer and the artificial ¢ Sun and Venus’
is not great enough to permit the study of these at-
mospheric effects,. We see clearly enough from Mayer’s
observation that such effects, though they would not
be nearly so great with the sun even moderately raised
(say 10°) above the horizon, must always be taken
into account. The edge of the sun even at a con-
siderable height is always rippled by the effects of
atmospheric undulations. So also necessarily must
the outline of Venus be rippled, and it is the contact
“of two rippling outlines, not of two sharply defined
discs, that the astronomer is called upon to observe.
The next picture(fig. 8) is from a drawing by Bayley
at Nord Cap. In this case the sun was raised about

Fig. 8.—Contact of Venus, as observed by Bayley at Nord Cap.

10° from the horizon, but the blurred outline given to
the sun indicates the existence of imperfect atmospheric
conditions, and we may partly attribute to this cause
the wideness of the connecting ligament when contact
was actually established.

Fig. 9 is from a drawing by Hirst, who observed
the ingress at Greenwich; while fig, 10 shows how
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Venus appeared to Bevis, who observed at Kew under
nearly the same conditions,

Fig. 9.—The Black Drop, as observed by Hirst.

There has been much discussion as to the cause
of the ¢ black drop,’ and in some instances considerable
energy has been evinced in the attempt to show that

Fig. 10.—The Black Drop, as observed by Bevis.

this or that cause is the trueone, It appears probable
that the phenomenon is occasioned by the combina-
tion of several causes, and is widely variable in its
extent. The general cause—by which I mean the
resultant of the various causes in operation—is mani-
festly an apparent extension of the sun’s disc, and an
apparent contraction of the disc of Venus. Suppose,
for instance, that the arc 8 s'v’ (fig. 11) represents
part of the true outline of the sun, then this outline
appears shifted outside its true place, or to the position
indicated by the boundary between light and shade in
the figure; and the apparent outline of Venus is shifted
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from §'v v/, its true position, to that shown by the out-
line of the black disc. Supposing this shifting of the
outline to be uniform, and to continue unchanged in

Fig. 11. Fig. 12.
Illustrating the Formation of the ¢ Black Drop.’

extent, as Venus gradually passes on to the sun’s face,
it is clear that at the moment of true contact, when
the real outlines touch, as shown in fig. 12, the ap-
parent outlines will belong to two circles which are
far from touching. But at the actual point of contact,
where the widening of one outline and the contraction
of the other cannot be supposed to act, there will still
remain a fine black ligament. Under less perfect
conditions this moment of true .contact would not be
attained, and instead of a fine ligament being seen
just before Venus separated from the sun’s edge, a
wider ligament would be observed.

Thus far I have only indicated the general cause.
And it may be said that this general cause is demon-
strated by the observed effects. But we must now
consider how this general cause is itself brought about ;
and herein lies the difficulty of the matter, whether
regarded as a problem or considered with reference to
the practical mastery of this occasion of error.
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First, we have the rippling I have spoken of.
Taking any point on the outline of the sun’s disc or of
Venus’s, that point is swayed backwards and forwards
across its true position by the effect of atmospheric
undulation, the range of oscillation being greater
or less according as the atmosphere is more or less
perturbed, and as the sun is observed nearer to or
farther from the horizon. A moment’s consideration
will show that the effect of such oscillations, operating
all round both discs, must be to cause the sun’s disc
to cover (on the whole) a larger space than it should,
while the disc of Venus covers a less space than it
should. For there is a certain fringe of space all
round both discs which is partially illuminated by
these oscillatory movements, and this partial illumi-
nation extends the sun’s disc outwards and contracts
that of Venus. Probably this cause has but a small
share in producing the general effect, except when the
sun is low down.

Secondly, there is the optical effect caused by the
fact that the image of a bright point is not itself a
point. And here we have three causes in operation,
which we may consider together. First, in the most
perfect telescope the image of a point is what is called
the ¢ circle of least confusion’ between the two linear
(or almost linear) foci. Secondly, diffraction affects
the dimensions of the focal image of a point of light.
And thirdly, if the telescope is defective, spherical
aberration may operate so as seriously to affect the
definition. All these causes combine to alter the

F
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CHAPTER III

- THE TRANSIT OF 1769.

THE general impression among astronomers, after the
observations of 1761 had been discussed, was that too
much reliance had been placed on Delisle’s method.
¢« Experience,” wrote J. D. Cassini, later, in his ¢ His-
toire du Passage de 1769, ‘is our chief instructor ;
the fruit of its lessons indemnifies us for the value of
the years they cost us. The principal end had been
missed, in 1761, for want of observations in places
where the durations differed sufficiently. It was
essential not to experience a second time the same
disadvantage.’ '

Among the first statements published respecting
the transit of 1769 was that by the ingenious Ferguson,
who wrote as follows in 1762 : ¢ On the 3rd of June, .
in the year 1769, Venus will again pass over the sun’s
disc, in such a manner as to afford a much easier and
better method of investigating the sun’s parallax than
her transit in the year 1761 has done. But no part
of Britain will be proper for observing that transit,'

1 This was an error, due to Ferguson’s reliance on Halley’s tables;

not, I need hardly say, the tables by which Halley had arrived at his
F2
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so as to deduce anything with respect to the sun’s
parallax from it, because it will begin but a little
before surset, and will be quite over before two o’clock
next morning. The apparent time of conjunction of
the sun and Venus, according to Dr. Halley’s tables,
will be at thirteen minutes past ten o’clock at London,
at which time the geocentric latitude of Venus will
be full ten minutes of a degree north from the sun’s
centre; and therefore, as seen from the northern
parts of the earth, Venus will be considerably de-
pressed by a parallax of latitude on the sun’s disc;
on which account the visible duration of the transit
will be lengthened ; and in the southern parts of the
earth she will be elevated by a parallax of latitude on
the sun, which will shorten the visible duration of the
transit with respect to its duration as supposed to be
seen from the earth’s centre; to both which affections
of duration the parallaxes of longitude will also con-
spire. So that every advantage which Dr. Halley
expected from the late transit will be found in this,
without the least difficulty or embarrassment. It is,
therefore, to be hoped that neither cost nor labour
will be spared in duly observing this transit, especially
as there will not be such another opportunity again in
less than 105 years afterwards.’

Ferguson also showed accurately the places where
advantage could be best taken of Halley’s method:
¢ The most proper places for observing the transit in

incorrect ideas respecting the circumstances of the earlier transit, but
those which Halley had formed subsequently,



THE TRANSIT OF 1769. 69.

the year 1769 are in the northern parts of Lapland,
and the Solomon Isles in the Great South Sea, at the
former of which the visible duration between the two
internal contacts will be at least twenty-two minutes
greater than at the latter, even though the sun’s
parallax should not be quite 9”. If it be 9” (which
is the quantity I had assuined in a delineation of this
transit which I gave in to the Royal Society before I
had heard what Mr. Short had made it from the
observations of the late transit), the difference of the
visible durations, as seen in Lapland and in the
Solomon Isles, will be as expressed in that delineation;
and if the sun’s parallax be less than 9” (as I now
have very good reason to believe it is) the difference
of durations will be less accordingly.’

Later, Hornsby in England, and De Lalande and
Pingré in France, discussed very carefully the cir-
cumstances of the transit of 1769. De Lalande, in
1764, illustrated the conditions of the transit of 1769
by a projection of the earth planned like that which
Delisle had made for the transit of 1761. The
tables of Cassini formed the basis of the calculations
made by these astronomers; and as Cassini had had
the advantage of later observations of Venus, his
tables were necessarily more accurate than those
which Halley had completed earlier in the century.

The circumstances of the transit, of 1769 in dif-
ferent parts of the earth can be inferred from what is
shown in Plate V. Here the arcs A1B and A'1'B’
separate the dark and light hemispheres of the earth
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~at the beginning of the transit, while the arcs CED
and ¢’ E'D’ separate the dark and light hemispheres
at the end of the transit. Thus the beginning was
visible at all places on the hemisphere formed by
combining the sections AI1BD and A’ ¥ B’ D’; and the
end of the transit was visible at all places on the
hemisphere formed by combining the sections CED A
and ¢'E'D’A’. The whole of the transit was visible
over the spaces DeiA and D' =’ A’; but within the
space ime, though the beginning and end of the
transit were seen, the progress of the transit was not
wholly visible. No part of the transit was visible over
the spaces Bm ¢ and B'7 ¢ ¢’; but within the space
¢ m’ ¢, though neither the beginning nor the end were
visible, the progress of the transit was partially visible.
At all points of the arcs A1B and A’ 1' B’ the ingress
occurred with the sun on the horizon; but whereas
the sun was rising for the arcs A< and A7/, he was
setting for the arcs B< and B'7’. At all points of the
arcs CED and ¢'E'D’ the egress occurred with the
run on the horizon; but whereas the sun was rising
for the arcs ce and ¢’ ¢, he was setting for the arcs
Deand D' ¢. At the points m and m’ the sun was on
the horizon both at ingress and at egress; but whereas
the whole transit, except ingress and egress, took place
during the night at m, it took place during the day at
m’.  All that has here been said has related to the
passage of Venus’s centre.

The point 1 was that where ingress occurred
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earliest,' the point 1’ being that where ingress occurred
latest. It was around these points that observers of
ingress by Delisle’s method were to be placed, on that
side of the arcs A B and on A’ B" where the sun would
be above the horizon at the time of ingress, We see
that Great Britain was admirably placed for observing
accelerated ingress, Greenwich being almost as well
placed as any station could possibly be, though having
the sun rather low (and unfortunately it appeared
from Halley’s tables as though the sun would be still
lower). At Greenwich sunset was approaching when
transit began. 1’ was in a little known part of the
Southern Seas.

The point E’, where egress occurred earliest, was,
like 1’, placed in a part of the Southern Seas about
which little was at that time known. E, where egress
occurred latest, was so placed that the whole of

! Encke, in 1822, found the following elements for the transit of
1769. I quote these, like the elements for 1761, from M. Dubois’
¢ Les Passages de Vénus sur le disque Solaire’:—

b m. 8.
Ingress of Venus's centre . . . . 7 26 5435 ) Greenwich
Middle of the transit . . . .10 27 208 } apparent
Egress of the centre . . . .18 27 51'3 J solar time.
Duration of the transit . . . . 6 0 568
Least distance of centres . . . . 0 10 81
Latitude Longitude
o ’ -] !
Pole of accelerated ingress . . .49 33N 7 23E
5 » retarded w e . . . 49 338 172 37TW
» 1 accelerated egress. . . .22 308 122 46W
. 5 retarded w e . . .22 30N 57 14E
,» 5 shortened durations . . .38 378 143 2W

» » lengthened ,, . . . .38 3TN 39 58E
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- India and the region between the north-west of India
and the Sea of Aral was suitable for observing this
phase. d )

But chief interest was attached, as I have said, to
the application of Halley’s method. The Halleyan
poles were at H and H’, these being respectively the
points where, in a geometrical sense (that is, without
taking into account the actual visibility of ingress
or egress), the transit would be respectively most
lengthened and most shortened. H, we see, lay in a
region whence no part of the transit could be seen,
- and the point m was the nearest to H where both the-
beginning and end would be visible, but with the sun
upon the horizon. The space ¢me was that which
presented the most promising conditions, except that
the sun would be low within this space, both at ingress
and at egress (passing below the horizon for a greater
or less portion of the progress of the transit). Ward-
huus, in Lapland, close to this region, was selected for
the most northerly Halleyan stations; and as the
polar regions could not be occupied, the stations next
in order of value were necessarily those lving on the
opposite side of the arctic circle, from Kamschatka,
through Alaska, &c., round to Hudson’s Bay. These,
however, were too far away from H to be of great
value as Halleyan stations, while their great distance
from I and E prevented them from having any special
value as Delislean stations. The:southern Halleyan
pole B was in the same unknown quarter of the
Southern Seas in which 1’ and E’.are seen to lie. In
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fact, the whole region around B’ was of extreme im-
portance for the observation of the transit of 1769,
since any station placed there would not only be
excellent for Halley’s method, but also for Delisle’s,
both as respects retarded ingress and accelerated
egress.

In passing, let it be noted how the superiority of
the second transit of a pair (in general) shows itself
by the positions of A and B’ in Plates IV. and V,
respectively. In Plate IV. we see that H and m lie
on opposite sides of the north pole, " and m’ on
opposite sides of the south pole; whereas-in Plate V.
we see that H and m are on the same side of the north
pole, B” and m’ on the same side of the south pole.
Now, necessarily one Halleyan pole lies in the region
whence no part of the transit can be seen, and we see
that in such a case as that illustrated by Plate V. the
point m indicates how near that particular Halleyan
pele H can be approached without losing either the
beginning or end of the transit; whereas in the case
illustrated by Plate IV., m’, the point of nearest
available approach, lies very much farther away from
the corresponding Halleyan pole B'. Still, it is to be
noticed that, even in the case of a transit like that of
1769 (Plate V.), the really effective use of Halley’s
method requires that a station should be reached near
the space corresponding to emi. If this cannot be
arranged, the stations next in order of value are those
lying on the farther side of the arctic or antarctic
circle (as the case may be), and such stations will
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commonly not be much better than one near m’ for
the transit of 1761 (Plate IV.), and may be even far
inferior to stations available in the case of such a
first transit as that of 1874 (Plate VI.). This is, in
fact, the reason why Halley’s method fails totally in
1882 (see Plate VIIL.), though this is the second
transit of a pair.

The actual operations for viewing the transit of
1769 were carried out. on a widely extended scale.
Preparations were made for sending observers to the
South Sea, California, Mexico, Lapland and Kams-
chatka. The King of Denmark invited Father Hell,
the eminent Grerman astronomer, to observe the transit
at Wardhuus, in Lapland, and thither Hell betook
himself with Borgrewing, the Danish astronomer.
They arrived in the autumn of 1768, and passed the
winter in that desolate region. Chappe d’Auteroche
was selected by the French Academy to observe the
transit from the Solomon Isles,in the South Sea; but,
says M. Dubois, ¢ the South Sea at that epoch was
under the rule of Spain, and it was only possible to
visit those seas in a Spanish vessel, and with the
permission of the Court of Spain. The Spanish
Government refused such permission, but gave Chappe
leave to embark in the Spanish fleet then about to
sail for Western America.” Chappe eventually ob-
served at St. Joseph, in California.

¢ England,” says M. Dubois, ‘did not wait for
permission from Spain to send an astronomer to ob-
serve the transit from the South Sea.” The following
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account, taken from ¢ Cook’s Voyages,’ describes the
preparations made for the journey : —
¢It having been long before calculated that the
planet Venus would pass over the sun’s disc in 1769.
a phenomenon of great importance to astronomy, and
which bad engaged the attention of men of science, it
was judged that the most proper place for observing
this phenomenon would be either at the Marquesas
or at one of those islands to which Tasman had given
the several appellatioris of Amsterdam, Rotterdam, and
Middleburg, but which are now better known under
the general name of the Friendly Islands. This
being a matter of so much importance in the science
of astronomy, the Royal Society, with that laudable
* zeal they have ever shown for its advancement, pre-
sented a memorial to his Majesty at the beginning of
-the previous year, requesting among other things that
a vessel might be fitted out, at the expense of the
Government, to convey proper persons to observe this
transit.at one of the places already mentioned. The
petition being readily complied with, and orders
having been given by the Admiralty to provide a
vessel for that purpose, on April 3, Mr. Stephens,
the Secretary to the Board, informed the Society that
everything was progressing according to their wishes.
¢ Mr. Dalrymple was originally fixed upon to
superintend this expedition : aman eminent in science,
a member of the Royal Society, and who had already
greatly distinguished himself respecting the geography
of the Southern Ocean. As this gentleman had been
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regularly bred to the sea, he insisted (very properly
too) on having a brevet commission, as captain of the
vessel, before he would undertake the employment.
Sir Edward Hawke (afterwards Lord Hawke, a naval
officer, and not a civilian), who then presided at the
Admiralty, violently opposed this measure; and being
pressed on the subject, declared that nothing would
induce him to give his sanction to such a commission.

¢ Both parties were inflexible, and it was therefore
thought expedient to look out for some other person
to conduct the expedition. Accordingly, Mr. Stephens,
having : recommended Lieutenant Cook, and this re-
commendation having been sttengthened by the testi-
mony of Sir Hugh Palliser, who was well acquainted
with Cook’s merit and abilities for the discharge of
this office, he was appointed to this distinguished post
by the Lords Commissioners, and promoted to the rank
of Lieutenant of the Royal Navy on May 25, 1768.
He was now, be it remembered, close upon forty years
of age.

¢ This appomtment having taken place, Sir Hugh
Palliser was commissioned to provide a vessel adapted
for such a voyage. After examining a great number
then lying in the Thames, in conjunction with Cook,
of whose judgment he entertained the highest opinion,
they at last fixed upon the ‘ Endeavour,’ a barque of 37 0
tons, which had been built for the coal-trade.

¢ In the interim, Captain Wallis having returned
from his voyage round the world, and having signified
to the Royal Society that Port Royal Harbour, in
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King George’s Island, now called Otaheite, would be
the most convenient place for observing the transit,
“his opinion was adopted, and the observers were ordered
to repair thither.
¢ Mr. Charles Green, the coadjutor of Dr. Bradley,
the Astronomer Royal, was nominated to assist Captain
Cook in conducting the astronomical part of the un-
dertaking ; and he was accompanied also by Joseph
Banks, Esq. (afterwards Sir Joseph, the President of
the Royal Society). This friend of science possessed
at an early period of life an opulent fortune, and
being zealous to apply it to the best ends, embarked
“on this tedious and hazardous enterprise, animated
by the wish of improving himself and enlarging the
bounds of knowledge. He took two draughtsmen with
him, and had likewise a secretary and four servants in
his.retinue. N
¢Dr. Solander, an ingenious and learned Swede,
who had been appointed one of the librarians in the
British Museum, and who was particularly skilled as
a disciple of Linnseus, and distinguished in his know-
ledge of natural history, likewise joined the expedition.
Possessed with the enthusiasm with which Linnzus
inspired his disciples, he braved danger in the prose-
cution of his favourite studies; and being a man of
erudition and capability, he added no small éclat to the
voyage in which he had embarked.
¢ Though the principal intention of this expedition
was to observe the transit of Venus, it was thought
proper to comprehend other objects as well. Captain
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Cook was therefore directed, after he had accomplished
his main business, to proceed in making further dis-
coveries in the South Seas, which now began to be
explored with uncommon resolution,’

The expedition sailed from Deptford on July 30, °
1768, and on August 13 anchored in Plymouth Sound,
from which after a few days’ stay they proceeded to
sea. It was not until April 10 that they saw Otaheite.
¢ On the 10th,’ says the narrative, ¢ upon their looking
out for the island to which they were destined they
saw land ahead. The next morning it appeared very
high and mountainous, and it was known to be King
George the Third’s Island,so named by Captain Wallis,
but by the natives called Otaheite.’

In May they ‘began to make preparations for
observing the transit of Venus; and from the hints
which Captain Cook had received from the Royal
Society, he sent out two parties to make observations
from different spots, that in case they failed at Otaheite
they might succeed elsewhere. They employed them-
selves in preparing their instruments, and giving in-
structions in the use of them. On Thursday, June 1
(the next Saturday being the day of the transit), they
sent the long-boat to Eimayo, having on board Mr.
Gore, Mr. Monkhouse, and Mr. Sporing, a friend of
Mr. Banks, each furnished with necessary instruments
by Mr. Green. Mr. Banks and several of the Indians
went out with this party. Others were despatched to
find out a convenient spot at such a distance from
their principal station as might suit their purpose.
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Those who went to Eimayo in the long-boat, after
rowing the best part of the night, by the help of some
Indians on board a canoe which they hailed, found a
proper situation for their observatory upon a rock,
where they fixed their tents, and prepared the apparatus
for the following day’s observation. On Saturday,
June 3, as soon as it was light, Mr. Banks left them
to go to the island for fresh provisions. As he was
trading with the natives who belonged to Tarras the
king of the island arrived, with his sister, whose name
was Nuna, in order to pay him a' visit. . . . Mr.
Banks returned to the observatory with his visitors,
and showed them the transit of the planet Venus over
the sun’s disc, informing them that he and his com-
panions had come from their own country solely to
view it in that situation. Both the parties which were
sent out made their observations with great success.
They nevertheless differed in the accounts of the times
of transits more than might have been imagined.” In
Captain Cook’s journal, the following account is
given: ¢ The day proved as favourable to our purpose
as we could wish; not a cloud was to be seen the
whole day, and the air was perfectly clear; so that we
had every advantage in observing the whole of the
passage of the planet Venus over the sun’s disc. We
very distinctly saw an atmosphere, or dusky shade,
round the body of the planet, which very much dis-
turbed the times of the contact, particularly the two
intérnal ones. It was nearly calm the whole day, and
the thermometer, exposed to the sun about the middle
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of the day, rose to a degree of heat wé have not before
met with.’ :
Chappe was specially fortunate at St. Joseph. His
observation has given rise to a good deal of controversy,
with regard to its bearing on the question of the solar
parallax. Powalky and others consider that Chappe’s
observation of the internal contact at egress was an
observation of real contact, not apparent contact; Stone
maintains the contrary. My attention was specially.
directed to this point by Newcomb, of Washington,
U.S., and I must confess that Chappe’s narrative
seems to me unquestionably to bear the interpretation
given to it by Powalky, with whom Newcomb agrees.
Let the reader judge, remembering that real contact
means the formation of the black drop or of the pear-
shaped figure described at page 57; so that at total
ingress real contact is later than apparent, while the re-
verse is the case at egress. Chappe writes as follows :—
¢ At the total ingress I observed very distinctly the
second phenomenon, which had been noticed by the
greater part of the observers in 1761. The edge of
the disc of Venus lengthened itself, as if it had been
attracted by the sun. I did not observe, for the instant
of total ingress, the instant when the edge of Venus
commenced to extend itself; but, not being uble to
doubt that this black point was not part of the opaque
body of Venus, I observed the moment when it ended
(ou il était 4 sa fin’) in such sort that the total
ingress could not have occurred earlier, though perhaps
later by two or three seconds. The black point was
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a little less dark than the rest of Venus; I think it
is the same phenomenon which I had observed at
Tobolsk in 1761. . . . At the second internal con-
tact’ (that is, internal contact at egress), ¢ the sun was
undulating, as was Venus also, which rendered the
observation very difficult. At this contact Venus elon-
gated herself more considerably than in the morning,
in approaching suddenly the edge of the sun.’ It
seems clear that Chappe here witnessed that sudden
leap to the sun’s edge at egress which is the counter-
part of the sudden leap from the sun’s edge at ingress ;
and that if the contact differed at all from the con-
tact at ingress, it was in the fact that a longer leap
was made, in other words, that he caught an earlier
phase at ingress, which would correspond of. course to
a later phase at egress. As Chappe says himself that
real contact at ingress might have been two or three
seconds later, but certainly not earlier, we see that the
contact he observed at egress corresponded even more
closely with what he regarded as real contact,-—that is,
the moment of the leap by which the black drop is
formed and broken. Yet Mr. Stone considers that
at egress Chappe missed the real contact and observed
the later phase of apparent contact.!

Le Gentil experienced in 1769 the culmination of

! Here and at pp. 90-92, I retract the views I expressed inmy ‘Sun,’
and in reply to Prof. Newcomb's general criticism on my account of
Stone’s work. So soon as we met, and he described his objections in
detail, I recognised their force. The Astronomical Society had, in fact,

pronounced so decisively in favour of Stone’s treatment of the transit of
1769, that I was not prepared to find errors so serious in it.

G
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his misfortunes. With a persistent courage worthy of
better success he determined, after his failure in 1761,
to return to Pondicherry as soon as an opportunity
presented itself, and to await there during eight years
the transit of 1769. Dubois remarks that Le Gentil
usefully employed those years in studying the astro-
nomy of the Brahmins, on which subject he published
an interesting work upon his return to France. But
the object he had specially in. view was unfortunately
not attained. ¢ On June 3, 1769, says Dubois, at the
moment when this indefatigable observer was preparing
to observe the transit, a vexatious cloud covered the
sun, and caused the unhappy Le Gentil to lose the fruit
of his patience and of his efforts.” Pondicherry would
have been a useful station for observing the retarded
egress, as we see from Plate V.

Pingré, who had observed the transit of 1761 at
Rodriguez, was sent to observe the transit from a
French station in the island of St. Domingo.

Although the observations made in 1769 were on
the whole much more satisfactory than those which had
been madein 1761, yet there was much to throw doubt
on any determination of the sun’s distance based even
on the later transit. We have seen already that the
_peculiar distortion of Venus, illustrated in pp. 61-63
was presented in a marked degree in 1769; but even
more unpromising was the observed difference in time
between the moments of real and apparent contact. It
is only necessary, as M. Dubois points out, to consider
the difference recognised by those observers who noted
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the two phases, to see how largely the accuracy of
the deduced solar distance must be affected by this
cause. ‘

Wales, at Hudson’s Bay, using a telescope two
feet long, magnifying 120 times, found a difference
of 24 seconds between the real and apparent contacts
at egress. Green, at Otaheite, found a difference of
40 seconds at ingress 4nd 48 seconds at egress. Cook,
at the same station, found the difference 60 seconds at
ingress and 32 seconds at egress. Yet these two
observers used two similar telescopes, magnifying 140
times. Maskelyne, at Greenwich, using a telescope
magnifying 140 times, found the difference 52 seconds ;
while Horsley, at the same station, with an achromatic
telescope, 10 feet in length, magnifying 50 times, found
the difference to be 63 seconds. Maskelyne remarks
that the difference was greater than he had expected,
considering that the telescopes were all nearly of the
same quality, except a reflector of six feet used by
Hitchins, The superiority of this instrument ap-
peared to Maskelyne to account for the difference of
26 seconds, by which interval Hitchins observed the
internal contact earlier than Maskelyne. Hornsby, at
Oxford, used an achromatic telescope of 7} feet, magni-
fying ninety times, and found the difference to be 571
seconds; while Schuckberg, also observing at Oxford,
found a difference of 69 seconds between the real and
apparent contacts. An unknown observer at Caen,
using a very small telescope, found the enormous dif-
ference of fully 150 seconds! Wilke, at Stockholm,

62
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though the errors in the estimated instant of an ex-
ternal contact might be expected to be of the same
order as those affecting the estimated instant of an
internal contact.

Dubois tells us that upwards of two hundred
memoirs were sent to the Academy of Sciences on the
value of the solar parallax deducible from the obser-
vations made in 1769. How many were sent to the
Royal Society I do not know; but probably as many
as four hundred were sent to the different learned
bodies of Europe. .

A comparison of the results obtained by the most
competent computers showed that the observations of
1769 were much more valuable on the whole than
those of 1761 ; for, whereas the results obtained in 1761
ranged in value between 875 and 10”:6, we find the
following five results selected as those most carefully
calculated on the basis of the observations of 1769 :—

De Lalande fixed the parallax at 850

Fr. Hell s s 8:70
Hornsby » 0 878
Euler » 9 8:82
Pingré e s 8°88

The solar distances corresponding to the parallaxes
8”+50 and 8”'88 are respectively 96,162,840 miles
and 92,049,650 miles.

It is somewhat singular that, notwithstanding the
clearest evidence of a cause of uncertainty sufficing to
account for such differences as the above table presents,
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Lalande and Pingré, who had obtained the most widely
different results, were both quite confident of the
accuracy of the values they had deduced. Lalande
says in his memoir, that regarding the whole series of
observations of 1769, the solar parallax is incontestably
87:5; while Pingré says in reply, ¢ of two things one:
either no result at all can be deduced from the transit
of 1769, or it must be admitted that the value of the
solar parallax is very close indeed to 8”8 (est 4 trés-
peu preés de 8”-8).’

In his first memoir, in which' the above tabulated
value, 8”82, was given, Euler had not taken into
account the observations made at Otaheite by Green,
and at St. Joseph, in California, by Chappe. Going
over his work afresh, and introducing these observa-
tions, he deduced the parallax 8”-68. Dionis du Séjour,
employing only observations of duration, and combining
the transits of 1761 and 1769, deduced the value 8”-84.
But in his ¢Traité Analytique des Mouvements
Apparents des Corps Célestes’ he adopts as the final
result of his calculations the solar parallax 8”:8128.

It is worthy of notice that when chief reliance was
placed on observations made at Halleyan stations of
the first class, the value of the parallax approached
more nearly to that now recognised as probably the
more correct. Thus, combining observations made at
Otaheite with Father Hell’s observations at Wardhuus,
De Lalande obtained the value 8”72, and yet larger
values when Hell’s observations were combined with
other observations. Yet, as we have seen, De Lalande
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adopted 875 as the best mean value of the solar
parallax.

Doubts, indeed, were thrown upon Father Hell’s
observations, on .account of corrections which had
been made in his MS. notes of the phenomena (and
partly, also, because of the known fact that he alone of
all the observers of the transit recognised no distinc-
tion between real and apparent contacts). The idea
that Hell’s records were forged was thrown out by
the Astronomer Royal. But such a suspicion need
‘hardly be seriously considered. Not only is nothing
known about Fr. Hell which for a moment justifies
the supposition that he could be guilty of the act
charged to him, but we know now that his observations
accord better with the latest estimates of the parallax
than those of other observers.

Encke in 1824 published an analysis of the observa-
tions of the transit of 1769, from which he deduced for
the solar parallax the value 87:6030. By combining
the observations of both transits he deduced that value
8757176 (corresponding to a solar distance of 95,274,000
miles) which for more than a quarter of a century
thereafter maintained its ground in treatises on astro-
nomy.

But about the year 1850 it hegan to be recognised
that the sun’s distance had been over-estimated.
Various methods of determining the solar parallax,
inferior singly to the observation of transits of
Venus, but collectively superior—and superior, more-
over, because of the greater accuracy with which
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(owing to the improvement in instruments of precision)
they could be applied—concurred in showing that the
sun’s distance was less than had been supposed by at
least three millions of miles. The consideration of
these methods in detail would occupy more space than
is here convenient. The reader will find them fully
described in the second chapter of my treatise on the
sun. In this place let the following summary
suffice: —

In 1845 Hansen announced that by a method
based on observations of the moon’s motions he had
deduced the parallax 87-9159, corresponding to a dis-
tance of 91,659,000 miles. Leverrier, from the care-
ful study of the sun’s apparent motions, as affected by
the earth’s monthly revolution around the common
centre of gravity of herself and the moon, deduced a
solar parallax of 87-95, corresponding to a distance of
91,330,000 miles. Prof. Newcomb, of Washington,
U.S., obtained by the same method the parallax 87-84,
distance 92,500,000 miles. From observations of
Mars when at his nearest to the earth Prof. Newcomb
deduced the parallax 8”85, corresponding to a distance
of 92,300,000 miles. Stone, formerly of Greenwich,
obtained by this method the distance 91,400,000 miles;
while Winnecke deduced the distance 91,200,000 miles.
Foucault, measuring the velocity of light by means of
a rapidly revolving mirror (a plan devised by Wheat-
stone), and comparing the value so obtained with that
inferred from the observation of the eclipses of Jupiter’s
satellites and the aberration of light, deduced the solar
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parallax 8786, corresponding to a distance of
92,100,000 miles. From the study of those planetary
perturbations which depend on the relative masses of
the earth and the other planets Leverrier deduced the
value 8”859 for the parallax, or 92,110,000 miles for
the sun’s distance. It will be seen that the values
thus obtained indicate a solar parallax of 87-89, corre-
sponding to a distance of about 91,950,000 miles. The
limits of probable error are considerable, however,
and we scarcely know more at present than that the
solar parallax almost certainly lies between the values
8782 and 87°96, corresponding to the distances
92,676,000 miles and 91,228,000 miles.

