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PREFACE

THE aim of this book is to set before the general

reader an account, neither too long nor too tech-
nical,of the History of Astronomy, tracing its progress
from early times, past the great names of celebrated
plonqers down to our own day, when the develop-
ment 18 so wide that the biographical element has
perforce to give way. Of the many writers whose
works I have consulted during the compilation of
this volume, I feel bound to make special reference
to the late Miss Agnes Clerke, the value of whose
careful work to any one making researches in the
same direction can hardly be over-estimated. My
special thanks are due to the Astronomer Royal;
to Sir David Gill, Monsieur Loewy, Professor Frost,
Professor Barnard, Professor Kiistner, Professor
Weinek, and others; and to the Royal ‘Astronomi-
cal Society for permission to use many of the illus-
trations; and to Mr P. Melotte, of the Royal Ob-
servatory Photographic Staff, for much assistance in
selecting and providing them. I take this opportun-
ity also of expressing my indebtedness to several of
my colleagues at the Royal Observatory, and especi-
ally Messrs Lewis and Crommelin, for valuable hints
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and corrections; and also to my friend, Mr R. A.
Streatfield, who has not only edited my manuscript,
and corrected my quotations, but has also given
general assistance in the preparation of the scheme
of the book and of the illustrations, in respect of
which my publishers have also taken a great deal
of trouble, which I gratefully acknowledge.
, M

Orp CuarrTON, S.E.,
August 9, 1907.
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CHAPTER I

EARLY NOTIONS

MONG the earliest traditions of every primitive
race may be found traces of attempts to ex-

plain the elementary phenomena of the heavenly
bodies. It could hardly be otherwise, since the
succession of day and night, of winter and summer,
and the phases of the moon could not have passed
unregarded, even in the most uncivilised times.
Few, if any, other sciences can claim such high
antiquity as astronomy, the elementary stages of
which would seem almost coeval with the human
race. This primitive astronomy, however, can
hardly be regarded as a science, and we are without
any authentic data as to the course and extent of the
progress made by any of the ancient races from the
simple noting of phenomena, to which Plato, criti-
cising Hesiod, denies the right to the name of
astronomy, towards the determination of the laws
which govern them. Plato’s criticism goes plainly
too far, as observations are quite as indispensable as
theory, but it leads us to infer that the theory in his
time was not regarded as of very great antiquity. '

A 1
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It is probably safe to assume that the traditional
cradle of nations, the Iranian plateau, was also the
cradle of knowledge, that every successive migration
carried some of its ideas into successive regions,
and that the highest development of its science was
reached by those who were last to leave.

The order of these migrations is a matter of
general history and of some uncertainty, but there
is little doubt that the astronomy of India, China,
and Egypt was inspired by the sages whose more
direct and legitimate successors were the Chaldean
priests.

The process of evolution would begin simply
enough. The common phenomena of dawn, sunrise,

f
E

day, sunset, dusk and night would first attract

attention, and their regular succession be imme-
diately noticed. The varying darkness depending
on the light of the moon, as well as the changes in
the time of rising and setting and of the apparent
shape of that body, would give another longer
measure of time, so that besides the day or day-
and-night, time came to be measured by months or
moons, a mode of reckoning still found among
savages. Soon it would be observed by noting the
varying length of the day (since we are dealing
with the temperate regions as the primitive abode
of man), or the direction of the sun at rising and
setting, or the length of midday shadows, that the
sun’s path also changed from day to day, and that
he rose and set farther and farther north from winter
to summer, reaching in consequence a higher
elevation at noon, and reversed the process from
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summer to winter. This cycle, obviously coinciding
with the course of nature in the fields and woods,
gave another and a more important time-unit.

It is not so easy to fix the length of the year,
" ‘however; and the husbandmen, to whom it was of
most importance, soon learnt to rely on a class with
greater leisure to fix for them the seasons with
greater accuracy. The priests naturally claimed
and exercised this office, magnifying its impor-
tance, elaborating ceremonial sacrifices, and thus
strengthening their ascendency over the ignorant.

They must soon have discovered that there is
not an exact number of days in a month, or in a
year, or of months in a year, and have set them-
selves to systematic night observations to determine
these relations with greater accuracy; at the same
time devising various schemes to evade the difficulty,
especially that caused by the length of the month.

They would notice that the moon followed
roughly a certain path among the stars, and that
the sun’s path was nearly identical, and that at
the same season of the year the sun’s place in
that celestial track was always the same. So that
zone of the heavens came to be regarded as distinct,
and the configurations of the stars in different parts
of it were associated with different seasons, and
divided into groups called constellations, and given
names in order to define the sun’s position, that is,
the time of year. This zone has long been called
the Zodiac.!

! The name signifies live things; the only sign we use not answering this
description is Libra, which was formerly the claws of Scorpio.
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So far, there is reason to suppose a general
agreement among all primitive races, but the next
step involves great uncertainty. Disregarding the
“ lunar mansions,” which would divide the zone into
about twenty-eight portions, the obvious division
for the sun would be into twelve portions, each
corresponding with fair approximation to a month.
As a matter of fact this was done in nearly every
case of which we know anything. The zodiac,
then, was divided into twelve portions, and the sun
connected successively with -each in his course
through the year. But the question is, “ How was
he so connected?” and it is here that practice
probably differed. Since the sun and the stars
could not be seen together (except occasionally
during an eclipse, when in early times people were
probably too frightened to take observations),
some indirect method must have been used. It
will be easily understood that the sign opposite to
that in which the sun is situated will be towards
the south at midnight, will rise at sunset, and set
at sunrise, and so could be determined with fair
precision ; so that from a zodiacal map the sun’s
approximate position among the stars would be at
once inferred. But there is strong reason to suppose
that this was not the method in general use. In
any case the idea of midnight involves the use of
some sort of clock, and here our inferences are
valueless. It is fairly certain that some early
astronomers made observation of the last con-
spicuous star rising just before the sun. It is also
very probable that others made use of the new

A (o R Rk Ol
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moon as a link, and associated the sun, by its means,
with the constellation setting just after sunset. Of
~ these two methods one is usually associated with
. Egypt, the other with Chaldea, and it may easily
., be seen that from either of them great uncertainty
is introduced into the solution of the problem so
many have attempted, namely, to identify ancient
dates by referring them to supposed zodiacal
positions of the sun, or heliacal risings of stars,
especially the former. For example, many centuries
ago the sun was in the constellation of the Bull at
the vernal equinox (that is the time when in his
northward journey he has reached the half-way
house, where, rising due east and setting due west,
he makes the lengths of day and night equal). If,
however, an inscription associates the sun with the
Bull at the vernal equinox, it is quite possible that
there is a moon also associated, and that it is the
young moon that was in Taurus and not the settmg
sun. Hence an uncertainty of over 2000 years in
the date.

But our primitive astronomers found other celes-
tial objects travelling in the zodiac besides the sun
and moon; four very obvious ones, and a fifth whose
discovery is pre-historic. Two of these, now known
as Venus and Mercury, never appear far from the
sun, while the other three do. These were recog-
nised as belonging to one class, and called wandering
stars or planets. ‘Their courses are performed in
very different times, varying from about three
months to thirty years, but their motions would
be known on the average with fair accuracy soon
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after systematic observations began, and the priests
were not long in seizing the opportunity of elabora-
ting a new branch of mythology associated with
them. y

Eclipses of sun and moon, though the natural
dismay they caused would be ‘exploited by the
priests for their own purposes, must soon have
provided the priests themselves with an eclipse
cycle ; or at least with a more accurate value of the
length of the month, and would be recognised as
valuable phenomena for both reasons.

It is not necessary to rely on the Jewish tradition
that the lives of the early patriarchs were specially
prolonged in order to enable them to determine the
greater astronomical periods (they specially mention
the “great year” of 600 years, after which they
supposed the configurations of the planets to be
repeated in the same order, as having become
known in this way), for an ordinary generation of
systematic observation would have yielded nearly
all the information they can be proved to have
possessed.

Comets probably perplexed even the priests, but the
number visible in a generation could not have been
large, though possibly it was once greater than it is
now, since more than one notable periodic comet
appears of diminished splendour at each successive
return.

After mapping the zodiacal constellations, it
would be a simple step to fix a few groups in other
parts of the sky, either in the south, where their
risings and settings would give an indication of the
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time of year, in addition to those of zodiacal ones,
and in some cases with greater value owing to the
greater brightness of some of the stars; or in the
north, where many of them would not set at all, and
where those whose motion was slowest would have
a special value for the primitive sailor, a value that
is not yet lost.

So far, there is little difference between the
astronomy of the nations of the East, Chaldea,
Egypt, India and China, and that of the Incas, the
Aztecs, the Druids, or the South Sea Islanders, or
any other primitive race. The nations of the East,
bowever, demand a short chapter to themselves.




CHAPTER II
THE EASTERN NATIONS OF ANTIQUITY

WE may safely put aside the improbable tradi-

tion mentioned by Josephus that the imme-
diate descendants of Seth were comparatively
advanced astronomers, who recorded the state of
the science on monuments intended to survive the
expected Deluge, one of which is said to have not
only done so, but to have been still existing in Syria
in the time of that credulous historian. But it will
be as well briefly to glance at the pretensions of the
four Oriental nations referred to in the last chapter,
in so far as they claim priority in scientific astronomy.
Chinese records tell of a conjunction of five planets
about 2500 B.C., and of a solar eclipse in Scorpio
2159 B.C., about which it is said that the govern-
ment astronomers, Ho and Hi, were beheaded for
failing to predict it. They further relate that as
early as 2857 B.c. the emperor recommended the
study of astronomy, and made it an important sub-
ject, and that a later emperor caused complete
astronomical records to be destroyed; but there is
internal evidence of the untrustworthiness of such
annals. Even in historic times the records are
often entirely absurd, as, for instance, those com-

memorating respectively a cloudless night without
3
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stars and a star as large as the moon, to say nothing
of the fact that there is a2 gap of 1383 years between
the first two eclipses, and that none of them, with
6ne doubtful exception, can be identified earlier
than the time of Ptolemy. We can admit that the
early Chinese astronomers observed eclipses from
very early times, but it is certain that we owe them
practically nothing beyond a determination of the

“obliquity of the ecliptic” about 1100 B.C. at Lo- Seep. 15.

yang, which confirms the secular diminution of that
obliquity. The fact appears to be that the Jesuits
who settled at Pekin in the seventeenth century
taught the Chinese more astronomy than they ever
knew before, but that the wily Celestials bluffed the
Jesuits by producing records of past occurrences
concocted by calculating backwards, or misled them
by falsifying the dates of real ones, expressed
in characters unintelligible to the foreigners.
This seems to be the simplest way of recon-
ciling the obvious sincerity of the belief of the
Jesuits with the extreme improbability of its
justification.

A parallel case (totally irrelevant, however), 1
heard from an old military officer who was em-
ployed in Syria at the time of the trouble about the
Druses. When the War Office objected to the
amount of his claim for horse-hire and demanded
vouchers, after first suggesting that he ought to
have taken a cab, he turned out from his baggage
a number of scraps of paper, washing-bills possibly,
with some sort of marks on them, and forwarded
them in the perfectly justifiable belief that an official
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who suggested cabs on Mount Lebanon would most
certainly be nonplussed by the hieroglyphics.

Indian astronomy is different in that it possesses
a system of its own, with tables and rules for cal-
culation, the basis of which claims to be a conjunction
of the sun, moon, and planets in 3102 B.c. The
tables give fairly good results, and are evidence of
considerable advance in science, but as the con-
Jjunction in 3102 B.C. certainly never took place, the
antiquity of the tables is open to grave doubt, and
it is confidently asserted by some that they are not
older than the Mohammedan invasion of India.
Whether they date from either of these epochs or
from some intermediate one, it is quite likely that
they were imparted to the Brahmins by some other
people, and adapted by them to their peculiar
methods. And even admitting the antiquity
claimed for India as the cradle of all the arts and
sciences, it is certain that astronomy, as we under- -
stand it in England, did not come from there, or
receive any aid whatever from that source.

Egyptian astronomy, again, lays claim to high
antiquity, and the evidence freely adduced here,
though almost entirely circumstantial, is at any rate
interesting. Much has been written as to the

- astronomical meaning of the Great Pyramid, and it

is often assumed that its age can be certainly fixed
by the circumstance that at some distant period a
bright star, now some distance from the Pole, was
near enough to be used for the Pole Star, and that
its altitude at one of its culminations would then
have enabled it to be observed through a long

N
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shaft-like opening in the northern face of the
Pyramid. It is also freely asserted that Egyptian
temples were oriented to the rising-points of certain
stars, and if sufficient latitude be given for an in-
exact observation of a star, some star can usually
be found which at some distant date might have
answered the purpose. But in general it seems
there is no direct evidence to connect any particular
temple with any particular star, and even in the
case of Sirius, whose identification in Egyptian
mythology is less uncertain, there remains the
doubt as to the altitude at which the observation
would be taken. Another claim on behalf of Egypt
is the tradition of the Greeks as to the long trecords
of Egyptian observations. But as this is only a
tradition, and as none of the Greek astronomers
made use of any such observation, we may safely
conclude that none were to be found, and that either
none were taken or recorded, so that the tradition
can only be explained on the ‘“pride of race”
hypothesis (since the Greeks claimed an Egyptian
origin), or that the records had perished, in which
case they cannot be said to have contributed any-
thing more than Indian or Chinese annals to the
progress of astronomy.