As soon as it became - clearly recognised that
Encke’s estimate of the sun’s distance from observa-
tions of the transit of 1769 was considerably in error,
doubt necessarily fell upon the method itself which
had till then been regarded as the most satisfactory for
determining the sun’s distance. Efforts, however, were
made to restore the credit of the method by a re-ex-
amination of the observations made in 1769. These
efforts have been regarded by many, especially in
this country, as successful; but it must be con-
fessed the investigation has shown us rather how the
error crept in than how it can be avoided in future
applications of the method. This will appear when
we consider the nature of the researches by which
astronomers have sought to restore the waning credit
of the observations of 1769.

Powalky in 186+ discussed forty-four observations,



92 TRANSITS OF VENUS.

ence varied greatly with the varying circumstances
under which the observations were made, and always
largely exceeded seventeen seconds, it seems quite im-
possible to adopt Mr. Stone’s method as trustworthy.
‘We cannot, therefore, wonder that Continental and
American astronomers have, by common consent, de-
clined to accept Mr. Stone’s results as having much
weight, or indeed as proving anything except what
had already been ascertained—the fact, namely, that
the observations made in 1769 afford but unsatisfac-
tory evidence respecting the sun’s distance.

But the imperfect nature of the observations made
in 1761 and 1769 can be sufficiently explained with-
out attributing inferiority to the method of determin-
ing the sun’s distance in pursuance of which the
observations were made. It cannot be doubted that
the measurement of the sun’s distance resulting from
thosé observations was more trustworthy than any
which could have been obtained at that time by other
methods. We have learned to apply other methods
so much more accurately than they could have been
applied in the last century, that they give better results
than a superior method could then give. But it still
remains probable that the method depending on the
observation of Venus in transit ¢s superior to other
modes of determining the sun’s distance ; and that when
this method is applied with the improved instruments
of our time its superiority will be rendered manifest.
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" CHAPTER 1V.
OF TRANSITS AND THEIR CONDITIONS.

BEFORE we proceed to the consideration of the transits
now approaching it ‘will be desirable to enter on a
more complete examination than heretofore of the
general principles on which the determination of the
sun’s distance by observation of Venus in transit de-
pends. To this subject the present chapter is there-
fore given. It deals with the various methods which
are available for determining the sun’s distance, the
order in which transits recur, and lastly, the considera-
tions on which the choice of stations will depend, in
any given transit. These various points I wish to
treat in an entirely popular manner, and therefore I
shall leave out of account all those minor details
which have to be considered in the complete discus-
sion of the subject, referring the reader who muy
wish for a more thorough investigation of the matter
to my ¢Essays on Astronomy’ and ¢ The Universe
and the Coming Transits.’

First, then, let us consider the paseage of Venus
between the earth and the sun on the occasion of a
transit, and see how the sun’s distance may be inferred
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from the various appearances presented when the transit
is viewed from different parts of the earth.

Let E £’ (fig. 13) be the earth, and v Venus passing
between the earth and the sun (at s) on the course

i

Fig. 13.—Illustrating the general principles on which the determination
of the Sun’s distance by transit observation depends.

mom

shown by the arrow, so that at the moment indicated
by the figure a transit is in progress. At this moment
let us suppose that from a northern station E' Venus
is seen projected upon the sun’s face at v’, while from
a southern station E she is projected at v (v and o
marking the place of her centre). It is to be noted
that true perspective being quite out of the question,
I here for convenience suppose the circle s to represent
the disc of the sun seen from E, so that in considering
what follows the reader need not trouble himself about
the curved nature of the sun’s surface.

Now, the proportions of the solar system being well
known ever since the Copernican theory was established
—or rather, since Kepler’s laws were discovered—we
know that the distance of v from the sun bears to the
distance of E from the sun the proportion of about 72
to 100; whence, immediately, we see that Ev bears to
v v the proportion of about 28 to 72,0r 7 to 18. And
manifestly the opening-out of the lines v E and v ¢’
at the earth is less than their opening-out at the sun
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in this same proportion of 7 to 18 ; so that, for instance, _
if the ‘two stations E. and E' are 7,000 miles apart
(meaning the distance in a straight line, and for sim-
plicity assuming that v E and v E’ are equal lines sym~
metrically placed with respect to the earth’s globe), then
v v’ is a distance of 18,000 miles. But such a deter-
mination as this, if justly and satisfactorily made, would
in point of fact amount to a determination of the sun’s
size, and therefore of the sun’s distance. Observe—
the astronomer at E is supposed to have accurately
determined the apparent position of Venus’s centre at
v, while the astronomer at E’ has accurately determined
the apparent position of her centre at o; thus they
know what proportion v v’ bears to the diameter of
the disc s, that is, to the sun’s diameter. Say, for
instance, they find it to be the 47th part of this dia-
meter. But they know also that v v is 18,000 miles
in length. So that the sun’s diameter is 47 times
18,000 miles, or 846,000 miles. '

So soon, however, as we know the real size of the
sun we know his distance. We know how large he
looks, and a globe of given size can only present a
certain apparent size at a certain distance. For ex-
ample, a globe one inch in diameter looks just as large
as the sun at a distance of about 1073 inches, or a
little less than 9 feet;' a globe two inches in diameter

! A halfpenny; which has a diameter of one inch, will be. found to
exactly conceal the sun when placed at a distance of 107} inches, the
sun being at about his mean distance—that is, the observation being
made in March, April, September, or October.
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. must be set twice as far away to look just as large as
the sun; a globe three inches in diameter thrice as far
away; and so on. In brief, the sun (like any one of
these globes when placed as described) lies at a dis-
tance 107} times as great as his own diameter. So
that multiplying 846,000 by 1074 we get for the sun’s
distance (as resulting from the observations imagined
above) 90,160,000 miles.

The considerations just discussed form the basis
of all the various methods for determining the sun’s
distance by transit observations, These methods are
only so many contrivances for bringing out the true
result as satisfactorily as possible, by eliminating the
various possible sources of error.

‘We may call the method just sketched the direct
method, because it depends on the simple observation
of the place of Venus on the sun’s face. I shall have
occasion presently to discuss the method somewhat
more in detail. Let it suffice, here, to notice that
the method presents manifest difficulties. The two
observers, at E and E/, are of course not in direct com-
munication; yet it is essential that their observations
should either be made exactly at the same time or that
at least the exact difference of time should be known.
Again, it is not an easy matter to measure the place
of Venus on the sun’s face with the accuracy that the
method requires. For these reasons Halley was led,
in anticipation of the transit of 1761, to devise another
method.

Let us suppose, for simplicity, that the two stations
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at E and E’ are not shifted by the earth’s rotation while
the transit lasts. In this case the observer at E would
see Venus traverse such a path as [vm, while the
observer at E’ would see her traverse the parallel path
Vv m/. The time occupied by Venus in each case
would of course be proportional to the apparent length
of the lines /m and 7 m’; so that if the time were
accurately noted by the two observers, the apparent
lengths of these lines would be known; whence, of .
course, the simplest possible geometrical considerations
would give the position of the two chords and the ap-
parent distance » v’ separating them from each other.
This known, the sun’s size and distance follow as in
the direct method. Since the moment when Venus has
just made her complete entry on the sun’s face at in-
gress, and is jnst about to begin to leave his face at
egress (in other words, the moments when her disc
just touches the sun’s edge on the inside), were sup-
posed by Halley to be determinable with great ac-
curacy, such a method as has just been described
seemed to him admirably adapted for determining the
sun’s distance.

But clearly the difference of time in the imaginary
case we have been dealing with, where the earth’s rota-
tion was neglected, will depend on the position of the
chord of transit. Supposing Venus to traverse the centre
of the sun’s face, the two chords being equal in length,
there would be no difference of time, while the differ-
ence would be great if the two chords were near the
edge of the disc. In the latter case the method would

H
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a place which was at w when transit began (that
is, when Venus appeared to be at 1) would be carried
by rotation to some point e by the time the transit
ended (that is, when Venus appeared to be at E).
In order to see the effect of such a rotation-shift on
the apparent motion of Venus, let us take two lines,
one from w, the other from e, through the centre of
Venus (supposed at rest at v, near the middle of the
transit) to the chord 1E; we see that the line from
he earlier position w passes to v, while the line from
the later position e pastes to v.  Thus the effect of the
rotation.of the earth during the time of transit, if con-
sidered alone, corresponds to a shifting forwards of
Venus by the amount v+’. In other words, transit is
shortened by the effect of rotation ir direction we.
Suppose now another observer placed at the pole
(whichever pole happened to be in sunlight at the
time), so as not to be at all affected by rotation; or
that, being placed near either pole, he were much less
affected by rotation ; or that, being placed on the side
of the pole farthest from ew, the duration were
lengthened through the effects of duration, instead of
being shortened. Then there would arise on this ac-
count a difference of duration, which would lead to
the determination of the sun’s distance precisely as in
the case before supposed. For in reality the result
would be the determination of the apparent amount of
the displacement v v” along the chord of transit, corre-
sponding to the known displacement w e upon the earth ;
and the mere fact that both displacements are in an
H2
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east-and-west direction does not render -the observa-
tions less effective than those which in the former case
gave the apparent displacement v v’ corresponding to
the observers’ displacement EE’, both displacements
being on a north-and-south line.

In all ordinary cases, Halley’s method depends
partly on the distance of the observers measured in a
north-and-south direction, and partly on the effect of
rotation; and in the selection of stations both con-
siderations have of course to be taken into account,
the aim being to make the difference’ of duration as
great, and therefore as exactly measurable, as possible.
The considerations on which the selection of sta-
tions depends will be dealt with in a simple manner
farther on.

We may conveniently call Halley’s method the
¢ method of durations’—a name descriptive of the
qualities of the method. But it certainly seems a
mistake to limit the title ¢ Halley’s method’ to the
case more particularly considered by him.! We may,
therefore, use both names indifferently.

Halley’s method requires the whole transit to be
seen, or at least the beginning and end. Apart from
other difficulties which this requirement introduces,
the probability of favourable weather both at ingress
or egress is manifestly less than the probability of

1 An effort has of late been made to dismiss from use the title
¢ Halley’s method,” which Sir J. Herschel and others had long used. I
cannot sce why Halley’s name should thus be summarily dismissed from
the position it has so long occupied.
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favourable weather for a single observation only. It
occurred to Delisle, ‘when preparations were being
made for the transit of 1761, that assuming Halley
was right in supposing the moment of contact at
ingress could be determined with great exactness, a
single observation of the sort might be employed in-
stead of two terminal ohservations.

It is clear that the observer who sees Venus
traverse such a chord as 7 m’ (fig. 13) will see the
transit begin earlier than one who sees her traverse
such a chord as Im, for / is a point more advanced than
the point 7. Suppose now that each observer notes
the exact moment of local time when the transit begins
(internal contact), and that, knowing his exact longi-
tude, each can change his local time into Greenwich
time ; then these two Greenwich epochs will differ
by an interval corresponding to the amount by which
l is in advance of 7. But this gives a geometrical
relation whence the distance between the chords Im
and ! m’ can manifestly be determined, just as well as
‘though the length of each chord were ascertained.
Hence vv’ becomes known, and thus, as in the
direct method, the sun’s size and distance can be
determined.

Similar remarks apply (mutatis mutandis) to the
observation of egress, The method, whether applied
at ingress or at egress, is called Delisle’s method.!

The employment of photography to record the

11t is siﬁgulnr that Delisle’s name, like Halley's, is not used in Sir
G. Airy’s programme for the transits of 187+ and 1882.
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this stage, of the slight eccentricity of the two orbits,
and of the fact that they are not exactly in the same
plane. Thus, we may be supposed to be looking
directly down upon the moving planets, which, instead
of travelling, as they actually do, with a slightly
varying velocity, are supposed to travel with their
mean or average motion.

Now, the simplest way of determining when and
where the two planets will be again in conjunction is
perhaps the following : —

Imagine that a straight pointer from the sun to
Venus, extending to the earth’s orbit, like the line
SVE, is carried round 8 as a central pivot by the
motion of the planet Venus. Then whenever this
pointer comes up to the earth, the three bodies—sun,
earth, and Venus—are in conjunction. Now, Venus
travels with a mean motion of 96’ 7”°8 per day around
the sun (completing a revolution in 224:701 days),
while the earth travels with a mean motion of 59" 8”3
(completing a revolution in 365257 days!); so that
in each mean solar day Venus gains, on the average,
36’ 59”75 upon the earth. This is the rate at which
our imaginary pointer, starting from a position such as
8 V E, sweeps onwards from the advancing earth, so as
to again reach the earth by overtaking it, just as the
minute-hand of a clock, after being in conjunction
with the hour-hand, passes on towards its next con-
junction, with the ezcess of its motion over the hour-

! Sidereal revolution is here considered, not the tropical revolution
which forms the year of scasons.
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Now, it is clear that, for a transit to occur, a line

from the sun’s centre through' Venus to the earth’s - -

orbit, at the time of a conjunction, must not pass more
than a certain distance above or below the earth’s
orbit—that s, a conjunetion must occur near the
positions VE or V'E. And it is easy to determine
roughly how near the earth must be to E or £’ at the
time of conjunction, for a transit to occur. For let
8 VE, fig. 17, be our imaginary pointer at the time of

Fig. 17.—Illustrating the occurrence of transits.

a conjunction, and s Ve, & v/ ¢’ lines touching the sun.
Then it is manifest that if the earth be anywhere on
the line ¢ E e at the time of conjunction, a line from
the earth to Venus must meet the globe ss s, or, in
other words, there is a transit. But if the earth be
above ¢ or below e at the moment of conjunction,
there can be no transit. Now, 8, the sun’s radius, is
about 426,000 miles, and therefore Ee and E' ¢ are
each less than 426,000 miles in the proportion in
which v E is less than v s, or, roughly, as 277 to 723 ;
so that Ee and E ¢ are each equal to about 163,000
miles—a small distance compared with the actual
range of the end of our Venus-carried pointer above
and below the earth’s orbit. And it is easily calcu-
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lated' that the range on either side of E or E’ (fig.
16), within which a transit is possible, is represented
by the arcs pEp’ and ¢ E ¢/, each equal to about 3}
degrees.

Now, having found that the circuit of the earth’s
orbit has these two transit-regions, so to call them, it
i8 not difficult to ascertain the general conditions under
which the conjunction-line will fall from time to time
upon one or other region.

Let it first be noted that the points E and E’ are
at present those traversed by the earth on or about
December 7 and June 6. The line EsE’ does not,
however, bear a fixed position with respect to the
point &£, but the points E and E’ slowly shift forwards,
that is, in the direction indicated by the arrow.” The
node of Venus’s orbit shifts backwards with respect to
the stellar sphere by about 20”5 per annum; but as
the point £ shifts backwards annually by about 50”1
(the precession of the equinoxes), it follows that the
nodes v and v/, and therefore the points E and ¥/,
advance with respect to £ by about 29”6 (the excess
of 50”1 over 20”°5) annually. Still, in dealing with
the general question of the recurrence of transits, we
must not regard the node of Venus as advancing by
29”6 annually, but as receding by 20”5 ; for in what

! We require to have
Ep_ 163,000

es 5,409,000

that is, the sine of the arc Rp=163 +5409. Whence Bp is an arc of
about 1v 44/, and each of the arcs pp’ and ¢ ¢’ about 3° 28'.
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has hitherto been said about successive conjunctions
of Venus and the earth, we have used the sidereal
periods of both planets, and we cannot substitute the
tropical year without making corresponding corrections.

We may regard the system of five conjunction-
lines shown in fig. 15 as a spoked wheel, which slowly
but continuously shifts backwards in such sort that
any one spoke, 8 E, shifts to the position s, E, in eight
sidereal years less the time occupied by the earth
in moving over E,E, or about 2:449 days. - This’
shift of position amounts to rather less than 2° 25";
but as the transit regions are themselves shifting back-
wards at the rate of 20”5 annually, or about 2% in
eight years, we have the shift of the conjunction-lines,
with reference to the transit regions, equal to about
2° 22/ in eight years.

Now let us suppose that the conjunction-line has
at starting the position which it actually had on the
occasion of the transit of the year 1631. Thus, let
p 7 (fig. 18) represent what may be called the December
transit region, and ¢ ¢ the June transit region, and let
8 V E, the first conjunction-line, fall so that E is the
place of the earth on December 6.! The five next
conjunction-lines have, as already shown, the positions
V, E,, V, E,, V, E;, V, E, and V, E;; and we see that E,
being 2° 22’ from E, while p p’ is an arc of nearly 33°,
E, falls within p p’, and there is again a transit, on or

¥ In the seventeenth century, but corresponding to her position on
December 9 in the nineteenth century.
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of years. This gives 243 as the nearest whole number
of years; and this, it will be noted, is the interval
from the. December transit of 1631 to the next
IDecember transit of 1874, or from the June transit of
1761 to the next June transit of 2004. But we see
that while the conjunction-line E, v, is travelling by
eight yearly steps to the transit region p p’, the con-
Junction-line E, v, will have travelled by similar steps
to the position E, V,, passing over the transit region
@ ¢, and giving therefore two June transits in the
mniddle of the period of 243 years.

And here, for the first time we have to note the
effects of the slight eccentricity of the orbits of the
earth and Venus. If the two paths were concen-
tric circles their centre being the sun, the conjunction-
lines would be distributed with perfect uniformity,
so that the arcs E E,, E, E,, E, £, E, E,;, and E, E;
“would be exactly equal; but owing to the eccen-
tricity of the orbits, and the consequent variation
in the motions of both Venus and the earth, this
niformity does not hold. The five arcs just named,
Or others similarly formed from any other conjunction
as a starting-point, are slightly different in length,
being largest always when the earth’s orbit approaches
Tiearest to that of Venus, so that the angular motions
of the two bodies around the sun differ least, and
ssmallest where the orbits are farthest apart so that the
angular motions of the two bodies differ most.!

' Anything like an exact discussion of the varying relative motions
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At the present time, for instance, the conjunctio®”
lines have such positions as are indicated in fig. 19»

of Venus and the earth would be altogether out of place in a work of
this nature. Let it suffice here to note the following values :—

The Barth Venus
L] 1 " (-] i "
Maximum daily motion . . 1 11 1 37 30
Mean s 2 . . 0 569 9 1 36 8
Minimum ,, v . . 0 57 11 1 3+ 52

Now, the perihelion of Venusisin longitude about 124}°, the perihelion
of the earth in longitude about 993°, or nearly 25° behind. As the eccen-
tricity of the earth’s orbit is greatest, being nearly twice that of Venus's
orbit (if measured in miles, still greater), we should not be far wrong
in taking the earth’s perihelion for the point of nearest approach to the
orbit of Venus ; but inasmuch as opposite this point Venus is approaching
perihelion, we somewhat diminish the longitude to obtain the actual
point of nearest approach, which will be in about 70° of longitude, or at
the place occupied by the earth on or about December 2. Here the
daily motion of the earth is about 1° 0’ 56”, that of Venus about
1° 36’ 49”, the excess of the motion of Venus in longitude being there-
fore 35’ 44”. [When the earthis in longitude 90° her mean daily motion
is about 1° 1’ 7-5”, that of Venus in the same longitude being about
1° 37’ 0-5", an excess of 35' 53" ; so that the daily motions are not so
nearly equal as in longitude 70°. In fact, it chances that the motions
of Venus and the earth in conjunction are nearest to equality almost. at
the time corresponding to a December transit.] Now, at the opposite
part of the two orbits, or in longitude about 250°, we have the earth’s
daily motion about 57° 29, that of Venus 1° 35’ 19", an excess of about
37’ 50", or more by about 2’ 6” than that in longitude 70°. It follows
necessarily that successive conjunction-lines (after successive eight-
yearly periods) fall nearer together in the June part of the orbits than
in the December part. For the exact eight years which carry the earth
from position & (fig. 15), to position E again soon after conjunction at g,
with Venus at V;, correspond to thirteen complete revolutions of Venus
plus 0°955 days, wherever E may be. Now let v be the place reached by
Venus when the earth is at &, then v v is the space traversed by Venusin
0'955 days. But v v also measures the gain of Venus on the earth, while
the earth has been passing from g5 to 8. Now, in longitude 70°, Venus,
being nearer her perihclion, moves faster than in longitude 259° ; hence
on this account the arc v v will be greater for a December conjunction
than for a June one. Since, then, the gain v v of Venus is greater at a
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W here the eccentricities of the two orbits are properly
Nhown, and the conjunction-lines are placed in longitude

.
December conjunction than at a June one, while yet it accrues at a less
Tate us we have seen above, it follows thut it requires a longer time to
acerue : in other words, the arc corresponding to E;E requires a longer
time, and if the earth moved uniformly would be a longer arc at.a
December conjunction than at a June one. But the earth is moving
faster in December than in June; & fortiori therefore the are corre-
sponding to E E; will be greater for a December than for a June conjunc-

tion. Thus is explained the greater distance between the transit lines

of a December pair than between the corresponding lines of a June pair.

See Plate I. To further illustrate this, and also to make this reasoning

more direct'y applicable to the subject matter of this chapter, I will

now proceed to caleulate the actual displacement of the conjunction-line
in eight years, for the two transit regions respectively.
December 9

June 6 } . Then

in eight sidereal years from this conjunction the earth has gone eight

times round, while Venus has gone round thirteen times plus her motion

in 0'955d. This motion takes place at the daily rate of { iz gg: :g,,}

. 654477
and therefore places Venus in advance of the earth by V5456 1

Suppose a conjunction to occur on or about {

" DAY
and the daily gain of Venus, or g;ég,,} is contained {é:gé
times in g‘:;g,,} Therefore conjunction must have occurred

{gfg;g earlier, or since the earth’s daily motion is giig,,}

s 2° 3726”7 . . .
conjunction must have oceurred < 9o yg 1~ ¢ in longitude behind the
conjunction-line of the earlier transit. Diminishing each arc by 23’ for
the change of the nodal line in eight years, we obtain a motion (with

o U
respect to the node) of about { go :i"g,}, near enough for our present
purpose.
" In the above, no account is taken of perturbations of the motions of
Venus and the earth by the other planets.

It will be convenient to add here a more exact caleu’ation of the

transit ares pp’ and ¢ ¢/, fig. 16. We may folow the same plan as at

page 107.
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3°, 77°, 155°, 225°, and 292°, which correspond, nearly
enough for our purpose, to the inferior conjunctions of

We have,—the distance of Venus from sun at { ;:zzzg;zg} node

'is gg:ggz:ggg} miles (where the earth’s mean distance is taken as
91,430,000 miles), and the earth’s distance in the same longitudes respec-
tively is gg:g?g:ggg} miles; so that the distance of the earth from
R . 24,171,000 _ .. . ..
Venus at conjunction is respectively 26,423,000 miles; and diminish-
ing the sun’sradius (which here for greater exactitude we take at 426,450,
its true value if sun’s mean distance be 91,430,000 miles) in the ratio

gg::l};;:ggg gg;ggzggg}, Wwo obtain for the distance corresponding

to Ee and B¢ fig. 17 the value igg:?gg} miles; and it thence follows

I pE=Ep =156,500 cosec (3° 23}') = 2,645,300 miles
that o @' =¥ ¢'=169,720 cosec (3° 23}') = 2,868,700 miles

while the arc-measure of pE, or Z;—:, is equal to 1° 41/, so that pp’ isan
are of 3° 22';
and the arc-measure of ¢ ¥/, or i%l, is equal to 1° 4€', so that ¢ ¢’ is an

arc of 3° 32'. :

These values are for the centres of Venus and the earth. It would
be easy, but is scarcely worth while, to calculate them for exterior or
interior contact, and for the whole earth,—that is, to determine the arc
pp’ or g ¢ for the extreme cases where if any part of Venus be seen on
the sun’s disc from any part of the earth, a transit shall be considered to
have taken place, or where no transit shall be considéred to have taken
place unless the whole of Venus be seen within the sun’s disc even from
the station which throws her farthest from the sun’s centre at the moment
of nearest approach. Into such niceties, however, we need not here
enter, as they are merely questions of curiosity, and neither present any
difficulty nor involve any important principle.

It will Le seen that since at two successive conjunctions near
Dezember 7, the conjunction-lines are separated by 2° 87’ 26” (or about
2° 35’ measuring from the node), while the transit arc is about 3° 22’ in
range, whereas at two successive conjunctions near June 5, the canjunc-
tion-lin:s are separated by only 2° 18 1” (or about 2° 15’ measuring
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of Venus, v, for its vertex, and 8 v for its axis, be
supposed to envelope the sun after the manner shown
by the section s v & in the figure, and let the prolonga-
tion of this cone beyond v, be v v, vv’ being a
circular section through p. Then we may regard this
circular section (which corresponds to e ¢ in fig. 17)
as travelling onwards like a gigantic wheel more than
300,000 miles in diameter, to overtake E; and if v is
near enough to a node, then will this great circle pass
athwart E in such sort that E will traverse a chord of
the circle vv’. Let us try to picture such a passage.
Suppose v to be near an ascending node so that the
circle v v’ as it overtakes E has a slight upward motion :
also if we are looking from s towards E (and v v' were
a real circular outline) we should see v " moving from
right to left to overtake E. It will be convenient to
regard E as at rest so that we consider only the ezcess
of the motion of v®’ over that of the advancing
earth,

In fig. 21, Plate X., v 1v/ represent the circle » v’
of fig. 20 on an enlarged scale at the moment when
the earth e¢ is first touched at the point . At this
moment an observer at ¢ will of course see the centre
of Venus just crossing the edge of the sun. (This is
manifest from fig. 20, where we see that a line drawn
to v from any point, as i, fig. 21, on the surface of the
cone v v o will touch the globe s¢.) To an observer
at ¢ then, but to no one else on the earth e¢’, transit
will have begun (reference being always made to the
centre of Venus).
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and the motion of the centre of v along P, P, also
unchanged, we manifestly modify the nature of the
passage of the edge of v v" over the disc e¢.

The section » v’ passing on, arrives at length at the
position v e v/ touching the disc of the earth at e. At
this moment the centre of Venus is seen, by the observer
at ¢, on the edge of the sun; in other words, egress
(of the centre of Venus) is taking place, and e is the
station where egress is first seen. The section v v’
passes on until it has the position v ¢ v/, when it is
about to leave the earth finally, its last contact with
the earth being at ¢ —where egress takes place latest.
In the interval the edge of v v/ has been passing over
the disc e¢, moving nearly parallel to itself: we
have then e the pole of accelerated egress and ¢ the
pole of retarded egress. As in the case of ingress, e
is not exactly opposite to ¢ even on the circle e/,
while rotation has affected the glohe e¢, so that e is
still farther from being opposite to ¢ on the earth.

‘We may, however, in this asin the former case,
regard (for a first approximation) e and ¢ as points on
opposite extremities of a diameter of the earth, taking
the moment intermediate between earliest and latest
egress. With this assumption, the passage of the edge
of the circle v v’ across the earth’s face is illustrated
by fig. 25 (Plate X.), which represents the disc e ¢ of
fig. 21 on an enlarged scale, the edge of the circular
shadow being shown in ten successive stages of its
supposed uniform retreat. The earth is shown in the
proper position for a December transit.
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It need hardly be said that the face of the earth
turned sunwards when the section » v" has advanced
to the position v v’ is greatly changed from the face
which had been turned sunwards when ingress was in
progress. But the time of egress is easily calculable,
like that of ingress, from the known motions of Venus
and the earth ; the face of the earth turned sunwardsis
also known; and all the circumstances of the passage
of the edge of v v/ over the earth’s face at egress are
easily determined. In fact, all that was said respecting
ingress is true, mutatis mutandis, in the case of egress.

The conditions represented in fig. 21 are actually
those of the transit of 1874. The shadow cone of
Venus passes slantingly upwards with reference to
the earth, and the centre of the circular section » v’
passes north of the earth. The earth passes, therefore,
through the shadow section as along the dotted line,
in the manner shown farther on in fig. 35. But the
conditions of the transit of 1631 so nearly resembled
those of the coming transit that fig. 21 conveniently
illustrates both transits.

In order to more thoroughly master the above
reasoning, the reader would do well to run over it
again, using figs. 24, 25, and 26, instead of figs. 21,
22, and 23 respectively. Fig. 24, with its companion
projections, illustrates the transit of 1882 (and approx-
imately also the transit of 1639). See also fig. 35.

Then the reader can apply the explanation given
above, with very slight changes, to the case of June
transits, illustrated by fig. 27. Figs. 28 and 29 are
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named, that one and the same figure illustrates all four
with enfficient approximation for illustrative purposes.

Now it is easy to see how Delislean stations are to
be selected in any given case. Take the transit of
1874. We find first the hours at which the circle » o/
(fig. 21) crosses the centre of the disc of the earth
iei ¢ at the beginning and end of the transit, or,
which is precisely the same thing, the moment when
the centre of Venus, as seen from the.earth’s centre,
reaches the positions 4 and &', Plate XI. This is in
point of fact the ¢ calculation of the transit,” and de-
pends on principles corresponding to those involved in
the calculation of an eclipse. Having these two
epochs of the beginning and end of transit, and also.
the positions of the transit chord 54" Plate XI., and
ab of fig. 21 Plate X., we make a sun-view of the
earth at the beginning of the transit as Plate XII.,
and another of the earth at the end of the transit as
Plate XTII. (Plates XII. and XIII. really represent
the aspect of the earth for the times of internal con-
tact—illustrated in Plate XI.—at the beginning and
end of transit, but they sufficiently illustrate the present
description).

Then the poritions of the points ¢ and ¢ fig. 21,
Plate X, are known at once, from the geometrical
relations pictured in fig. 21,' and thus we have the
poles of accelerated and retarded ingress placed as ¢
and ¢ in fig. 22, Plate X., or as A and B in Plate

' Of course the vertical line N s in figs. 21, 24, anl 27, represents
ncrth and couth line of the earth's dise i e’ ¢/,
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XII., these positions being the same, it will be observed,
as the positions of 7 and ¢ on the small disc ie? ¢
of fiz. 21. The observers of the accelerated ingress
must be near ¢ on the illuminated hemisphere ¢ 7, fig.
22, while the observers of retarded ingress must be
near ¢. The amount of acceleration or retardation
will depend on the distance from ¢ ¢, a station at any
point in any one of the parallels in fig. 22 having
equal acceleration or retardation (according as the
parallel is nearer ¢ or ). The parallel lines of the
figure are of course circles on the globe of the earth;
and 7 and ¢ are the poles of these circles.!

Again, the positions of the points e and ¢, fig. 21,
Plate X., are known ; and thus we have the poles of
accelerated and retarded egress placed as ¢ and ¢ in
fig. 23, Plate X, or as ¢ and D in Plate XIII., these
positions being the same as those of ¢ and ¢ in the
small disc et ¢ of fig. 21. The observers of the
accelerated egress must be placed near ¢ on the illu-
minated hemisphere ¢ ¢ fig. 23, while the observers
of retarded egress must be placed near ¢. The amount
of acceleration or retardation will depend on the dis-
tance from cc’, a station at any point on any one of
the parallels of fig. 23 having equal acceleration or
retardation (according as the parallel is nearer e or ¢').