There remains Chaldea, and here we are on
rather firmer ground; for besides the probability
inferred from its proximity to the traditional cradle
of the human race, there is the undoubted fact that
the earliest observations used by Ptolemy were
three eclipses observed at Babylon in 721 and 720
B.c. There is, moreover, indirect "evidence that in
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those regions the constellations as known to the
Greeks and (with various additions) still in use
were first mapped out, as all of them would have
been visible there about 2000 B.c., while some
constellations, visible further south, as in India or
Egypt, were not named so soon. This hypothesis
rests upon the established fact of ‘ precession.”?
Be that as it may, the progress made in astronomy
by the Chaldeans and Babylonians was not very
great, as they made very little advance in theory,
but reasoning from analogy which associated cer-
tain celestial phenomena with certain facts of
common life—seed-time, harvest, equinoctial gales,
and so on—they were diverted from the track of
science, and endeavoured to connect other less
periodic phenomena with other less periodic
and less certain facts of life. Hence arose the
so-called science of astrology, which though long
ago discredited, still finds some votaries. It was,
however, necessary for the purposes of astrologers
to have a fairly correct idea of the motions of the
planets and the cycles of other celestial phenomena,
so that observations were still taken, which might
have had great astronomical value. It is, more-
over, generally conceded that the Oriental mind,
though capable of great achievements in the
manipulation of numbers, was not adapted for the
kind of philosophical speculation in which the
Greeks excelled, and that observations would

1 A slow motion of the earth’s axis, which is not quite fixed in direction in
space, but completes a cycle of change in about 26,000 years, thus also vary-
ing the portion of the sky visible in any latitude,
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in Eastern hands have produced very little
theory. >

The Babylonian priests are said to have told
Alexander the Great that their astronomical
records went back 403,000 years. A very plaus-
ible explanation of this is that at the rate of
diminution of the obliquity of the ecliptic which Seep. 1s.
they might have ascertained, on the erroneous
assumption that the rate was constant, they had
worked back to the date at which the obliquity
would have been a maximum, Ze a right angle,
which has been verified within a few years of the
vast period given. If this is the case, there is a
family likeness between this and the planetary
conjunctions of the Indian and Chinese systems.

But we must hasten on to still firmer ground.

W
B



CHAPTER II1
THE GREEKS

THALES of Miletus is generally called the
founder of Greek astronomy. He taught
the Egyptians to measure the heights of their
pyramids from their shadows, a fact which throws
an interesting sidelight on the elementary state of
Egyptian science in his day, though possibly the
actual pyramid builders knew very much more.
He taught also that the stars shone by their own
light, but that the moon received light from the
sun, that the earth is spherical, and that the year
contains 365 days. But he is chiefly remembered
in connection with the prediction of an eclipse of the
sun which put an end to a war between the Medes
and Lydians. As, however, he only fixed the year
in which it was to take place, the fact that this was
regarded as a marvellous achievement shows plainly
how elementary the state of the science was in his
time. Various dates have been assigned for this
eclipse, ranging over some forty years, but it
probably took place on September 10, B.C. 610.
Soon after this time the gnomon, a vertical pillar,
whose least shadow marked the time and altitude of
the meridian sun, and from whose least and greatest
midday shadows the obliquity of the ecliptic could

14
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be calculated, was first used in Greece.! We also
now first hear of a Greek sundial, but both of these
ideas may have been imported from Babylon. The
most commanding figure of the century after Thales
was Pythagoras, who travelled in the East and
ultimately settled in southern Italy. He first
suggested, without apparently regarding it as more
than a speculative hypothesis, that the earth
revolved round the sun, a doctrine occasionally
taught by some of his followers, one of whom, a
century later, taught also that the earth revolved
daily on its axis. The school of Aristotle soon
discarded the happy suggestion of Pythagoras,
which was not revived for many centuries. It is
claimed, however, that a century before Aristotle,
Democritus of Abdera, “the laughing philosopher,”
held far juster notions, but his numerous works
have perished.

Meton and Euctemon at Athens observed the
summer solstice of 432 B.c., the earliest reliable
observation of the kind, if we regard those of the
Chinese as doubtful. But their greatest achieve-
ment was the “cycle of Meton.” A luni-solar
period, after which the sun and moon would be in
the same positions relatively to the stars, was of
great importance in fixing festivals, and had long

! The obliquity of the ecliptic. If the sun were always in the equator the
equinox would be perpetual instead of semi-annual ; but as this is not the case,
the apparent motion of the sun takes place in another plane, cutting the
equator at the equinoctial points, and the inclination of this plane (called the
ecliptic, because eclipses only occur when the moon is in or nearly in the same
plane) to the equator is called the obliquity of the ecliptic, and is half the

difference of the meridian altitude of the sun when greatest (at mid-summer)
and least (at mid-winter).

P S T . S o o e
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been sought. The eclipse period of about 6585
days, or 223 lunations, a few days more than 18
years, was known. This sufficed to predict eclipses,
but bore no relation to the solar year. It is sup-
posed to have been discovered by the Chaldeans,
and is known as the Saros. Meton, however, hit
upon a period of 235 lunations or 19 years approxi-
mately, which would bring the sun and moon within
a little of the same position relatively to the stars.!
This discovery was hailed with acclamation at the
Olympic games, and the cycle commencing July 16,
433 B.C. was adopted in Greece and its colonies.
It was inscribed on brass in golden letters, and is
still in use in determining Easter, the golden num-
ber being the number of the year in the cycle of
Meton.

His system of the calendar required the 235
lunations to consist of 125 months of 30 days, and
110 of 29 days,? and the 19 years to consist of 12
years of 12 months, and 7 of 13 months. As this
was such a great advance on previous arrangements,
we may judge how very inconvenient the latter
must have been.

It was now known that the moon’s motion was
not uniform, and that the planets were still more
irregular ; in fact, that they periodically retrograded
or moved in the opposite direction among the

1 The accordance is not exact, being about one-fourth of a day in error.
Callippus afterwards adopted a period of 76 years, in order to get rid of the
error by omitting a day. ’ -

2 Tn practice they allowed 30 for every month, and omitted every 63rd day ;
i.e. the 3rd day of 3rd month, 6th day of 5th month, etc. It is uncertain
which of the 19 years had extra months, but they included the 3rd, 8th, 11th
and 19th, with three others. )
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stars, having of course stationary points when the
direction of apparent motion changed.

Eudoxus of Cnidus seems to have been the 30 z.c.
first to try to express these motions with the aid of
geometry; for each separate motion—the daily
rotation ; the monthly, annual, or other periodic
revolution ; the motion in declination (z.e. northwards
or southwards in relation to the stars); and other
irregularities as they came to be noted—were
sought to be represented by uniform circular motion,
just as modern astronomers represent inequalities
by periodic terms. The hypothesis of moving
spheres is excellent, in so far as it represented,
with more or less fidelity, the observed motions,
and it is quite likely that at first this is all that was
intended; but the increasing number of spheres
became very unintelligible ; and, moreover, it began
to be assumed that these spheres had a material
existence, and carried the various celestial bodies in
restricted orbits, thus to a great extent spoiling a
useful conception. It must be borne in mind that
trigonometry had not yet been invented.

About half a century later—s.c. 300—we come
to the earliest extant astronomical works, two
books—* Of the Sphere which moves,” and “Of
the Risings and Settings of the Stars.” They are
very elementary geometrical treatises, but they mark
almost the commencement of geometrical astronomy.
The writer, Autolycus, was a contemporary of
Euclid, another celebrated geometrician.

We have passed over many names generally

associated with the .progress of astronomy.
B
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Aristotle, for instance, whose ideas still held sway
in the time of Galileo, though now to a great
extent discredited, was a younger contemporary of
Eudoxus, and really took careful observations of
the planets, noting an occultation of Mars by the
moon, and of a star in Gemini by Jupiter. But an
important school was arising at Alexandria under
the first Ptolemy, and contemporary with Autolycus
were Aristyllus and Timocharis, whose observations
of the relative positions of stars in the zodiac were
to form the basis of a great advance in the theory
of astronomy. Aristarchus of Samos, who followed
them, besides adopting the Pythagorean notions as
to the motions of the earth, had a far juster
appreciation of its relatively small size than his
predecessors ; and though, owing to the roughness
of his observations, his determinations of the magni-
tudes and distances of the sun and moon are very
inaccurate, yet the theory of his method was sound,
and some of his results were, in the circumstances,
very good.

Eratosthenes invented the armillary sphere, by
which positions of celestial bodies might be referred
either to the horizon, the equator, or the ecliptic.
The instrument was in great use at Alexandria.
With it Eratosthenes determined the obliquity of
the ecliptic to be t¥s of a circle, or 23° 51’ 19” 5in
230 B.C., confirming the secular diminution of the
obliquity. With it, also, the equinox could be
determined ; as, when in the equator the sun would
cast the shadow of the equator circle neither above
nor below it, and if that time were missed, then at
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equal intervals, just before and after the equinox,
the shadow would be equally above or below, as
the case might be.

Eratosthenes also measured the earth, which he

believed to be a sphere. At noonday, at the
summer solstice, the sun shone down a well at
Syene; while at Alexandria, 5000 stadia to the
north, the shadow of a vertical stylus made an
angle of 2 of a circumference with the stylus itself,
hence the circumference of the earth was inferred
to be 50 times 5000 stadia. This was probably
fairly accurate in the circumstances, but the stadium
differed at different times and places, and we do not
know what value was employed.

The next astronomer of note, Hipparchus, far
transcends all his predecessors and contemporaries
in reputation, the effect of his work being compar-
able with that of Newton in its relative importance
to the progress of astronomy in his time. He was
born in Bithynia, but observed at Rhodes. He
solved the problem, suggested by Plato, to represent
the observed motions of sun, moon and planets by
uniform circular motions. His hypothesis accounted
for the apparent variability of the sun’s motion
by assuming that the earth was not in the centre
of the sun’s orbit, so that drawing a line through
the earth and the real centre of that orbit, two
“apses” are found, at which the sun’s distance
is respectively least and greatest (perigee and
apogee), and where this motion will appear con-
sequently quickest and slowest. Having adopted
the hypothesis, Hipparchus proceeded to find the

aaal g
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position of the perigee, and the epoch at which the
sun was in perigee, and also to determine the
eccentricity or distance of the earth from the centre

“of the sun’s orbit. Hence he constructed the first

solar tables to give the sun’s position among the
stars at any time. Such was his genius that he
required very few observations in order to deter-
mine the sun’s orbit. He found the interval from
the vernal equinox to the summer tropic or solstice
to be 94} days, and from thence to the autumnal
equinox, 92} days, and from these two periods -
determined the eccentricity and the apogee with
considerable accuracy. The path of the moon is
more complicated, being inclined to the ecliptic
and intersecting it in points (nodes) not approxi-
mately fixed, but obviously moving, and its motion
varies in longitude much more than that of the sun,
having a ratio of 11 to 13 between its least and
greatest values. But from not more. than six
eclipses, two groups of three, at an interval of 180
years, Hipparchus determined the orbit with
sufficient accuracy to represent the greater inequali-
ties which affect the position of the new and full
moon, so that eclipses (which only occur at such
times) could be predicted from his tables—a severe
test, considering the great effect in such calculations
of a slight error in the position of the sun or moon.

Then turning his attention to the planets, he had
sufficient sagacity to perceive that their inequalities
required systematic observations over longer periods
for their elucidation. He contented himself with
obtaining their mean motions with great accuracy,
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and then arranged the available observations,
adding more of his own, more than doubling the
number available, so that some successor after the
lapse of years might make effective use of them.

Meanwhile he had partially corrected the value
given by Aristarchus for the length of the year.
Finding from a comparison of his own observation
- of a summer solstice with one made by Aristarchus,
145 years before, that 365} days was too long, he
made it 7 minutes less, and thus still more than 4
minutes too great, but much of this error is pro-
bably due to the uncertainty of the observation of
Aristarchus.

A new star appearing in the heavens suggested
to him the advantage of having a catalogue of the
stars visible, so that their configurations should be
known and new ones more easily detected. His
catalogue contained 1080 stars, but the longitude of
some of them, ze, the angular distance at which
they followed the intersection of the equator and
ecliptic (the equinox), compared with the longitude
found for the same stars by Aristyllus and Timo-
charis 150 years before, showed an increase of 2
degrees, showing that the equator was slipping back
round the ecliptic at the rate of 48 seconds a year.
The discovery of the “ precession of the equinoxes”
marks a notable advance in the science of astronomy,
" and the value found was within 5 per cent. of the
truth.

One other debt we owe to Hipparchus must be
mentioned, which is nothing less than the invention
of trigonometry, using chords where sines are now
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used, and also a method of representing the heavens
on a plane, from which he deduced the first notion
of fixing geographical positions by lines of latitude
and longitude. He was also the first to determine
longitude by eclipses of the moon, recognising that
the eclipse, though visible at several places at the
same actual instant, will not be visible at the same
local time if the places differ in longitude.