! The acccleration or retardation at a station for observing ingress
manifestly varies as the distance of the stition from the plane of the
great circle having ¢ and ¢ as poles ; and similarly for retarded ingress,
and for acecelerated and retarded-egress.  Or in other words, the accele-
ration or retardation varies as the cosine of the arc-distances from ¢ or #/,
eorc,
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These parallel lines of the figure are circles on the
globe of the earth, and e and ¢ are the poles of these
circles.

Similar remarks apply to the case of the transit of
1882, illustrated by figs. 24, 25, and 26, Plate X., and
by Plates XIV. and XV. The reader is recom-
mended to go over the last three paragraphs afresh,
using these last-named figures and plates.

It is easily seen that Delisle’s method is applicable
in every possible case. The poles of accelerated and
retarded ingress and egress lie always (as i,7, ¢, and ¢')
at the edge of the illuminated hemisphere, and stations
can always be found near to these points, and in sun-
light. Nor do the conditions of success depend at all
upon the position of the chord of transit. We see
indeed that in the case of a short chord as in fig. 21,
the difference of time between ingress at ¢ and ¢, or
egress at e and ¢, is greater than in the case of a longer
chord as in fig. 24 ; for P, P, and P, P, are greater in
fig. 21 than in fig. 24. But it is easily seen that this
advantage in the case of the shorter chord is counter-
balanced by the slowness with which Venus crosses .
the sun’s edge.! Of course the more slowly Veénus seems
to cross the sun’s edge the more difficult it is to deter-
mine the true moment of contact whether at ingress or
egress, complicated as contact is by the phenomena of
black-drop formation.

} Plate XIT. shows us that from & to the centre of Venus’s disc at ¢ is
greater than from s to the centre of her disc at #. In fact this slowness
of crossing corresponds eractly to the lengthening of the distances p, »,
and P, P,
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Delisle’s method is then always applicable, and
always under similar conditions. It is otherwise with
Halley’s method. Let us briefly consider this method
in the approximate manner already used for Delisle’s
method.

To apply Halley’s method both the beginning and
end of transit must be seen. Now i7, fig. 22, &ec.,
enlarged into a sun-view of the earth as in Plate XII.
(for the case of the transit of 1874), shows the face of
the earth in sunlight when transit begins, while e ¢/,
fig. 23, similarly enlarged, shows the face of the earth
in sunlight when transit ends. We must select stations
common to both these projections or sun-views of the
earth in the case of any transit we are dealing with.
For example, in the case of the transit of 1874, we see
that such a station as 1, near A in Plate XII. (one ot
the Sandwich Islands), though excellent for observing
the beginning of the transit by Delisle’s method, cannot
be employed for Halley’s, because this station has
already passed to the dark side (in other words, the sun
has set there) before the end of the transit when the
face of the earth pictured in Plate X1II. is turned sun-
wards. Again, the station marked 5 in Plate XIIIL
(Alexandria) is an excellent station for seeing the end
of the transit by Delisle’s method, but it cannot be em-
ployed for Halley’s, because it is on the dark side of
the earth (in other words, the sun has not risen), at the
beginning of the transit, when the face of the earth
pictured in Plate XII. is turned sunwards. But at
any station in Australia, for example, the whole transit
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can be seen, and therefore Halley’s method could be
employed there so far as visibility of transit is con-
cerned. It remains, however, to select among stations
where both the beginning and end can be seen, those
particular stations where the transit is considerably
lengthened and shortened in duration compared with
the mean transit (transit of Venus’s centre supposed
to be seen from the earth’s centre). In the case of
Delisle’s method, whether applied to ingress or to egress,
we had two poles (i and ¢ for ingress, e and ¢ for
egress), and could estimate the value of any station
at once by referring its position to these poles. We
have now to inquire whether there are any correspond-
ing Halleyan poles—a pole of lengthened duration, and
another pole of shortened duration. I believe Encke
was the first to point out that there are such poles and
to give an analytical proof of the fact; but the follow-
ing simple geometrical demonstration is, so far as I
know, original.!

The parallel lines across the disc of the earth in
fig. 22, represent circles on the earth having 7,7 as

! Prof. Adams mentioned the fact that there are such poles, and
indicated their position, at a meeting of the Astronomical Society at
which I was present—March 1873, if Iremember rightly. I submitted
to him a day or two after the demonstration given in the text, and in his
reply he remarked that the demonstration was the geometrical equiva-
lent of the reasoning by which he had been led to recognise the existence
and position of the Halleyan poles, as well as the law according to
which the lengthening or shortening of the duration varies with distance
from the poles. Subsequently I learned from M. Dubois’ work, already
often referred to here, that Encke had anticipated Adams in recognising,
these relations.

K
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poles, and corresponding to times of ingress successively
later and later, by equal intervals, as the parallel is
farther and farther from i Now if we suppose the
globe of the earth rotated about an axis 7, these
- parallel circles will still appear as parallel and equi-
distant straight lines. In fact, so long as the points
i and ¢’ are on the edge of the visible disc the parallel
circles will appear as equidistant parallel lines. Similar
remarks apply to the parallels in fig. 23 ; 8o long as e
and ¢’ are on the edge of the visible disc these parallel
circles will appear as parallel and equidistant lines. Let
us suppose, then, that the globe of the earth is 8o placed
with respect to the observer that all four points ¢,7,
e, and ¢ are on the circumference of the visible disc.
This is clearly possible, for ¢ ¢ are extremities of one
diameter, e¢’ those of another diameter of the sphere, '
and any two diameters must lie in one plane, which
plane intersects the spkere in a great circle ; so that we
have only to place the sphere so that this great circle
shall form its apparent outline, to have 7,7, ¢, and ¢
(the extremities of two diameters of this great circle)
on the outline of the visible dise.

Now let fig. 32 represent on an enlarged scale the
face of the globe thus brought into view, 1, and 1,
corresponding to the points 7 and ¢, while E, and E,
correspond to the points e and ¢. Also the number
of parallels has been doubled to make the illustration
more complete, the maximum acceleration and retard-
ation at ingress and egress being divided into ten
equal parts corresponding to the ten equal spaces on -
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either side of the lines e¢’ and ¢¢’. For convenience
of explanation this maximum is regarded as 10 seconds,
which is a little short of its value in the transit of 1874
and a little in excess of its value in the transit of 1882.
Now consider any point a where a parallel of one
system crosses a parallel of the other system. Since
a lies on the fourth parallel from ¢¢’ towards 1,, the

l_‘il- 32.—Illustrating the position of the Halleyan poles between the
Delislean poles.

ingress is accelerated by 4 seconds, and since a lies on
the third parallel from c¢’ towards E,, the egress is
retarded by 3 seconds. On the whole, therefore, the
duration of the transit at @ is 7 seconds greater than
‘the mean. At the point » where the next parallel
Jrom 1, and the next towards E, intersect, ingress is

K 2
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and the farther such a parallel is from c o ¢ towards
H, the greater is the shortening of the tramsit. The
absolute maximum duration is at H,, and the absolute
minimum is at &,. These points, then, are the Halleyan
poles, and any one of the parallel circles having these
points as poles indicates the position of stations at
which the lengthening or shortening is in proportion
to the distance of the plane of the circle from the plane
of the great circle ¢ 0 ¢’,towards H, or H, respectively.
But while the Halleyan poles and circles corre-
spond thus geometrically with the Delislean poles and
circles, there is one important difference. A Delislean
pole for any phase is a point where the sun can actually
be seen at that phase. But this is not necessarily the
case with a Halleyan pole. The northern Halleyan
Pole for example, in the transit of 1874, is, by what
has just been shown, the point midway between the
A of Plate XII. and the p of Plate XIII. D being
8till on the darkened side of the earth at the time
Pictured in Plate XII., and s having passed to the
fial‘kened side at the time pictured in Plate XIIL, it
18 manifest that the middle point of an arc from D to
A must also lie on the darkened side at both these
“Pochs; and therefore the northern Halleyan pole,
t"}lough geometrically the point where transit lasts
Qngest, is in reality a point where neither the begin-
Ting nor the end of transit can be seen. On the other
‘\and, the southern Halleyan pole in 1874, is in sun-
light throughout the whole transit, as we see by noting
“that the points B and ¢ of Plates XII and XIII are



134 TRANSITS OF VENUS.

themselves in sunlight throughout the transit, and that
therefore the point midway between them must be
so. The relations here described are those illustrated
in fig. 32, where the dark lune 1, ¢ I, represents a
part of the earth where the beginning of the transit
is not seen, the dark lune E, ¢ E, representing a
part where the end is not seen, and m, lying on
a part where these lunes overlap, on which therefore
neither the beginning nor end of the transit can be
seen.

The reader will find no difficulty in making a
corresponding construction to illustrate the transit of
1882. In fact, so far as the parallels are concerned,
fig. 32 will represent the case of the transit of 1882
very nearly, for we see from Plates VI. and VII. that
the distance between the two northern Delislean poles,
and therefore between the two southern, is nearly the
same in both transits—in other words, the arcs corre-
sponding to I, E,, E, I, in fig. 32 are nearly right for the
transit of 1882. But the darkened lunes must have
the position they assume when fig. 32 is inverted ; for
we see from Plates XIV. and XV. that while the
northern Halleyan pole is in sunlight in 1882, the
southern is on the darkened hemisphere.

But besides that one Halleyan pole or the other is
so placed that no part of the transit can be seen from
it, the circumstances of different transits vary as re-
spects the advantages offered by Halley’s method.

For example, take H, the accessible Halleyan pole
in such a transit as that of 1874. We see that at this
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point the ingress is retarded and egress accelerated by
the maximum acceleration or retardation, less only
about 1% tenths, so that the shortening is Jess than the
sum of the maximum acceleration and retardation by
only 3} tenths of either. Butif E, and 1, were farther
apart the shortening of the transit would not be so
great. This is seen from fig. 33, which illustrates the

Fig. 33.—Illustrating a case unfavourable for Halley’s method.

conditions of the transits of 1761 and 2004. Here E,
and I, are farther apart than I, and E, in fig. 32; the
southern Halleyan pole H, is in this case the inaccessible
one. We note first, that owing to the greater distance
between 1, and E: the point of nearest approach to the
pole H, is still a long way from that pole. Moreover,
we see that at H, in fig. 33, the retardation of ingress
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and the acceleration of egress are less than the maximum
by 4} tenths, so that the total shortening is less than
the sum of the maximum acceleration and retardation
by fully 9 tenths of either. If the interval in time
corresponding to the space between successive parallels
were 1 second, as we before for convenience assumed
it, then in the case illustrated by fig. 32, the total
shortening at the sunlit Halleyan pole H, would
amount to nearly 17 seconds, whereas in the case
illustrated by fig. 33 the shortening at the sunlit
Halleyan pole H, amounts to little more than 11
seconds. :

Thus, apart from geographical considerations, which
may in some cases be of paramount importance, the
applicability of Halley’s method depends principally
on the arc-distance between the two Delislean poles in
the northern hemisphere, which of course is equal to
the distance between the Delislean poles in the southern
hemisphere.

This seen, it is easy to perceive that the first
transit of a pair separated by eight years will be less
suitable than the second.

First take a pair of December transits like those
of 1874 and 1882—transits when Venus is at her
ascending node. In this case the first transit always
carries Venus north of the sun’s centre, as along
b ¥ in Plate XI., while the second carries her south
. of the sun’s centre as along ss'; for this being her
ascending node, and the second transit finding her, as
already explained, less advanced in her orbit, she is
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beyond her ascending node at the first transit and
behind that point at the second transit—that is, in north
1atitude in the former case, and in south latitude in
the latter. Accordingly, the centre of Venus’s shadow-
cone passes north of the earth as in fig. 21 in the case
of the earlier transit of a pair at the ascending node,
and south of the earth as in fig. 24 in the case of the
later transit of such a pair. Thus the first contact is
in the north-eastern quadrant as at ¢in fig. 22, and
the last in the north-western as at ¢ fig. 23; and the
ypoint i on the earth having been carried round by the
earth’s rotation to the darkened side and (remembering
the position of the earth’s axis) on a course giving it
a greater distance from e than it would have if the
Yotation were round an axis NS, we have the two
Delislean poles farther apart than they would be but
for the inclination of the earth’s axis. Or we might
have deduced the same result by considering the two
poles ¢, fig. 22, and e, fig. 23; for we see that the
motion of ¢ along its upward-bowed latitude-parallel
is such as to give it a greater distance from e than it
would have if the axis of rotation were Ns. But in
the case of the transit of 1882, we see that 7, fig. 25,
the place of second contact, is brought by rotation
nearer to e, the place of third contact,! than it would be
if the rotation were around an axis N8; or we may
infer the like by considering the relative motion of the
northern Delislean poles 7 and ¢'.

' The reader should mnote that the effocts here considered depend
Vqptirely on the tilt of the earth’s axis.
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The position of the axis of rotation is then un-
favourable to the earlier transit of a pair occurring in
December.

It will he easy for the student to apply similar
reasoning to the case of transits occurring in June, as
illustrated by figs. 27, 28, 29, 30, and 31; and it will
be found in these cases also the rotation brings the
Delislean poles (the northern pair or the southern pair)
closer together, ceteris paribus, in the case of the later
transit of a pair than in the case of an earlier transit.’

But another circumstance clearly affects the dis-
tance of the two northern, as of the two' southern,
Delislean poles. If the transit chord be short as in the
case illustrated by fig. 21, the points ¢ and ¢ (reference
is now made to the small disc of fig. 21) will clearly
be nearer together than where the transit chord is
longer, as in the case illustrated by fig. 24; for the
ghorter the transit chord the greater is the angle
enclosed between the intersecting arcs 17 and E'¢.
Hence shortness of duration by tending to bring the
two northern and the two southern Delislean poles
close together renders a transit more favourable for
the application of the method of duration.

To see, lastly, how geographical considerations
enter into the discussion of this problem, compare
Plates VI. and VIIL.,, illustrating the transits of 1874
aud 1882, It will be seen that the northern or

! The same is proved in another way in ¢The Universe and the
Coming Transits,’—see also pp. 158, 159 of the present work; and in
yet another way at pp. 38 and 39 of my treatise on the * Sun.’
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darkened Halleyan pole is nearly as far from the
neighbouring sunlit region (for the whole transit) in the
case of the former transit, as the southern darkened
Halleyan pole is in the case of the latter transit.
But the region where such approach has to be made
in 1874 is altogether accessible, though doubtless
bleak and cheerless during the northern winter pre-
vailing there when transit occurs; whereas the sunlit
region nearest to the southern Halleyan pole in 1882
is the inaccessible antarctic continent. Keeping away
from that continent and within the space defined by
the lines o’ ¥, ¢ &, which show where the sun is ten
degrees high at ingress or egress, there is absolutely no
spot to be occupied which is near enough to B’ to be
worth the trouble of journeying thither. In both cases
the region around the sunlit Halleyan pole affords many
good stations, though the transit of 1874 is not in this
réspect comparable with that of 1882 ; but the absolute
absence of any southern station whatever in 1882
where the duration of transit is usefully lengthened,
causes the method of durations to be wholly inap-
plicable on that occasion.

Thus far we have for simplicity considered the
centre of Venus, or we may be said to have regarded
‘Venus as a point. It is easy, however, to see what
modifications are introduced when we take into account
the fact that Venusis a globe. Thus, instead of a
double cone, such as s vvo’ in fig. 20, having the
-centre of Venus at its vertex, we must consider two
double cones such as are shown in fig. 34, each






OF TRANSITS AND THEIR CONDITIONS. 141

an independent description of the relations presented
in fig. 34, modifying into a more convenient form the
explanation of the actual circumstances of the passage
of the section of Venus’s shadow-cone (for so the v v’
of both figs. 20 and 34 may be regarded) over the less
swiftly advancing earth.

If an observer were carried through the double
cone shown in fig. 34 beyond Venus, he would see the
following successive phenomena. When he came to
the outer surface Venus would be in exterior contact;
as he passed on to the inner surface Venus would
enter more and more on the sun’s disc, until when he
reached the surface she would be in interior contact.
Then as he travelled on through the inner cone Venus
would seem to cross the sun’s disc, and she would just
touch it on the inside when our observer reached the
surface of this inner region on his passage outwards.
Next, as he passed onwards to the surface of the outer
region, Venus would be seen crossing the edge of the
sun’s disc. And lastly, as he passed that surface he

would again see Venus in exterior contact, the transit
thereupon coming to an end.

During a transit of Venus the earth does actually
pass in such a way through these regions; or rather
these regions overtake and pass over the earth.

Since the cones overtake the earth in the direction
shown by the arrows, we may consider that the earth
yasses through the cones in the contrary direction.

Suppose v v’ (fig. 35) to represent the same section
of the outer cone as vv’ in fig. 34; v v/ the section of
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the course actually traversed by the earth in 1874 and
1882,

Now, taking the earth through v’ for the 1874
transit, let us consider the various critical points, so to
speak, of her course. When she first touches the
outer circle v v’ external contact will have begun at
that point of the earth which first reaches this circle.
She passes on, falling more and more within » v’, until
she is just wholly within. All this time external con-
tact is taking place wherever the outline v v" intersects
the earth’s disc; at parts within that line Venus is
seen partly within the sun’s disc, and at parts outside
of it external contact has not yet taken place. When
the earth has passed wholly within the circle v ¢/,
external contact’ has taken place at all parts of the
visible hemisphere. But as at this time no part of the
earth has reached the circle v v’,! internal contact has
nowhere commenced. In other words, Venus is not
yet fully upon the sun’s disc as seen from any pa,rt of
the earth.

Now, this part of the earth’s motion is not illus-
trated in fig. 35, because external contacts and the
passage of Venus across the sun’s outline are not
phases to which the observers of transits pay great
attention. We now comeé to the important phases.

! The distance between the circles v+’ and v v’ is obviously greater
than the earth’s diameter, if we consider how the two circles v ¢’ and
v v’ are obtained. For the diameter of Venus is very nearly equal to
the earth’s; so that the diverging lines from s or & (fig. 34) ure already
separated at v by a distance nearly equal to the earth’s diameter, and
therefore at v or ¢’ are wiler apart.
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folding plate. - The encroachment and the passing off
not being strictly uniform,' these lines -are not equi-
distant, nor are they strictly parallel or straight,

These two plates have been given merely-to illus-
trate the exact constructions which can be applied to
such projections, in order from them to ascertain the
best stations for applying various methods.? They
have been reduced by photolithography from two of
the quarto plates illustrating ¢ The Universe and the
Coming Transits” For general descriptive illustra-
tion, Plates XII. and XIII, are more suitable, as
simpler and clearer, Since at present I am not deal-
ing with the special conditions of the coming transits, I
need not here discuss the geographical details of these
plates, or of plates XIV, and XV. illustrating the
transits of 1882.

! The reason of this will be seen by a referenceto fig. 35. Obviously
the rate at which the earth’s centre is approaching the centre of Venus
(which rate really measures the rate of encroachment) diminishes during
ingress, while for a like reason the rate of passing off increases during
egress.

gr; Properly speaking Plates XVII. and XVIII. only represent the

earth accurately for the moment when the outline of v v/ (fig. 85)
crosses the earth’s centre. Since, as wo see by the cross-lines, no less
than 25m. 6s, are occupied by the passage of the outline of v v/ over the
earth’s face, both at ingress and egress, the earth’s rotation has to be
considered. This, however, can very easily be done, since the latitude
circles are shown, and the longitude circles are separated by ten degrees,
corresponding to the earth’s rotation in forty minutes. Thus from
Plate XVIL we see that the cross-line marked 7m. on the right of the
centre passes near Jeddo. But as the cross-line occupies this position
seven minutes before it crosses the Earth’s centre, we must put Jeddo
back through an amount corresponding to seven: minutes’ rotation, or
about one-sixth of the distance separating two longitude-circles in this
neighbourhood.

L2
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1 inverted without reversion are such pro-
I have been speaking of; and we have
down the place of any island or town in
isive projections, and to connect the succes-
- a line, to have the path of Venus’s centre.
n’s disc as viewed from that island or town
jassage.
IX. has been constructed in the way here
aly that I have thought it better to show
separated throughout by a quarter of an
d of having internal contacts (most accele-
most retarded) illustrated specially as in
Plate XX. is intended to explain more
meaning of Plate XIX. It shows the
If of the sun’s disc. Outside and inside
circles, one having a radius exceeding the
:nus’s semidiameter, and the other having
i3 than the sun’s by the same amount; so
/enus’s centre crosses the outer circle her
touches the sun’s on the outside, or she is
contact, while when her centre crosses the
her outline just touches the sun’s on the
1e is in internal contact. Parts of these
hown in Plate XIX. Across the disc five
s are drawn. The central one is the path
centre supposed to be viewed from the
the earth. The line next to the centre,
ws the path of Venus’s centre supposed
ys so viewed from a southerly station as
ywn as far as possible from the central
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path on the northern side;' and the line next to the
centre, below, shows the path of Venus’s centre as sup-
posed to be always so viewed from a southerly station
as to be as far as possible from the path of the central -
path on the southern side. The lines next outside the
two last-mentioned mark the boundaries of the track of
Venus’s disc as supposed to be seen from the centre of
the earth. And lastly, the outside dotted lines mark
the northern and southern boundaries of the tracks pur-
sued by Venus’s disc if so viewed that her centre would
follow the tracks shown north and south respectively of
the central path. No part of Venus can be seen, from
any part of the earth, outside these dotted lines.

In Plate XIX., the tracks followed by Venus’s
centre as seen from twelve important stations, are
marked in. The student can readily add, either on
the plate itself or on a tracing from it, the transit path
for any other station. It will be found a useful exer-
cise to trace from Plate XIX. the central path and
the outline of the sun’s disc, and the path of any
stations whether of the twelve dealt with in the plate
or such others as the student may desire, and then
having cut the picture thus formed into three parts by
horizontal lines (where the black spaces fall in the
plate) to connect them into one long strip correspond-
ing to the transit band of Plate XX.

' There is no fixed point in the earth where this relation would hold.
The observer would have to be placed at the point of the earth which
Jjust touches the southern transit-parallel in Plate XVI., and this is a

point continually travelling backwards along a southern latitude parallel.
A gimilar remark applies to the corresponding northerly positions.
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to trace the path of Venus's centre as seen from any»
station whatever on that occasion.
Other transits may be ﬂlustrated with equa-l

TRANSIT OF 1882. A(INGRESS.)

\
Fig. 38.—Illuminated side of the earth at ingress, Dec. 6, 2h. 15m. 56s.
. - (Greenwich mean time.)

readiness. Nor need the details of the process be any
further illustrated by examples, since any student who
takes sufficient interest in these matters to attempt the
projection of a transit in the manmer here applied to
the approaching transits, will have sufficiently examined
the earlier portions of this chapter to be able to recog-
nise clearly the relations involved in constructions of
the kind,
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The construction of such illustrative projections as
lates II., III., &e. . . . IX., needs no explanation ;
r these are simply stereographic polar projections

TRANSIT OF 1882. (EGRESS.)

g. 39.—Illuminated side of the earth at egress, Dec. 6, 8h. Om. 32s.
(Greenwich mean time.) .

f the earth, upon which yarious" lines and points,
stained by the methods already described, are laid
own for convenience of study and reference.
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CHAPTER V.
THE COMING TRANSITS.

THE discovery that the sun’s distance, as determined
by Encke from the transits of 1761 and 1769, was con-
siderably in excess of the truth, naturally directed
special attention to the transits of the present century.
It was in 1857, only three years after Hansen had
announced to the Astronomer Royal the correction in
the sun’s distance resulting from the lunar theory,
that Sir G. Airy first called the attention of astrono-
mers to the subject of the approaching transits, and to
the inquiry how the opportunities presented by these -
transits might best be employed. In a lecture
delivered before a meeting of the Astronomical Society
in May 1857, he examined the various methods avail-
able for determining the sun’s distance, and ascribing
to the observation of Venus in transit the highest
value, he considered in a general way the circum-
stances of the transits of 1874 and 1882. He pointed
out that, ceteris paribus, the second transit of a pair is
superior to the first for Halley’s method ; but unfor-
tunately failed to observe that special circumstances
may modify or even reverse this relation. Although
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X have given one demonstration (in the preceding
<chapter) of the general law and of the fact that the
coming transits present an exception to it, it will be
~well to show here the nature of Airy’s reasoning :—

Let ﬁlg. 40 represent the face of the earth as sup-
posed to be seen from the sun during a December
transit, such as either of the approaching transits.
Now, the earth during the transit is moving from right
to left, or in the direction shown by the long arrow
(the slant of the axis is for simplicity neglected).
Her rotation shifts points on her surface in the way
shown by the small arrow on the equator, the shift
due to this cause being greatest on the equator. This
motion manifestly takes place in a sense adverse to
that of the earth’s motion of revolution, everywhere
except at stations on the shaded lune of the disc.
Now, Venus transits with the excess of her motion of
revolution over the earth’s; and anything which tends
to reduce the effects of the earth’s motion of revo-
Iution, increases the excess of Venus’s motion—or in
other words, hastens Venus in her transit. So that at
every point of the unshaded portion of the disc in
fig. 40 Venus is hastened, more or less, by the effecta
due to the earth’s rotation. On the contrary, at every
point on the shaded portion of the disc Venus is
retarded in her transit.

These circumstances affect diversely the two transits
of such a pair as we are now awaiting. If fig. 41
represents the sun’s disc, the north point being upper-
most, then the lines a b, ¢ d, will represent chords of
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transit in 1874 (a b being the chord for a northern, ¢ d
being the chord for a southern station); and o' ¥,
¢ & will represent chords of transitin 1882 (&’ &’ being
the chord for a northern, ¢ & the chord for a southern
station). )

It is manifest that in 1874 the conditions affecting
the duration of the transit as seen at a northern station

HASTENED

8Y ROTATION

e

Bl iy
€ aroco Y
Fig. 40.—Illustrating the effect of the earth’s rotation on the progress
of a.transit.

RO

are adverse. The chord a b is longer, owing to the
northerly latitude of the observer; but Venus is
hastened on her course, and therefore the lengthening
is not so great as it otherwise would be. We have
then one favourable and one unfavourable condition,
the latter to some degree cancelling the former. (In
some transits of the kind the effect of rotation wholly
cancels, or even more than canceéls, the effect due to
latitude.) The southern station, if taken where,
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of the disc (that is, an Antarctic station passing below
the pole during the transit hours), we have Venus
retarded on her transit path, or again we have two
conspiring conditions. In all, then, we have four
favourable conditions, or twice as many as we obtain
for the balance of favourable conditions in 1874.

This is theoretically sound. Moreover, it is quite
commonly the case that the effects due to rotation are
equivalent to those due to latitude, and that therefore
the adverse conditions at a station placed as the
northern station in 1874 may be regarded as cancelling
each other. In the transit of 1769, for example, the
conspiring effects of rotation and latitude were nearly
equal. The Astronomer Royal, in his ¢Popular
Astronomy ’ (published in 1848, be it noticed), justly
assigns to rotation 10 minutes out of the observed
maximum difference of duration, 22 minutes. It does
not seem rash to infer that he had this result in his
thoughts when, after mentioning that the best northern
stations would probably not be occupied in 1874, he
proceeded to remark (in 1857) that the observable
difference’ in the earlier transit would ¢ probably not
be half of that in 1882

Although the observable difference in 1874 is really
half as great again as in 1882, yet it mattered very
little, at that early epoch, if any mistake of this sort
crept into what claimed to be little more than a popular
account of the general subject of transits. No one
probably considered that the Astronomer Royal
attached any weight to the details of his paper of 1857.
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In fact, so roughly was the paper prepared that the
time of mid-transit in 1874 was an hour wrong—an
error not resulting from incorrectness of the tables, for
the time of transit of 1882 was very nearly correct.
In fact, the paper of 1857, accurate enough for its
purpose, had not, and did not seem intended to have,
any scientific weight.

But unfortunately, the Astronomer Royal, when -
next he dealt with the subject, seems to have regarded
the transit of 1874 as demonstrated by his former rough
paper to be unfit for the application of Halley’s
method. For, in 1864, he published a sufficiently
accurate investigation of the transit of 1882, illustrated
by projections (corresponding to those forming Plates
VI and VIL) well executed by Mr. H. Carpenter of
Greenwich, and in this paper the transit of 1874 was
not considered at all. In 1865, he again commented
on the circumstances of the transit of 1882 without
mentioning the earlier transit., When at length, in
1868, he published what purported to be a detailed
description of the circumstances of the two transits,
and of the duties not of English astronomers only, but
of astronomers generally with respect to the transits,
he remarked that Halley’s method had been shown to
fail totally in 1874.

It will serve, I think, to remove misconceptions if
I quote here the remarks addressed to the scientific
world by Sir George Airy in 1868 respecting the
important transits of 1874 and 1882.

¢On two occasions,’” he writes, (‘ Monthly Notices,’

M
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1857, May 8, and 1864, June 10) ‘I have called the
attention of the Society to the transits of Venus across
the sun’s dise, which will occur in the years 1874 and
1882; and have pointed out that, for determination of
the difference between the sun’s parallax and the
parallax of Venus, the method by observation of the
interval in time between ingress and egress at each
- of two stations at least, on nearly opposite parts of
the earth (on which method, exclusively, reliance was
placed in the treatment of the observations of the
transit of Venus in 1769),! fails totally for the transit
of 1874, and is embarrassed in 1882 with the difficulty
of finding a proper station on the almost unknown
Southern Continent.

¢ The publication of M. Le Verrier’s new Tables
of Venus, and of Mr. Hind’s inferences from them as to
the points of the sun’s limb at which ingress and egress
will take place in each transit (which inferences I have
in part verified), has induced me again to examine the
whole subject. And, without giving up the hope of
using the observation of interval between ingress and
egress at each of two stations in 1882, I have come to
the conclusion (from all the information which has
reached me) that it will be unsafe to trust exclusively
to the chance of securing observations on the Southern

1 Ag it has been said (as a correction of my own criticism of the
above paper) that Sir G. Airy did not describe the ‘ method of durations’
as failing totally, but only Halley’s method, meaning the mcthod of
durations as applied to a nearly central transit, I invite special attention
to his careful wording. The parenthesis removes all doubt as to his

real meaning (for the transit of 1769 was far from central); though in-
deed without the parenthesis the meaning is unmistakable,
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Continent; and that, while observations are by all
means to be attempted in that manner, it is also very
desirable to combine with them observations of the
same phenomenon (at one time the ingress, at another
time the egress), made at nearly opposite stations
whose longitudes are accurately known, and recorded
_in accurate local time. This principle being once
admitted, the transit of 1874 is, or may be, as good
for observations of that class as the transit of 1882;
and the selection of localities for the observations must
be made with equal care for the two transits.’

He then explains how the maps which illustrate
his paper were constructed, and proceeds to discuss
the individual maps with reference to the seleetion of
stations for observing the several phenomena. Plate
V1. will serve as well as these maps to illustrate what
follows : —

I.—¢ Stations for observing the Ingress as accelerated
by Purallax’—that is, Stations near 1(Plate VI.) on
the Illuminated side of A B, but not tvo near to A B.!