During the next two centuries and a half almost
the only notable advance in any branch of astronomy
-was Julius Ceesar’s celebrated reform of the calendar,
which was afterwards left practically unaltered till
the time of Pope Gregory. Then comes a name
of greater, though less deserved, renown than
Hipparchus, that of Ptolemy, associated with the
Ptolemaic system which for many centuries held
sway in the scientific world. The system was not
entirely due to Ptolemy, who flourished about
130 A.D., but his great work, generally known as the
Almagest (its Arabic title derived from the Greek)
was a compendium of all the astronomy known in
his time, and hence contained most of the systems
of his predecessors. -He at any rate adopted and
argued in favour of the hypothesis of a fixed earth,
being led away by the illusions of the senses which
not only objected to a motion that was not felt, but
also assumed the earth to be far larger than any of
the heavenly bodies, discarding the juster notions of
the Pythagorean school. By his system a planet
revolves uniformly in a circle (epicycle), whose
centre moves uniformly on another circle (deferent),
about a point not coincident with the earth (eccentric).
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And by suitable adjustment of the proportions of
the eccentric, the radii of the two circles and the
planet’s velocity, he managed to represent with fair
accuracy the principal irregularities of the motions
of the planets, especially the stationary points and
retrogradations.!

He determined the parallax of the moon ; that is
the difference between the direction of the moon as
seen from a point on the earth and from the centre
of the earth, from which the moon’s distance can be
found as a multiple of the earth’s radius. His method
was good but his result, as usual, erroneous. The
same fate befell his redetermination of the amount of
the precession of the equinoxes, which is in error
to an extent five times as great as that of Hip-
parchus. He published a catalogue of 1022 stars,
being that of Hipparchus with a few omissions, but
either his observations were very bad, or his tables
of reduction erroneous, for the discrepancies in his
catalogue are so great that it is confidently asserted
that he did not observe the stars at all, or very few
of them, but simply brought up the observations of
Hipparchus to his own epoch by an erroneous value
of precession. It is claimed in support of this view
that his tables, though made out for different lati-
tudes, contained no set for that of Alexandria, so
that if he observed there he must have employed
a troublesome and inaccurate interpolation for the

1 If an observer stand at night near the middle of a circular track round
which another man, while running continually, revolves, holding at arm’s
length a lighted torch, the torch only being visible, the motion of the light
is something like that of a planet seen from the earth, and this is the motion
assumed by Ptolemy.

Y L R T
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reduction of his observations. On the other hand,
it may be that part of the discordances is due to the
errors of Hipparchus in the length of the year and
other elements. Ptolemy gives so few observations
that we have no means of determining the probable
error, a course which, if followed nowadays, would
lead to the total ignoring of all the results, but there
was no one to criticise Ptolemy at the time, and for
many centuries afterwards he was still without a
rival.

For five centuries the Alexandrian school dragged
on, but little was done beyond commentaries on the
work of Hipparchus and Ptolemy. Lack of support
caused steady decay, and the science was practically
dead already in every other place. Then came the
Mohammedan conquest, the destruction of the cele-
brated library by the Caliph Omar, and the final
extinction of the science of the Greeks, A.p. 640.

! His other most important work, on geography, is beyond our province,



CHAPTER IV

THE ARABS

\MAR himself was a fanatic whose belief that
all those books which agreed with the Koran

were unnecessary, and that all those which did not
ought to be destroyed as heretical, justified him in
the destruction of the store-house of learning,
which the few scattered fugitives would have no
chance of restoring. But some works had escaped
the conflagration, and as time went on and the
Arabs had leisure from fighting, they began to study
and admire, and under the impulse of successive
Caliphs the sciences, and astronomy in particular,
slowly revived. Almamon, 813 a.p., had all pro-
curable Greek works, including Ptolemy’s Almagest,
translated into Arabic, the obliquity of the ecliptic
determined at Bagdad, and a degree of the meridian
also measured. Albategnius, some half century later,
was the most celebrated astronomer of the Arabs.
He was a Syrian prince, who after studying the
Greek methods, began himself to observe, and soon
discovered the inaccuracy of Ptolemy’s value of the
precession. He also determined with still greater
accuracy the eccentricity of the orbit of the sun, but
through too great faith in Ptolemy, made an error
of two minutes in the length of the year. He dis-

2%
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covered that not only the lunar apogee, but that of
the sun also was in motion though very slowly.
His astronomical tables are a distinct advance on
Ptolemy’s, partly, no doubt, owing to the long
interval of time which diminished the effect of
errors in the mean motions, but also owing to the
undoubted genuineness of his observations.

The Arabs excelled in methodical accuracy. We
owe them an immense debt for the introduction of
the decimal notation, instead of the cumbersome
numerical systems of the Greeks and Romans,
though even this system they adopted from India.
But like other Oriental nations they failed in the
direction of speculative philosophy, and devoted
their analysis rather to astrology than to astronomy.
At the beginning of the r1th century, Ibn Junis
produced a record of Arabian observations extend-
ing over nearly two centuries, including three eclipse
observations, two solar and one lunar, made by
himself near Cairo in 977, 978, and 979, by which
the secular acceleration of the mean motion of the
moon was established. His tables are known as
the Hakemite tables, Hakem being Caliph at the
time. Rather before his time too, Abul Wefa, who
observed at Bagdad, discovered a third inequality
of the moon, now known as “the wvariation,”
which has its greatest effect half way between the
four quarters; he did not determine the law or
amount of the variation, and as the Arabs mistrusted
their own powers, being filled with too great venera-
tion for those of the Greeks, the discovery passed
unnoticed. But in the West, the Moors, the'repre-
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sentatives of the conquering servants of the Prophet,
were working also, and Arzachel of Toledo published
the Toletan tables and having repeated the observa-
tions of Albategnius on the motion of the sun’s
apogee, found a result disagreeing with that of the
latter, from which he deduced that the motion was
not uniform but similar to the apparent motions of
the planets, alternately increasing and then decreas-
ing. This gave rise to an erroneous notion called
the ‘trepidation” of the fixed stars, but was really
due to the inaccuracy of Albategnius. Arzachel's
own observations were far more accurate and his
theory of the solar motion much better than that of
Ptolemy and Hipparchus. Alhazen, another Moor,
. is said to have discovered the law of refraction and
the true explanation of twilight.

In the 15th century Ulugh Begh, a Tartar
prince, grandson of Tamerlane, was not only a
patron of astronomy, but a practical astronomer.
He established an observatory at Samarcand, and
with larger and better instruments<than had before
"been known, he obtained improved wvalues of the
obliquity of the ecliptic and the precession. His
most enduring claim to recognition is that of having
produced a catalogue of stars, the second in sixteen
centuries, no other having appeared since that of
Hipparchus.! Thus the Arabs for many centuries
kept the flame of astronomy alive, and by steady
improvement in accurate observations, increased the

value of each siiccessive set of tables and constants.

! Ptolemy had produced what purported to be a catalogue from his observa-
tions ; but as stated in the last chapter it cannot claim to be incjuded as it
probably did not represent it}fependent observation.




CHAPTER V
THE REVIVAL—COPERNICUS—TYCHO BRAHE

THE revival in Europe was now beginning to

be felt. Already Alphonso, King of Castile,
had given an impulse to astronomy by employing
the best men he could find on the production of a
new set of tables, known as the Alphonsine tables
(1488), which, however, were not a success, partly
owing to the use of the theory of trepidation
already referred to.*

The same century had also produced Purbach,
who translated the Almagest and had a great
reputation as a professor of astronomy, his patron,
Cardinal Nicolaus von Cusa, one of the many before
the time of Copernicus who suggested that the sun
might be the centre of the universe, and his still
greater pupil, Miiller of Konigsberg, known as
Regiomontanus, who after many years of study,
found a wealthy citizen of Nuremberg, Bernard
Walther, to supply him with an observatory and
instruments, and to share the labour of making
observations, which Walther - continued for thirty
years after Miiller’s death ; introducing in 1484 the
use of clocks in astronomical observations. But a

1 It was he who in disgust at the complexity of the Ptolemaic system,
expressed his regret that he had not been consulted at the creation of the
L g

universe, :
28 ¥
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great revolution was just approaching. For many
centuries the Ptolemaic system had continued un-
challenged. It sufficed to explain with fair accuracy
the apparent motions of the celestial bodies; and it
made no great demands against the evidence of the
senses. It would have fallen at once if any modern
means of taking accurate observations had existed,
for though it represented the direction and velocity
of the various motions, it would have failed entirely
when applied to the varying distances from the
earth. Hipparchus had endeavoured to determine
these with a special instrument, and had he suc-
ceeded, the history of astronomy might have been
very different.

It remained for Copernicus to inaugurate a new
era. This great man was born at Thorn, in Polish
Prussia, in 1473, and after studying medicine, found
himself so strongly attracted to mathematics, that,
having an uncle who was a bishop, he took orders
with the view of having enough to live upon while
pursuing his scientific studies. He saw that the
daily rotation could be explained just as eompletely
by the rotation of the earth itself from west to east,
as by that of the whole universe from east to
west. But having to choose between the simplicity
of the one, which Ptolemy had rejected as contrary
~ to common sense, and the obviousness of the

other, which Ptolemy had deliberately adopted
in spite of the enormous motions it involved,
Copernicus came to the opposite conclusion, and set
to work to prove it the true one by demolishing the
objections to it. He pointed out that only gelative
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motion is perceived by the senses, and that the air
was bound to share the motion of the earth, so that
the terrible winds suggested by the Ptolemaists as a
necessary consequence of the earth’s rotation would
have no existence. Having thus abolished the
obviousness on which Ptolemy relied, the simplicity
of the opposite system was bound to prevail
Copernicus also saw the extreme improbability of
the real existence of Ptolemy’s sphere of the stars,
which necessitated the assumption that they were all
at the same distance from the earth, which, though
not quite impossible, was in the last degree im-
probable. He also from a juster appreciation of the
enormous distance of the stars deduced that they
must be of vast size and not mere points, so that
the assumption of their daily revolution about the
earth became still more preposterous. The next
step was less simple, as it was by no means obvious
that the motion of the planets round the sun would
produce the stationary points and retrogradations
to account for which Ptolemy’s complicated system
of epicycles was invented. But having once
admitted that the earth moved in one way, it was
less unlikely that it moved in other ways, and by
diligent application Copernicus evolved his system
by which all the planets, including the earth,
revolved about the sun. His theory was far from
perfect, for he still adhered to circular motion, so
that as the motion referred to the sun was certainly
not circular, he had to assume a centre for each
planetary orbit outside the sun, and all different,
each involving an epicycle as under the Ptolemaic
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system. He also supposed a third motion of the
earth to account for the ‘axis always being in the
same direction, being misled by the distance of the
point to which the axis is directed; this distance
is practically infinite, so that the earth’s axis does
not need any motion in order to keep pointing to it
as it would if the point were near, as in any orrery
or mechanical representation.

He foresaw the storm of opposition his new
theory was bound to encounter, and for a long time
(he himself says thirty-six years) refused to publish it.
At length, in 1543, his “ De Revolutionibus Orbium
Cecelestium,” was printed, but the only copy he ever
saw was brought to him on his death-bed in 1543
and never opened by him. His fame ig perhaps
greater than he deserved, for his theory did not
claim originality, and it certainly lacked complete-
ness. He probably owes much in that respect to
the reaction after so many centuries of thraldom
to a system so highly venerated as Ptolemy’s.

The new system soon obtained a hearing after
the death of its author, and was adopted by some of
his pupils before publication, but it also aroused
vehement opposition, not so much from astronomers
as from the Church of Rome, though éven among
learned men it was by no means generally accepted.
Bacon, for instance, never fully assented to it; and
it was only after its confirmation by facts, which
was a natural consequence of the invention of the
telescope, that it became firmly established. Before
that time arrived, however, astronomy received
valuable assistance in a totally different direction,
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Copernicus was a theorist ; his observations were of
no.great value. In Tycho Brahe we find just the
reverse. Born of a noble Danish family three
years after the death of Copernicus, he was first
attracted towards astronomy by a solar eclipse
partially visible at Copenhagen in 1560, the year
after he had been sent to the university there.
With such tables as he could obtain he set to work
to make observations, and being sent to Leipsic to
study law with a tutor, continued his night work
with a small globe and a pair of compasses. Even
with such elementary means he soon discovered
that not only the Alphonsine tables were far from
correct for the places of the planets, but that even
the more modern Prutenic tables, computed .by a
follower of Copernicus, were several days in error.
He gradually obtained better instruments, and
made the important advance of determining the
errors of his instruments and making tables of
corrections. In his visits to Denmark he found
very little but contempt for liberal knowledge, and
returned again and again to Germany. In 1569 he
went to Augsburg, and had a large wooden
quadrant constructed, with which he made regular
observations, until he once more returned home in
1571, and his maternal uncle, the only relative who
had encouraged him at all, offered him part of his
house, providing an observatory and a laboratory,
for he had lately begun working at chemistry also.
Tycho here constructed a large sextant, which he
used assiduously; and here, on November 1r1th,
1572, he saw for the first time the new star,
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always associated with his name, a bright object
in the constellation of Cassiopeia, which became
as bright as Venus and visible in the daytime,
and then faded gradually until March 1574, when
it was no longer within reach of the unaided
eye.!