¢ Owhyhee and the neighbouring islands are excel-

1 If 10° be assumed as the lowest elevation at which useful obser-
vations can be made, then the stations must not lie within 10° of the
circle AB. The arcs ab, cd, a'¥, ¢ d, Plates VI. and VII., indicate
this limit for the transits of 1874 and 1882. Thus a station for
obeerving ingress accelerated by parallax (in 1874) should not be
anywhere within the zone A Bba; so that the best point for observing
accelerated ingress would be that point on a b which lies nearest to I.
Similar remarks apply to observations of retarded ingress near r/, of
accelerated egress near ¥, and of retarded egress near E, the dotted
curves a' ¥, ¢/ d',and ¢ d marking the limits outside which stations should
be placed.

M2
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11— Stations Jor observing the Ingreés as retarded by
Parallaz’—that is, Stations near v’ (Plate V1) on
the llluminated side of A’ B, bul not too near to A’B'.
See note, p. 163.

¢ The best station, as referred to the test of numbers,
is Kerguelen’s Island, where the factor is 0°91, and the
sun is 25° high. This island is emphatically known
as  The Island of Desolation.” I know not whether
its character is so repulsive, or its utility as a zero of
longitude so small, as to make our nautical authorities
unwilling to determine its longitude, and to station
observers there in 1874. If these difficulties are not
thought too great, it will be an excellent position. At
Crozet’s Islands the factor 0-98 is very favourable, but
the sun is rather low (10° altitude). '

¢ The next stationsin order of merit are Rodriguez,
Mauritius, and Bourbon. Mauritius possesses this
claim, that it will be a fairly good station, though not
80 good as Bourbon, in 1882; in 1874 as well as in
1882, it has this disadvantage, that the sun will be
low. If only one longitude can be determined in this
chain of islands, it ought to be that of Mauritius; if
two can be determined, they ought to be those of
Rodriguez (for 1874) and Bourbon (for 1882).

¢ At Madras and Bombay the factors, 047 and 0°44,
are small; but the value of either station does not
depend entirely on its simple factor, but upon the sum
of its factor with the factors at the stations under
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head I. These two observatories, with well-known
longitudes, will prove very useful stations.

¢ With the assistance which we may hope to
receive from the British Government, we may con-
gider the observation of the retarded ingress as well
secured.’ '

1I1.—¢ Stations for observing the Egress as accelerated

by Purallaz’— that is, Stations near & (Plate VI.)on :

the Illuminated side of ¢’ D', but not too near to ¢’ D'. .

See note, p. 163.

¢ Excluding from consideration the Southern Conti- —

nent as not to be entertained in our thought with- —
out the most absolute necessity, the stations in order ~—wmr
of merit are the Auckland Islands, Canterbury, = -,
Wellington, and Auckland, in New Zealand (factorsse==s
ranging from 0'83 to 0-77), Norfolk Island (0-66), Mel -
bourne and Sydney (0'6). I omit Chatham Island. A,
where the sun is rather low. The existence of theme e
observatories at Melbourne and Sydney makes them .
observation of the accelerated egress almost secure=——,
although, in confirmation, I should much desire tee —o
have one station at least on the New Zealand group.’

IV.—¢ Stations for observing the Egress as retarded Sy
Parallax’—that is, Stations near E (Plate VL), —n
the Illuminated side of C D, but not too near to C M D.
See note, p. 163.

< The stations which are favourable for this o~ -=b-
servation are almost entirely on Russian and Turki: _sh
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territories. At noné of them is the factor less than
O-84; and we have, therefore, only to consider the
€levation of the sun, leaving to the national Govern-
xents to estimate the facilities or difficulties depend-
ing on the locality, fche climate, or the season. Any
station either to the east or to the west of the Lower
Caspian will have the sun well elevated. Omsk, Orsk
( whose longitude has been determined with peculiar
care ), Astrakhan, Erzeroum, Aleppo, Smyrna, and
Alexandria, have the sun sufficiently high. At
"Tobolsk, Perm, Kazan, Kharkov, Odessa, Constanti-
nople, and Athens, the sun will be rather low, and at
“Moscow it will be on the horizon. We may, with the
utmost confidence, leave the selection of the stations,
the determination of longitude, and the observation
()f the phenomenon, to our Russian friends.! One
station, however, ought speua.lly to be considered as
being, for this purpose, in British hands, namely,
Alexandria. It appears not improbable that we may
soon have very direct telegraphic communication
with Alexandria; but, failing this, I trust that no
efforts will be wanting to determine accurately its
longitude—a longitude which was in the survey of
Adwmiral Smyth, and which always must be, the
zero of longitude in the Levant. This being as-
certained, Alexandria would probably be the best

1 It cannot but be manifest from the whole tone of this passage that
the conditions of the transit for the scientific world, and not for British
astronomers only, were intended to de presented in the Astronomer
Royal's paper.
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of all the stations for observation of the retarded
egress.’!

TraNsIT OF VENUS, 1882, DECEMBER 6.

. F1irsT, BY THE METHOD OF ABSOLUTE LONGI-
TUDES,

V.—* Stations for observing the Ingress as accelerated
by Parallax’—thatis, Stations near 1’ (Plate VIL.),
on the Illuminated side of A’ B, but not too near to
A'B. See note, p. 163.

¢ Omitting for the present all allusion to the
Southern Continent, it will be seen that the best
station is Kerguelen’s Island, its factor being 098,
and the sun’s elevation (12°) probably sufficient.
This circumstance, in addition to its value as ex-
plained in the discussion of Flate II., renders it well
worthy of attention. At Crozet’s Islands the factor is
09, and the sun’s elevation 23°; abstractedly it is
preferable to Kerguelen’s Island, but not in quite so
great a degree as that in which Kerguelen’s Island is
superior in list II. The next in value are Bourbon
and Mauritius, with factor about 0-78, the sun
being higher at Bourbon. On comparing these quali~
fications with those remarked under head II.,the reasons.—

! The absolute omission of the Indian stations here, though theyg—
had been mentioned among those useful for observing retarded ingresse==
is remarkable, but is readily understood when the Astronomer Royal: = _4

maps are examined. North India is nearer to & (Plate VI.) than Alexzme—

andria, and has a higher sun.
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will be evident for my recommendation that either
the longitude of Mauritius or the longitudes of Bourbon
and Rodriguez should be determined.

At the Cape of Good Hope the factor is about
0-62, and the observation there will be valuable.

¢ The satisfactory observation of the accelerated
ingress requires, however, some longitude-determi-
nations,’ ’

VI1.—¢ Stations for observing the Ingress as retarded by
Parallax’—that is, Stations near 1 (Plate VIL.), on
the llluminated side of A B, but not too near A B.
See note, p. 163.

¢ Every city near the seaboard of the United States
of America, and every important city of Canada,
commands this phenomenon most favourably. The
lowest factor is 0°95, and the smallest elevation of the
sun is 12°. The utmost reliance may be placed on
the zeal of our American brethren for observing the
ingress. As great facility exists for determining the
absolute longitude of any place within the range of
American telegraphs (Harvard having been accurately
referred to Greenwich), it is unnecessary to look
further. Otherwise it might be remarked that Ber-
mmuda, Jamaica, and the West Indian Islands, and both
sides of Central America, are excellent stations, but
equiring determinations of longitude.’
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VIL— Statiexs_for eksercing the Egress as accelerate <l
by Pzreilazr™—thot is, Stations near E (Plate VII. ]

on the Lixwminated side of C D, but not too near c -
Sev mte, po 163,

¢ Ali the American stations mentioned in the la===t
paragraph. rem Halifax to New Orleans, and Ber—"
muda and the West Indian Islands, are well situate—=d
for thiz cheervation. the factors being near 0:85,an 4
the suns alzitude varving from 4° at Halifax to 32° st
New Orleans and Jamaica. The coast of Sout”— b
America also is favourable, from its union with th €
isthmus to the harbour of Rio de Janeiro, It i ==s
believed that etforts have been made for exact deter——-
mination, in a nautical sense, of the longitude of Rio =}

it may now be desirable to give to that longitude th- =€
utmest accuracy.’

VIII.— Stations for obsercing the Egress as retardec =d

by Parallax'—that is, Stations near ¥’ ( Plate VI1.)&_ )
on the Illuminated side of ¢’ D', but not too near ¢’'D’' — =
_ Nee note, p. 163,

¢ Omitting for the present the Southern Continent. <% 1
this observation will be amply secured by the obser——*'
vatories of Svdney and Melbourne, where the factorst <=
is 0°06, and the sun’s elevation 12° to 14°. If, how—"""
ever, the longitudes of the New Zealand stations car— *
be ascertained, they, with factor 0'8 and sun'’s eleva——#*
tion 32°, will form a valuable addition,’
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Victoria. If a station can be established in latitude
exceeding 72° S,, it will be preferable, for observatios®
of ingress, to the station in 7* longitude, and if tiw <
expedition could be pushed on to an observing plac <
in the neighbourhood of Mounts Erebus and Terrome—,
that position would be greatly preferable. For ot—m-
servation of egress, it is manifestly far superior; th €
sun’s altitude being about 27°. The factors for thes—e
two observations are respectively about 078 an_d
0-338.

¢ The decision on the choice to be made betwee—n
these two stations, and the judgment on the facilitwsgw,.
or even the pussibility, of using either of them, mu=st
rest with persons who have had some familiarity wie——h
polar. and, if possible, with south polar voyages.’

* In partial correction of some small inaccuracies 3n
these remarks, it may be observed that—

* The ingress, as viewed from the earth’s centre, is
always a tew minutes earlier, and the egress always 2
few wminutes later. than is supposed in the maps.’

* \s athected by parallax, the phenomenon is alwa- 8
retanicd with ascending sun and accelerated wimmth
desending sun.”

* s referred to apparent solar time, the phenome==02
are shigh:dy retanded.”

* Tae enly phenomena which are critically affect——r¢d
by these cersvetions are those” of Plates IV. and =™V~
swnd it Ngh the circumstances of solar elevation =3¢
romkerad wore faveurable.”
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- ¢ There may be a cause of uncertainty in the
observation-elements on which M. Le Verrier’s tables
of Venus are founded, arising from the unsatisfactory
form in which the observations of the planet were
recorded in Bradley’s time. At a critical inferior
conjunction, when Venus was apparently a very large
body, very deeply hollowed, it is impossible to say
whether the limb was observed or whether an attempt
was made to observe the centre. In my reductions of
the planetary observations I inclined to the former
idea. Subsequently M. Le Verrier adopted the latter.
The tables are, at this time, very accurate, and it may
prove that M. Le Verrier’s interpretation was correct.
Any uncertainty, however, of this kind makes it
desirable to avoid observations of the ingress or egress
very near to the horizon.’

This account of Sir G. Airy’s treatment of the
two transits would be incomplete without some de--
scription of his views as to the occupation of Antarctic
stations, or without an account of the opinions ad-
vanced in support of his views by authorities whom he
had invited to attend the meeting of the Astronomical
Society . before which the above programme was
advanced. , '

In 1857 the Astronomer Royal’s remarks were
thus reported (‘ Monthly Notices’ for May 1857, p.
216) : ¢ The southern tract is a part of the Antarctic
land discovered by Lieut. Wilkes, of the United
States navy,! included between Sabrina Land and

} This Antarctic ¢ land ' had, however, been sailed over by Ross ten
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a few vears. and which it is desirable to obtain as early
as possible.

¢In the vear 1882, on December 6, a transit ot
Venus over the sun’s disc will occur; the most favour™ -
able of all phenomena for solution of the noble probler—ma
of Jdetermining the suns distance from the eartlmss,
provided that proper stations for the observation ca—ssm
be found. It will be remembered that it was fo— T
the same purpose that the most celebrated of all th —=e
British scientific expeditions, namely, that of Captaimssn
Cook to Otsheite in 1769, was undertaken. Th—=e
British part of the enterprise was perfectly successful
but there have always been doubts of the accurac—y
of the corresponding observations in Lapland, whic™h
render a repetition of the observation very desirable— )
In the  Monthly Notices of the Royal Astronomicamsml
Society " for June 10, 1864, I have very carefull—y
discussed the circumstances of the coming transit, i——n
reference to the selection of observation-stations, Fcummer
the northern stations there will be no difficulty ; the = ¥
will be on the Atlantic seaboard of North America, —r
at Bermuda: all very favourable and very accessiblemse.
For the southern stations the selection is not so easy—5
the observation must be made on the Antarctic Com—m-
tinent; if proper localities can be found there, and =  if
the circumstances of weather, &c., are favourable, tha——dhe
determination will be excellent; if those favourabl =sle
circumstances do not hold, no use whatever can —libe
made of the transit.’

Then follow certain sentences from the cite=mmed
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In December 1868, notwithstariding the relatively
unfavourable circumstances for applying this (Halley’s)
method to the transit of 1882, and the very favourable
condition: under which Delisle’s method car then be
applied, the Astronomer Royal urged that only three

“stations should be occupied for Delisle’s method in
that year, the instruments of the five 1874 expeditions,
¢ thus set free from two stations,’ being required at an
observing station on the Southern Continent. He had
now so far changed his mind as to the method of
dealing with Antarctic difficulties, a8 to speak in the
following terms: ¢ The choice of station being made,’
he said. ‘I would not recommend any reconnaissance,
but I would propose that an expedition should go
direct to the selected point in good time for the obser-
vation of the phenomenon. The season is early for
South Polar expeditions, and any difficulties produced
by ice would probably diminish every day. A station
being gained, all that is necessary in the way of sub-
gidiary observation is a few days’ observation to give
clock-rate; then the clock times of the two phenomena
will furnish all that is required. The first action to
be undertaken by the Government,” he proceeds (and
I invite special attention to the point), ¢is to procure
the stock of instruments, and this ought to be done

without delay. An observing plant like that’ (de-
seribed in the earlier part of the same paper) ¢ is not
to be obtained in haste, and the proposed expedition
might be entirely crippled by a small negligence
on this point. The equipment of ships and the
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selection of officers would probably require much less
time.” A ’

It appeared to the naval authorities who followed
the Astronomer Royal in addressing the meeting, that
the more certain course for achieving the desired
result would consist in the preparation of an expedition
to winter in Possession Island. I quote the following
passages as bearing specially on the feasibility of such
an expedition :— .

Admiral (then Captain) Richards, Hydrographer to
the Admiralty, said: ¢ My own opinion, looking to the
uncertainty of finding a wintering station for a ship, is.
that landing a party on Possession Island,’ or one of
the islands farther south, ¢ would be the most feasible .
course, and there would be little doubt of the facility of
reaching one or other of these islands with a suitable
steam-vessel, making Tasmania or New Zealand the
base of operations. Doubtless a year passed in this
region would be most profitably employed in adding to
our knowledge of magnetism, and various other branches
of physical science.’

Admiral Ommanney said, inter alia : ¢ 1 fully con-
cur in all that has fallen from the Hydrographer to the
Navy, and hope ere long to hear that operations are
making for sending out to explore the Antarctic
Seas. :

Commander J. A. Davis, who had accompanied
Sir James Ross in that most gallant expedition during
which Victoria Land was discovered, and who had
himself landed at Possession Island, said that €he:

N2
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believed there woald be no difficulty whatever in again
effecting a landing in the same place.” ¢ With regard
to the period of the season at which the transit took
place. & was to be remembered that the 6th of
December was so early that no ships had ever reached
the Antarctic Circle by that date; and as it would
be necessary to arrange the instruments, &c. prepara-
tory to the observation, he might say that the ships
ought to be on the spot at least a month before. This
would be the 6th of November, a date altogether out
of the question ; and as the ships could not winter in
the South, the party would necessarily have to land
the year before ; tut with good tents he had no doubt
they could pass the winter very comfortably ’ (this, of
course, and what follows, will not be taken strictly
au pied de la lettre): ¢ they would have a pleasant
prospect before them and plenty of penguins to live on.
In comparison with Kerguelen Island and the Crozets,’
he proceded, ¢ the chances of observing the transit—
meteorologically speaking—would be greatly in favour
of South Victoria.’

Captain Toynbee also expressed an opinion strongly
adverse to the meteorological chances at Prince
Edward’s Islands, the Crozets, and Kerguelen Land,
since their neighbourhood is, he said, ‘so far as my
experience goes, subject to a great deal of thick
weather.’ ‘

There were several points in the Astronomer
Royal’s communication to the Astronomical Society
on this occasion which were calculated to attract
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the attention of those who had followed his former pro-
ceedings in connection with the transits of 1874 and
1882. Thus far he alone of all the leading astro-
nomers had publicly dealt with the subject, and there
was much in the tone of his preceding papers to sug-
gest that in a sense he guaranteed a sufficient examina-
tion of the conditions of the transit to enableastronomers
generally, not those of England alone, to await his
announcement of what the different scientific nations
might be expected to do, and to follow his instructions
whensoever such announcement should be made. In -
the paper of December 1868 he still adopted this tone,
while nevertheless it was apparent that he was not
treating the subject in an exact manner. For instance,
- the statement in the very beginning of his paper that -
the method of duration had been shown to * fail totally,’
even if correct in itself-—which subsequent examination
showed not to be the case—was not in accordance with
former papers, in which he had only expressed his
opinion that in all likelihood it would not be advan-
tageously applicable. Then secondly, the maps accom-
panying the paper were of the roughest possible de-
scription, insomuch that the shapes of the continents
and oceans were barely recognisable : nor did these maps
extend beyond the parts immediately adjacent to the
points corresponding with 1,1, E, and E' in Plates VL,
and VIL ; so that if by any possibility (which seemed
at that time, however, incredible) Halley’s method
should be available in 1874, the maps could not have
'shown the fact, though this was precisely the sort ot
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when he said that the difference of durations in’ the
transit of 1874 would ¢ probably not be half of that in
1382 So that I confess it was with some surprise.
that I read aletter to the Astronomical Society (almost
contemporaneous with the one addressed to myself), in
which he stated that in 1857 he had ¢ fully considered’
the application of Halley’s method to the transit of
1874. An inference in 1857 that the: difference ot
durations in 1874 would probably not be half that in
1882, and a belief in February 1869 that the difference
in 1874 may probably be greater than in 1882, did not
seem to me then, and does not seem to me now, to
correspond with a ¢full consideration’ of the method
depending on this difference of duration. The letter
to the Astronomical Society just referred to is note-
worthy, however, as mentioning a criterion which at
that time Sir G. Airy adopted in comparing Delisle’s
and Halley’s methods: ¢ I hope,’ he says, ¢ the probable
error of geometrical longitude will not be more than
one-half of the probable error of ingress or egress.’!

! Subsequently when it became necessary to make out that Delisle's
method was nearly equal in value to Halley’s,Sir G. Airy and Mr. Stone
insisted that the probable error of geographical longitude would be less

" than one fourth of the probable error of an observation of contact. This
was done by reducing the estimate of the probable error in longitude de-
terminations. Allthe time, the probable error of an observation of ingress
or egress was inferred from the results of 1769, without any account being
taken of the probable diminution of this error in consequence of the in-
quiries and experiments which have been made into its cause and nature.
Thisis idle. If those inquiries and experiments are valueless, why should
so much be said of them in the Greenwich Reports ? If they are valu-
able, as weall hope and believe, why is the error which they are intended
to reduce, treated as though it would probably be asgreat as ever?
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Having néw ascertained that the subject had not as
yet been thoroughly dealt with, I resumed the investi-
.gatlog, and in May 1869 I submitted to the Astrono-
mical Society 4 paper accompanied by six projections
(from two of which Plates XVII. and XVIIL have
been reduced by photolithography) illustrating the
transit of 1874. This paper was published in the June
number of the ¢ Monthly Notices.” - I had by this time,
to my regret, learned that my inquiries into the
subject were distasteful to the Astronomer Royal, and
therefore I avoided all mention even of his name in
this paper; and where it was necessary to call due at-
tention to the changed values of the various stations, I
presented these in a tabular form,— Airy’s values under
head A, those of Puiseux under head B, and my own,
which closely accorded in the main with those of
Pmseux, under head c.

As some have supposed that I wished solely to sub-
stitute Halley’s method for Delisle’s (a change which
would have been of little value). I deem it well to
quote here from my paper of May 1869, the following
summary of the conclusions therein demonstrated :—

1. ¢ The application of Delisle’'s method of absolute
time differences. 'The relative as well as the absolute
values of many stations are affected. Some which
had hitherto appeared unsuitable are found to be un-
objectionable, Others which seemed good appear unfit.
In other cases the relative values of two stations are
so affected that the results of a comparison between
them are directly reversed. . Lastly, many stations
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wot hitherto thought of in connection with the transit
are found to be well suited for the application of Delisle’s
wethod

3. * TA¢ cumparison between Delisle’s and Halley's
wmethods.  Halley’s method ’ (estimated by Sir G.
Airy's own test) * is found not merely to be applicable
with advantage. which is all that can be said of it when
central passages are considered, but to be saperior to
Delisle’s—aslightly, when reference is made only to
such stations at had been hitherto dealt with, notice-
ably wher Antarctic stations are made use of.

& * The cvmparison between the transits of 1874
und L1882 with referemce to Halley's method. This
comparwor shows that Halley's method may be applied
wuch wore sdvantageously to the transit of 1874 than
to that of tasy"t

The tables |\ which are given in abstract at the end
of thir volume) were followed by these remarks :—

* Lt will be sween, on a comparison of tables A, B,
and U, that the effects of the change of phase are in
awue cades impoetant.  The coefficients of parallax are
afecead tn several instances by more than 01 and in
Wme cases by 032, In the cases of Crozet Island
(Uable L) and Chatham Istand (Table ITL) solar
elovations are w0 improved. that these stations, which
would have to be rejected it central passage were con-

Chapuee UV wrwsons i g 128 o0 sy, an abstract of the reasos-
mg Dy witelt the spphcadiiity of Haller's method in 1874 was demoe-
rawd, aud s wndivetee e plcvs wheee the methol can be most

awra iy sppaed BUG the s o the end of the bouk shoakd be oo
Wi, vwpwisuy Tadla V.
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sidered, are shown to be well suited for the observation
of internal contacts. The diminution of all the co-
efficients in Table III., through the change of phase,
has an important influence on the value of Delisle’s
method, so far as egress observations are concerned.
It is important to notice, also, that under the heads C
in Tables III. and IV. many stations not hitherto
recognised as available are included among the best
places for observing egress. The Indian stations in
Table I'V. seem too valuable to be neglected.! . -Pesha-
wur is better even than Alexandria; Delhi is not
inferior to the latter station (when solar elevation is
considered as well as coefficient of parallax). Bombay,
Calcutta, and Madras are also excellent. It may be
noticed also that Bombay and Madras, which, when
considered with reference to central passage, had
seemed suitable places for the observation of retarded
ingress, are found to have so poor a coefficient of
parallax when reference is made to internal contacts,
that it would seem useless to observe ingress there (so
far at least as the application of Delisle’s method is
concerned ). ) '

¢ Of course, it will be impracticable for this country
to send observers to more than a certain number of
stations. But it is not unlikely that besides Russia,
France, and England (the only countries specially
concerned in the transit of 1874), other nations may

1 Several times during the past year the mistake has been made of
stating that I originally advocated North Indian stations for applying
the photographic method. The above passage, written before this method
had been thought of, contains my first reference to those stations.
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care to take part in the solution of the noble problem
of determining the sun’s distance; and thus it seems
advisable that all the stations where there will be any
chance of obtaining useful observations, should be
tabulated as nearly as possible according to their rela-
tive values.’

A discussion followed in which an attempt was
made to show that Delisle’s method was equal in value
to Halley’s. Even if this could have been proved, it
would have been little to the purpose, since the ques-
tion was not whether Halley’s method was more or
less favourably applicable than Delisle’s, but whether
it was applicable at all. This discussion was carried
on in public. A private correspondence arose out of
a letter which I addressed to Sir G. Airy, assuring
him that my sole wish was to assist in securing what
every astronomer agreed was desirable—the best pos-
sible utilisation of the opportunities available in 1874
and 1882, Sir G. Airy wrote me a letter, forwarding
a copy to Admiral Manners, then President of the
Astronomical Society, in which he complained that his
paper of December 1868 had been treated as though
it claimed to be an exact discussion of the conditions,
due allowance not being made for his own statement
that it was but a preliminary and comparatively rough
investigation of the problem. This led me to believe
(mistakenly, as afterwards appeared) that I had taken
up the subject too hastily; for Sir G. Airy seemed
not merely to promise a thorough analysis of the whole
subject, but to imply that this was what had been
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intended all along, the suggestions made in December
1868 being merely provisional, and the actual arrange-
ments to be proposed to Government depending on the
promised thorough investigation.

Nothing could have been more satisfactory than
the course thus indicated ; and, accordingly, from that
time (the summer of 1869) until the summer of 1872,
I addressed no communication whatever on the subject
of the controversy,! either to Sir G. Airy personally
or to the Astronomical Society. Nothing, however,
was done in this interval except to carry out the
arrangements proposed in 1868. Accordingly, in
1872 I wrote to Sir G. Airy, recalling his attention
to the promised investigation of the subject. I then
learned for the first time that the old arrangements
were still adhered to. On this, I made such protest
as a student of astronomy, independent of official
trammels, might properly (in my judgment then and
now) address to the official astronomer to whom the
charge of the matter had been left in accordance with
ancient custom.

After this protest I allowed yet half a year more
to elapse, and then, nothing having been done, it
seemed time to take more earnest measures.?

1 A paper of mine appeared in the ‘Monthly Notices’ for January
1870, in which the application of photography to the observation of the
transit was dealt with ; but this paper bore no reference to the ques-
tions which had been raised by me in 1869.

2 In the interval events had taken place within the Astronomical
Society to which I see Sir Edmund Beckett has thought it desirable to re-
ferin the latest edition of his * Astronomy without Mathematics,” Those
events had no real importance, however, except for the enimus shown.
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T accordingly resumed the discussion in the ¢ Spec-
tator * for February 8. By a singular coincidence a
powerful paper appeared in the ¢ Times ’ of February
13 supporting the views which I had advanced. This
paper was commonly, and I believe correctly, attri-
buted to Sir Edmund Beckett. (In his ¢ Astronomy
without Mathematics® he mentions the rumour without
contradicting it.) And many believed that the co-
incidence was not accidental—that is, that the nearly
simultaneous appearance of the two papers had been
planned beforechand. But this was not the case.
Neither had Sir E. Beckett any prior knowledge of
my intention, nor had 1 of his.

What followed strikingly illustrated at once the
power of the press and the unwillingness of the official
mind to move from a position once taken up. Aware
of the latter peculiarity, I thought it desirable to bring
my proposals forward in such a way that some point
might be flatly refused, in order that essential matters
might be yvielded. It was not difficult to effect this.
There was very little prospect at that late date that.

Antarctic stations would be occupied for the transit of
1874. Enderby Land and Possession Island, near
South Victoria Land, were, geometrically, among the -
best southern stations for observing the transit; and
if all had been trustworthy that was said of the last-
named station by Admiralty officers in December 1868,
this station would have been not only geometrically
excellent but meteorologically preferable to most of
the southern stations already provided for. It re-
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quired, indeed, that a party should winter there; and
I had pointed out two years before, in ¢ The Sun,’ the
fact (which Commodore Davis seemed to have for-
gotten) that when Ross landed there in 1847, the
sailors were quickly compelled to retire by the abomi-
nable smell proceeding from the accumulations of
guano. The proposal of an Antarctic station was
therefore an excellent one to be refused, if, by allowing
the official mind that luxury, concession might be
obtained on other and more important points.

Matters befell as I anticipated as respects the
refusal, though concessions were not at first made
very willingly. ¢ On a review of the whole case,’ said
the Astronomer Royal in his reply, ‘I decline to
recommend that an expedition be sent to any station
on the Antarctic continent.’

Per contra, no concession was made except the
admission that North India ought to be occupied by a
photographic party (not as a Delislean and Halleyan
station). The use of Halley’s method was opposed .
z;bsolutely, on the ground (i.) that the Russians would
probably not occupy Nertschinsk, the station in Siberia
(marked 6 in Plates XII. and XIII.) which I had
specially recommended, (ii.) that Puiseux had probably
abandoned his ideas respecting the use of Halley’s
method (which ideas, said Airy, ‘have not again
been promulgated on the Continent’), and (iii.) that
no other nations would care to provide for northern
Halleyan stations. A few days later, Mr. Goschen,
then. Secretary of the Admiralty, said that even at
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3:ee already provided for, where, as 1 had
sy wr. Imadias eoald be readily noted, they would
ted, baz kntle reliance would be placed on

]
3
HJE

A= —=Tirmgmate sualrefemps diminished the effect of
= Seal mmekiity. Within a few days from Sir G.
A>w's Iselasizy his belief that other nations would
=:2 3700 Hallex's method—nay, that probably not even
2 s:Coary wirthern Hallevan station at Nertschinsk
w:ochi t2 ocovupiel—came news that Russia proposed
ot werxsy mcd only Nertschinsk, but tem other Halleyan
#2:7: 28 ix Si3zria; that America proposed to occupy
three other porthern Halleyan stations, Germany
1wy cihers: and before long it was announced that
Frszce would occupy two other morthern Halleyan
statives,

But it was sull possible that these energetic pro-
cewdizgs by other nations might be rendered useless
bx skortcomings on cur part; for as yet no ade-
qusze provision had been made for southern Halleyan
stations. and it was manifest that other nations were
lockizgz to England to take a large share in this part of
the work.  Eighteen northern Halleyan stations were
provided for. and as yet only one first-class southern
Hallevan station, Kerguelens Land,—and that origi-

S = Geomge Alry soon after wrote to me that there had been some
misundenstanding kere. I should conceive on the whole that there Aad
Teen. I' may perhaps be easily understood that Mr. Goschen, who,
of woerse. had no technical familiarity with the subject. might have

misspprehendad some statement addressed to him by Sir G. Airy,
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nally named without the least idea that it was a
Halleyan station at all. .