He at once began a series of observations to
determine if possible the parallax of the new star,
in order to discover whether it could be anything
but a star, and these observations are the basis of
his first published work, published at the earnest
desire of friends at Copenhagen University, as he
himself considered it beneath the dignity of a
nobleman.

Facilis descensus Averno! He next married a
plebeian girl on his own account, and then was
almost compelled, by the intervention of the King,
to deliver lectures in order that others might profit
by his learning, discoursing in defence of astrology
and on the Prutenic tables.

He then travelled in Germany and Switzerland,
seeking a location for an observatory, but first made
a friend of a persevering observer, the Landgrave
of Hesse Cassel, who strongly recommended the
King of Denmark to recall Tycho and become his
patron.  Accordingly the King (Frederick II.)
offered him the island of Hveen in the Sound,
with certain revenues and a pension, and guaran-
teed the expense of building an observatory. Tycho
Brahe gladly accepted the offer, and Uraniborg

1 It has been claimed that a small telescopic star is still to be found in the
same place.
C
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was built, and equipped with the best instruments
obtainable. :

In 1577 he began work, and observed, among
other objects, a bright comet, from the motion of
which, in conjunction with those of other comets
(he observed seven in all), he was enabled to point
out that the spheres of the planets could not be solid,
as comets passed through freely in every direction,
and also that the comets, so far from being atmos-
pheric phenomena, were much further off than the
moon. For about twenty years the work went on,
a students’ observatory being excavated in the
grounds of Uraniborg, principally for the use’ of
Tycho's disciples. Tycho had a very strong belief
in his own powers and in the value of his work, and
the glory that ought to accrue to Denmark there-
from, and as he was naturally not accepted quite at
his own valuation, friction necessarily arose from
time to time, on the one hand between him and his
tenants, and on the other between him and the
Court party, whose influence, especially after the
death of the King, added to his own want of tact,
gradually brought about such a diminution of the
revenues originally granted for the endowment of
Uraniborg that ultimately the place was. abandoned.
Some of the instruments were temporarily used at
Copenhagen, until Tycho withdrew once more to
Germany, and after some unsuccessful attempts to
justify his action and regain favour with the young
King Christian, obtained a new patron in the
Emperor Rudolph II, who received him at
Prague, and granted him a fine house and a
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pension, which, however, he did not live long to
enjoy.

His observations, with the means he was able to
employ (before the invention of the telescope), are
superior in accuracy to any previously made. He
was able to compute the first table of refractions to
an altitude of 45°, beyond which the refraction,
though very sensible with a telescope, was probably
too small for detection by his instruments. He
discovered, or more probably (v. sup.) rediscovered P. 2.
independently, the lunar inequality known as the
“ variation,” by observing the moon at all phases
instead of only at the quarters, to which his pre-
decessors had generally confined themselves, the
oldest observers having noted nothing but eclipses,
which could only give the mean motions. When the
earth and moon are equidistant from the sun, ze. in
quadrature, the attraction of the sun tends slightly
to draw the two together and hence to increase
the earth’s pull on the moon and so accelerate the
moon. At new and full moon, however, the effect
is just as in the ocean tides, to draw the new moon
away from the earth or the earth away from the full
moon, and so retard the moon. Thus the moon’s
velocity would, as far as this cause affects it, be
a maximum at first and last quarter and a minimum
at new and full moon, so that through each quarter,
though the week’s motion would be nearly the same
on the whole, yet it would necessarily be accelerat-
ing and retarding through alternate weeks, and half-
way between the quarters would be furthest from
where it would be if this inequality did not exist,
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In these cases, as Tycho discovered, it could be
more than its diameter away from its previously
calculated place. This ¢ variation,” however, de-
pends also on the distance of the sun, and as this is
less in winter, the moon moves on the whole more
slowly in longitude in the winter, and thus an annual
inequality is caused, which Tycho also noted, but
which is only about one-third as great as the varia-
tion. He also discovered the varying inclination of
the moon’s orbit to the ecliptic, so that he left the
lunar theory considerably more advanced than he
found it. He also determined the positions of 777
stars with great accuracy, his catalogue having thus
immense superiority over those of Hipparchus and
Ulugh Begh ; though, unfortunately, in order not to
appear inferior even in numbers to that of Ptolemy,
he inserted more than 200 positions of stars hastily
observed in order to bring the number up to a
thousand.

‘His most important incursion into the region of
theory, his planetary system, has not perhaps met
with even the credit due to it. Copernicus, as we
have seen, faced with the difficulty of the enormous
motions of the stars on the one hand, and the
apparent immobility of the earth, backed by centuries
of dogma, on the other, rejected the latter as the
lesser difficulty. Tycho Brahe did not; though he
adopted the simplification of making the planets
revolve round the sun, yet he supposed the whole
universe to turn about the earth. He considered,
with very good reason, that if the earth really moved
round the sun, the stars would show it by apparent
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displacement, and as the stars to him, being, as
must be always remembered, without telescopic aid,
seemed to be large, he had a different dilemma to
face, of which Copernicus, not being an assiduous
observer, had probably no idea, as in order to appear
so large and yet be so distant as to show no annual
displacement, or parallax as it is called, the size of
the stars must have been inconceivably great. More-
over it was urged that if the earth rotated, a stone
falling from a high tower would deviate from the
vertical. Copernicus supposed that the air carried
it, to evade the difficulty. Tycho apparently denied
the rotation, but it must be remembered that he was
hardly free to criticise the views adopted by the
Church and his patrons. The only difference between
the two systems being that in the one case the sun
was fixed, and in the other the earth, all the other
motions being mathematically the same, there were
good grounds af the time for preferring Tycho’s
system, for it was only after his death that the theory
of mechanics cleared away one difficulty, and the
invention of the telescope, by proving that the stars
are at such a distance as to appear only as points
instead of large discs, removed another, while the
researches of mighty thinkers so elaborated the
crude form in which Copernicus left his system that
very little more than the name remains unmodified.
It is hardly fair, therefore, to compare the modern
form of the Copernican system with the unaltered
one of Tycho. Besides, by his cometary researches,
which demolished the “solid” spheres of Ptolemy,
he did yeoman service to all Ptolemy’s opponents,
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including Copernicus, and by the long series of
careful planetary observations which he saw to be
necessary to support his own or any other system,
he provided the materials for the next great advance,
which is due almost as much to him as to Kepler
himself.



CHAPTER VI
KEPLER—GALILEQ

OHANN KEPLER, the real founder of modern
astronomy, after instruction under Mestlin, one

of the first teachers to adopt the opinions of Coper-
nicus, secured the appointment of * mathematician ”
at Gratz in Styria, and obtained the notice of Tycho
Brahe by dissertations on celestial orbits. His
position at Gratz becoming untenable on account
of his religious opinions, which were of the school
of the reformers, he ultimately came to join Tycho
at Prague, and though a Copernican, in spite of the
Dane’s arguments in favour of his own system, was
entrusted with the reduction of Tycho’s observations
of Mars, and soon afterwards came into practical
possession of the whole collection of observations
by the owner’s death. He was obviously the man
to be entrusted by the Emperor with the prepara-
tion of the Rudolphine tables founded on Tycho’s
observations. For twenty years he laboured on
them, at first under the ancient fixed idea of circular
motion, which, however, he was finally compelled to
abandon in favour of a new law, henceforward to be
known as Kepler’s first law of motion, to the effect
that every planet moves in an ellipse of which the

sun occupies one focus. As it was soon obvious
39
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that this motion was not uniform, as the ancients
understood the term, he was led to the discovery
of his second law, that the area swept out by the
radius vector from the planet to the sun was pro-
portional to the time. It seems a very fortunate
circumstance that he should have set to work first
on Mars, as, of all the planets then known, Mars
has the orbit most widely differing from a circle, so
that he may be said to have started on the most
favourable case. How much longer it would have
taken him if he had started with Jupiter, for instance,
or whether he would have succeeded at all, is, of
course, idle speculation. We can only rejoice that
at least that difficulty was spared him. So far the
work, though long, was fairly straightforward. He
computed seven oppositions of Mars before aban-
doning the idea of circular motion ; but he desired,
more than all, to find some relation between the
motions of different planets, and for years he sought
it vainly, until it occurred to him to try different
powers of the times and distances, and then he
arrived at his third law, that the square of the
periodic time of any planet is proportional to the
cube of the mean distance. This, as well as his
other laws, he verified for all known planets and
for the moon, and they have since been proved to
hold for all planets and satellites. The first result
of these brilliant discoveries was to ensure for the
Rudolphine tables an accuracy far exceeding that
of any previous ones. He did not apply his theory
to comets, being imbued with a preconceived notion
that they never returned, inasmuch as, according to
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his idea, the tail of the comet was evidence that the
sun was driving the body of the comet, particle by
particle, away, and thus dissipating its substance
for ever. He pointed out the great utility of
eclipses for determining differences of longitude,
and the extension of this method to occultations
of stars by the moon is still in use. In searching
for the physical causes underlying his laws, he
came very near the truth, for he discovered that
attraction between two bodies was mutual and
proportional to the mass, and varied with the
distance, but the law of variation escaped him,
as he assumed it to be simply as the inverse
distance instead of the inverse square of the
distance. He suffered all through his career from
want of money. His stipend was very irregularly
paid, and he lost much time in trying to collect it.
The strain on his mind and the continual journeys
which this unfortunate state of affairs involved
contributed to shorten his life. He died in 1631,
in his sixtieth year.

Contemporary with him and of undying fame
in yet another branch of astronomy was Galileo
Galilei, more commonly known by his first
name. Born at Florence in 1564, and educated at
Venice and Pisa, he became a professor at Padua,
after a brief and meagre appointment at Pisa, until
induced by Cosmo de’ Medici (Cosmo 11.) to remove
to Florence. His discoveries in mechanics were of
far-reaching importance. By experiments carried
out at the celebrated leaning tower of Pisa, he
established the law of acceleration of falling bodies,
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and by observation of a swinging lamp during some
long cathedral sermon he was led to the principle
of the isochronism of the vibrations of a common
pendulum—i.c. that a pendulum of a given length
has its time of swing independent of the extent of
swing, a principle which rendered immense service
to astronomy by making accurate clock - driving
possible. But he is chiefly celebrated for reasons
of a totally different kind. The combination of
a convex and a concave lens to magnify distant
objects had been accidentally discovered in Holland,
and Galileo heard of it, and at once set to work to
try his hand with lenses in a leaden tube. He soon
constructed a telescope which magnified 32 times,
and turning it towards the moon, discovered the
irregularity of its surface. Turning next to the
planets, he discovered that Venus exhibited phases
similar to those of the moon (just as Copernicus
had predicted would be the case, according to his
system by which Venus revolved about the sun),
that Jupiter was accompanied by four moons,
moving round the great planet just as our moon
does round the earth, which, in compliment to
Cosmo, he named the “Medicean stars,” and that
Saturn at times appeared like three stars joined
together and at other times only one. He also was
the first to record spots on the sun, and to deduce
its time of rotation from their motion. These dis-
coveries, marvellous as they must have appeared,
were, of course, a necessary consequence of the
invention of the telescope, which was not due to
Galileo, although his particular form of telescope
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was worked out by himself. The discoveries them-
selves were claimed for ofher observers or denied
altogether, and, at the time, the principal result of
his powerful analysis and deduction from his obser-
vations, which should have gone far to destroy the
authority of Ptolemy and Aristotle, was to raise
up such a storm of opposition from the schoolmen,
and especially from the Church of Rome, that he
was obliged first to publish his system as a mere
hypothesis, and subsequently to abjure much of i,
including the motion of the earth. He was the
first to suggest eclipses of Jupiter’s satellites as a
means for determining differences of longitude,
the difference between the local time at two
different stations of an instantaneous phenomenon
visible at both being, of course, the difference of
longitude. He also discovered the ¢ libration ” of the
moon, by which, according to its position in its orbit,
we sometimes see a little way round the corner, so
to speak, in different parts of the moon’s apparent
edge. The sentences passed against him by the
Inquisition on account of his so-called heretical
opinions as to the motion of the earth and the
similarity to it of the other planets, which Aristotle
had maintained to be divine and incorruptible
essences, were not strictly enforced. He was im-
prisoned, but his patron procured his release on
condition of perpetual exile from Florence. He
unfortunately became blind before his tables of
Jupiter’s satellites were completed, and died a few
years later, in 1642.

Meanwhile a great invention saw the light in

.
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Scotland in 1614, when Lord Napier of Merchiston
invented logarithms, in reference to which Laplace
says: ‘An admirable artifice which, by reducing to
a few days the labour of many months, doubles the
life of the astronomer, and spares him the errors
and disgust inseparable from long calculations.” It
is indeed difficult to conceive how accurate astronomy
could possibly have advanced with any speed with-
out this invention.

But we must pass over many well-known names
with the barest reference. Bayer introduced the
method of naming stars by means of the Greek
alphabet in the different constellations. Scheiner
made series of observations of sun-spots; Horrox
and his friend Crabtree were the first to observe a
transit of Venus, in 1639, and they would probably
have done good work for astronomy had not both
died very young. Gassendi observed a transit of
Mercury in 1631. Riccioli did good service as a
collector and publisher of the work of others,
assisted by Grimaldi, who mapped the moon and
gave many of the names, now familiar to astrono-
mers, to its principal features. The last and
probably the most accurate of observers without
telescopic sights was Hevelius, of Dantzig (1611-
1687), celebrated for his careful drawings of different
phases of the moon, and for the tenacity with which
he clung to his old instruments, refusing to adopt
the improved telescopic method, which was urged
upon him by Halley during a visit, and thus greatly
impairing the value of his observations.

Huyghens (1629-1695) first adapted the pendulum



Folps b sprw oot |

it b

¥}

i

AN OLD MAP OF THE MOON




KEPLER—GALILEO 45

to clocks, and improved telescopes so much that he
was able to discover the fact that the curious appear-
ance noticed by Galileo !in regard to Saturn, was
caused by a flat bright band surrounding the planet,
and known as Saturn’s ring. The adoption of
the telescope in conjunction with, the quadrant was,
after more or less tentative use by others, definitely
inaugurated by Picard in 1667, and about the same
time micrometers of different sorts were invented by
Gascoigne and others. Picard introduced the method
of determining the right ascensions of stars by ob-
servation on the meridian, a method soon greatly
improved in accuracy by his pupil Roemer, who
invented the transit-instrument, and is also famous
as the discoverer, from the apparent irregularity of
the eclipses of Jupiter’s satellites, that light does not
travel instantaneously. Science, at the same epoch,
received a great impetus in many ways, the short
space of fifteen years seeing the foundation of the
Observatories of Paris and Greenwich, and of the
English Royal Society, and the French Academy of
Sciences, the Italian Academy of the Lynx-eyed
(dei Lincei) being half a century older.

Dominic Cassini, the first director of the Paris
Observatory, though not connected with any of the
epoch - making improvements of his time, made
several interesting observations. He discovered
the well-known division in Saturn’s ring that bears
his name, and four satellites of that planet, in addi-
tion to one discovered by Huyghens. He measured
the rotation of Jupiter and Mars; constructed very
accurate tables of Jupiter's satellites, and the first
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calculated tables of refraction ; observed the zodiacal
light, and made a near approximation to the solar
parallax ; while he also produced a complete theory
of the moon’s libration. The real revolution in
astronomical science, however, as Delambre points
out, was wrought not by observations like these,
but by the “heresy” of Copernicus, the laws of
Kepler, the pendulum, the micrometer, the sector
and mural circle, and the transit-instrument.
These heralded the rising of the immortal genius.
of Newton, the rapid improvement in the accuracy
of observations paving the way for the testing of
the great theory, which without them might have:
languished in obscurity, if not in discredit.



CHAPTER VII
NEWTON -

ISAAC NEWTON, born on Christmas Day

1642, the day of Galileo’s death, was in Cam-
bridge at the time of the Great Plague, which drove
him, among many others, to retire to the country
for a while. Meditating upon the central force that
keeps the planets in their orbits, it occurred to him
that a force similar to that which causes a body to
fall to the earth, might, by continually deflecting the
moon from a natural straight path, constrain it to
revolve about the earth. Having already proved
from Kepler’s laws that if planets described circular
orbits about the sun, the force towards the sun
would vary inversely as the squares of the distances,
he computed the distance through which the moon
is deflected in one minute from the tangent to her
orbit, and found it 13 feet. Then reasoning from
the distance a body falls in a second at the earth’s
surface, and applying his law of the inverse square,
he found that from this cause the moon would be
deflected 15 feet, and this discrepancy led him to
lay aside his brilliant conjecture. Several years
later his mind was again directed to the same ques-
tion, and in the interim a far more accurate measure-

ment of a degree of latitude had been made by
47
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Picard. This correction to the size of the earth
completely removed the discrepancy he had found
before, and established the truth of his hypothesis.!
But the law of the inverse square was still unac-
cepted ; in fact, Newton had not apparently pub-
lished much, if any, of the results of his researches.
In 1684 Wren, Halley and Hooke discussed the
problem of motion in an orbit under a central force
varying as the inverse square of the distance;
Hooke claimed to have solved it, but as he did not
give his solution Halley applied to Newton, who
told him he had already solved it, and that the
result was an ellipse. By Halley’s instrumentality
he was induced to send in a memoir to the Royal
Society, containing some of the propositions after-
wards embodied in his * Principia.” Meanwhile
Flamsteed, the first Astronomer Royal, was working
away at Greenwich with a very moderate equipment,
to carry out the founder’s object of so improving
by accurate and continued observation the computed
places of the moon and planets and brighter stars,
as to enable them to be used with confidence in
navigation. To him Newton naturally appealed for
more accurate places and elements for planetary
orbits, as he was still testing the accuracy of Kep-
ler’s numerical third law, in order to apply his new
theory to every planet and satellite known in the
heavens; and though, probably because Flamsteed
was only an observer and not a theorist, he did not
respond with sufficient enthusiasm to Newton’s

1 There are strong grounds for doubting the accuracy of this, the generally
accepted explanation of the delay.
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repeated requests, the results he did send were of
great value for the purpose just indicated. To
prove the universality of Newton’s law of gravita-
tion, as it is called, by any direct argument is a
practical impossibility. All that could be done was
to apply it to case after case in the hope that every
single one would conform to it, and the “particular
negative,” the only thing required to disprove the
“universal affirmative,” fail to materialise. This
hope has not yet been destroyed, though we shall
find suggestions as to the possible identity of the
““ particular negative,” in the guise not of an excep-
tion to the universality of the law, but of a suspicion
as to its accuracy. But besides the law of gravita-
tion, in itself a monumental achievement, we owe
to Newton’s mathematical talent a great mass of
theorems which, though many of them in their origi-
nal form, owing to his unwieldy method of fluxions,
long remained too abstruse for students, have ulti-
mately tended to lighten the labours of mathemati-
cal analysis. In optics, moreover, his labours were
crowned with a great measure of success. His
failure to hit upon any device to get rid of chromatic
aberration in object-glasses led him to invent and
construct the Newtonian form of reflecting telescope.
His investigation of the refraction of light through
a prism helped to lay the foundation of the spectro-
scopy that plays such a conspicuous part in modern
astronomy. '

We must not dismiss the law of gravitation
without studying some of its consequences with a
view to gaining a juster appreciation of its impor-
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tance. Newton’s law translated into English runs
thus: “Every particle of matter in the universe
attracts every other particle with a force varying
inversely as the square of their mutual distances,
and directly as the mass of the attracting particle.”
He had previously established the theorem that
any body composed of concentric spherical shells
of different density attracts as if all its mass is
concentrated at its centre. It thus became possible
~ to regard the celestial bodies as points. He proved
that a body projected in space under a central force
according to his law must describe a conic section,
either a parabola, or an ellipse, or a hyperbola, or a
circle, and that knowing the initial distance of the
body from the seat of the central force, and the
direction and velocity of the initial motion, the
orbit could be completely determined. From this
he found that comets also obeyed the law. He
realised, however, that the presence of other bodies
exercises a disturbing influence on orbital motion
(z.e. causes perturbations).

Regarding the moon as moving about the earth,
but perturbed by the attraction of the sun, he
demonstrated that her apsides will advance and
her nodes regress,'! with reference to her orbit,
facts already established by observation. He
proceeded to compute many of the important
lunar inequalities. He discovered that the mutual
attraction of the particles of the earth, combined

1 The apses, or the apogee and perigee, are the extremities of the major axis
of the undisturbed relative orbit. The lunar nodes are the points where the
lunar orbit intersects the plane of the earth’s orbit.
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with its rotation, would cause a flattening at the
poles (since confirmed by geodetic measures).
He also computed the theoretical value of the
earth’s ellipticity, and the law of gravity at the
surface, and with marvellous insight perceived that
the attraction of the sun and moon on the bulging
matter round the equator would compel the earth’s
axis to have a slow conical motion, causing the
phenomenon of the precession of the equinoxes.
He also showed how the attraction of the sun or
moon by drawing the water away from the earth on
the near side, and the earth from the water on the
far side, gave rise to the semi-diurnal tides. More-
over, by noting the effects of mutual attraction he
determined not only the ratio of the moon’s mass to
that of the earth, but also of the sun’s mass to that
of any planet possessing a satellite.

Such are some of the consequences directly
deduced from the famous law of gravitation,
and published in the celebrated “ Principia,” in
regard to which Laplace says: “ The imperfection
of the infinitesimal calculus when first discovered
did not allow Newton to resolve completely the
difficult problems presented by the system of the
world, and he was often obliged to give mere
hints, always uncertain until confirmed by a rigor-
ous analysis. Notwithstanding these unavoidable
defects, the number and generality of his discoveries
relative to this system, and many of the most inter-
esting points of the physico-mathematical sciences,
the multitude of original and profound views, which
have been the germ of the most brilliant theories of
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the geometers of the last century, all presented
with much elegance, will assure to the ‘Principia’
a pre-eminence above all the other productions of
the human intellect.”

It is quite possible that in this connection we owe
a greater debt to Halley than is generally realised.
Halley attacked the problem of elliptic motion with-
out success, starting from the principle of the inverse
square. Failing to get any result from his own
work or any real assistance from Hooke, who
claimed to have solved the problem, he singled
out Newton as the man for the investigation, and,
finding it already disposed of, induced him to take
it up again and elaborate it. He next persuaded
him to send his book to the Royal Society, and
convinced that body that it ought to be published ;
but even then, owing to the Society’s want of funds,
the publication hung fire until Halley himself paid
the expenses of it.



CHAPTER VIII
NEWTON’S SUCCESSORS : LAPLACE

EXCEPT in his own country, Newton’s theory

# was received with great hostility. 'On the
continent, where Descartes’ theory of vortices,
though only a hypothesis, and quite inapplicable
to comets, had received much support, it was long
before Newton’s work received much recognition.
Huygens, Leibnitz, Cassini, and others, though
some of them admitted the truth of some part of
the hypothesis, each from his own point of view
opposed the system as a whole. But after half a
century Voltaire published a short but clear and
popular treatise on Newton’s principal discoveries
in optics and astronomy, and from that date, 1738,
Newton’s principles may be said to have held the
field. During the intervening period Newton’s
followers made no real advance, his method being
so difficult that it is said that in that direction
no further step, with one possible exception,!
has ever been made. Nevertheless his opponents
were unconsciously working for him, by improving
and perfecting the new calculus, which, after its
invention by Newton and Leibnitz, made great
progress under the latter and the Bernouillis, and

! M‘Laurin’s ¢ Investigation of the attraction of an Ellipsoid.”
53
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in course of time provided an instrument whereby
lesser intellects might continue Newton’s investi-
gations.

In one conspicuous instance Newton’s theory had
appeared to fail, his determination of the motion
of the moon’s perigee being just half the observed
quantity, and this point was soon to attract attention,
when work in this direction was once more under-
taken.

Euler, Clairaut, and D’Alembert were the first
geometers to proceed beyond the point reached by
Newton, and all three independently sent memoirs
to the Academy of Sciences at Paris in 1747, the
prize for 1748 having been offered for an investiga-
tion of the inequalities of Jupiter and Saturn. The
subject of perturbed motion is one of great difficulty,
but in the problems presented to the astronomical
analyst, it happens that it can in nearly every case
be simplified. Instead of considering the motion of
a planet under several forces directed to all the
other bodies of the system we may regard the sun,
being of enormously greater mass than any of the
planets, as responsible for the controlling force and
each separate inter-planetary influence as a per-
turbation so small that its effects may be considered
separately. Hence the problem reduces to that of
“ three bodies,” which also in general is beyond
solution, but in the particular cases we have to
consider is simplified by the relatively small effect
of one of the three. Thus in the lunar theory, the
sun’s great distance compared with that of the
earth renders his effect on the moon’s relative orbit
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so small in spite of his enormous mass, that it can
be treated as a perturbation, though in this case the
perturbations are much larger than in that of the
planetary orbits. For this reason the lunar theory
was rightly regarded as a favourable case for testing
the law of gravitation, and the three geometers all
arrived at the result already obtained by Newton,
that the theoretical value of the motion of the
moon’s apogee was only half the observed
quantity. Was the law going to break down?
Clairaut first suggested a modification of the law,
another term varying with the inverse fourth power
of the distance being introduced, but at length all
three, revising their work and taking into account
some small terms previously neglected as unim-

portant, arrived at a new value just double of that’

previously obtained, and gave confirmation of New-
ton’s law, the stronger in proportion to the seeming
failure thus overcome. The lunar tables published
by these three geometers as the result of their
investigations were of varying accuracy. D’Alembert,
for instance, relied too much on theory, and though
Euler revised and re-revised his, yet they were in
the end inferior to those of Mayer, who adopted
Euler's theory but skilfully combined it with
numerous observations. The English Board of
Longitude, which had offered a prize in connection
with any method of obtaining the longitude at sea,
appointed Bradley to adjudicate on these tables, to

determine whether the method of lunar distances’

computed by their aid would give the desired
accuracy, and on his report that no error exceeded
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a minute and a quarter of arc, Mayer’s widow was
awarded £ 3000.