The time had come for very plain speaking. Be
it noted that if Delisle’s method succeeded at each of
the selected stations, then the transit would yield very
good results; but even then not so good as though
Halley's method were extensively applied in addition.
For every method successfully applied, and indeed
every observation, reduces the probable error in the
final result. But there was at this stage a risk that
the operations would fail altogether.! If, as was and

! Very strangely, what I said in May and June 1873, about a great
risk of failure, has been regarded as altogether inconsistent with what
I have said during the present year about a great chance of success. Mr.
Christie, (described in the ¢ Greenwich Reports’ as ¢ the Astronomer.
Royal's confidential representative,’) gravely took me to task in the
* Academy’ for this alleged inconsistency; and even in an exceedingly
fair-spirited review in the ¢ London Quarterly,’ my fears in 1873 are thus
referred to :—* This we think is where Mr. Proctor has erred; for he
subsequently expresses at least comparative satisfaction with the final
arrangements.” I will now give the very words in which in June 1873
I described the risk of failure in ‘Fraser's Magazine’:—¢Let the fol-
lowing startling facts be noted in conclusion. If there is bad weather
either in the Sandwich Isles on one side, or at the Mauritius group and
Kerguelen Island on the other, Delisle’s method applied to the beginning
of the transit will fail totally. If there is bad weather eitker in the
New Zealand Islands, or at the opposite northern stations, Delisle’s .
method applied to the end of the transit will fail totally. There would
remain, then, only the chances depending on the three methods which
Tequire that the whole transit should be seen. For these methods
ample provision has been made in the northern hemisphere, by Russia,
Germany, and America ; 8o much so that England’s neglect as regards
her North Indian stations becomes of relatively small importance, But,
in the southern hemisphere, Kerguelen Island is the only really well-
placed station to be occupied for applying these methods, and at
XKerguelen Island fine weather occurs on about one day in ten, There
remain the Macdonald Islands, suggested (only) for occupation by

o
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is possible, Delisle’s method were to be frustrated by bad
weather at the Sandwich Islands or at Kerguelen Island
and neighbouring stations, then ingress observations
would fail. If egress observations were to be frus-
trated by bad weather at New Zealand and neighbour-

Germany, but unlikely to be occupied except by a specially nautical
nation. Yet the whole space between Kerguelen Island, Enderby Land,
Possession Island, and Auckland Island, is suitable for the three methods
(and also, be it noted as important, for Delisle’s method). There are
several islands scattered over this region, and probably many others
which have not yet been discovered. It is most unfortunate that nothing
has been done, during the four years which have passed since I noted
these facts, to make reconnaissances over the whole of this region; but
surely it will be even more unfortunate if no station is occupied in it.
Of the duty of Great Britain in this matter I have spoken earnestly,
because I feel warmly. Viewing the matter as an Englishman, I may
say that I should feel concerned if this duty, neglected thus far by us,
should be undertaken by America, the country to which, next after us,
the duty belongs. But viewing the matter as a student of science, my
great wish is to see due advantage taken of the great opportunity af-
forded by the approaching transit, without specially caring whether
this country or another obtain more honour in accomplishing the task.
Now if this warning be viewed in connection with the fact that instead
of one first-class southern Halleyan station there will now be four, be-
sides extra stations on Kerguelen Island (forty or fifty miles apart) and
many new second-class stations, I think satisfaction now will be found to
be altogether consistent with dissatisfaction in May and June 1873. For
my own part, however, I am satisfied, rather as a student of science than
as an Englishman, for of all the four really unpleasant stations in the
Southern Seas, England occupies the one which is most conveniently
accessible. But I was not careful to dwell on this point, nor should
I do 8o now, were I not compelled by a charge of inconsistency, as
singular as the dissatisfaction with which my satisfaction has been
viewed in certain quarters. If I am asked to admit that my suggestions
were very slowly adopted, and that even now we oughkt not to be
altogether satistied, I am ready to do so. General satisfaction at the
removal of the great risk of failure is not inconsistent with the feeling
that much moro might have been done by England, and that since
Anmerica-must occupy the first place in the transit of 1882, we need not
have suffered her to be so completely ahead of us in the transit of 1874,
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ing stations, or at the opposite region, then egress obser-
vations would fail. In either case very imperfect results
would be attained ; but if both events were to happen,
then no result at all would be achieved. Now there
~were eighteen northern Halleyan- stations admirably
suited to supply a third chance of success by Halley’s
method if they were but properly balanced in the

southern hemisphere, but otherwise valueless, For
although, besides being Halleyan, they were also ex-
cellent as subsidiary Delislean stations (each having a
double chance, because either the beginning or the
end would serve for that method), yet the multipli-
cation of northern Delislean stations could not remove
the chances of failure on account of the fewness of
southern stations. In either respect, whether to
balance the northern Halleyan stations as such, or to
give new Delislean chances, nothing was at that time
promised. Apart from all question of the choice of
methods, there was no suitable provision for southern
. observation. Kerguelen’s Land was the only first-
class Halleyan southern station yet provided for, and
none of the other southern stations could be regarded
as high even in the second class. These others—
Canterbury Island, Auckland Island, Mauritius, and
Rodriguez, stood fairly well in the second class, and
that was all that could besaid. The only good station,
Kerguelen’s Land, was one at which all the meteoro~
logists had said that bad weather was far ‘more pro-
bable than fair weather. I had already pointed out,
as geometrically suitable, Kemp Island, Crozet Island,

: o2
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Macdonald Island, the group of islands of which
Campbell Island is the chief, St. Paul’s Island, and
several others of less value, yet well worth occupying
if geographically suitable. But Admiral Richards,
without mentioning these islands by name, had in the
¢ Times’ described me as recommending the occupation
of places which were ‘little better than geographical
myths.’

It began to appear as though, after all, nothing
would be effected until too late, so that perhaps some
time about the year 1877 or 1878 astronomers would
be lamenting that the favourable opportunities presented
by the transit of 1874 had not been properly utilised.

But at this critical stage a new force appeared
on the field, and compelled the Admiralty to-retreat
from the position they had so bravely defended. The
Board of Visitors at Greenwich met on June 7, 1873,
and it was there proposed, by Professor Adams, and
carried unanimously, that Professor Cayley, who in
his capacity as President of the Astronomical Society
was Chairman of the Board, should apply to Govern-
ment ¢ for the means of organising parties of observers
in the Southern Seas, with the view of finding addi-
tional localities in the sub-Antarctic regions for observ-
ing durations ’—that is, for applying Halley’s method.

Of course, no one expected that this application
would be acceded to in full. The course pursued by
Government had thus far been the usual one in cases
where it is_feared that a change of plan may be con-
strued into an admission of error. Sir G. Airy had
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been asked to inform the Secretary to the Admiralty
whether the Astronomer Royal’s arrangements were
well-considered ; and Sir George Airy had replied in-
dicating his entire approval of the Astronomer Royal’s
arrangements. Admiral Richards had expressed the
opinion that the Hydrographer to the Admiralty was
quite right in regarding as ¢ geographical myths’in 1873
places which in 1868 Admiral Richards had thought
< easily accessible.” ¢ Moreover’ the suggestions made by
Sir G. Airy and Admiral Richards in 1868 ‘had not
been brought before the Admiralty in an official form *—
that is, were not the suggestions of the Astronomer
Royal and the Hydrographer to the Admiralty. It is
perhaps open to question whether this way of in-
quiring into the matter was the one best calculated to
elicit just opinions or to lead to satisfactory results.
Yet the Government could not remain altogether
idle, when the leading astronomers of England re-
quested that something might be done (for even Sir
George Airy, in yet a third character, supported Prof.
Adams’ proposal). Fortunately, the ¢ Challenger’
was voyaging in the Southern Seas, and could be
employed to reconnoitre Kerguelen Land (a part of
her original programme), and to get a distant view of
Macdonald Island. The result, presented in combina-
tion with a storm or so, has been held to establish con-
clusively the inaccessibility of those ¢ geographical
myths,” which Cook, Ross, and other Antarctic
voyagers (some of them still living) perversely insisted
on visiting. '
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But other nations have not been deterred by
the dangers and difficulties which unquestiobably
have to be encountered in voyages to sub-Antarctic
stations. America, inquiring among sealing captains,
found that the Crozet Islands could be occupied,
and determined to send an observing party to that
first-class Halleyan station, as well as to occupy
second-rate Halleyan stations in Tasmania, New Zea-
land, and Chatham Island.. The French Government
decided to occupy Campbell Island and St. Paul’s
Island (these inaccessible ¢ geographical myths’), be-
sidles a second-rate southern station at Caledonia
Island. Thus already the first-class Halleyan stations
had been quadrupled in number, .ahd the second-
class largely strengthened. Germany and America
both proposed to occupy Macdonald Island, if pos-
sible, but found that this island (sometimes called
Heard Island) really is almost, if not quite, inacces-
sible, though an attempt will be made to land a party
there. Our own country sends a second observing
party to Kerguelen Island (to be stationed fifty miles
from the other); with instructions to occupy Mac-
donald Island, if possible.! If not, there will be four
parties in different parts of Kerguelen Land; and
as the island is large, and the different parties will
employ, besides Delisle’s and Halley’s method, two
different modes of photographing the transit, we may

1 So the chief of the two English Kerguelen parties informed me.
What I learned when in America from Mr. Chappell, the head of the
sealing merchants in these seas, does not encourage me to believe that
the attempt will succeed. I hope it will be made, however,
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consider that the Kerguelen stations will be equivalent
to at least two separate chances of success. Adding
the first-class Halleyan stations, Crozet, Campbell,
and St. Paul, and the second-class stations, Bourbon,
Rodriguez, Mauritius, Hobart Town, Melbourne,
Sydney, &c., as well as the first-class Delislean
stations in the South, and remembering that all the
southern stations are good Delislean stations, while
several of the added Halleyan stations are doubly
good Delislean stations because serving both for in-
gress and for egress, it must be admitted that the risk
of failure to which I pointed in May 1873 has been
as completely removed as circumstances allowed. It
would be no exaggeration to say that the chances of
success have beem quadrupled since then.

I have omitted to mention (in fact, the change was
made so quietly that I do not know where to place it)
that the North Indian station Roorkee, which had
been first described as only to be used for photography,
is now provided for as a Delislean and Halleyan station.

About this time it was discovered :—

First, that when Sir G. Airy said the method of
durations fails totally in 1874, he meant Halley’s
wmethod as it would have been used if the transit of
1761 had been nearly central.! Secondly, that from the
beginning he always meant to apply Halley’s method
in 1874, wherever it could be applied.? Thirdly,? that

! See ¢ Nature’ for June 1874. Compare note, p. 162.
? See ‘ Naval Maguazine’ for.October 1874.
8 See ‘ Academy’ for August 1874.
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Halley’s method is not really to be applied by English
observers, since they are not instructed to observe the
duration of transit, but to observe the time when transit
begins and ends.

Majora canamus.

.

In the meantime, a new and most important
auxiliary method of observing the transit—the photo-
graphic method—which may hereafter, even if not in
the case of this year’s transit, become the most trust-
worthy of all, had been suggested by Dr. De la Rue,—
or rather, it may perhaps more fairly be said, that
this method, first suggested by Faye, had been ex-
hibited in a practicable form by De la Rue.

In December 1868 Dr. De la Rue read a paper
before the Astronomical Society containing the follow-
ing remarks, inter alia :—

¢ The conditions which transits of Venus offer for
the determination of the relative position of the sun’s
and planet’s centres are more advantageous than those
presented by solar eclipses, inasmuch that it is far
more easy to measure directly the distances between
the centre of the disc of the sun and that of the image
of the planet upon it, than it is to measure the dis-
tances between the peripheries of the sun and moon,!
or the angular opening of the cusps? of the partially
eclipsed sun, And in transits of Venus any error of
observation would not affect the final result nearly so
much as in solar eclipses; for example, in the transits

V Phil. Trans., p. 383, Table 1. 2 Ib. p. 65, Table III.



THE COMING TRANSITS. ' 201

of 1874 and 1882, an error of 1” in the measurement
would, for the maximum displacement, give an error
of only 0”185 in the deduced solar parallax.

'« Moreover, it may be observed that in photo-
* graphic records it is by no means important to catch
exactly the phases of contact, as two photographs
obtained at a sufficient interval afford the means of
calculating to a great degree of refinement, and of
tracing, the path of the planet, which, for the condi-
tions of the problem, may be considered to be a straight
line between the two positions recorded.

¢ Nor is it in any way essential, as it is with eye-
observations, that favourable conditions should exist
for retarding the period of contact at one station and
accelerating it at another, because the chords repre-
senting the planet’s path can be derived from photo-
graphic records with as much accuracy under what
would be considered unfavourable conditions as under
favourable conditions for eye-observations, for the
length of the chords need not be directly considered
in determining the nearest approach of the sun’s and
planet’s centres.

¢ During the duration of the transit, it would be
possible, in a clear state of the atmosphere, to obtain
a series of photographs at intervals of two or three
minutes, and any or all of these would be available for
comparison with the records obtained at all the stations
selected.

¢ The epoch of each photographic record is deter-
minable with the utmost accuracy: lst, because the
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time of exposure is not more than the 34;th or the 1;th
of a second ; and 2nd, because the instantaneous slide,
as it flashes before the secondary lens, affords an
audible signal! by striking against a stop a small
fraction of a second after it has shut off the image of
the sun. This interval might be determined by ex-
periment and taken into account.

¢ In the Kew Photoheliograph the solar disc would,
at the epoch of the transit of 1874, have a semi-
diameter of 1965-8-thousandths of an inch (a diameter
of nearly four inches), Venus a semi-diameter of 63:33
of these units, and the parallax of Venus referred to
the sun would be represented by 47-85 of these units;
the maximum possible displacement being 95°7 units,
or nearly ;th of an inch. In 1882 the sun’s semi-
diameter would be 19649 units; that of Venus 63-31
units ; the parallax of Venus referred to the sun
47°82 units; the maximum possible displacement 956
units.

¢ When the photographs have been secured, the
measurements by means of the micrometer, which
would have to be performed, consist in determinations
of the sun’s semi-diameter, in units of the arbitrary
scale of thousandths of an inch, the angle of position
of > different positions of the centre of Venus, and the
corresponding distances of her centre from the centre
of the sun. ¢ The measurements by means of the
micrometer described in the “ Phil. Trans.” 1862, pp.
373-374, can be obtained to the ;y;5th of an inch

v Phil. Trans., p. 364.
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(0”+25), and the position angles to one or two seconds
of arc. For each photograph measurements made at
different times are remarkably accordant; the greatest
difference between the semi-diameter of the sun of the
several eclipse pictures of 1860 was %ths of an inch,
or about 4”°5; but, on taking the mean of measure-
ments of forty-five photographs by two different
methods, the difference was only 13;ths, or about
0”+75. I am inclined to believe that the distance
could be ascertained to within 1” by means of a few
pictures, and possibly to 0725, if a sufficient number
of photographs were obtained.

¢ Fears have been expressed that the collodion, in
drying, becomes distorted; experiments, however, in
186061 have demonstrated that the shrinkage is only
in the direction of the thickness. But as, in the case
of the solar parallax, no refinement of correction ought
to be neglected, it would be quite easy to ascertain
once more whether any distortion does take place, by
taking photographs on glass plates on which lines
about a quarter of an inch distant had been previously
etched; the collodion, which should be rendered
purposely contaminated with particles in suspension,
should be poured on the ruled sides to avoid parallax.
After all the operations of photography, the film would
have to be examined from the back, and the position
of certain impurities with reference to the ruled lines
noted whilst the collodion was wet, and after it had
dried.

¢ No difficulties exist in photographing a transit of
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Venus; the operations are quite the same as those
* practised daily at the Kew Observatory ; no strain on
the nerves would occur, as in the anxiety consequent
on the desire of rendering available every moment of
the short duration of a solar eclipse. All the opera-
tions could be conducted with that calm so essential
for such a problem as the determination of the solar
parallax, and I feel confidence in recommending that
timely steps should be taken to secure photographic
records of the transits of Venus in 1874 and 1882,
Three months later, Col. Tennant wrote a paper -
commenting on the practical details of Dr. De la
Rue’s plan, in the course of which he pointed out
that “if an observer at a separate telescope had a
break circuit key he could at any moment photographi-
cally record a phenomenon he saw and the instant of
its occurrence. An assistant at the heliograph would
be needed to replace the shutter and insert the dark
slides, unless the observations are far apart. By using
a repeating slide and combining the measurements on
one plate, very valuable normal relations of the sun and
planet would be found, and observations might be
made during the ingress or egress (possibly, too, of the
black drop) in considerable numbers. There is an
advantage in this mode of observing the transit of
Venus to whickk Dr. De la Rue has not alluded.! If
! ¢Dr. De la Rue has pointed out,’ snys Col. Tennant, ¢ the facility
with which the nearest approach can be got from the photographs at
any one station, but if photographs be taken at two stations at a time

when Venus is in the plane which includes them both as well as the
earth’s centre, these will show the whole effect of parallax; and it is
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accurate micrometrical observations can be made by
means of photographic pictures, then the range of suit-
able stations can be greatly enlarged; for any two
stations, 140° or 150° apart, can have the observations
combined by choosing a suitable time, and, of course,
by means of equations of condition, the observations of
stations in all sorts of places could be used with their
proper weight.  All the photographs could be measured
by the same micrometer, whose errors of all sorts could
be very carefully examined.’

To this Dr. De la Rue replied as follows:—

¢ With respect to the localities to be selected, the
employment of the photographic method of observing
transits of Venus has, as I have already stated, the
advantage of rendering us independent of conditions
favourable or indeed essential for eye-observations;
for a few photographs obtained at each station would
afford the means of ascertaining the path of the planet
and its position at any given moment; and hence the
proposal to determine the position of the planet’s centre
in relation to the sun’s centre really includes the
particular case contemplated by Major Tennant in the
foot-note appended to his paper; but it is possible
that the sun might be obscured at the critical time, at
one of the two stations selected.’

In December 1869 I read before the Astronomical
Society a paper, from which the following passages
are extracts :— '

the positions at these instants, and not the nearest approaches to the
sun’s centre, which should be compared.’
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¢ It is impossible to read Dr. De la Rue’s account
of the results of careful measurement applied to pho-
tographs of the solar eclipses in 1860 and 1868 with-
out recognising that we have in photography, as
applied to the approaching transit of Venus, one of
the most powerful available means of determining the
sun’s distance. Within the last few years, solar pho-
tography has made a progress which is very promising
in regard to the future achievements of the science
as an aid to exact astronomy. So that doubtless, in
1874, astronomers will apply photographic methods
to the transits of that year with even greater success
than we should now be prepared to anticipate. 1t has
therefore seemed to me that the photographic obser-
vation of the coming transit merits at least as full a
preliminary inquiry as either Halley’s or Delisle’s
method of direct observation.

¢ The result of an inquiry directed to this end has
led me to the conclusion that photographers of the
approaching transit should adopt for their guidance
considerations somewhat different from those which
have hitherto been chiefly attended to.

¢ It is undoubtedly true, as Dr. De la Rue has
pointed out, that the photographer of the transit can
readily take a large number of pictures, and by com-~
bining these, can ascertain with great accuracy the
path of Venus across the solar disc, And by com-
paring the paths thus deduced for different stations a
satisfactory estimate can be formed of the solar parallax.-



\

THE COMING TRANSITS. 207

I do not wish to suggest any departure from this course
of procedure. :

*On the other hand, it is undoubtedly true, as
Major Tennant has remarked, that the greatest effect
of parallax will be obtained, for any two stations,
when both stations—the earth’s centre and the centre
of Venus—are in one and the same plane. So far as
those two stations are concerned, his remark is just,
that it is the position of Venus at the instant when the
stations are so situated, and not the nearest approach.
of Venus to the sun’s centre, which should be com-
pared. And further, Dr. De la Rue’s comment on
this, to the effect that his method in reality includes
Major Tennant’s, is also correct. In fact, there can
be no doubt that the position of Venus at the particular
instant referred to by Major Tennant can be far more
exactly ascertained by a reference to the complete
path of Venus for each station than from any attempt
to secure nearly simultaneous photographic records at
stations far removed from each other.

¢ But it appears to me that the method I am about
to suggest, according to which the whole question will
be reduced to the determination of a parallactic dis-
placement of Venus on a line through the centre of
the sun’s disc, is the one by which the fullest assist-
ance will be obtained from photography; while a source
of error, which has not hitherto bezn specially con-
sidered, will be practically eliminated.

¢ It must be remembered that in the comparison ot

P
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photographic records, whether for the determination
of the path of Venus across the sun's disc at a par-
_ticular station, or for the comparison either of Venus’s
apparent position or of her path as seen from two
different stations, the accuracy of the results will
depend in part on the certainty with which two or.
more pictures may be brought into comparison by
means of a fiducial line or set of lines. It seems
certain that no method can be devised by which all
chance of error from this source can be eliminated.
The great point would, therefore, seem to be to render
its effect as small as possible. '

¢ Now, let us consider for a moment Major Tennant’s
proposition, as giving a convenient illustration of the

B
Fig. 42.—Illustrating the photographic and direct methods.

effects of any error either in the position of the fiducial
lines, or in bringing those belonging to two pictures
into exact correspondence. Let fig. 42 represent the
result of a comparison between two photographs of the
sun. A B and cb are fiducial cross-lines common to
both pictures; a is the centre of Venus for one pic-
ture, b is her centre for the other; and on the exact
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measurement of a5 depends the determination of the
sun’s parallax, so far at least as these two pictures
are concerned. Now it is very obvious that if the
lines A B, C D, for one picture, have not been brought
into perfect correspondence with those belonging to.
the other, the distance a) will be correspondingly
affected. In fact, it would appear that if the usual
methods for making the correspondence as exact as
possible are followed, almost as large an error would
be introduced through this cause alone as by errors in
the measurement of a b, since the two processes—the
measurement of a b and the adjustment of the sets of
cross-lines—depend on the very same circumstance,
the nicety, namely, with which the eye and the judg-

Fig. 43.—Ilustrating the photographic and direct methods.

ment can estimate minute quantities of about the same
relative dimensions. _

¢ But now, if a and b, in place of having the position
shown in fig. 42, were situated as in fig. 43, it is clear
that the distance a b will not be appreciably affected
by any small error in the adjustment of the fiducial
lines, ‘

P
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¢ The object, therefore, which it seems ‘most desi-
rable to secure is that Venus, as seen from two dif-
ferent stations at a particular instant, should have a
relative parallactic displacement towards the sun’s
centre, or as nearly towards the sun’s centre as possible,
This amounts to adding to Major Tennant’s conditions
this further one. that the sun’s centre should be in the
same plane with the two stations—or rather to making
this condition a substitute for that one which requires
that the earth’s centre should be in the same plane
with the two stations. For, as a rule, we must not
expect to be able so to arrange matters that two con-
venient stations on the earth, as well as the centres
of the ecarth. Venus. and the sun, should be in the
same plane.

* Dr. De la Rue's remark. that by taking a series
of pictures the position of Venus may be ascertained
at any mowent. is in reality quite as applicable to my
suggestion as to Myjor Tennant’s. In fact, were it
not, we wight despair of securing the desired object,
since we have no reason for believing that astronomers
are so certain as to the exact progress of the transit
that the conditions could be secured by anticipatory
instructions : whereas, by applying Dr. De la Rue’s
method, it will be possible. atter the transit is past, to
determiue the pesitien of Venus at the proper instant
with any desired degree of accuracy. And further,
it is very obvious that no error in the placing of the
fiducial lines for pictures taken at the same stations
can much attect the accuracy of the result, since the

-
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comparison of successive pictures, taken at the same
station, does not directly involve the element of: the
solar parallax, as when we have to compare two pic-
tures or paths determined at different stations.

¢ The object which Plate XVI. was originally in-
tended to subserve was to determine what stations
are most suitable for applying photography to the
transit of 1874, on the principles above enunciated ;
though, as we have seen, the drawing presents also an
instructive illustration of the whole character of the
transit.’

In Chapter IV, in pp. ]48-152 I showed how all
the chief elements of the transit could be deduced by
considering the motion of Venus relatively to a pair
of cones, each enveloping the sun and the earth, but
one having its vertex outside the earth, the other
having its vertex between the earth and the sun. In
the paper from which I have been quoting, after ex-
plaining the construction of Plate X VI, I proceeded
as follows :—

¢We have only to invert fig. 35, and look at it
from behind, to see what sort of path Venus would
seem to traverse upon the sun’s disc, either with
reference to the earth’s centre, or to any point of the
earth’s surface supposed to be properly deplcted upon
the small discs 1-15 in fig. 35.

¢ It follows, therefore, that if we want to determine
two stations at which at any instant Venus would
appear to have a relative parallactic displacement
towards the sun’s centre, all that is required is that

r3
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we select two stations which are on the same radial
line trom the common centre of the circular sections
tn fig. 36.

* The positivas of those radial lines which cross the
earth’s track ¢ £ are exhibited in Plate XVI.

* Passiug over pictures 1 and 2, we notice in pic-
ture 3 that Kerguelen's Land and Crozet Island,
[¥ing weariy on s Line with certain of the Aleutian
Islands. suggest that pictures taken at the former
swativns 3t the beytoning of the transit could be ad-
vaztioeeusly compared with pictures simultaneously,
or slmest simultanecusly. taken at a station on one of
the easterumoet of the Aleutians. In like manner
pictuces taken mear Enderby Land could be advan-
tagvously compared with pictures taken at Woahoo.
Prujection 4 does not differ much from the preceding,
but the cross-lines have assumed a less inclined posi-
tien. and Kerguelen's Land could, at the epoch be-
longtng to this picture. be better combined with a
somew st moere westerly Aleutian island.  Projection 3
exhibits the advantage of a photographic station at or
wesr Yokohama  Probably such a station, combined
with cne tn Crozet Island or Kerguelen's Land, would
give by pictures taken near the hoar belonging to
Proiection 3 abselutely the best results which photo-
graphy can give.  The remaining projections suggest
the folivwing combiuations of photographic records:
Prujection 6. Yokobsma and Heard Island, Kergue-
len’s Land and a stazion in Manchooria ; Crozet Island
aud Pekin: Cape of Good Hope and Nertachinsk.
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Projection 7. Kerguelen’s Land and Tsitsikar; Crozet
Island and Nertschinsk; Cape Town and a station
west of Lake Baikal. Projection 8. Kerguelen’s
Land and Nertschinsk ; Cape Town and Peshawur,
or Roorkee; .Repulse Bay or neighbourhood and
Yokohama; Perth (Australia) and Yokohama. Pro-
jection 9. Yokohama and Perth; Enderby Land and
Nertschinsk ; Crozet Island and Calcutta; Cape Town
and Bombay. Projection 10. Kerguelen’s Land and
Calcutta ; Crozet Island and Peshawur; Cape Town
and Teheran. Projection 11. Kerguelen’s Land and
Madras; Crozet Island and Peshawur; Cape Town
and Aden. Projection 12. Kerguelen’s Land and
Peshawur; Crozet Island and Teheran. Projection
13. A New Zealand station and Yokohama; Hobart
Town and a station near the mouth of the Amoor.

¢ From this list we see that Kerguelen's Land and-
Crozet Island, Peshawur and other Indian stations,
and stations in Siberia, are those which give the most
favourable opportunities for the application of the
photographic method.’ '

The considerations described in the preceding pas-
sage were those followed in the selection of stations.

So far as preliminary inquiries are concerned, it
remains only to be mentioned that most of the nations
proposing to take part in the observations have made
experiments on the phenomena of contact by means of
an artificial transit. Although the results obtained at
Greenwich are not altogether so satisfactory as they
might be, owing to the short distance from the ob-
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a contact may thus be made at least as small as the
probable error of longitude determination. In this
case the value of Halley’s method will be largely
superior to that of Delisle.

I turn next to the consideration of the plans of the
various nations taking part in the observation of the
transit of next December. Before reading what follows,
the student will find it well to examine Plates VI. and
VII. successively, after the manner indicated at p. 48,
for the transit of 1761, and at p. 70 for that of 1769.
Plates XII., XIII., and XVI. should also be exa-
mined.

To America the pride of place must in fairness
be conceded. She might reasonably have contented
herself with but slight efforts on the occasion of this
transit (because the transit of 1882 will fall pre-
eminently to her share). But the American Govern-
ment has ‘voted ‘a sum (30,000L) twice as great s that
which has been granted by the British Government*
for the purpose. Then, as I have already mentioned,
Anmerica has undertaken the most difficult of all the
tasks which the proper observation of the transit
rendered necessary—I mean the occupation of the
Crozets. Moreover, the preliminary investigation of
the conditions of the transit by American astronomers
is altogether excellent,

! It must be noted, however, that our Government unhesitatingly
granted all that the Astronomer Royal asked, so that it would be alto-
gother unfair to accuse the British Government of stinginess in the
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I have before me as I write the series of charts pub-
lished by the American Commission appointed to inves-
tigate the circumstances of the transit. These consist of
four finely-executed stereographic charts showing that
hemisphere (and a fringe beyond) on the earth which
is turned sunwards at the time of (1) ingress exterior
contact, (2) ingress interior contact, (3) egress interior
contact, and (4) egress exterior contact. On these
. charts are marked two series of curves, one carried
through points where the contact occurs at the same
instant, and the other carried through points where
the contact occurs at the same part of the sun’s limb.
After a careful study of each chart (a study as careful
as that which I gave to the Astronomer-Royal’s charts
in 1869), I am able to pronounce them singularly
accurate for the degree of approximation which the
authors claim,!

The American astronomers are disposed to rely
chiefly on the photographic method, applied at
stations where the whole transit can be seen. The con-
dition italicised is of some importance as indicating a

1 There is a very elaborate investigation of the error actually arising
from the use of circles for the time-curves in the projection, to represent
curves which are not in reality circles of the terrestrial sphere. The
maximum error is found not to be more than 12/, which, says the author
of the paper, ‘ having regard to the scale on which the charts have been
constructed, may be considered as within the unavoidable errors pro-
duced by imperfection of drawing.” The maximum error is four times
as great when the curvature of Venus’s shadow-cone is altogether neg-
lected in the usual way, according to which the resulting time-error is
always of one sign. In the American charts the error is so distributed
as to bo positive or negative according to circumstances.
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distinction between two possible photographic methods,
one corresponding to Delisle’s, the other to Halley’s.
The English arrangements, for example, include the
application of photography at the Sandwich Islands,
where only the beginning of the transit can be seen,
and at Alexandria, where only the end can be seen.
Such photographs can, of course, only have value when
the absolute time at which each is taken is accurately
known. On the other hand, the American stations
are so selected that photographs can be taken through-
out the whole continuance of the transit, and these,
by indicating the chords of transit, will have a value
independent of the exact determination of absolute
time; so that, in fact, the original error of the
Astronomer Royal (I mean the particular error relating
to Halley’s method) would, if not corrected, have
affected the application of the photographic as well as
other methods. Fortunately, the American astro-
nomers have not been misled by it,) and at all the
stations they propose to occupy, the whole transit will
be visible, as will presently be more particularly noted.

The plan they adopt for photographing the sun
differs essentially” from that which European astro-
nomers propose to employ. ¢For the purpose of

! At the same time I must remark, that it seems to me altogether
proper that the Delislean stations in question should be occupied by
photographers. What I have all along insisted upon has been, the
necessity of employing every available method, and occupying every
available station ; and it would have been a matter to be regretted,
had any one of the regions originally suggested by Sir G. Airy been
neglected,
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obtaining an enlarged image on the photographic plate,
writes Professor Hilgard, of Washington, (describing
the ordinary method), ¢ the image of the sun, after
being formed in the focus of the telescope, is enlarged
by a lens or camera to the desired size, the photohelio-
graphs, as they are called, being thus enlarged to a
diameter of about four inches. This plan has been
adopted for the photographic apparatus to be used by
the British, German, and Russian parties commissioned
to observe the transit of Venus. A different plan has,
however, been adopted for the American parties, with
the view of avoiding some difficulties to which the -
former method may be thought subject. These are =
conceived to reside in the fact that not only all imper——
fections in the focal image are thus enlarged, but that—2
the optical imperfections of the camera are superadded. -
To avoid this objection it was deemed best to make===
the telescope so long that the image formed in itse==
principal focus would need no further enlargement.— =
Here another difficulty presented itself. The telescope==%
must be forty feet in length in order to give an image==3¢
four inches in diameter. Such a telescope, pointed at® -t
the sun, would scarcely be manageable. Hence the=>>¢
plan was devised, which Professor Winlock was the=>>¢
first to put into practical operation. It consists insc—m
fixing the long telescope in a horizontal position, andE>d
reflecting the sun’s rays into the object-glass by mean==
of a plane glass mirror, moved by clockwork, so as ta—=°
throw the image of the sun continually into the tele—
scope. This need not be done with great precision=_ -
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since, ds has already been said, the time of exposure is
exceedingly small, and the mirror can at any time be
adjusted. It is obvious that, in this arrangement, as
much depends upon the perfect figure of the mirror,
as in the other upon that of the enlarging lens; but
it is, doubtless, an advantage that different methods
should be employed, so long as a sufficient number of
stations are occupied to give an independent result for
the sun’s distance from observations by each method
alone, since such only can be considered as strictly
comparable. This condition is amply fulfilled by the
abundant provision made by the American Govern-
ment for the observation of the important event in
prospect.’