But as before remarked, it was not the lunar
theory but that of Jupiter and Saturn which had
been proposed by the Academy of Sciences for the
prize in 1748. Euler’s memoir, though successful,
did not account for the great inequality which
required explanation. After the confirmation of the
Newtonian theory by Clairaut in connection with
the motion of the moon’s apogee, the same question
was proposed by the Academy in 1752, and again
Euler was successful in gaining the prize, though
failing as before to reconcile the observed inequality
with theory. He had, however, by this time hit
upon the germ of many successful investigations by
practical application of the theory of the variation of
arbitrary constants. For a planet moving in an
elliptic orbit we require six constants to fix (1) the
size, (2) the shape, (3) the position of the orbit in
its own plane, (4) the inclination and (5) intersection
of the orbit with a fixed plane, and (6) the position
of the planet in the orbit.!

The theory of Euler, further developed in con-
nection with a memoir on the perturbation of the
earth, crowned by the Academy in 1756, was that
the motion of a planet could be regarded at any
moment as performed in an ellipse whose con-
stants were continually changing under the action
of other planets, the effects of which may be studied
separately on each of the six elements. With his

1 (1) The mean distance, (2) the eccentricity, (3) longitude of perihelion,
(4) inclination, (5) longitude of node, (6) epoch.
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fertility of invention and command of analysis, it is
a pity that grave errors of calculation prevented his
attaining the success due to his ingenious methods.
We owe to him many other analytical results,
extending from simple trigonometry to differential
equations, but his greatest service to theoretical
astronomy was that indicated above, known as the
method of the variation of the arbitrary constants.
His own work in the theory of perturbations,
though crowned again and again by the Academy
of Sciences, continually fell short of absolute success,
but along those lines his immediate successors were
enabled to attain a high degree of perfection in the
same theory. Euler himself in a memoir on the
motion of Jupiter and Saturn had arrived at the
result that the inequalities arising from the mutual
action of the two planets ultimately compensated
each other after a very long period; Laplace,
omitting the higher terms in the expressions for
eccentricity and inclination and those depending on
the squares of the disturbing masses, obtained the
further advance that the mean distance of every
planet, and consequently the mean motion, is
invariable. Lagrange in 1776 completed the
result, including all the terms of the expressions,
and established the important principle that all the
planetary perturbations are periodic, thus iproving
the stability of the solar system.

For a considerable period the history of theo-
retical astronomy consists of a succession of triumphs
of analysis, first Lagrange and then Laplace taking
a fresh step in advance towards the completion of
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the great fabric of theory arising directly from
Newton’s discovery. Lagrange did much towards
perfecting the calculus of variations in succession to
the work of Euler, thus providing an instrument
wherewith his own successors might the more easily
attack fresh problems in the same field. He worked
out a complete and rigorous solution of the problem
of the moon’s libration in 1780, after a partial suc-
cess in 1764, and succeeded admirably with a modi-
fied problem of six bodies in 1766, when in a
memoir on the theory of Jupiter's satellites, he in-
cluded the sun as a disturbing body. His great con-
temporary Laplace having attained success at the
early age of twenty-three in the restricted proof of
the invariability of the mean motions of the planets,
became a member of the Academy of Sciences, and
devoted himself to the series of memoirs which
formed the foundation of his famous ‘*“ Mécanique
Céleste.” It had for some time been suspected,
from the comparison of ancient and modern eclipse
observations, that the moon’s mean motion had been
slowly accelerating. Dunthorne and Mayer, con-
firming Halley’s suspicion, computed the amount of
acceleration at 10” in a century. Lagrange having

-proved that this could not be due to the figure of

the earth, two hypotheses were advanced—one the
action of a resisting medium, and the other a finite
velocity for the action of gravitation. The latter
supposition was at first assumed by Laplace, but on
finding that the eccentricity of Jupiter’s orbit affected
the mean motions of his satellites, he at once trans-
ferred this idea to the motion of the moon, and by
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proving the theoretical effect of the eccentricity of
the earth’s orbit to be just such an acceleration as
had been observed in the moon’s mean motion, he
overthrew what was at that time the last barrier to
the universal application of Newton’s law as the
physical explanation of all celestial motions. His
next great success was in the direction of the cause
of the long inequalities in the motion of Jupiter and
Saturn. The general principle involved is the case
of the commensurability of mean motions. It
occurred to Laplace that as five times the mean
motion of Saturn is nearly twice that of Jupiter,
terms in the differential equations of motion in-
volving such an argument as (55 - 2J), although
multiplied by very small factors, might become very
important, and, after a laborious analysis, proved
that this was the case, and that Saturn had a long
inequality of a period of 929 years, and a maximum
value of about 48’, the corresponding value in
Jupiter's case being nearly 20" in the opposite
direction, but that these were also subject to the
secular variation of the elements. He investigated
the figure of the earth in a general way from two
lunar inequalities depending upon the ellipsoidal
form of the earth, and computed the theoretical
ellipticity of the meridian section to be about s¥s.
He greatly advanced the theory of tides, taking
into consideration the earth’s rotation, which had
been previously ignored in this connection, and
_ obtained a complete set of differential equations,
from which he deduced that the depth of water is
an important factor, and that if this were uniform,
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some irregularities would vanish, that the fluidity of
the sea does not affect the motion of the earth’s
axis, and that the equilibrium of the ocean is stable,
and that it cannot, therefore, of itself alter its dis-
tribution over the surface. In the same connection,
having proved as just stated that the tides do not
affect precession and nutation, he made a further
investigation of this subject, and showed that the
annual variation of precession causes a variation in
the length of the tropical year, which is about 10
seconds shorter than it was 2000 years ago. Many
other labours in astronomy, to say nothing of mathe-
matics and physics, the chief of which may, per-
haps, be considered the complete theory of Jupiter's
satellites, which was the foundation of Delambre’s
tables, render Laplace’s place second only to that of
Newton among the benefactors of these sciences.
Between him and Lagrange, up to the latter’s death,
a friendly rivalry was maintained, though at times
there might have been suggestions as to appropria-
tion of ideas; but Laplace had the great advantage
of a better balanced mind apart from his scientific
work, and though his short political career as
Napoleon’s Minister of the Interior was a con-

'spicuous failure, he succeeded in carrying out the

principles of the Vicar of Bray to such an extent
that he obtained a marquisate and other honours
with scarcely a single set-back. The nebular
hypothesis, by which alone he is known to many
people, was considered by him so speculative that it
appeared only in a note, in his “ Systéme du Monde.”
It has been the model of many subsequent specula-
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tions, not perhaps on account of its real probability
so much as for its simplicity and clearness.  Briefly
it suggests that the solar system was originally a
nebula extending at least as far from the sun as the
furthest member of the system; that this nebula
was rotating and condensing, and that the high
velocity induced in the outer portion, as the rotation
velocity increased with the shrinkage by a well-
known physical law, from time to time caused the
outermost portion to break off in the form of a ring
still revolving about the centre; that some of these
rings, by unequal condensation, gradually condensed
into planets, with or without satellites, by a further
application of the same principle, one of them,
Saturn, having still a set of rings, hitherto uncon-
densed, as rudimentary satellites, and one of the
original rings, by more uniform condensation, having
condensed into a large number of separate bodies,
the minor planets, instead of into one system. The
hypothesis has the advantage of giving an easy
explanation for the rotation and revolution of all the
members of the system with slight apparent ex-
ceptions,! in the same direction, for their small
deviations from one plane, and for their nearly
circular orbits. Professor Newcomb at one time
considered the probability of the truth of the
hypothesis so strong as to be beyond the reach of
further evidence, until the theoretical shrinkage of

1 E.g. the satellites of Uranus. Comets cannot be considered in
the same category, as their original orbits are quite beyond the reach of
investigation.
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the sun be actually measured, or the condensation
of another nebula actually observed. It may be
remembered that the germ of the idea was given in '
Kant’s ““ Cosmogony,” but that Laplace first worked
it out in detail.
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CHAPTER IX
FLAMSTEED-—HALLEY—BRADLEY—HERSCHEL

WE must now return to other branches of as-

tronomy, which were not neglected while
the new physical astronomy was making such pro-
gress. Flamsteed has already been mentioned in
connection with Newton, and his work must next
come under notice. King Charles II., being keenly
alive to the importance of the N avy, had concerned
himself with various suggestions for determination
of longitude, and it was reported that some one had
said that lunar tables of sufficient accuracy could not
be obtained because the positions of the stars from
Tycho’s catalogue were not good enough, owing to
some erroneous constants employed by Tycho, and
to the fact that he had not used a telescope. The
King at once ordered arrangements to be made to
rectify this by the production of a British catalogue,
to be entrusted to the man who pointed out the
necessity of it. This man was Flamsteed, and the
‘immediate result of the incident was the foundation
of the Royal Observatory at Greenwich, in 1675,
and the appointment of Flamsteed to the post soon
to be known as that of Astronomer Royal. It is
true that the salary allowed him was very meagre,

and that most of the expense of his work, including
. 63
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even the provision of instruments and afterwards of
skilled assistance, fell mainly upon his own pocket
or those of his friends, but students of history will
be inclined to lay the blame of this less on the King
than on the low standard of public morality in money
matters. Flamsteed’s ideals were high, and, feeling
sure as he did that with adequate instruments he
could do work satisfactory to himself, it is not
surprising that he chafed at the poverty of his
equipment, and was disinclined to rush into print
with his earlier observations. There seems also
to have been an epidemic of indiscretion among
many of the leading mathematicians of the time,
which gave rise to much bitterness between Flam-
steed and Newton, and between Flamsteed and
Halley. Flamsteed was for a long time unable to
procure a reliable meridian instrument wherewith
to obtain fundamental places of stars by which his
sextant observations could be reduced. He knew
better than most of his contemporaries the necessity
for these fundamental places, not depending on
Tycho's catalogue and tables. Newton does not
seem quite to have appreciated the importance of
this, but for his purpose observations of the moon
and planets were more desirable than those of stars,
and these to a very fair number Flamsteed provided.
Halley seemed to be more concerned with obtaining
immediate credit for work done, and was all for
quick publication. His own catalogue is almost
worthless on that account. There are many modern
instances of the same different points of view, one
party maintaining the expediency of making sure of
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‘anything new before publishing it, risking a possible
loss of credit for priority, to avoid loss of credit for
reliability ; the other maintaining, with great plausi-
bility, that for the general good any delay is inex-
cusable, as errors are discovered more quickly by
many than by one, and that in any case there is
something to show for your work. There are many
more arguments on each side, but it ‘is sufficient for
our purpose to refer to this as the probable cause of
much of the friction undoubtedly existing at the
time. Flamsteed suffered, moreover, from very bad
health, and was also convinced that Halley was a
confirmed plagiarist, and that nothing was safe in
his hands. It seems to us now that, on the whole,
Flamsteed was very badly treated, but there may
have been many facts, unknown to us, which would
modify that view. Certain it is that he did a great
work for English astronomy, and was well worthy
of his place at the head of the list of Astronomers
Royal. His British catalogue of stars was a very
great advance on anything of the kind then extant,
and his observations were of untold value for the
testing of Newton’s theory ; though, as he bitterly
maintained, Newton made very little acknowledg-
ment of it in his work. It was long before regular
systematic observations were made anywhere but at
Greenwich, so it will be well to follow for a while
the course of events there. It is unnecessary to go
deeply into the vexatious delays in the publishing
of Flamsteed’s *“ Historia Ccelestis.” Queen Anne'’s
husband, George of Denmark, who had undertaken
to pay the expense of it, died before any parts were
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issued; but the publication had been entrusted
to referees, of whom Newton was one. When
Newton’s patron, Lord Halifax, fell from power,
to be succeeded by a friend of Flamsteed’s, the
latter got possession of the remainder of a spurious
edition of part of his work, which Halley had
brought out without Flamsteed’s authority, and in
a very imperfect form. Flamsteed destroyed the
offending portions of most of the edition, but with
failing health and advancing age, the delays had
put it out of his power to revise thoroughly, and
the work was published after all with many errors
and imperfections.

Newton had hinted at Halley being his own suc-
cessor, but it was to Greenwich that Halley came
after the death of Flamsteed in 1720. It is un-
necessary to do more than refer to his early labours.
His detection of the variation of the compass while
still at school, and his improved method of finding
the elements of planetary orbits soon afterwards
at Oxford, marked him as a brilliant young man.
Recognising the need of accurate places of stars in
his planetary investigations,and finding that Hevelius
and Flamsteed were steadily providing these for the
northern sky, he obtained interest with King Charles
which enabled him to go to St Helena to observe
southern stars. The catalogue he made there
suffered from the bad weather, and also from the de-
fect alluded to on p. 64 ; but on his way he noted the
variation of gravity as shown by the pendulum on
approaching the equator, and in St Helena he
observed a transit of Mercury, which suggested to
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- him the method of determining the sun’s parallax

from observations of the transits of Mercury and
more especially of Venus. His visit to Hevelius we
have already referred to, as also his connection with
the pushing forward and publication of Newton’s
great work. As the result of a two years’ voyage,
he published the first general chart of the variation of
the compass, and was soon after appointed Savilian
Professor of Geometry at Oxford. He was sixty-
four years of age when he succeeded F lamsteed, but
undertook at once a series of lunar observations to
extend over a whole revolution of the nodes (rather
more than eighteen years), which he brought te a
successful conclusion. He discovered the long in-
equality of Jupiter and Saturn, which, as we have
seen, provided such a problem for the continental
mathematicians, the acceleration of the moon’s mean
motion, and the proper motion of the stars; but he
is best remembered, in general, by his application
of Newton’s theory to the comet of 1682, which
resulted in his obtaining for it an elliptic orbit and
predicting its return about 1 759. The fame accruing
to his memory on this account goes a long way, it
has been well remarked, to compensdte the great
expenditure of time and money undertaken in con-
sequence of his enthusiastic faith in Newton’s great
discoveries. He died in 1742 at the advanced age
of eighty-five, and made way for a brilliant successor,
whose achievements in practical astronomy have
placed him in a very high niche of the temple of
fame. '

James Bradley was born in 1 692, and under the care
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of his uncle, the Reverend James Pound, of Wanstead,
one of the best observers of his time, early acquired
the practice of careful and accurate observation.
Since the discovery by Roemer in 1667 that light
did not travel instantaneously, inasmuch as the
eclipses of Jupiter’s satellites were observed relatively
earlier when Jupiter was nearer the earth, it had
been constantly suggested that if the earth really
traversed such an enormous path, nearly 200,000,000
miles across, in the course of a year, then at any
rate some of the stars ought to show a displacement,
or parallax, due to the slight change in direction in
which they were seen at different times of the year.
Flamsteed, among others, had sought to establish
the fact by observation, and had found that the pole
star did in fact vary its apparent position in the
course of a year; but Cassini and others had already
pointed out that the motion, whatever its cause, was
not due to parallax. Bradley, in order to free his
results from uncertainty owing to refraction, selected
a star very near the zenith, y Draconis, and had an
instrument set up on purpose to observe it. The
results at first were not encouraging, for the star
certainly had a slight daily motion, in the opposite
direction with respect to the pole, to that which
could be caused by parallax, and for some time
Bradley endeavoured to account for the facts by
supposing a motion of the earth’s axis. Examining
other stars he found that some had an annual varia-
tion in latitude only, some in longitude only, and
others described an elliptical path, as both latitude
and longitude varied. Since all of them, however,
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seemed to show an annual period, he concluded
that it was the earth’s motion round the sun that
really caused the apparent motion. A lucky
chance put him on the right track. Once in the
Thames he happened to be on board a vessel
which carried a vane at her masthead. He noticed
that the vane appeared to show a change of wind
with every tack in the vessel’s course, and was
told that this was not a coincidence but a general
rule. He at once saw that the comébined effect
of the velocity of light and that of the earth in its
orbit would cause just such an annual effect as he
had observed. When put to the test this pheno-
menon, called aberration, became apparent in the
observations; but there was still something left
unaccounted for in the observed displacements.
Once more Bradley set to work on the same star,
and, after allowing for the effect of aberration, found
a residual error which increased for about nine years,
and then diminished for the same period. ~This
manifestly suggested the primary cause to be the
varying position of the moon’s orbit, which has a
period of rather more than eighteen years, and the
immediate effect of which is to cause a slow nutation
of the earth’s axis in the same period. Bradley
determined the dimensions of the apparent ellipse
traced out by the earth’s pole to be about 18 seconds
of arc by about 16 seconds. These two famous
discoveries, which assure the place of Bradley
among the very first astronomers of all ages, were
by no means the whole of his contribution to
astronomy. The first was published in 1728, and
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the second, for which a whole lunar period was
necessary, in 1748; but before the latter date, on
Halley’s death in 1742, he had succeeded him
at Greenwich as Astronomer Royal, having been
already for some years Savilian Professor of Geo-
metry at Oxford. The monumental work of Bradley
at Greenwich, the foundation of accurate stellar
astronomy, was long almost ignored, until his
numerous observations were collected and reduced
by the celebrated Bessel, forming the “ Fundamenta
Astronomiz,” published many years after Bradley’s
death, which occurred in 1762.

Meanwhile Lacaille in 1751 had sailed from
France to the Cape of Good Hope to deter-
mine the pardllax of the sun by observations of
Mars and Venus, simultaneous with others made
in Europe, and to form a catalogue of southern
stars not visible in high northern latitudes. He
observed more than 10,000 stars in a year, and
made many observations of the moon, from which,
in combination with those of Lalande, who was at
the same time observing at Berlin, the moon’s parallax
could be directly determined from an arc of 85°
on the earth. The principal results of French in-
vestigations at this time were obtained in connection
with geodesy, arcs being measured in Peru and
Lapland to determine the difference of curvature,
and many pendulum observations made to deter-
mine the variation of gravity, and the effect of
mountains on the vertical studied by means of the
plumb-line.

Maskelyne, who became Astronomer Royal some
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two years after Bradley’s death, is celebrated for
the voyage to St Helena which he made to observe
the transit of Venus in 1761. The voyage was in
many ways a failure owing to bad weather and
instrumental defects, but it gave Maskelyne an
opportunity of practising the method of finding
longitude at sea by lunar distances, which he sub-
sequently recommended to the Admiralty. Tables
for this method were subsequently issued in the
“Nautical Almanac,” which for forty-eight years
was published under his direction.!

One great name remains before the close of the
eighteenth century, Sir William Herschel, the
pioneer of modern descriptive astronomy. Born
in Hanover in 1738, and earning a modest living
as a musician at Bath, he devoted his leisure to
making larger and larger reflecting telescopes and
exploring the sky with them. In 1781, while thus
employed, he observed what appeared to be a star
with a sensible disc, which was enlarged by the use
of a high-power eye-piece. At once concluding that
it could not be a star, he continued his observa-
tions and found a slow motion, from which he
assumed it to be a comet, and sent word to
Maskelyne. It was soon found, however, that the
object did not vary its distance as a comet would, and
that it must be a planet. Herschel, in compliment
to his patron George III., called it Georgium Sidus,
while continental astronomers called it Herschel in

1 This method has, since the great improvements in chronometers, become
of almost entirely academic interest, providing examination questions for
naval and mercantile officers, and the *‘ Nautical Almanac” is ceasing to
print the tables.
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honour of the discoverer. It has now, however, for
a long time been known only as Uranus, though the -
conventional symbol for it, H, still recalls its dis-
coverer. Flamsteed and others were soon found to
have already observed it as a star, and from their
observations Delambre constructed an orbit for the
new planet. Herschel subsequently discovered two
satellites belonging to Uranus, and suspected four
more, and remarked many new features of Saturn,
including two satellites which had escaped the
scrutiny of Cassini and Huyghens. Moreover, by
the aid of his large telescopes he opened up new
fields for observation, describing a large number of
nebule, and classifying many double stars. He
also from the observed proper motions of certain
stars came to the conclusion that the solar system
was travelling through space in the direction of a
point in the constellation of Hercules; or rather,
that it was travelling in a mighty orbit, and that
its motion was for the time being in that apparent
direction. His only assistant was his devoted sister
Caroline, who, besides being at his beck and call
while at work, and also acting as his amanuensis
and preparing charts for him, found time to discover
eight comets ; and, after her brother’s death in 1821,
laboured to prepare his observations of nebula and
clusters for publication.

i




CHAPTER X
THE EARLY I9TH CENTURY—NEPTUNE

AT the end of the 18th century, regular

systematic observations < were taken and
published in their original form only at Greenwich.
Lalande’s “ Histoire Céleste,” contained thousands
of observations of small stars mostly made at the
Observatory of the Ecole Militaire, but most con-
tinental observations appeared only in the various
national ephemerides, and occasionally in the
transactions of learned societies. But in the year
1800 a new epoch began with the commencement
of Zach’s Monatliche Corvespondenz, destined to
make known regularly all that was being done in
the astronomical world. Its publication, like most
continental scientific work, was interrupted in 1813,
but it had successors, one of which, the * Astron-
omische Nachrichten,” founded by Schumacher in
1821, still holds the leading place as an international
channel for the communication of discoveries and
observations. This new development came none
too soon, for on the first day of the 19th century,
Piazzi, at Palermo, a careful astronomer who took
the invaluable precaution of repeating all his obser-
vations after a comparatively short interval, dis-
covered a star-like object in apparent motion,
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which proved to be a small planet with an orbit
between those of Mars and Jupiter. This he named
Ceres, and Gauss new ‘ Theoria Motus” gave
its orbit with such accuracy that it was easily found
again, after having passed through a large part
of its orbit in which it was invisible owing to the
proximity of the sun. The Germans had lang
professed to expect a planet at a distance from
the sun intermediate between those of Mars and
Jupiter, to fill a gap in the empirical law of Bode
or Titius, connecting the distances of successive
planets from the sun, a law obeyed approximately
by all the then known planets, including Uranus.
The minor planets or asteroids, of which this was
the first, now number some six hundred, but the
rate of discovery was at first slow.

The second, Pallas, was discovered by Olbers in
1802, and from the circumstances that the major axis
of its orbit was nearly equal to that of Ceres, and that
their orbits were near each other at the intersection
of the orbital plane, sprung the hypothesis that they
were fragments of a large planet and that other
portions might be found with orbits passing near
the same points of intersection. Every month he
examined a certain portion of the heavens round
one of these points, and was at last rewarded in
1807 by the discovery of Vesta; but meanwhile
in 1804 Harding had discovered Juno near the
other point of intersection. More than thirty-eight
years elapsed after the discovery of Vesta, before
Hencke added a fifth, Astrea, and by that time
Piazzi, Harding and Olbers were dead. In 1847
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three more were discovered, Hebe by Hencke, and
Iris and Flora by Hind, afterwards superintendent
of the “Nautical Almanac,” and since then the
number has gone on increasing, at first steadily, but
since the application of photography to the search,
by leaps and bounds. The problem of finding suit-
able names has become one of some difficulty, in
fact one is inclined to think, looking at some of the
names that have been assigned, that the task has
proved impossible; But we must return to this
development later, merely noting that in the middle
of the rgth century the number of asteroids known
was thirteen. The crowning glory in planetary
discovery, however, was the prediction and finding
of Neptune. John Couch Adams in 1841, while
working for his Tripos at Cambridge, came across
some unexplained anomalies in the motion of
Uranus. Others had considered the problem thus
presented, among them Bessel, whose plans for in-
vestigation were cut short by death ; Adams made a
note of the problem, to be tackled after his Tripos,
and as soon as he had gained the distinction of
Senior Wrangler in 1843, he returned to the con-
sideration of the anomalous inequalities of Uranus,

~with the avowed intention of testing the possibility

of their being caused by a planet still more remote.
All the known observations of Uranus, dating back
to the time of Flamsteed, had already been compared
by Bouvard, who could not find elements that would
satisfy all the observations, and when he obtained
approximate success with the more recent observa-
tions by rejecting the old ones, it was found in the
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course of a few years that the predicted places were
gradually receding from the truth again. While
Adams was applying to Airy, the Astronomer Royal,
for Greenwich observations of Uranus, Arago, the
director of the Paris Observatory, was urging Le
Verrier to undertake the same problem. In the
autumn of 1845 Adams arrived at an approximate
solution of the inverse problem in perturbations to
which he had devoted his attention, and finding it
‘represented the anomalies in longitude fairly well,
sent it to Airy, who, before paying much attention
to it (as was only natural from the diffident way in
which Adams presented his result), desired to know
whether the errors of the radius-vector would be
equally represented by the suggested solution.
Adams, by failing to reply for some months, threw
away the advantage of having reached his result
so early, for in the meantime Le Verrier had also
arrived at a hypothetical orbit for the disturbing
planet. It thus happened that Airy had both sets
of elements before him and asked Le Verrier the
same question regarding the radius-vector. Le
Verrier at once assured him that his elements were
bound to satisfy all the discordances, and was so
confident of his success that he asked Dr. Galle of
Berlin to look for the planet in a definite assigned
place, Galle being provided with a new set of star
maps constructed to facilitate the recognition of
minor planets; and on the first evening of the search
the planet was found very near Le Verrier's pre-
dicted place. Professor Challis at Cambridge
meanwhile had been trying, without much hope of
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success, to locate the planet from Adams’ predicted
place, and he had actually succeeded in observing
it more than once, but being unprovided with the
star maps, continued his observations over a larger
tract of sky before reducing the earlier ones for
comparison. Thus it was that the applause of the
world was first showered on Le Verrier alone, and
Adams’ equal claims only obtained later recognition.
Too much has been written on the vexed question
of the responsibility for the delay in working from
Adams’ results, but it is generally conceded that he
himself was at least as much to blame as anybody.
It was soon found on constructing an Ephemeris
that, except Lalande, no one was likely to have
observed the planet before, and a diligent search
resulted in the discovery of two observations in
1795, which were of great value in computing the
orbit of the new planet, which, although at first
called Le Verrier, soon became generally known
as Neptune. Into the further discussion as to
whether the planet discovered was really the planet
indicated by the theory of Le Verrier, inasmuch as
its elements differed considerably from the predicted
ones, we need not enter. It is sufficient that the
discovery was predicted and the inverse problem
in perturbations proved approximately soluble. All
honour therefore to the genius of the two men who
attacked and solved it. Neptune’s mean distance
was a severe blow to the empirical law of Bode
above referred to, being far too small to satisfy it.
Uranus had fitted very badly, Neptune refused to
fit at all.
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Meanwhile an Englishman, William Lassell, had
made for himself a reflecting telescope, ingeniously
arranged with an equatorial mounting and of such
good definition that he discovered that Neptune had
a satellite, observations of which enabled the planet’s
mass to be calculated. He turned his attention to
Saturn, whose known satellites already numbered
seven, one discovered by Huyghens, four by Cassini,
and two by William Herschel, and in 1848 found
an eighth satellite, also discovered at the same time
in America by W. C. Bond of Harvard, who two
years later discovered what is known as the
“Crape” ring, a dusky ring within the inner por-
tion of Saturn’s bright ring.