I may remark, however, that Professor Newcomb,
with whom I Lad the pleasure of a conversation rela-
tive to the subject, attaches very great importance to
the advantages of the American method. He remarked
that by employing this method the astronomer is
enabled to measure the distance of Venus from the
sun’s centre with an exact knowledge of the value of
the deduced distance, because, the focal length of the
telescope being known, the value of any distance indi-
eated in the focal image is at once determined. All
that is necessary, then, is to determine the centre of
the solar image, which can be safely done by measure-
ments made from the limb. Manifestly no photographic
effects affecting the position of the limb in the photo-
graph could appreciably affect the determination of the
centre even though such effects were not absolutely
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uniform all round. But in the ordinary method of
photographing the determination of the arc-distance of
Venus from the centre is not reliable (in a problem of
such extreme delicacy), because the estimated dimen-
sions of the solar image could not be accurately
determined, while the observed dimensions, being
determined from tke photographic limb of the sun,
would be affected more or less by photographic irradi-
ation. No apparent sharpness of the limb can render
certain the fact that the limb in the photographic
image correspunds to the true solar imb. I must
confess that Professor Newcomb's reasoning seems
to me irresistible. It will be observed that it does
not depend on practical or technical knowledge of
photegraphy, since the photographic irradiation demon-
strably exists, and is demonstrably variable in amount.
In a conversation with Dr. H. Draper, of New York,
whose experience in those matters is well known to be
unsurpassed, I found Professor Newcomb’s doubts
fully confirmed. It is true that Dr. Ratherfurd,
whose great practical experience in solar photography
is unquestioned. agrees with his eminent British rival
in such work, Dr. De la Rue. But then it is to be
remembered that both Rutherfurd and De la Rue view
the matter as photographers, while Newcomb and
Draper view it chiefly from an astronomical standpoint,
and in this case the astronomical, not the photographic
relations, are chietly in question. We do not want
handsome solar pictures, but pictures which can be con-
fidently measured; and certainly the plan adopted by

VO AN WAl e
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American astronomers is that which best meets this re-
quirement. I may add that a very eminent American
astronomer, speaking to me on this subject, made
this strong remark, ‘I regard the photographic method
adopted by the British astronomers as involving a mis-
take as fatal .as Airy’s original mistake would have
been if uncorrected.’!

The programme of the American expeditions is as
follows : — :

Eight parties take the field, three in the northern
hemisphere, ¢ where the meteorological conditions are
supposed to be somewhat more favourable than at
corresponding stations in the southern hemisphere,’
where there will be five. The three northern stations
will be (1) at Vladivostok, in Siberia; (2) at Tien-
tsin, in China ; and (3) at some as yet undetermined
placein Japan. Originally,in response to the strongly
expressed wish of the Astronomer Royal that two
Delislean stations should be occupied, one on the
Sandwich Islands group, and another at Tahiti, the
Americans thought of occupying Owhyhee, rejecting
as disadvantageous the suggested Tahitian station. But
since then the idea of having any Delislean stations
has been abandoned, and, as just mentioned, the five
remaining stations are all to be in the southern
Halleyan region. ¢ The ¢ Swatara,”’says an American
paper, *‘the vessel which is to convey the various

! Lord Lindsay, it is to be noted, will employ the same method as
the American astronomers, after carefully testing with Mr. Ranyard, in
a series of photographic experiments, the reliability of the two methods.
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southern observing parties to their stations,’ sailed from
New York during the first week of June, and is  to
lay in provisions at Cape Town, as well as a supply of
hens tor the sake of their eggs, wherewith to albumenise
the photograph plates. Then a party will, weather
permitting, be lett at the Crozet and Kerguelen Islands.
Asin trequent conditions of the wind access to the
Crozet lslands is impossible, enough provisions will be
left with the observers, and possible prisoners, to last
them a whole year. From Kerguelen the vessel will
aail to Hobart Town, thence to Bluff Harbour, in New
Zealand, and thence to Chatham Island, the last
southern point of observation, which is either unin-
habited or else inhabited by cannibals. Here the
¢ Swatara * will remain till the transit is over, and will
then, the possible canunibals allowing, revisit the various
stations to take up the different parties, supposing
them to be found.” ¢ Each station will be provided
with four principal instruments: The photographic
telescope just described, with a 5-inch object-glass
corrected for the actinic rays, and forty feet local
length : a telescope of five inches’ aperture and eight
feet local length, equatorially mounted for the ob-
servation of contacts; a transit instrument for the
determination of time and geographical position; and
an astronomical clock. The telescopes, both visual
and photographic, have been ordered from the well-
known firm of Alvan, Clark, and Sons, who have just
completed and mounted at Washington the greatest
refracting telescope in the world. Although the
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photographic method is mainly relied on, the eye-
observations of ingress and egress are not to be
neglected, and it is proposed to supplement them by
measuring the distances of the cusps while the planet
is entering the sun’s disc and leaving it.” This last
point I regard as one of extreme importance, as will
be gathered from my remarks on the subject in ¢ The
Sun,’ and in the Monthly Notices of the Astronomical
Society, vol. xxx. p. 46 et seq.

‘While all the American stations, as well northern
as southern, are Halleyan, the English stations
originally selected, were all intended to be used solely
as Delislean stations. In fact, as already seen, in
dealing with those among them which really are
Halleyan as well as Delislean, Airy failed to notice
that both ingress and egress can be observed.

Nine stations have been provided for, eight by the
Home Government, and one by the Indian Govern-
ment. Originally five stations were to have been
occupied.

It is well to note, first, that ample provision has
been made for the application of Delisle’s method.
No less than three stations will be occupied in the
group of the Sandwich Islands, where Captain -
Tupman (the head of the entire enterprise) will be
stationed.! Here photography will be applied specially

1 In an excellent article (though not quite free from mistakes)in the
«London Quarterly Review,’ the writer justly speaks of Captain Tupman
as the ‘moving spirit and master of the whole enterprise.” The success

of the English expeditions will be.chiefly due to the zeal and energy of
Captain Tupman. - ’

P
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to the determination of the moment of ingress, by a
contrivance of Janssen’s (improved by De la Rue)
enabling the photographer to take sixty successive
pictures of the ingress, at the rate of one per second.
Under Captain Tupman’s command will be Lieutenants
Ramsden and Noble, and Messrs. Johnson, Forbes,
and Barnacle. The observation of accelerated ingress
has been well provided for, especially as some of the
- Halleyan stations in Japan and the north-east of Asia
are excellent for this phase also.

Retarded ingress will be observed at Kerguelen’s
Land and Rodriguez. According to the published
statements there will be two stations on Kerguelen’s
Land, but Fr. Perry, who is chief in this region, has
power to assign one party to Heard Island if a landing
shall be found to be practicable. The three stations
here are all Halleyan as well as Delislean, the whole
transit being most favourably visible. - It is well,
therefore, to note that ample provision has been made
for applying Halley’s method, as well as for photo-
graphing the whole progress of the transit. The ob-
servers under Fr. Perry will be Fr. Sidgreaves,
Lieutenants Corbet, Goodridge, and Coke, and Mr.
J. B. Smith. At Rodriguez, Lieutenants Neate and
Hoggan, and Mr. C. E. Burton, will be the observers.

Accelerated egress will be observed at Christ-
church, New Zealand, by Major Palmer and Lieu-
tenants Darwin and Crawford. This station, like
the stations for observing retarded ingress, is Halleyan
also, and is now well provided for as a station for
observing the whole transit.



THE COMING TRANSITS. 228

Retarded egress will be observed at Alexandria
by Captains Browne and Abney, and Mr. S. Hunter.

The transit will be observed at Roorkee, in North
India by Colonel Tennant. The whole transit will be
observed at that station, and photography employed.
Mr. Pogson will observe the transit at Madras. At
Colaba, Mr. Chambers will observe the transit with
such instruments as were left there by the observers
of the late Indian eclipse.

The total cost of the British expeditions, exclusive
of the Indian station, will be about 15,0007

Lord Lindsay’s station at Mauritius must be
mentioned in this connection. The work done there
will probably be quite as reliable as that done at
any other station, and the photographic preparations
are, on the whole, more complete than those adopted
anywhere else.

It may be mentioned, also, that Colonel Campbell .
will proceed to Thebes on a private expedition, work-
ing with the Egyptian party as a volunteer.

German astronomers occupy five southern Halleyan
stations, one of these being either the desolate Heard
Island, or Kerguelen Land (if, as is feared, Heard
+Island cannot be occupied). Their original purpose
was to occupy one station in the north, viz. at Chefoo,
in China, one in the Auckland Islands, and Macdonald
Island, besides a photographic station in Persia. They
will rely considerably on the ¢ direct method ’ of obser-
vation.. ' Lo

The following account of the plans of Russia,

Q
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Framce. and Holland is taken from the excellent
srack = the - Londen Quarterly Review,’ referred to
= e me ai p 193:—

* The Rassians naturally cecupy their own Siberian
saves I 5 poasible that some lintle service may
be mendered az Karmn, Nieolalef, Charkof, Odessa, and
evez Muscew. Bur apart from these there are to be
Twemir-Sx ssmwos 3 but of these only the following
wl e sgppoad wizh a cunplete equipment of ob-
servers imd  msoruments. vie. W ladivostock, Port
Possec. Lake Hanis, Nertschinsk, Xhita, Kiachta,
Tazxizz:. Pucs Percdiskd, Fort Uraksk, Aschura-deb,
ani Efvas. These stashns will be farnished with
snoimeers. wive are prepared by work with the
aritieta wansin. and who are furnished with excellent
SGSENTIAS Wk Sachkwark moten, a heliometer, or 2
PoueaCTErsdr srgursios. Ihe ocher stations are to be
Fooradad witk sond ofserving telesocpes. and the re
mainies merey wid sma. instrumenis. At eleven of
S smams Wk imgres and egress wili be seen, 0
23 e Halerss zeod may be emploved ; and at
S mmmainies & e sanons they wild be chiefly
ezl Wil emria egress M. Nruve also has
vinad I3 QTTTY. 8F Wean as oihers, thatl compar®=
s I T madd a3 ITesler svIraey secured

* Tie sanims chowes tr e Freock are Campbe—
and N Tasls lsaods. Hocmes, Pexin, Yokoham==

AL .\L Ja\ S8 @ e Yokchar—
stRzeT. and 1 sanae B acseedoa with St Paolill
wil I Al pectest o tix Halevan method B

l
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great care is to be taken in the finding of longitudes;
so that if only ingress or egress can be observed, the
Delislean method may be employed. It is also an
important matter that the French photographs will be
taken by the Daguerreotype process, ensuring delicacy
and avoiding the difficulties possible to the shrinkage
of the film employed in other methods. The parties
at St. Paul’s and Campbell Islands—placed as they
will be on islands of desolation—are furnished with
fuel and provisions for six months. Originally the
sum granted was 300,000 francs; but this is to be
considerably augmented, and there may certainly
be excellent results anticipated from this national
effort.

¢ Finally, the Dutch are sending out an admirably

equipped expedition to the island of Réunion. It is
to be provided with a very fine heliometer and a
photo-heliograph by Dallmeyer, like those used by
England ; and two excellent refractors for observation.
They will also be furnished with meteorological instru-
ments and all apparatus necessary for finding longi-
tude and time.’

So much for the preparations on foot for the transit
now near at hand. As regards the transit of 1882, -
it would _be premature to speak. It is to be hoped
that what has happened in the case of the transit of
the present year will serve in some sense as a warning
to astronomers not to place implicit reliance on the
Opinions of any astronomer, however deservedly emi-
ment, and also to prevent any unduly hasty expression

Q2
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rfigiziz b v persons whese official position would cause
st 2iis-iz of error to be sapleasant.  Adding tothix
exrsiiznacl o the fart that a large amount of practical
exzesizz= 1 the value of the varicus methods of
eheervatioz =il probably be acquired during the ap-
fevact s = crazsit, we may well hope that in 1282 even
e valzal Lz ibeervations will be made. It needs bat
a3 shor: stmiy of the sun-views forming Plates XIV.
ari XV. «r. preferably in some respects, figs. 37
arsd 3% . 2=d of the sterengraphic projection Plate V1L,
1o see = 37 Ameérican astroromers will have to take by
far the =t important share in the work of observation
in the r.hern hemisphere. May it be permitted to
me. b: wever, to hope that England, by well-considered
expediziins to southern stations, will remove any
doutis that other nations may have entertained as to
her zeal fr science ?

I may note here that while Halley’s method fails
totaily for the transit of 1882, a method which, in
some dezre. wenld take its place may be applied
with eocsiderable advantage if stations in Patagonis,
Tierra d:1 Fuege, the Falkland Isles, or, better still,
the sub-Antarctic islands directly south of Cape Hor,
could be reached. I refer to a method which may be
called the mid-transit method, and which consists in
the detzrmination (preferably by photography) of the
distance «f Venus from the sun, near the middle of
the tran:it. at two stations where the difference of her
distance from the sun’s centre will be the greatest
gossible. It will be manifest to the student, if be
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considers what I have said in pp: 209, 210, fhat
the advantages claimed for stations on a radial line
through the centre of Venus'’s shadow-cone (0 in fig. 36)
culminate when the earth is near the centre of her
chord of passage through the shadow-section v v’

Wherever convenient stations exist for-advantageously
photographing the whole chord of transit, it would of
course be absurd to se]ect a station only advantaoeous
for the middle of the chord ; but in the transit of 1882
the whole chord cannot be very advantageously photo-
graphed at southern stations; and there will be a
decided advantage in sécuring mid-transit photographs
(as well, of course, as photographs of the beginning
and end, and series of photographs for the whole transit
where practicable).

However, for the present we need not 1nqu1re
very closely into the conditions of the transit of 1882.
Probably, long before that transit, the observations of
the remarkable opposition of Mars in 1877, leferred
to in my ¢ Sun’ at p. 25; will have given results
scarcely less trustworthy than those obtained during
the approaching transit.

It is not probable, judging from what Sir G. C.
Lewis has shown respectmo centenarians, that any of
my readers will witness the transits of 2004 or 2012.
Nevertheless, it may be interesting to know the cir-
cumstances of those transits and the regions of the
earth where they will be wholly or partially visible.
Mr. Hind, Superintendent of the Nautical Almanac,
has calculated the elements of the two transits of the
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beginning of the twenty-first century. His results
are thus presented in the Notices of the Astronomical
Society for February 1872, p. 184:—!

Transit of 2004. ‘

Greenwich Mean Time of Conjunction in Right
Ascension=June 74 20* 51™ 28*8.

For tte centre of the Earth.
dh ms °
First extem=al contact June 7 17 3 43 at 1150
Finst izternal contact » 17 22 35 ,, 1180 ‘
Sevesd interzal contact ” 23 5 40 ,, 2146 '
Sevocd extermal eontact ” 23 24 32 ,, 2185 '

The angles are reckoned from N. towards E. for
the direct image.
At Greenwich the entire transit will be visible.

Transit of 2012,

Greenwich- Mean Time of Conjunction in Right
Ascension=June 5¢ 13® 4™ 443,

For the centre of the Earth.
dh ms °
Fins: extermal costact June 5 10 22 11 at 403
Fing imtermal &omtacs ” 10 39 56 ,, 378
Sevnad internal cnetact - 16 42 6 ,, 2931
Savctd extermal contwt - 17 0 0, 2905

At Greenwich the egress only will be visible, -3
sun rising at 13® 46™,

v M. Le Verrier's Tatles of the sun and Venus represent so closs €
the mations of the earth amd Venus in their orbits, that there can
little rason to doult that the Tables will be as sensibly perfectin 2—?
a3 the) are at the presert time.
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These results are illustrated by the projections
forming Plates VIII. and IX., and by the transit
chords shown in Plate I. (the Frontispiece). The
reader who has followed the explanations of Plates
IV. and V. will have no difficulty in understand- -
ing the plates illustrating the transits of 2004 and
2012.

‘We cannot doubt that when the transits of 2004
and 2012 are approaching, astronomers will look back
with interest on the operations conducted during the
present ¢ transit-season ; * and although in those times
in all probability the determination of the sun’s dis-
tance by other methods—Dby studying the moon’s '
motions, by measuring the flight of light, by estimating
the planets’ weight from their mutual perturbations,
and so on, will far surpass in accuracy those now
obtained by such methods, yet we may reasonably .
believe that great weight will even then be attached
to the determinations obtained during the approaching
transits. I thivk the astronomers of the first years of
the twenty-first century, looking back over the long
transitless period which will then have passed, will
understand the anxiety of astronomers in our own
time to utilise to the full whatever opportunities the
coming transits may afford; and I venture to hope
that should there then be found, among old volumes
on their book-stalls, the essays and charts by which I
have endeavoured to aid in securing that end (perhaps
even this little book in which I record the history of
the matter), they will not be disposed to judge over-
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POPULAR SCIENTIFIC WORKS, -

By RICHARD ANTHONY PROCTOR, B.A. Cantab.
Honorary Fellow of King's College, London ;
Honorary Secretary of the Royal Astronomical Society,

The UNIVERSE and the COMING TRANSITS: Pre-

senting Researches into and New Views respecting the Constitution
of the Heavens; ‘together with an Investigation of the Conditions of
the approaching Transits of Venus. With. 22 Lithographic Charts
(4 Coloured), and 22 Woodcut Diagrams.* 8vo. price 16s.

“One of the most exhanstive of modern | but its matter and substance will gratify

astronomical treatises.” STANDARD,

¢ We heartily commend this book to the

attention of our readers; itsstyle is plain,

their utmost expectations of the grand
and the sublime,’ . .
EDINBURGH COURANT.

The SUN; RULER, LIGHT, FIRE, and LIFE of the
PLANETARY SYSTEM. Second Edition, revised ; with 10 Plates
(7 Coloured) and 1068 Figures engraved on Wood. Crown 8vo.

price 14s,

¢ This volume is a model of a popular
treatise on Astronomy. Mr. PROCTOR is

not only one of the clearest writers who ~

have ever expounded the discoveries of

1 to the ientific world, but is
himself an original and laborious inves-
tigator. His work on the SUN records all
the discoveries about the centre of our
system which the past few years have
produced. It is especially full on the dis-
.coveries as to the physical condition of
the Sun which have been made by the
obeervation of its total eclipse. The
illustrations of the red prominences which
stand out beyond the black shadow during
the moment of total eclipse are exceedin'gly

he thinks further discoveries will be
made. Mr. PROCTOR tells ns what is

"known and what is only guessed, and

enables us pretty fairly to appreciate the
real value of the guesses. The Author's
power of giving a clear statement of a
very complicated problem is perhaps best
illustrated in the section devoted 10 the
question of the Sun’s distance. It is not

-only the fullest but the clearest popular

account of the methods and the resnlt of
his investigation which has ever been pub-
lished. The object of the volume is to
fu-nish a full account of the remarkable
discoveries which have been effected by
observers of the Sun, whether by means

beantiful, and convey a more p
conception of them than is to be gained
by any other process, except that of
actually seeing them through a powerful
astronomical telescope. Mr. PROCTOR has,
in fact, embodied and illustrated all that
is known about the Sun ; and at the same
time has given a pleasant history of all
the steps towards these discoveries, and a
clear indication of the dir in which

of the telescdpe, the spectroscope, polari-
scopic analysis, or photography. This is
accomplished not merely by Mr. PROCTOR'S
letterpress, but by ten lithographic plates,
of which seven are worked in colours, and
one hundred and seven drawingson wood.
This profusion of pietorial illustration
makes the book very valuable.” =~ °
DALY NEWS,

VIV VIV VAV

London, LONGMANS & CO.



2 Werks 3y R. A. Procror, B.A.

The SUN: an Account of the Principal Modern Dis-
eoverics respectisg the structure of the Sun of our System, its
Infucoce in the Universe, and its relations with respect to the other
Celestial Bodies. By F. Sxecmr. 8.J. Director of the Observatory of
the Reman College. (Translated and edited by Mr. Procrom.)
1 vol, Svoy [I» tAe press.

The MOON : Her Motions, Aspect, Scenery, and Physical
Comdition.  With 22 Lithographic Plates, Charts, and Diagrems,
1 Wowd Engraving. and 3 Lunar Photographs by Rutherfard of New
York. Crowa Svid price 13«

The STAR DEPTHS, or OTHER SUNS THAN OURS;

a Treatise on Stary, Star Systems, and Star Cloudlets. Crown 8vo.
with numervus 1llustrations. [/ tAe press.

LIGHT SCIENCE for LEISURE HOURS, Secoxp
Spiirs; Familiar Essays on Scientitic Subjects, Natural Phenomena,
&e. including a Sketch of the Life of Mary Somerville: with 7
Charts sud Disgrams.  Crowa Svo. price 7s. 6d.

LIGHT SCIENCE for LEISURE HOURS; Familiar
Essays on Scientific Subjects, Natural Phenomena, &c. Second
Edition thorvughly revised of the Figst Sxxms. Crown 8vo. 7s’ 6d.

‘Divested of buth technicality and ex~ |
cessive simmplicity, there is conveyed to the
reader of this collection of Essays an im-
mense amount of wnformation. ... Itissuch |
works as these from the pen of Mr. Proc- |
TOR that silence the cry of cué bvuo un-
happily prevalent. We cannot all be
scholars 1w the limited meaning of the -
word. but we may all be scholars in the
schoul of NATURE, learning w read what
is present to ail vur senses. 1t is this that
Ax. PrOCTUR does— Lrings a cultured brain

an A AAS S

to sift those questions that others have not
the opportunity of even meeting with—sa
true mmrpzm who learns nature’s lan-
guage not himselt alone. Moet of
these essays hm'e been before the pablic in
another form, but there is not vne that
would pall upon a second perusal ; while
some, published in a cullege magazine, are
new to the general remier. The subects
are so various that he must be hard to
please who does not find sufficient w in-
terest him in the volume.’
JUUKNAL ¢f SCIENCE.

AN A AN

London, LONGMANS & CO.
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Works by R. A. Procror, B.A. 3

OTHER WORLDS THAN

OURS; the Plurality of

Worlds studied under the Light of Recent Scientific Researches.

Third Edition, revised and enlarged ; with 14 Illustrations.

8vo. price 10s. 6d.

¢ Probably no science during the last
few years has made such rapid strides as
astronomy. Thisadvance is mainly owing
1o the discovery of the spectroscope, and
its application to astronomical purposes.
That wopderful instrument, more w ondet-
fal, than the tel may be
propeﬂy termed a light-sifter, and is used
to analyse the light which comes to us
from other orbs across the ocean of space,
80 a8 to set before us their general cha-
raoter and structure. The Author of the
present work attempts to make use of the
otmling discoveries effected by the aid of
pe, in order to form juster

viewa of the structure and’ relations of
the planetary and stellar systems. He
again raises the question of the plurality
of worlds, which a few years ago employed
the scientific and dialectic skill of such
men as Dr. WHEWELL and Sir DAviD
BREWSTER, and ages before fascinated the
early philosophersof ancient Greece. Mr.
PROCTOR considers that science has pro-
gressed 80 rapidly of late that the subject

Crown

of life in other worlds has assumed a new
aspect since WHEWELL'S Plurality of
Worlds and BREWSTER'S More Worlds
than One were written. Arguments which
were hypothetical thirty years ago have
either become certainties or been dis-
proved. Doubtful points have been cleared
up ; a new meaning has been found even
in those facts which were well known to
both the disputants; and, lastly, a new
mode of research has been devised, which
has not only reveiled & number of sur-
prising facts, but promises to work yet
greater marvels in the years which are to
come. Certainly Mr. PROCTOR has taken
some pains and trouble to expound and
illustrate his arguments and theories; and
his work shows, moreover, much patient
research and wide scientific reading. If
we are occasionally compelled to differ
from some of his conclusions, we cannot
deny the fact that he has produced a most
interesting workon a vety fascinating sub-
ject.’ EXAMINER,

The ORBS AROUND US; a Series of Familiar Essays
on the Moon and Planets, Meteors and Comets, the Sun, and Coloured
Pairs of Stars. Crown 8vo. price 7s. 6d.

ESSAYS on ASTRONOMY:

a Series of Papers on

Planets and Meteors, the Sun and Sun-surrounding space, Stars and
Star Cloudlets; and a Dissertation on the approaching Transit of
Venus ; preceded by a Sketch of the Life and Work of Sir John

Herschel.
price 12s.

¢To those who wish to learn some of

. the great results which have been recently
achieved in astronomical science we
recommend the volume. Although

Mr. PROCTOR Wwrites in a popular manner,
his sketches are evidently based on a care-
ful investigation of the subjects in their

scientific aspect, and are not mere turgid .

addreeses on the silent stars and the glori-
ous orbs of h He is an astrt

With 10 Plates and 24 Engravings on Wood. 8vo.

himself, one of those laboriousobserverafol-
lowing in the footsteps of the HEKSCHELS,
and not a mere theorist and poetical
populariser..........The papers on the
Planets, Meteors, and Shooting Stars, the
Solar Corona, and the Zodiacal Lxghc are
especially valuable, embodying as they do
the most recent observations and dis-
coveries,’ EXAMINER.

London, LONGMANS & CO.
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SATURN and its SYSTEM ;

containing Discussions of

the Motions (real and apparent) and Telescopic Appearance of the
Planet Saturn, its Satellites and Rings; the Nature of the Rings;
the Great Incquality of Saturn and Jupiter; and the Habitability
of Saturn. To which are appended Notes on Chaldean Astronomy,
Laplace’s Nebular Theory, and the Habitability of the Moon;.
Annotated Tables ; and Astronomical Vocabulary. With 14 Plates.

8vo. price 14s.

¢ Mr. PROCTOR’R new thenry of the rings
indefinitely raises our estimate of the
marvellous nature of the phenomena they
exhibit....... .Mr. PROCTOR may fairly
claim the title of the historian of Saturn.
All that is known about the planet, and all
that can be conjectured by a well-trained
mathematical mind, iz detailed at length
in this volume.’ SPECTATOR.

¢ A most valnable volumre........From
it. more than from almost any other book
with which we are acquainted, do we get
an idea of the stupendous actual and

potential enercies of our minds, and of
the many-sided attacks made by them
upon things unknown. How many ina
thonsand know as much of our earth as
anybcdy may learn about Saturn in a day
from the book before ns? Mr. PROCTOR
is happy in his subject, and equally happy
in his treatment of it. The illustrations
are second to none we have ever seen, and
add greatly to the value of the book, the
style of which is really a model of semi.
special treatment of a scientific subject.’
EXAMINER,

A NEW STAR ATLAS, for the Library, the School,
and the Observatory, in 12 Circular Maps (with 2 Index Plates).
Intended as a Companion to : Webl’s Celestial Objects for Common

Telescopes.”
illustrated by 9 Diagrams.

¢The small size of this excellent Atlas
renders it quite capable of being carried
in the pocket, and makes it, in conse-
quence, very handy. The distortion in
these maps, resulting from the necessity
of representing a convex surface by a flat
‘one, 8o that objects in the centre are of
necessity on a much smaller scale than
-those near the circumference, is reduced
to a minimum. The maps are twelve in
number, and are very clearly and admir-
ably engraved : there ig a short introduc-
tion, which will help the beginner very
considerably ; and, on the whole, the work
is one likely to be uscful both to the
learner and the scientific astronomer.’

EDUCATIONAL TIMES.

¢The great difficulty in all celestial
atlases is to get rid of the distortion con-
sequent on the necessity of representing a

|

With an Introduction on the Study of the Stars,
Crown 8vo. price 6s.

spherical surface upon a flat one. Of
conrse, in terrestrial maps the same diffi-
cnlty exists, but in a much less as
the spaces on earth are so much smaller,
in comparison with the amount of spheri-
cal curvature, than those in the heavens,
In many atlases, even in one as good as
that published by the Useful Knowledge
Bociety, the same space ‘in the heavens
occupies five times as much at the edge
as in the centre of the map, and such a
disproportion goes a long way to make
the maps entirely useless. In the present
ATLAS this distortion is immensely re-
ducei ; but its small and handy size is its
great recommendation. The book is one
for the pocket or the observatory, and
contains in a small compass as much as
many volumes twice its size.’

LAND and WATER,

London, LONGMANS & CO.
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GUAGES. By L. CONTANSEAU. Revised Edition. Post 8vo. 10s. 6d.

Contanseau’'s Pocket Dictionary, French and English, abridged from
the above by the Author. New Edition, revised, Square 18mo. 8s. 6d.

NEW PRACTICAL DICTIONARY of the GERMAN LANGUAGE;
German-English and English-German. By the Rev. W, L. BLACKLEY, M.A
Dr, CARL MARTIN FRIEDLANDER. Post 8vo. 7. 6d.
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The MASTERY of LANGUAGES; or, the Art of Speaking Forei
Tongues Idiomatically. By THOMAS me’mmm 8vo. 6s. 44 en

Miscellaneous Works and Popular Metaphysics.

ESSAYS on FREETHINKING and PLAIN-SPEAKING. By Lesus
STEPHEN. Crown 8vo. 10s. 6d.

THE MISCELLANEOUS WORKS of THOMAS ARNOLD, D.D.

Late Head Master of Rugby School and Regius Professor of Modern beory in
the University of Oxford, collected and republished. 8vo, 75, 6d.

MISCELLANEOUS and POSTHUMOUS WORKS of the Late HENRY
THOMAS BUCKLE. Edited, with a Biographical Notice, by HELEN TAYLOR.
8 vols, 8vo. price 52s. 6d.

MISCELLANEOUS WRITINGS of JOHN CONINGTON, M.A. late
Corpus Professor of Latin in the University of Oxford. Edited by J. A.
SYMONDS, M.A. With & Memoir by H. J. 8. 8mTH, M.A. 2 vols. 8vo. 28s.

ESSAYS, CRITICAL and BIOGRAPHICAL. Contributed to the
Edinburgh Review. By HENRY ROGERS. New Edition, with Additions. 2 vols.
crown 8vo. price 12s.

ESSAYS on some THEOLOGICAL CONTROVERSIES of the TIME.
Contributed chiefly to the Edinburgh Review, By HENRY ROGEuS. New
Edition, with Additions, Crown 8vo. price 6s.

LANDSCAPES, CHURCHES, and MOBALITIES. By A. K. H. B.
Crown 8vo. price 3s. 6d.

Recreations of a Country Parson, By A. K. H. B. First and
SECOND SERIES, crown 8vo. 3s. 6d. each.

The Common-place Philosopher in Town and Country. By A.K. H. B,
Crown 8vo. price 8s. 6d.

Leisure Hours in Town; Essays Consolatory, Zsthetical, Moral,
8ocial, and Domestic. By A. K. H. B. Crown 8vo. 3s. 6d.

The Autumn Holidays of a Country Parson; Essays contributed to
Fraser’s Magazine, &c. By A. K. H.B. Crown 8vo. 3s. 6d.

Seaside Musings on Sundays and Week-Days. By A.K.H.B.
Crown 8vo. price 8s. 6d.

The Graver Thoughts of a Country Parson. By A. K. H. B. Fimsr
and SECOND SERIES, crown 8vo. 8s. 6d. each.

Critical Essays of a Country Parson, selected from Essays con-
tributed to Fraser's Magazine. By A. K. H.B. Crown 8vo. 3s. 6d.

Sunday Afternoons at the Parish Church of a Scottish University
City. By A. K. H.B. Crown 8vo. 3s. 6d.

Lessons of Middle Age; with some Account of various Cities and
Men. By A.K.H.B. Crown 8vo. 3s. 6d.

Counsel and Comfort spoken from a City Pulpit. By A. K. H. B.
Crown 8vo. price 3s. 6d.
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The PHILOSOPHY of NECESSITY; or, Natural Law as applicable to
Mental, Moral, and Social Science. By CHARLES BRAY. 8vo. 95,

On FORCE, its MENTAL and MORAL CORRELATES. By the
same Author. 8vo. 5s

A MANUAL of ANTHROPOLOGY, or SCIERCE of MAN, based
on Modern Research, By CHARLES BrRAY. Crown 8vo. price 6s.

A PHRENOLOGIST AMONGST the TODAS, or the Study of a Primi-
tive Tribe in South India; History, Character, Customs, Religion, Infanticide,
Polyandry, Language. By W.E. MARSHALL, Lientenant-Colonel B.S.C. With
26 NMiustrations. 8vo. 21s.

A TREATISE of HUMAN NATURE, being an Attempt to Introduce
the Experlmcntal Method of Rensonjng inbo Moral Subjects ; followed by Dia-
Natural Religi By Davip HuME. Edited. with Notes,

by T. REEN, Fellow and Tutor, Ball. Coll. and T. H. GROSE, Fellow
a.nd’.l‘uwr,QueensCol.l Oxford. 2 vols, 8vo. 28s.

XE8SAYS MORAL, POLITICAL, and LITERARY, By Davio Hume.
By the same Editors. 2 vols. 8vo. price 28s.

UEBERWEG'S SYSTEM of LOGIC and HISTORY of LOGICAL
DOCTRINES. Translated, with Notes and Appendices, by T. M. LINDSAY,
M.A. F.R.S.E. 8vo. price 16s.

A BUDGET of PARADOXES. By Aveustus Dz Moreax, F.R.A.S.
and C.P.S. 8vo, 155,

Astronomy, Meteorology, Popular Geography, &c.

BRINKLEY'S ASTRONOMY. Revised and partly re-written, with
Additional Chapters, and an Appendix of Questions for Examination. By J. W.
StusBs, D.D. Fellow and Tutor of Trinity College, Dublin, and F. BRUNNOW,
Ph.D. Astronomer Royal of Ireland. Crown 8vo. price 6s.

OUTLINES of ASTRONOMY. By Sir J. F. W. HerscEEr, Bart.
M.A. Latest Edition, with Plates and Diagrams. Square crown 8vo. 123,

ESSAYS on ASTRONOMY, a Series of Papers on Planets and Meteors,
the Sun and Sun-surrounding Space, Stars and Star-Cloudlets ; with a Dissertation
on the approaching Transit of Venus, BmenmA.hocron,B.A. With
10 Plates and 24 Woodcum 8vo. 123,

THE TRANSITS of VENUS; a Popular Account of Past and Coming

from the first observed by Horrocks A.D. 1639 to the Transit of

A.D. 2112, By R. A. ProcTOR, B.A. Cantab, With 20 Plates and numerous
‘Woodcuts. Crown 8vo. [Dearly ready.

Yhe UNIVERSE and the COMING TRANSIYS : Presenting Re-
searches into and New Views respecting the Constifution of the Heavens;
together with an Investigation of the COndxtions of the Coming Transits of Venus.
By R. A. PROCTOR, B.A. With 22 Charts and 22 Woodcuts. 8vo. 16s.

The MOON ; her Motions, Aspect, Scenery, and Physical Condition.

By R. A, Paoc'ron, B.A. With Plates, Charts, Woodcuts, and Three Lunar
Photographs, wn 8vo, 155, h'



= I SOEES roxcasn =y LOSGHASS ax» OO

e S5¥: KTIER LIEHY, FIEEK. sad LIFE of the PLARETARY
EESIN R A Pewym i Seoend Bikion, with 30 Plaaes G -
ek, saf IS Fguoss . Tsel. Caven feu. Ma

CTXIR WEEIES TEAY GURS: e Pirafey of Worlds Stadied
i 3 Lghs X Jesern Scomciie Desresches. )}'LLP.I:I..,M.
Tk ik, wiir 24 Joencers. Cavex fea. Mk 6

e G233 ARNKYE® TS: 1 Semies of FaarGer Essavs om the Moon
i Paoen. Wenws sn? Conews. the Son snd Coloasnd  Puins of Staes. By
I A Puaovm LA Covex feo, grice 2 6d

SATTEY sad >3 SYSYXH Br & A Paxcrem, BEA. 8vo with 4
e, as

ol XX <a5X mmi um‘m‘d&hk‘l’m
FIS 2 35 oo 4 sscond sai 233 Wesdcoas., $7e. price e
A XIW STARATTAS, iz the Loy The Schoel. and the Observatory,

&‘“m&&%hﬁxm m-.o-p-
= "o s Geemom Jowcs I Commeier

: Yehencrpes.”
lm;:&wi s:-;mag-sxﬁp- By R.A.
T E. ¥ oa KL FEAS Thnd B, wecesl sad axged ; wich Mags,

ST ANE SO M FEAS FOS U § Iesrations.
FATTRLL SITITITING. aa INTRODTCYION te the PRACTICAL

i TERREYTICAZ STCIY o Ix s K latcevwes M A, Small Sve G
XASXITIN sni BATIAYION of the COXPASS. Yor the Use of

abamrs x Soopaam sai Sciens Scheds. By . Masxorman, LLD.

AZ sni BATE: ther Barrrines of 3 Chamoml Chmatology. By
Sva. Mz,

e PR
‘an"lfm:xmmzmmxwﬁ&e

x L &= ¥ et Yo 2. E_ S0y AL 8vo. 16s. 64
m:mmxmmtdmm

«m uk kmm ziu- Mhth

;m;s-.ms:mmrm 2 vl Fea [ Xeuriy reads.

The DOST OFFXT GAYEYTIER o the TXIYED KI¥GDON. Being
s\.mg&-\n\wmnt JTmes, Trers, Tileoas snl o the Proacipal Gen-
Thenew T Seads. I Svead m::::‘-m Reserral 30 the pearest Post Tows,
M—\mw wm:&m«wa By
- A Ssarn .tn.kamnhm:.aipgqs Ia the press.

n- PTIXN XEDULS ATIAF of EOBSERW mennn In

£ ONars. ehditing Seac The munr mpactar: Trosioal Restuves of the
\mm “muh@m*&m&ﬁm Commercial,
2O Nl Theeet. Banel itk sr Jrevadnocin, YT the Rev. G Borixs, MLAL
T Gn Toe S Se wewel. Ix S Sk
The TTILI XWOAS MAXTAI »f XOJERX GEOGRAPHY. By

P R St ek Wt oot of Liverponl Solispe : BEwor of The
f JS SIS IS WL S S S [1a preparation.



NEW WORKS PUBLISHED BY LONGMANS AnDp CO. 13

The PUBLIC SCHOOLS ATLAS of ANCIENT GEOGRAPHY Edited,
with an Introduction on the Study of Ancient Geography, by the Rev. GEORGE
BUTLER, M.A. Principal of Liverpool College. Imperial Quarto.

[In preparation.

A MANUAL of GEOGRAPHY, Physical, Industrial, and Political,
By W. HuGnEes, F.R.G.8. With 6 Maps. Fep. 7s. 6d.

MAUNRDER'S TREASURY of GEOGRAPHY, Physical, Historical,
Descriptive, and Political. Edited by W. HugHES, F.R.G.S. Revised Edition,
with 7 Maps and 16 Plates. Fcp. 6s. cloth, or 10s. bound in calf,

Natural History and Popular Science.

TEXT-BOOKS of SCIENCE, MECHANICAL and PHYSICAE,
adapted for the use of Artisans and of Students in Public and Science Schools.
Edited by T. M. GOODEVF, M.A. and C. W. MERRIFIELD, F.R.S.

ANDERSON’S Strength of Materials, small 8vo. 3s. 6d.
ARMsTRONG'S Organic Chemistry, 3s. 6d.
BLoxAM’S Metals, 3s. 6d.
GoopEVE'S Elements of Mechanism, 3s. 64,
———————— Principles of Mechanics, 3s. 6d.
GRIFFIN'S Algebra and Trigonometry, 3s. 6d. Notes, 3s.6d.
JeNKIN'S Electricity and Magnetism, 3s. 6d.
MaxweLL'S Theory of Heat, 3s. 6d.
MERRIFIELD'S Technical Arithmetic and Mensuration, 3s. 6d. Key, 3s. 6d.
MrLLER'S Inorganic Chemistry, 3s. 6d.
SHELLEY’S Workshop Appliances, 3s. 6d.
‘THORPE'S Quantitative Chemical Analysis, 4s. 6d.
THORPE & MUIR’S Qualitative Analysis, 3s. 6d.
‘WATs0N’s Plane and Solid Geometry, 3s. 6d. ,
*,#* Other Text-Cooks in active preparation.

ELEMENTARY TREATISE on PHYSICS, Experimental and Applied.
Translated and edited from GANOT'S Eléments de Physiqgue by E. ATKINSON,
Ph.D. F.C.S. New Edition, revised and enlarged ; with a Coloured Plate and
726 Woodcuts. Post 8vo. 15s. ’

NATURAL PHILOSOPHY for GENERAL READERS and YOUNG

PERSONS; being a Course of Physics divested of Mathematical Formulse
P d in the 1 of daily life. Translated from GANOT'S Cours ce

;’l{n‘yﬁ%ue 6tz"nd by E. ATkINsON, Ph.D. F.C.S. Crown 8vo. with 404 Woodcuts,
ce 7s. 6d.

HELMHEOLTZ’S POPULAR LECTURES on SCIENTIFIC SUBJECTS.
Translated by E. ATkINsoN, Ph.D. F.C.8. Professor of Experimental Science,
Staff College. With an Introduction by Professor TYNDALL. 8vo. with nume-
rous Woodcuts, price 12s. 6d.

BOUND: a Course of Eight Lectures delivered at the Royal Institution
of Great Britain. By Jomy TyxpaLn, LL.D. D.C.L. F.R.8. New Edition,
with 169 Woodcuts. Crown 8vo. 9s.

HEAT a MODE of MOTION. By Jomx Tyxparr, LLD. D.C.L
F.R.S. Fourth Edition. Crown 8vo. with Woodcuts, 10s. 6d.
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CONTRIBUTIONS to MOLECULAR PHYSICS in the DOMAIN of
RADIANT HEAT. By J.TyxpaLL, LL.D. D.O.L. F.R.8. With 2 Plates and
81 Woodcuts. 8vo, 16s.

RESEARCHES on DIAMAGNETISM and MAGNE-CRYSTALLIC
ACTION ; including th estion of Diamagnetic Polarity. By J. TYNDALL,
M.D. D.C.L. F.R.8. v?'xrgn 6 ﬂ:t,:al and many Woodouts. tgvo l{: ?

NOTES of a COURSE of SEVEN LECTURES on ELECTRICAL
PHENOMENA and THEORIES, delivered at the Royal Institution, A.D. 1870.
By JOHN TYNDALL, LL.D., D.C.L., F.R.8. Crown 8vo. 1s. sewed ; 1s. 6d. cloth.

A TREATISE on MAGNETISM, General and Terrestrial. By Hou-
;'mug" Lroyp, D.D., D.C.L., Provost of Trinity College, Dublin. 8vo. price
0s. 6d.
. ELEMERTARY TREATISE on the WAVE-THEORY of LIGHT.
By HuMPHREY Lroyp, D.D. D.C.L. Provost of Trinity College, Dublin. Third
Edition, revised and enlarged. 8vo. price 10s. 6d,

LECTURES on LIGHT delivered in the United States of America in
the Years 1873 and 1878. By JomN Tyxpawn, LL.D. D.C.L. FRS8. With
Frontispiece and Diagrams. 8vo. price 7s. 6d.

NOTES of a COURSE of NINE LECTURES on LIGHT delivered at the
Royal Institution, A.p. 1869. By JOHN T¥NDALL, LL.D. D.C.L. F.R.S.
Crown 8vo. prioe 1s. sewed, or 1. 6d. aloth.

ADDRESS delivered before the British Association assembled at
glclfnt i' w;th Additions and a Preface. By JOEN TYXDALL, F.R.S. President.
vo. price 8s.

FRAGMENTS of SCIENCE. By Jomx Tynpawr, LLD. D.C.L. F.R.S.
Third Edition. 8vo. price 14s. :

LIGHT SCIENCE for LEISURE HOURS; a Series of Familiar
Essays on Scientific Subjects, Natural Phenomena, &c. By R. A. PROCTOR,
B.A. First and Second Series. Crown 8vo. 7s. 6d. each.

The CORRELATION of PHYSICAL FORCES. By the Hon. Sir W.R.
GROVE, M.A. F.R.8. one of the Judges of the Court of Common Pleas, Sixth
Edition, with other Contributions to Science. 8vo. price 15s.

Professor OWEN'S LECTURES on the COMPARATIVE ANATOMY
;.nd I;llxydology of the Invertebrate Animals. Second Edition, with 2356 Woodcuts.

vo. 21s.

The COMPARATIVE ANATOMY and PHYSIOLOGY of the VERTE-
BRATE ANIMALS. By RICHARD OWEN, F.R.8. D.C.L. With 1,472 Woodcuts.
8 vols. 8vo. £8. 184, 6d,

PRINCIPLES of ANIMAL MECHANICS. By the Rev. S. Havenrox,
F.R.S. Fellow of Trin. Coll. Dubl. M.D., Dubl. and D.C.L. Oxon. Second
Edition, with 111 Figures on Wood. 8vo. 21s,

ROCKS CLASSIFIED and DESCRIBED. By Ber~mARD VoN CorTa.
English Edition, by P. H, LAWRENCE; with English, German, and French
Synonymes. Post 8vo. 145,

The ANCIENT STONE IMPLEMENTS, WEAPONS, and ORNA-

MENTS of GREAT BRITAIN. ByJoHN Evaxs, F.R.S.F.BA. With 3 Plates
and 476 Woodcuts, 8vo. price 28s,
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PRIMZEVAL WORLD of SWITZERLAND. By Professor OswaLp
HEER, of the University of Zurich. Translated by W. 8. DALLAS. F.L.S., and
edited by JaMEs Hxywoop, M.A., F.R.S. 2 vols, 8vo. with numerous Tilus-
trations, [In the press.

The ORIGIN of CIVILISATION and the PRIMITIVE CONDITION
of MAN ; Mental and Social Condition of Savages. By Sir JoEN LUBBOCK,
Bart. M.P. F.R.S. Third Edition, revised, with Woodouts. [Nearly ready.

BIBLE ANIMALS; being a Description of every Living Creature
menﬂvnedinﬁleﬂcrl !romthoApemtbeComl. By the Rev. J. G.
‘Woop, M.A. F.L.S. about 100 Vignettes on Wood. 8vo. 21s.

HOMES WITHOUT HANDS; a Description of the Habitations of

Animals, clagsed aocording to their Principle of Construction. By the Rev. J.
G. Woop, M.A. P.L.B. With about 140 Vignettes on Wood. 8vo. 21s

INSECTS AT HOME; a Popular Account of British Insects, their
Structare, Habits, and Transformations. By the Rev. J. G. Woop, M.A. F.L.8.
‘With upwards of 700 Ilustrations, 8vo. price 21s.

INSECTS ABROAD; a Popular Account of Foreign Insects, their
Stracture, Habits, and ormations. By J. G. WooD, M.A. F.L.8. Printed
and fllustrated uniformly with ¢ Insects at Home.” 8vo. price 21s.

STRANGE DWELLINGS; a description of the Habitations of
Animals, abridged from ‘Homes without Hands,’ the Rev. J. G. Woob,
M.A. F. L S. With about 60 Woodcut Illustrations, &own 8vo. price 7s. 6d.

OUT of DOORS; a Selection of original Articles on Practical Natural
History. By the Rev. J. G. Woop, M.A, F.L.S. With Fleven Illustrations from
Original Designs engraved on Wood by G. Pearson. Crown 8vo, price 7s. 6d.

A FAMILIAR HISTORY of BIRDS. By E. Sraxcey, D.D. F.R.S.
late Lord Bishop of Norwich. Seventh Edition, with Woodcuts. Fop. 8s. 6d.

FROM JANUARY to DECEMBER; a Book for Children. Second
Edition. 8vo. 3s. 6d.

The S8EA and its LIVING WONDERS. By Dr. Georce HarTwia.
Latest revised Edition, 8vo. with many Illustrations, 10s, 6d,

The TROPICAL WORLD. By Dr.Georce HarTwia, Withabove 160
Illustrations, Latest revised Edition. 8vo. price 10s. 6d.

The SUBTERRANEAN WORLD. By Dr. Georee Hartwie. With
8 Maps and about 80 Woodcuts, including 8 full size of page. 8vo. price 21s.
THE AERIAL WORLD. By Dr.Georee HarTwra. With 8 Chromo-

xylographs and 60 Illustrations engraved on Wood. 8vo. price 21s,

The POLAR WORLD, a Popular Description of Man and Nature in the
Arctio and Antarctic ns of the Globe, By Dr. GRorGE HaArTWIG. With
8 Chromoxylographs, 8 Maps, and 86 Woodcuts. 8vo, 10s. 6d.

KIRBY and SPENCE'S INTRODUCTION to ENTOMOLOGY, or
Rlements of the Natural History of Insects. 7th Edition. Crown 8vo. 5s.

MAUNDER'S TREASURY of NATURAL HISTORY, or P

of Birds, Beasts, Fishes,
m%mv;d"oodm"'m 8?0 mmmw m‘”
MAUNDER'S SCIENTIFIC and LITERARY TREASURY. New

Bdition, revised and in great part rewritten, with above 1,000
new Articles, by J. . JOEN8ON. Fop, 670, &%, cloth, or 10s, calf,
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HANDBOOK of HARDY TREES, SHRUBS, and HERBACEOUS
PLANTS, containing Descriptions, Native Countries, &c. of a Selection of the
Best Species in Cultivation; togethér with Cultural Details, Comparative
Hardiness, Suitability for Particular Positions, &c. By W. B. HEMSLEY. Based on
DECAISNE and NAUDIN'S Manuel de U Amateur des Jardins, and including the 264
Original Woodcuts, Medium 8vo. 21s.

AGENERALSYSTEMof BOTANY DESCRIPTIVEand ANALYTICAL.
1. Outlines of Organography, Anatomy, and Physiology ; II. Descriptions and
Illustrations of the Orders. By E.LE MAoUT, and J. DECAISNE, Members of
the Institute of France. Translated by Mrs. HOOKER. The Orders arranged
after the Method followed in the Universities and Schools of Great Britain, its
Colonies, America, and India; with an Appendix on the Natural Method, and
other Additions, by J.D. HOOKER, F.R.8. &c. Director of the Royal Botanical
Gardens,Kew. With 5,500 Woodcuts. Imperial 8vo. price 52s. 6d.

The TREASURY of BOTANY, or Popular Dictionary of the Vegetable
Kingdom ; including a Glossary of Botanical Terms. Edited by J. LiNprzy,
F.R.S. and T. MooRE, F.L.8. assisted by eminent Contributors. With 274
‘Woodcuts and 20 Steel Plates. Two Parts, fcp. 8vo. 12s. cloth, or 20s. calf.

The ELEMENTS of BOTANY for FAMILIES and SCHOOLS.
Te;ﬂ; Egidﬁon, revised by THOMAS MOORE, F.L.S. Fcp. with 154 Wood-
cuts, 2s. 6d.

The ROSE AMATEUR’S GUIDE. By Tmomas Rivers. Fourteenth
Edition. Fcp. 8vo, 4s.

LOUDON’S ENCYCLOPZEDIA of PLANTS; comprising the Specifie
Character, Description, Culture, History, &c. of all the Plants found in
Great Britain. With upwards of 12,000 Woodcuts. 8vo. 42s.

A DICTIONARY of SCIENCE, LITERATURE, and ART. Fourth
Edition, re-edited by W. T. BRANDE (the original Author), and GEORGE W.
Cox, M.A., assisted by contributors of eminent Scientific and Literary
Acquirements. 3 vols. medium 8vo. price 63s. cloth,

Chemistry and Physiology.

A DICTIONARY of CHEMISTRY and the Allied Branches of other
Sciences. By HENRY WATTS, F.R.S. assisted by eminent Contributors.
6 vols. medium 8vo. price £8, 14s. 6d. SECOND SUPPLEMENT in the Press.

ELEMENTS of CHEMISTRY, Theoretical and Practical. By W. ArLrx
MiLLER, M.D. late Prof. of Chemistry, King’s Coll. London. New
Edition, 3 vols. 8vo., £3. PART I. CHEMICAL PHYSICS, 155. PART IL
INORGANIC CHEMISTRY, 21s. PART III. ORGANIC CHEMISTRY, 24s.

A Course of Practical Chemistry, for the nuse of Medical Students.
By W. OpLixg, F.R.S. New Edition, with 70 Woodcuts. Crown 8vo. 7s. 6d.

A MANUAL of CHEMICAL PHYSIOLOGY, including its Points of
Contact with Pathology. By J. L. W. THUDICEHUM, M.D. With Woodcuts,
8vo. price 7s. 6d.

SELECT METHODS in CHEMICAL ANALYSIS, chiefly INOR-
gr.llmlg' Ggy WiLLiaM CROOKEs, F.R.S. With 22 Woodcuts. Crown 8vo.

ce 125, 6d.
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A PBB‘%VCTICAIG HANDBOOK of DYEING and CALICO PRINTING.
LLIAM F.R.8. With 11 Page Pla!
Printod Fabrice, and 36 Woodcata. - Bvo, &30 o - opeoimensof Dyed and
OUTLINES ofp iggsléOLOGY. Human and Comparative. By Jomw
crowm Sve-wlth 123 Wooseuie, ass, o Loty College Hoepital. 3 vols.
PHYSIOLOGICAL ANATOMY and PHYSIOLOGY of MAN. By the
late R. B. Topp, M.D. F.R.S. and W. BowMmAN, F.R.S. of King’s College.
‘With numerous Illustrations. Vol II. 8vo. 25s.

VoL. I. New Edition by Dr. LioNeL 8. BEALE, F.R.S. in conrse of publi-
cation, with many Illustrations, PArTs I. and II. price 7s. 6d. each.

The Fine Arts, and Illustrated Editions.

A DICTIONARY of ARTISTS of the ENGLISH SCHOOL: Painters,
Sculptors, Architects, Engravers, and Or tists ; with Notices of their Lives
and Works, By 8, REDGRAVE. 8vo. 16s.

The THREE CATHEDRALS DEDICATED to 8T. PAUL, in LONDON ;
their History from the Foundation of the First Building in the Sixth Century
to the Proposals for the Adornment of the Present Cathedral. By WILLIAM
LONGMAN, F.A.8, With numerous Illustrations. Square crown 8vo. 21s.

IN FAIBRYLAND; Pictures from the Elf-World. By RicArD
DOYLE. With a Poem by W. ALLINGHAM. With Sixteen Plates, containing
Thirty-six Designs printed in Colours. Second Edition. Folio, price 15s.

ALBERT DURER, HIS LIFE and WORKS; including Auto-
biographical Papers and Complete Catalogues. By WILLIAM B. ScoOTT.
With Six Etchings by the Author, and other Illustrations, 8vo, 16s.

The NEW TESTAMENT, illustrated with Wood Engravings after the
Early Masters, chiefly of the Italian School. Crown 4to. 63s. cloth, gilt top;
or £5 5. elegantly bound in morocco.

LYRA GERMANICA; the Christian Year and the Christian Life.
Translated by CATHERINE WINKWORTH. With about 825 Woodcut Illustrations
by J. LRIGHTON, F.8.A. and other Artists. 2 vols, 4to. price 42s.

The LIFE of MAN SYMBOLISED by the MONTHS of the YEAR,
Text selected by R. Pigor; Illustrations on Wood from Original Designs
J. LEIGHTON, F.S.A. 4to. 42s.

SACRED and LEGENDARY ART. By Mgs. JAMESON.

Logends of the Saints and Martyrs. New Edition, with 19
Etchings and 187 Woodcuts, 2 vols. square crown 8vo. 81s. 6d.

Legends of the Monastic Orders. New Edition, with 11 Ebchings
and 88 Woodcuts, 1 vol. square crown 8vo. 21s.

Logends of the Madonna. New Edition, with 27 Etchings and
165 Woodcuts. 1 vol, square crown 8vo. 21s.

The History of Our Lord, with that of his Types and Precursors.
Completed by Lady EASTLAKE. Revised Edition, with 31 Etchings and
281 Woodcuts., 2 vols. square crown 8vo., 42s.
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BAREBALUS; er, the Causes and Principles of the Excellence of
Greek Sculpéure. By EDWARD FALKENER, Member of the Academy of Bologna,
udolmmhmlogmallnsﬂtu of Bome and Berlin. With Woodcuts,
Fhotographs, and Chromolithographs. Royal Svo. 42s. ;

rntxmln's MUSEUN of CLASSICAL ANTIQUITIES; a Series
Ancient Art. New E in Omne Vi i
of Essays on em cwmdiﬁnn, complete in olume, with many

The Useful Arts, Manufactures, &c.

HISTORY eof the GOTEIC REVIVAL; anAttempt to shew how far
the taste for Medisval Architecture was England during the
hﬂﬁw«nﬁmmdhasbeenre—devﬁopedintham& Byc.L.m-t
LAKE, Architect. With 48 Illustrations Imperial 8vo. 31s, 6d.

QWILT'S ENCYCLOPEDIA of ARCHITECTURE, with above 1,600
Engravings on Woud. mmm,ntudmgnlngederAn‘
Parwonry., Svo. 33 6d

A MAXTAL of ARCHITECTURE: bemg a Concise History and

for of the ipal Styles of European Architecture. Ancient,
l&&hv&l.nd Revalssance; with a Glossary of Technical Terms, By
Tuodas MaTeHELL. Crown $vo. with 130 Woedcuts, 10s. 6d.

HINTS en HOUSEHOLD TASTE in FURKITURE, UPHOLSTERY,
and other Details. By CuaRLss L. EASTLAKE, Architect. New Edition,
with gbout 90 Illustrations. Square crown 8vo. 145,

PRINCIPLES of MECHANISK, designed for the Use of Students in
the TUniversities, and for Engineering Students generally. By R.
wiens, N.A. FR.S. &c. Jacksonian Professor in the University of Cam-
bridge. Second Edm.on,enhrxmi with 374 Woodcuts. 8vo. 18s.

@EOMETRIC TURNING: comprising a Description of Plant’s New
Geometric Chuck, with directions for its use, and a series of Patterns cut by
it, with mphnauons. By H. 5. SavORY. With numerous Woodcuta, 8vo. 215,

LATHES and TURNING, Simple, Mechanical, and Ornamental.
By W. HEXRY NORTHCOTT. With about 240 Illustrations. 8vo. 18s.

PERSPECTIVE ; or, the Art of Drawing what One Sees. Explained
and adapted to the use of those Sketching from Nature. By Lieut, W. H.
Corrnys, RE. FRAS. With 37 Woodeats. Crown 8vo. price Ss.

IXDUSTRIAL (HEMISTRY; a Manual for Manufacturers and for
use in Coileges or Technical Schools. Being a Translation of Professors Stohmann
and Engler's German Edition of PAYEN'S Précis de Chimie [ndustrielle, by Dr.
J. D. BARRY. Kdited and supplemented by B. H. PauL, Ph.D. $vo. with Plates
and Woodcuts. (In the press.

URBE'S DICTIONARY of ARTS, MANUFACTURES, and MINES.
Sixth Edition, rewritten and enlarged by ROBERT HUNT, F.R.S. assisted by
numerous Contributors eminent in Science ard the Arts, and familiar with
Manufactures, With above 2,000 Woedcuts. 3 vols, medium 8vo. £4 14s. 64,
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mMDBOGI)nft 1:)! Ill?’B.A(!'I‘IGAI. TELEGRAPHY. By R. 8. Curiey

b, Engineer-in-Chief of Telegraphs Post Office. Sixth

Etgt.;lon, with 144 Woodo:: and § Pla?as eltivo x:x‘lt:tat‘l,¢§aﬂ]e

The ENGINEER'S HANDBOOK; explaining the Principles which
ghould guide the Young Pngineer in the Construction of Machinery, with the
necessary Rules, Proportions, and Tables. By C. S. LOWNDEs., Post 8vo, 5s.

ENCYCLOPEDIA of CIVIL ENGINEERING, Historical, Theoretical,
and Practical. By E. CrEsy, C.E. With above 3,000 Woodcuts, 8vo. 42s.

The STRAINS IN TRUSSES computed by means of Diagrams; with
20 Examples drawn to Scale. By F. A. RANKEN, M.A, O.E, With 85 Dia«
grams, Square crown 8vo. 6s. 6d.

TREATISE on MILLS and MILLWORK. By Sir W. FARBAIRN,
Bart, F.R.8, New Edition, with 18 Plates and 322 Woodcuts, 2 vols. 8vo. 82s.

USEFUL INFORMATION for ENGINEERS. By Sir W. FARBAIRN,
Bart, F.R.8. Revised Edition, with Illustrations, 3 vols. crown 8vo. price 31s. 6d.
The APPLICATION of CAST and WROUGHT IRON to Building
Purposes. ir W, FAIRBAIRN, Bart. F.R.8. Fourth Edition, enlarged ; with
6 Plates and 118 Woodcuts. 8vo. price 163,

@UNS and STEEL; Miscellancous Papers on Mechanical Subjects.
By Sir JosePR WHITWORTH, Bart. C.E. Royal 8vo. with mustnﬁons, 7s. 6d.

A TREATISE on the STEAM ENGINE, in its various " paphcatlons
to Mines, Mills, Steam Navigation, Railways, and Agriculture. By J. BOURNE,
C.E. Eighth Edition with Portrait, 87 Plates, and 546 Woodcuts. 4to. 42s.

CATECHISM of the STEAM ENGINE, in its various ppélcatlons to
Mines, Mills; Steam Navigation, Railways, and Agriculture. By the same
Author. With 89 Woodcuts. Fcp. 8vo. 6s.

HANDBOOK of the STEAM ENGINE. By thesame Author, forming

. a KEY tothe Catechism of the Steam Engine, with 67 Woodcuts. Fecp. 9s.

BOURNE'S RECENT IMPROVEMENTS in the STEAM ENGINE in its
various applications to Mines, Mills, Steam Navigation, Railways, and Agri-
culture, By JOHEN BOURNE, C.E. New Edition, with 124 Woodcuts. Fcp. 8vo. Gs,

HANDBOOK to the MINERALOGY of CORNWALL and DEVOKN;
with Instructions for their Discrimination, and eopwus Tablets of Locahﬁes.
By J. H. CoLuINs, F.G.S. With 10 Plates. 8vo.

PRACTICAL TREATISE on HETAI.LUBGY adapted from the last

German Edition of Professor KERL'S Metallurgy by ‘W. Crookes, F.R.8, &c.
and E. Boamia, Ph.D. M.E, With 625 Woodcuts. 3 vols. 8vo. price £4 19s.

MITCHELL'S MANUAL of PRACTICAL ASSAYING. Fourth Edi-
tion, for the most part rewritten, with all the recent Discoveries incorporated,
by W. CROOKES, F.R.8, With 199 Woodouts. 8vo. 81s. 6d.

LOUDON’S ENCYCLOPEDIA of AGRICULTURE: comprising the
Laying-out, Improvement, and Management of Landed Property, and the Culti.
vation and Economy of Agricultural Produce. With 1,100 Woodcuts. 8vo. 21s.

Loudon’s Encyclopeedia of Gardening: comprising the Theory and

Practice of Horticulture, Floriculture, Arboriculture, and Landscape g
‘With 1,000 Woodcuts, 8vo. 21s.
B2
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The VOYAGE and SHIPWRECK of 8T. PAUL; with Dissertations
on the Life and Writings of St. Luke and the Ships and Navigation of the
Ancients. By JAMEs SMITH, F.R.8. Third Edition. Crown 8vo, 10s. 6d.

COMMENTARY on the EPISTLE to the ROMANS, By the Rev.
W. A. O'CoNOR, B.A. Crown 8vo. price 8s. 6d.
The EPISTLE to the HEBREWS; with Analytical Introduchon and
Notes. By the Rev. W. A, O'CONOR, B.A. Crown 8vo. price 44, 6d
A CRITICAL and GRAMMATICAL COMMENTARY on ST. PAUL'S
Epistles. By C. J. ELLIcoTT, D.D. Lord Bishop of Gloucester and Bristol. 8vo.
@alatians, Fourth Edition, 8s. 6d.
Ephesians, Fourth Edition, 8s. 6d.
Pastoral Epistles, Fourth Edition, 10s. 6d.
Philippians, Colossians, and Philemon, Third Edition, 10s. 6d.
Thessalonians, Third Edition, 7s. 6d.

HISTORICAL LECTURES on the LIFE of OUR LORD. By
C. J. ELricoTT, D.D. Bishop of Gloucester and Bristol. Fifth Edition. 8vo. 12s.

EVIDENCE of the TRUTH of the CHRISTIAN RELIGION derived
from the Literal Fulfilment of Prophecy. y ALEXANDER KEITH, D.D. 387th °
Edition, with Plates, in square 8vo. 12s. 6d.; 39th Edition, in post 8vo. 6s.

The HISTORY and LITERATURE of the ISRAELITES, according
to the Old Testament and the Apocrypha. ByO DE ROTHSCHILD and A. DB
RorHSCHILD, Second Edition, revised. 2 vols. post 8vo. wlth Two Maps,
price 124, 6d, Abridged Edmon, in 1 vol. fep. 8vo. price 3s. 6

An INTRODUCTION to the STUDY of the NEW TEBTAIENT,
gﬂzil:slmmegeucal, and Theological, By the Rev. 8. DAvipsoN, D.D. LL.D.

A {

HISTORY of ISRAEL. By H. EwaLp, Prof. of the Univ. of Géttin-
gen. Translated by J. B, CARPENTER, M.A., with a Preface by RUSSELL MAR~
TINEAU, M.A. & vols, 8vo. 63s.

The TREASURY of BIBLE KNOWLEDGE; bemg a chtlonary of t,he
Books, Persons, Places, Events, and other matt it
Holy Sa-lpture By Rev. J. AYRE, M.A. With Ma.pl, 16 Plates, And numeroul
‘Woodcuts, Fep. 8vo price 6s. cloth, or 10s. neatly bound in calf.

LECTURES on the PENTATEUCH and the MOABITE STONE.
By the Right Rev. J. W. COLENEO, D.D. Bishop of Natal. 8vo.12s.

The PENTATEUCH and BOOK of JOSHUA CRITICALLY EXAMINED.
By the Right Rev. J. W, CoLENSO, D.D. Bishop of Natal. Crown 8vo. 6s.

THOUGHTS for the AGE. By Erizasers M. Snwnn., Author of
¢ Amy Herbert,” &c. New Edit.ion, revised, Fcp. 8vo, price 3s. 6d.

PA?:ING THOUGHTS on RELIGION. By Miss Sewert. Fep. 8vo.
. 6d.

SELF-EXAMINATIOR before CONFIRMATION. By Miss SEWELL.
82mo. price 1s. 6d.

READINGS for « MONTH preparatory to CONFIRMATION, from
‘Writers of the Early and English Church. By Miss SEWELL. Fcp. 4s.
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READINGS for EVERY DAY in LENT, compiled from the Writings
of Bishop JEREMY TAYIOR. By Miss SEWELL. Fop. Se.

PREPARATION for the HOLY COMMUNION ; the Devotions chiefly
from the Works of JEREMY TAYLOR. By Miss SEWRLL. 82mo. 8s.

THOUGHTS for the HOLY WEEK for Young Persons. By Miss
SewmLL. New Edition. Fcp. 8vo. 22

PRINCIPLES of EDUCATION Drawn from Nature and Revelation,
and applied to Female Education in the Upper Classes. By Miss SEWELI.
2 vols. fop. 8vo. 12s. 6d. .

LYRA GERMANICA, Hymns translated from the German by Miss
C. WINKWORTH. FIRST and SECOND SERIES, price 3s. 6d. each,

SPIRITUAL SONGS for the SUNDAYS and HOLIDAYS through-
out the Year. By J. 8. B. MoNsmLr, LL.D. Fcp. 8vo. 4s. 6d.

ENDEAVOURS after the CHRISTIAN LIFE: Discourses. By the
Rev.J. MARTINEAU, LL.D, Fifth Edition, carefully revised. Crown 8vo. 7s. 6d.

HYMNS of PRAISE and PRAYER, collected and edited by the Rev.
J. MARTINEAU, LL.D. Crown 8vo. 4s. 6d.

WHATELY'S INTRODUCTORY LESSONS on the CHRISTIAN
Evidenoes. 18mo. 6d.

BISHOP JEREMY TAYLOR'S ENTIRE WORKS. With Life by
BrseoP HeBER. Revised and corrected by the Rev. C. P. EpxN. Complete in
Ten Volumes, 8vo. cloth, price £5. b

Travels, Voyages, &c.

EIGHT YEARS in CEYLON. By Sir Samuer W. Baker, M.A.
F.R.G.8. New Edition, with Illustrations engraved on Wood, by G. Pearson.
Crown 8vo. 7s. 6d.

The RIFLE and the HOUND in CEYLON. By Sir Samuzr W.
BAxER, M.A. F.R.G.8. New Edition, with Illustrations engraved on Wood by
G, Pearson, Crown 8vo. 7. 6d. :

MEETING the S8UN; a Journey all round the World through F%t,
China, Japan, and California. By WrLIIAM Spresow, F.R.G.8. With 48 o-
types and Wood Engravings from Drawings by the Author. Medium 8vo. 24s.

UNTRODDEN PEAKS and UNFREQUENTED VALLEYS; a Mid-
summer Ramble among the Dolomites, By AMELIA B. BoWARDS. With a
Map and 27 Wood Engravings. Medium 8vo. 21s.

The DOLOMITE MOUNTAINS; Excursions through Tyrol, Carinthia,
Carniola, and Friuli, 1861-1863. By J. GILBERT and G.ng.caum.r.,l".n.(}.s.
‘With numerous Illustrations, Square crown 8vo, 21s.

The VALLEYS of TIROL; their Traditions and Customs, and how

to Visit them. By Miss R. H. BUsK, Author of ¢ The Folk-Lore of_Rome,” &c.
With Maps and Frontispiece. Crown 8vo. 12s. 6d. -
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HOURS of EXERCISE in the ALPS. By Jomx Tywparr, LL.D.
D.C.L. F.R.8, Third Edition, with 7 Woodcuts by E. Whymper. Crown 8vo.
price 12s. 6d.

The ALPINE CLUB MAP of SWITZERLAND, with parts of the
Neighbouring Countries, on the Scale of Four Miles to an Inch. Edited by R.
C. Nicaors, F.8.A. F.R.G.S. In Four Sheets, price 42s. or mounted in a case,
523, 6d. Each S8heet may be had separately, price 12s. or mounted in & case, 15s.

MAP of the CHAIN of MONT BLANC, from an Actual Survey in
1863-1864. By Apams-Reriry, F.R.G.S. MAC Published under the Au-
thority of the Alpine Club. In Chromolithography on extra stout drawing-
paper 28in. x 17in, price 10s. or mounted on canvas in a folding case, 12s. 6d.

TRAVELS in the CENTRAL CAUCASUS and BASHAN. Including
Visits to Ararat and Tabreez and Ascents of Kazbek and Elbruz., By D. W.
FRESHFIELD. Square crown 8vo, with Maps, &c. 18s.

PAU and the PYRENEES. By Count HeENrY Russerr, Member of
the Alpine Club, &c. With 2 Maps. Fcp. 8vo. price 5s.

HOW to SEE NORWAY. By Captain J, R. Campeerr, With Map
and 5 Woodcuts, Fep. 8vo. price 5s.

GUIDE to the PYRENEES, for the use of Mountaineers. By
CHARLES PACKE. With Map and Illustrations. Crown 8vo. 7s. 6d.

The ALPINE GUIDE. By Jomn Barr, M.R.I.A. late President of
the Alpine Club. 8 vols. post 8vo. Thoroughly Revised Editions, with Maps
and’ Illustrations :—I. Western Alps, 6s. 6d. 1I. Central Alps, 7s.6d. III.
Eastern Alps, 10s. 6d.

Introduction on Alpine Travelling in General, and on the Geology
of the Alps, price 1s. Each of the Three Volumes or Parts of the Alpine Guide
may be had with this INTRODUCTION prefixed, price 1s. extra.

VISITS to REMARKABLE PLACES: Old Halls, Battle-Fields, and
Stones Illustrative of Striking Passages in English History and Poetry. By
‘WinLiAM HoOwTIT. 2 vols. square crown 8vo. with Woodcuts, 25s.

The RURAL LIFE of ENGLAND. By the same Author, Wibh
‘Woodcuts by Bewick and Williams. Medium 8vo. 12s. 6d.

Works of Fiction.

‘WHISPERS from FAIRYLAND. By the Rt. Hon. E. H. KNaTcH-
BULL-HUGESSEN, M.P. Author of ¢Stories for my Children,” ‘Moonshine,”
¢Queer Folk,” &c. With Nine Illustrations from Original Designs engraved on
‘Wood by G. Pearson, Crown 8vo. price Gs.

ELENA, an Italian Tale. By L. N. Comyxn, Author of ¢ Atherstone
Priory.’ 2 vols. post 8vo. 14s.

CENWLLB, a Tale of Pau. By Denxys SmyNE Lawror, Author of
¢ Pilgrimages in the Pyrenees and Landes. Post 8vo. 10s. 6d.

LADY WILLOUGHBY’S DIARY, 1685—1668; Charles the First, the

Protectorate, and the Restoration. Baprodnctd in the Btyle of the Pa'led to
whicht.hemuyxelztu. Grown 8vo. puiee 7s. 6d.
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BALLADS and LYRICS of OLD FRANCE; with other Poems. By
A.LaNa, Fellow of Merton College, Oxford. Square fcp. 8vo. price bs.

MOORE'S LALLA ROOKH. Tenniel's Edition, with 68 Wood
Engravings from Original Drawings and other Illustrations. Fcp. 4to, 21s.

SOUTHEY'S POETICAL WORKS, with the Author's last Corrections
and copyright Additions. Medium 8vo, with Portrait and Vignette, 145,

LAYS of ANCIENT ROME; with IVRY and the ARMADA, By the
Right Hon. Lord MACAUI‘.LY 16mo, 3s. 6d.

LORD MACAULAY’S LAYS of ANCIENT ROME. With 90 Illustra-
tions on Wood, from the Antique, from Drawings by G. S8cHARP. Fcp. 4to, 21s.

Miniature Edition of Lord Macaulay’s Lays of Ancient Rome,
with the Illustrations (as above) reduced in Lithography. Imp. 16mo. 10s. 6d.

The ENEID of VIRGIL Translated into English Verse. By Jomws
CoxNiNGgTON, M.A. New Edition. Crown 8vo. 9s.

HORATII OPERA. Library Edition, with Marginal References and
English Notes. Edited by the Rev. J, E. YONGE. 8vo, 214

The LYCIDAS and EPITAPHIUM DAMONIS of MILTON. Edited,
with Notes and Introduction (including a Reprint of the rare Latin Version
of the Lycidas, by W, Hogg, 1694), by C. S. JERRAM, M.A, Crown 8vo. 8s. 6d.

BOWDLER'S FAMILY SHAKSPEARE, cheaper Genuine Editions.
Medium 8vo, large type, with 36 Wooncu'rs, price 14s. Cabinet Edition, with
the same ILLUSTRATIONS, 6 vols. fcp. 8vo. price 21s.

POEMS. By Jran INGELOW. 2 vols. fep. 8vo. price 10s.
FIRST SERIES, containing ¢ ED,’ ‘The STAR'S MONUMENT,’ &c. Sixteenth
Thousand. Fcp. 8vo. price 54
SECOND SERIES, ‘A STORY of DooM,” ‘ GLADYS and her ISLAND,” &c. Fifth
Thousand. Fcp. 8vo, prioe 5s.

POEMS by Jean Ingelow. First Srries, with nearly 100 Illustrations,
engraved on Wood by Dalziel Brothers. Fcp. 4to. 21s,

Rural Sports, &c.

DOWN the ROAD; Or, Reminiscences of a Gentleman Coachman.
By C. T. S. BIRCH REYNARDSON, With Twelve Chromolithographic Illustra-
tions from Original Paintings by H. A.lkcn Medium 8vo. (Nearly ready.

The DEAD SHOT; or, Sportsmans Complete Guide: a Treatise on
the Use of the Gun, Dog-breaking, Pigeon—shooﬂng, &c. By MARKSMAX,
Revised Edition. Fep. 8vo. with Plates, 5s.

ENCYCLOPEDIA of RURAL SPORTS; a complete Account, Histo-
rical, Practical, and Descriptive, of Hunﬂng. Shooting, thin% Racing,
t.nd:llothet Bural and Athletic Sports and Pastimes,

‘With above 600 Woodouts (20 from Designs by JOEN LEECH). 8vo. 21s.
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The FLY-FISKER'S EXTOMOLOGY. By Arrmer Rowarps. With

wolutited Repreventations of the Natural and Artificial Insect. Sixth Riditien,
with ¥ culvured Plates. $vo. 14s

4 BOOK on ANGLING; a complete Treatise on the Art of Amgling
mvmbrmh. Bymwmmxcu. Kewidit:;, with Portrait sad 15

Plates, plain sd coloured. Post 8vo. 152
WILCOCKS'S SEA-FISHERMAN ; comprising the Chief Methods of

Mook wnd Line ., & Glance at Nets, and Remarks on Boats and Bosting.
Now Riftdon, with 80 Woodouts, Post 8vo. 122, 6d.

HORSES and STABLES. g Coloml F. Frrzwyoran, XV. the King’s
M,  With Twenty-four of Illustrations, containing very numerous
Flittiree vigraved ou Wood,  8vo, 10s, 64,

The NORAE'S FOOT, and HOW to KEEP it SOUND. By W.
Mtae, Wnq.  Ninth Wdition, with Hlustrations. Imperial 8vo. 12s. 6d.
4 PLALIX TREATISE ea KMBHOIIIB By W. Miss, Eag.
MNSh Blition.  Dost $vu. with Mlustrations, 25
ARLES and STARLE-FITTINGS. B; W Mixzs, Esq. Imp. 8vo.
with t3 l'llhn. e v
BEMARKS oz MORAES' TEETH, addressed to Purchasers. By W.
M Bag Vet $va e 6.
4 TREATISE on EORSE-SHOEING and LAMENESS. By Josxrx
Ganury, Veterloary Surgeon. $vo, with 88 Woodcuts, price 10s. 6d.

The KORSEK: with a Treatise on Draught. By Wririam Youarr.
Now Suition, vevind and enlarged. 8vo. with numerous Woodcuts, 125, 6d.
The 20O, By Wirax Yovarr. 8vo. with numerous Woodcuts, 6s.
The DQ@ in EEALTX and DISEASE. By Sroxzmexcx. With 70

Weod Engravinge.  Sgquare crown Svo, Ta. 6de

The QRAYMOUND. By Sroxsmuwer. Revised Edition, with 24
Porttaite of GreyBounds, Sguare crown §vo. 10s 6d.

The 0X; hix Disvases and their Treatment: with an Esaa on Parturi-
tlons tn the Cow. By J. K. DosseN.  Crown $vo. with mmmﬁons, 7s. 6d.

Works of Utility and General Information.

The THEORY and PRACTICE of BANKING. By H. D. Macreob,
M.A, Mregtorat-Law. Second Bdition, entirely remodelled. 2 vols. Svo. 30s

I‘CVLLOCR‘S DIC‘HOKAKY. Practical. Theoretical, and Historical,

(N ial Navigation. New and revised Edition. Svo. 63s
‘l\o lel'.l' uvrn Pvgnlnm of the Laws of England,
(ivil, Cruningl, and Q ded for Practical Uss
Iutervamkion. Wm Fep. Swo. price S



NEW WORKS pusLisHED Y LONGMANS axp CO. 7

BLACKSTONE ECONOMISED, a Oompendmm of the Laws of
England to the Present time, in Four Books, each embracing the Legal Principles
and lamentc:ld {anfm e %ogz::n etg ’nnuctmenm, “p:gtm I:gtl?lscemd ne
8] ubsequent uf
&gp By D. M. y AIRD, Barrister-at-La’ ry. Revised Edition. Post 8vo. 7s. ea?"'

PEWTNEB’S COMPREHENSIVE SPECIFIER; a Guide to the

cal Specification of every kind of Building-Artificers’ Work, with Forms
ot Conditions and Agreements. Edited by W. Youra. Crown 8vo, 6s.

COLLIERIES and COLLIERS; a Handbook of the Law and Leading
Cases relating thereto, By J. C. FowLER. Third Edition. Fep. 8vo. 7s. 6d.

HINTS to MOTHERS on the MANAGEMENT of their HEALTH
during the Period of Pregnancy and in the Lying-in Room. By the late
THOMAS BULL, M.D. Fep. 8vo. 5s.

The MATERNAL MANAGEMENT of CHILDREN in HEALTH and
Disease. By the late THOMAS BULL, M.D. Fcp. 8vo. 5s.

The THEORY of the MODERN SCIENTIFIC GAME of WHIST.
By WruLiam PoLrg, F.R.S. Fifth Edition, enlarged. Fcp. 8vo. 2s. 6d.

CHESS OPENINGS. By F.W. Lonemax, Balliol College, Oxford.
Second Edition revised, Fcp. 8vo. 2s. 6d.

THREE HUNDRED ORIGINAL CHESS PROBLEMS and STUDIES.
By JAMES PIERCE, M.A. and W. T, PIERCE, With numerous Diagrams. Square
fcp. 8vo. 7s. 6d. BUPPLEMENT, price 2s, 6d.

A PRACTICAL TREATISE on BREWING; with Formulse for Public
Brewers, and Instructions for Private Families. By W. BLACK. 8vo. 10s. 6d.

MODERN COOKERY for PRIVATE FAMILIES, reduced to & System
ot Easy Practice in a Series of carefully-tested Receipts. By ELIZA ACTON.
Newly revised and enlarged ; with 8 Platas and 1560 Woodcuts. Fcp. 8vo. 6s.

MAUNDER'S TREASURY of KNOWLEDGE and LIBRARY of
Reference ; oomprtning an English])icﬁonnry and Gmmmu', Universal Gazetteer,
Classical Dictionary, gy, Law gis of the Peerage
useful Tables, &c. Revised Edition. Fcp 8vo. sc.omﬁ,ouo: calf.

Knowledge for the Young.

The STEPPING-STONE to KNOWI.EDGE, or npwa.rds of 700
Questions and Answers on Miscellan 8 d
Infant minds. 18mo. 1s.

SECOND SERIES of the STEPPING-STONE to KNOWLEDGE:
Containing upwards of 800 Questions and Answers on Miscellaneous Subjects
not contained in the FIRST SERIES. 18mo. 1s.

The STEPPING-STONE to GEOGRAPHY: Contalmng several
Hundred Questions and Answers on Geographical Subjects. 18mo. 1s




8 NEW WORKS PUBLISRED BY LONGMANS AND CO,

The STEPPING-STONE to ENGLISH HISTORY; Questions and
Answers on the History of England. 18mo, 1s,

The STEPPING-STONE to BIBLE KNOWLEDGE; Questions and
Answers on the Old and New Testaments. 18mo, 1s.

The STEPPING-STONE to BIOGRAPHY ; Questlons and Answers
on the Lives of Eminent Men and Women, 18mo

The STEPPING-STONE to IRISH HISTORY: Containing several
Hundred Questions and Answers on the History of Ireland. 18mo. 1s.

The STEPPING-STONE to FRENCH HISTORY: Containing several
Hundred Questions and Answers on the History of France. 18mo. ls.

The STEPPING-STONE to ROMAN HISTORY: Containing several
Hundred Questions and Answers on the History of Rome. 18mo. 1s.

The STEPPING-STONE to GRECIAN HISTORY: Containing several
Hundred Questions and Answers on the History of Greece. 18mo. 1s.

The STEPPING-STONE to ENGLISH GRAMMAR: Containing several
Hundred Questions and Answers on Engiish Grammar, 18mo. 1s.

The STEPPING-STONE to FRENCH PRONUNCIATION and COXN-
VERSATION : Containing several Hundred Questions and Answers. 18mo. 15

The STEPPING-STONE to ASTRONOMY: Containing several
Hundred familiar Questions and Answers on the Earth and the Solar and Stellsr

Systems. 18mo, 1s.

The STEPPING-STONE to MUSIC: Containing several Hundred
Questions on the Scicnce ; also a short History of Music. 18mo. 1s.

The STEPPING-STONE to NATURAL HISTORY: VERTEBRATE 0B
BACK-BONED ANIMALS. PART I. Mammalia; PART IL, Birds, Reptiles,
Fishes. 18mo. 1s. each Part.

‘THE STEPPING-STONE to ARCHITECTURE; Questions and
Answers explaining the Principles and Progress of Amhitectu.!e from the
Earliest Times. With 100 Woodcuts. 18mo. 1s.



INDEX

Modern Cookery srssesesssmmsaneasssesssss 27

7
ub Map of Switzerland .o.c.ccceeeee.
iide (Tl;:) s
nrisprudence 5 d Aspects
rimer of the Conltltuhon . 5 CHESNEY'S lndh:"’ Polity .
N'S 8 h of 13 Modern Military Biography ...
'NG'8 Organic Chemistry 13 Waterloo C vt
8 (Dr.) Christian Life . 0 | CL '8 Lives from Plutarch ....
Lectureson Modern History 2 CoLEN80 (Bishop) on Pentateuch ..
—— Miscellaneous Works ..... 9 on Moabite Stone, &c. ....
—— 8chool 8 20 on Speaker’s Bible C: ¥
....................... . 20 COLLINB'S Mi ! of C 11
(T.) Manual of English L 8 Py i
'8 Life of Denman 4 lace Philosopher, by A.K.H.B. ...
FTD 3¢ 111 o Ry IR 3 Comg's Positive Philosophy
Holidays of a Country l’mon weee 91 COMYN'S8 ElEDa ...ucerneecenrseeen
Creasury of Bible Knowledge ...... 21

Essays, by WHATELY ...
Life and Letters, by SPED .
Works, edited by SPEDDING ..

wgic, Deductive and Inductive......
dental and Moral Science

8 Sanskrit Dictionary
Treatise on Brewing .. ™
IY's Gennl.n-Enclhh chﬁonnry

353@3@8&55550&9

- Handbook of S8team Engine ...... 19
- Improvements in the BSteam

- Treatise on the Steam Engine ... 19
'R'S Family SHAKSPEARR ...
Y-MOOB.E 8 Bix Bisters o

CoNGREVE'S Politics of Aristotle .
CONINGTOX'S Tnmhdon of the Eneid

Cox and JOXES'S Tales of Teutonic Lands
CRAWLEY'S Th
CREASY on British Constitutions ............

CresY’s Encyclopsedia of Civil Enﬁneer-

Critical Essays of & Country Parson
CROOKE'S Chemical Analysis ......
————— Dyeing and Onlieo Prlntmg . 17
CuLLBY'S Handbook of T

Cusack’s History of Ireland ..

v!!nu-noo!o oﬂoaaeo5!==unh05uoua

DAwgzox'sInho:ymﬂoanemel n
’ Dead 8hot (The), by MARKBMAN .......ccceeree 35
3 Dictionary of s"‘““" Litera- Drouisns snd Ls m%fu; 8 Botany ........ 16
............................. % MORGAX'S Budget doxes.. 1
Manual of f.';?{“owlm DET00QUEVILLE'S Democracy in America 6
th Bentinck s
m Force........ccornee enssssnsarnsassases N | | %®
EY'S A OMY 1 %
'8 Exposition of the 39 Articles...... 20 12
'8 Life of BRUNEL ........ 5 12
‘s History of Civilization .. 3 1”7
- Miscellaneous Writings .. 9 20
Hints toil(oﬂlen . 0
M M, )
aster's Family (The) .. . 2
3 Rise of Great Families. 5 | EASTLAK®'s Hints on Household Taste...... 18
- Vicissitudes of Families.. 5 Gothic Revival 18
Folk-J.ore of Rome ..... 34 | EDWARDS'S Travels in Tyrol .. S—
Valleys of Tirol 8B | El of Botany .. - 18




0 NBEW WORKS PUBLISHRD BY LONGMANS Axp CO.’

HARTWIG'S Sub

Treatise on Human Natare ... 1l

THXR'S Roman History .............
IXeXLOW'S Poems,

JAMRSOX'S Saints and Martyrs ... 17
Ium_«l- of the Madonnsa ... g

M Orders
JAMERSON and EASTLAKR'S Saviour ... 17
JENEIN'S Electricity and Magnetism.........
JRRRAM'S Lycidas of Milton ..

eacensponsantre

4
%
13 | KALISCH'S Commentary on the Bible ...... $
13 | KriTH on Fulfilment of Prophecy. L
2 | KENYON, Life of the First Lord
4 | KERL'S Metallurgy
23 | KIrBY and SPENCE'S Entomology.
: KN ATCHBULL-HUGESSEX'S Whimmﬂom
%
13
13

[

9

GIRDLESTOXR'S Bible
G@THE'S Faust, translated by Hayward Fairyland
GOLDSNTTH'S Poems, Il
o 2's Mechani
GRAXT'S Ethics of Aristotle Land: Church itis
Graver Thoughts of a Country Parson ...... A.K.H.B. ... ":?_fﬁu:ly 9
GRAY'S A )
GREVILLE'S Journal ....... 7
GRIFFIN'S Algebra and Tri 1
GRIFFITH'S Sermons for the Timu . LAWLOR'S C s
°‘°$"';:‘.’r°g“'§°£ of Physical Foroes .. 14 | Larvumecs on Rocks oo e 1
GuYor's and Man ..., M " 3
GWILT'S Encycl of Archi 18 Lxcky's History of European Morals.... M
———— Leaders of Public Opinion ... H
Leisure Hours in Town, by A.K.H.B..o ?
Lessons of Middle Aze by A.K.H.B. H
TIARDIKG'S Texts and Thoughts ....... . 2 | Lxwss' History of Philoeophy .......... -3
HARB on Election of Representatives . 7 } LiDDELLand Soon's Two Lexicons ... 8
HARRISON'S Political Problems, . 6 | Life of Man Symbolised .. . W
HARTWIG’S Aerial World.. 15 | LINDLEY and l(oon.l 8 Tmmryofm "’

Polar World ..

. 15 | LLovp's Mi
Sea and its Liviog Wonders ... 15

Wave-Theory of Light suume “

AL M A e s

B ol [T R



NEW WORKS PUBLISHED BY LONGMANS anp CO. 81

—

Lyra 17,

MACAULAY'S (Lord)

MiLL (J.8.) on
on
on

Il

MoNSELL’S Spiritual Songs

LY -

-
wBoBBualle

ICRTIpeRy yaerest 11 1 37T I o 4 1

18

MOORE'S %

New Testament, Illustrated Edition.
NORTHCOTT'S Lathes and Turning

O’CoxoR’s (.ommennry on Hebrews ......... 21
0’Coxor's Commentary on Romans ....
OpLING'S Course of Practical Chemistry ...
OWEN'S Lectnm on the Invembnh ........

d Phy:
logy of Vmebnte Animals ... 14

PACKE'’S Guide to the Pyrenees ...

Public Schools Atlases
Modern

RANKEN on Btrains in Trusses ....

wersessssees 19



2 KEW WORKS puBLIsHED BY LONGMANS axp CO.

RoaxT’s English Words and Phrases ...
RoXaALD'S ny-nd-‘- Eatomology ...

Ror 's Iaraelites.
RUesELL'S (Ooun) Pan and the Pyrenees...

L (Lord) om (

TRUDICHUN'S 8 Chemica] Physiology covasee
TonD (A.) on Paril ptary G

Tobb and Bomx‘nAmw.ad -
of Man .. Ehy

BRZRXPRT R

UReRRWEG'S System of Logic..............comee 11
'URE'S Arts, Manufactures, and Mines,....... 18
‘WARBURTOX'S Edward the Third ... 4
Warsox's G y 13
WaTTe's Dicti of Chemi: 6
‘WEBS'S Objects for Common Telescopes ... 12
WELLIXGTOX's Life, by GLEIG 3
8nort's Church History..... ‘WHATRLY'S English Synonymes [}
SIMPSOX'S the Sun Life and Correspoudence, 4
SxITH'S (J.) Paul's Voyage and Ship k 31 Christian Evid ”
——— (S8YDNRY) Essays 10 Logic. 6
Life and Letters 5 soric . 6
L W WHITE'S Latin-English
SuITH'S (SYDYEY) Wit and Wisdom Dictionari .
R. A.) Air and Rain.... ‘WHITR & DOXKIN'S English Dictionary ... 7
WHITWORTH on Oum and Steel ............ . 19
Wi '8 Sea Fi %
WILLIAMS'S A s Ethics [
‘WILLICH'S Popular Tables s
‘WILLIS'S Principl of Mechanism . 19
F WILLOUGHBY'S (Lady) Diary. s
Stepping Stones (the Series)............ ‘Woop's Bible Animals ...... e 15
STIRLIXG'S HAN 5
HrebL 5
BTOXRHEXGE on the Dog ™S
on the Greyhound 1
STRICKLAXD'S Queens of England B
Sunday AMrnooxo. by A.K. H. B. ...ccoeuenee
YOXGE'S English-Greek Lexicons............... 8
Horace. 13
TAYLOR'S History of India ......c cuceccrnnannee g2 | Youarron the Dog ... . %
_— (Jmmy)Worh.edlM by EDEX 21 on the Horse ”%
Text-Books of 8cil 13
THIRLWALL'S History of Greece 2
THOMB0X'S Laws of Thought 7 o
THORPE'S Quantitative Chemical Analysis 13 | ZELLER'S te [
THORPE and MUIR'S Qualitative Analysis 13 Stolcs, E and Sceptics. ¢

Spottiswoode & Co., Printers, New-street Square, London.

(R





