It was not until 1851 that Lassell certainly de-
tected the two inner moons of Uranus, and it is
probable that these were not seen by Herschel and
that his four doubtful ones have no real existence.
The mention of Lassell's equatorials with which he
did such good work, both near Liverpool and in
Malta, brings us to other instrumental improve-
ments of the period.

England had long held a high place for accu-
rate instruments. Abraham Sharp, who divided
Flamsteed’s great quadrant, Graham, with whose
instruments Bradley made most of his obser-
vations, and Bird had brought the art of gradu-
ating quadrants to a high degree of accuracy.
In 1809 Edward, one of the brothers Troughton,
devised a plan for graduating complete circles, and
three years later the first mural circle was set up
at Greenwich. A reversible circle was already



EARLY 19TH CENTURY—NEPTUNE 79

known, for Piazzi had one at Palermo in the form
of an altazimuth, and there was a small one at
Greenwich. With these the zenith distance of a
star on the meridian was found by quickly reversing
the instrument about the vertical axis and taking
two observations as near the meridian as possible,
determining the error of the vertical axis by a
plumb-line. The new mural circle, not being rever-
sible, could not be used in the same way, but with
it polar distances could be measured, the polar
setting being found from observations of stars above
and below pole. Pond, the Astronomer Royal at
the time in succession to Maskelyne, introduced
about 1821 the method of taking observations of
the same star at the same meridian passage in two
parts, one direct and the other by reflection at a
trough of mercury, which enabled the zenith distance
to be determined. The next step was to combine
the two meridian instruments, the transit and the
mural circle, so as to enable the same object to be
observed in both right ascension and polar distance
or zenith distance by the same observer at the same
time. Smaller instruments of this kind were gradu-
ally being introduced, and in 1850 the Greenwich
Transit Circle was set up, which is still in constant
use. Meanwhile, clock-work motion for equatorials
was also introduced, which enabled a celestial object
to be followed easily, the motion of the clock counter-
acting the effect of the earth’s rotation and keeping
the telescope pointed in the same direction in space.
Improvements in the optical portion of telescopes
were also ‘keeping pace, the apertures increasing to
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nine, then eleven and twelve inches, this advance
having been rendered possible by the invention by
Dollond in 1758 of the achromatic lens, the principle
of which was by the combination of two lenses of
different kinds of glass and of different dispersive
power, to counteract approximately the effect of the
spreading of colour fringes, due to the fact that
the focus of a single lens is not the same for all
colours, the dispersion of the convex lens being
nearly neutralised by the opposite effect produced
by a concave lens, of such different glass, however,
that the combined effect was still that of a convex
lens, in order not to lose the magnifying power.
The great advance thus rendered possible was very
largely made by Fraunhofer of Munich, whose first
great success, a fine objective of 9} inches in
diameter and 14 feet focal length was long known
as the great Dorpat refractor. He also constructed
for Konigsberg Observatory the first effective
heliometer. The principal feature of this cele-
brated instrument is a divided object glass, the two
halves of which can give separate images, the
amount of the motion given to the moving portion
being strictly measurable by the screw which moves

it; so that the diameter of a celestial disc or the

angular distance between two celestial objects can
be found by separating the images until one pair of
opposite parts coincides. Oneof the greatestadvances
in exactastronomy, however, was the gradual adoption
of the principle of determining and correcting residual
instrumental errors, instead of trying to reduce them
to zero by continual adjustment of the instrument.
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But while the new astronomical periodicals above
referred to were doing yeoman service, especially in
the matter of the speedy dissemination of news of
discoveries, they were by no means the only signs
of growing activity. In 1814 Bessel commenced
the regular publication of the Konigsberg observa-
tions, and Struve those of Dorpat, followed in 1820
by the first volume of Vienna observations. The
same period saw Piazzi's great catalogue of stars,
and the beginning of Argelander's work at Abo,
The United Kingdom also was not content with
steadily increasing the staff and efficiency of Green-
wich Observatory. The Dublin Observatory under
Brinkley became active, though not attempting
systematic publication. In 1823-24 the Cambridge
Observatory was erected, and regular publication
commenced with the advent of Airy in 1828, though
he is far better known by his long tenure of the post
of Astronomer Royal, in which he succeeded Pond
in 1835. Soon afterwards regular publication was
commenced under Dr Robinson at Armagh. In
order to supplement the fundamental work of Green-
wich by a southern observatory, the British Govern-
ment founded one at the Cape of Good Hope, which
was completed and equipped in 1829. Paramatta
Observatory in New South Wales was founded and
equipped by the Governor, Sir Thomas Brisbane,
in 1822. On the continent of Europe also observa-
tions were already growing numerous; and soon
afterwards the impetus given by some early successes
at Cincinnati, Harvard College, and elsewhere in the

United States, inaugurated a period of activity
F
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there which has been ever since increasingly main-
tained, except during the period of the Civil War.

In 1820, moreover, was founded the Royal
Astronomical Society (first known as the Astrono-
mical Society of London), whose Monthly Notices
and Memoirs are still a leading feature in astro-
nomical publications.




CHAPTER XI
HERSCHEL—BESSEL—STRUVE

T was in 1818 that Bessel's great work already
referred to appeared, containing Bradley’s stellar
observations uniformly reduced to the epoch 17 55.
Five years previously he had published the table of
refractions from Bradley’s observations, which he
now improved with a revised theory; and in 1821
and 1822 published, in the Konigsberg Observa-
tions, a number of his own observations of stars near
the horizon to correct the tables still further. These
latest results succeeded in getting rid of a curious
anomaly, by which nearly every astronomer who
determined the obliquity of the ecliptic from the
summer solstice obtained a greater value than from
the winter solstice. Though various suggestions
had been made to account for this, it was generally
felt to be due in some way to refraction, and Bessel’s
new tables seemed to be conclusive on the point
inasmuch as with them the anomaly disappeared.?
Other important catalogues remaining to be
noted in addition to that of Piazzi in the early part
of the century, are one of circumpolar stars, epoch

! There is still a little uncertainty attaching to determinations of constants
depending on solar observations, a very recent suggestion being that the use
of coloured shades in observing the sun causes a small systematic difference in
the result.
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1810, by Stephen Groombridge, who observed at
Blackheath, Bessel’s observations, divided into two
zones, of declination - 15° to +15°, and +15° to
+45°, known as Bessel's First and Second Cata-
logues, epoch 1825, and Argelander’s northern zones,
declination +45° to + 80°, epoch 1842.

Stellar parallax was still being diligently sought,
Piazzi, Brinkley, and others claiming success which
Bessel at Konigsberg and Pond from the Greenwich
observations were unable to confirm. We have
seen how the search for this evidence of the truth
of the Copernican theory had resulted in the great
discoveries of Bradley; besides having probably
contributed to the first determination of stellar
proper motion by Halley. It must also be noted
that Herschel by investigations in a different direc-
tion with the same object in view, was led to the
opening of a new branch of astronomical research.
It was not at that time considered possible that stars
should have any physical connection. The apparent
closeness of the components of such a star as Castor
was held to be accidental, and it was assumed as
almost an axiom that the fainter of two stars was
necessarily the more remote, the underlying assump-
tion that all stars are really equal, in itself inherently
improbable, not seeming to occur to any one.
Instead of multiplying fundamental observations of
a few stars right through the year, in order to detect
any variation in their relative positions which might
be ascribed to parallax, Herschel chose the much
simpler plan of comparing the relative positions of
pairs of stars, arguing that the brighter star, being
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supposed nearer, would show a parallactic displace-
ment relative to the fainter, and that by using stars
so apparently near together as to be visible in the
same telescopic field, micrometric measures of the
angle and distance would detect such displacement
without the labour of determining the fundamental
places. Some of the pairs examined by him did
indeed show a relative displacement, but so far from
this being an annual effect due to parallax, it became
before long increasingly evident that it was an actual
relative motion of the stars themselves, that by
continued observation and measurement the period
could be determined, and that the motion was such
that the scope of Newton’s laws could be extended
to them, far beyond the limits of the solar system,
inasmuch as in every one of these distant systems
equal areas were described in equal times. Such
was the origin of double star -astronomy, a field
entered with avidity by the celebrated Struve as
soon as he was equipped with the great Dorpat
refractor already mentioned. More than three
thousand pairs of stars were catalogued by him, and
a large number added by his son Otto Struve, so
that the new branch established by Herschel was in
no danger of neglect. Herschel himself was not
content with this development; he thirsted to dis-
cover the origin and development of the systems
- seen in his telescopes, and following, though in-
dependently, the notion already suggested by Kant
and adopted by Laplace and others, turned his atten-
tion to nebulz and clusters to search for evidence
of progressive change. In the object sought he
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was not more successful than before, but the result
of his labours in this field is of immense value, the
catalogues laboriously prepared and published being
of fundamental importance to his followers in this
branch. His first assumption, that nebule were
miniature “milky ways” and their appearance
caused by close grouping of stars, was gradually
abandoned when he found that though some
nebulee were resolvable, others were not, and that
the light was of a different character from starlight,
a result afterwards confirmed by the spectroscope.
His division of the nebule into classes was part
of his scheme of evolution, from diffused nebulosity,
through greater and greater apparent condensation
down to planetary nebule assumed to be already
solidifying in the centre; and this theory has not
yet been superseded, though the successive steps
are too slow apparently for us to expect direct
evidence of its truth. ‘

One other branch of sidereal astronomy, that of
variable stars, was still in its infancy. With the
exception of the celebrated “ new stars” to which in
all probability we owe the catalogues of Hipparchus
and Tycho Brahe, no variations in the heavens had
been recorded other than those of the members of
the solar system, with which we may now rank
comets, since 1759 saw the verification of Halley’s
prediction of the return of the comet of 1682.
Fabricius in 1596 noticed a star which three months
later was invisible. It was however catalogued in
1603 by Bayer as o Ceti, and soon discovered to be
periodically fluctuating. Hevelius called it “ Mira,”
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the wonderful, and in 1667 Bouillaud determined
<its period of variability at 334 days. Before this
another variable had been discovered in Cygnus,
and soon afterwards, in 1669, the celebrated Algol.
joined the group, destined, however, to give the
name to a new class of variables, inasmuch as the
loss of light is held to be due to the interposition of
a dark body revolving about the bright star. By
the end of the 18th century a few more were known,
but it needed the impetus given by Herschels
wonderful success in pointing the way to fresh fields
open to amateur observers to establish this branch
also.

It was well-nigh inevitable that Herschel’s sys-
tematic survey of the heavens should put him on
the track of variable stars, in addition to the other
directions in which his genius and application bore
fruit. One star noted by him, §5 Herculis, has
~apparently disappeared completely, but one im-
portant variable, « Herculis, is a discovery of
Herschel’s and is also of great interest in itself,
inasmuch as it held an intermediate place between
two different classes of variables into which the few
then known were obviously divided, short-period
variables which went through their cycle of variation
in a week or less, and long period variables whose
cycles ranged between 300 and 500 days approxi-
mately. On Herschel's conjecture that variability
might be caused by rotation, one part of the surface
of a star being of different brightness to another, it
seemed inexplicable that the periods should be so
very unequally distributed ; hence the discovery of
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a Herculis with an apparent period of about sixty
days was exceedingly welcome, as tending to bridge
the gap. It appears now, however, that this period
is illusory and that the variation is irregular. In
addition to the survey of the stars, Herschel also
scrutinised the surfaces of the moon and planets,
noting some peculiarities in the former, which he
described as lunar volcanoes, and taking special
care with respect to Saturn among the latter ; it is
to him we owe the first announcement that Saturn
is not spherical, and that its outer satellite, Iapetus,
like our own moon, turns always the same face
towards its primary. He was probably also the
first astronomer who considered his eye as part of
the observing instrument, and was careful to adjust
the position of his head in order to view such an
object as a band on a planet in the same direction
relative to the position of the retina; and there is
ample evidence that these precautions are of great
importance, personal equation in various forms being
one of the most elusive and widespread varieties of
systematic error.

Herschel, however, was not the only genius at
work in the early days of the century. We have
alluded more than once to Bessel in connection with
the reduction of Bradley’s observations undertaken
at Konigsberg. His training was, as seems to be
almost the rule rather than the exception, strictly
unscientific ; he was, in fact, employed in a mercan-
tile house, but wishing to qualify for the post of
supercargo on one of the trading expeditions to the
East, he was led from foreign languages to
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geography and thence to navigation and nautical
astronomy, and finding delight in the new pursuit,
he set to work eagerly to study mathematical
astronomy, and at the age of twenty deduced from
the observations of Harriot of the apparition ‘of
Halley’s comet in 1607 an orbit of that body which
he submitted to Olbers, the discoverer of Pallas and
Vesta, who was also noted for cometary research,
Olbers at once sent the paper for publication in Zach’s
Correspondenz, and made known the coming astrono-
mer whom two years later he persuaded to give up
his business career in order to succeed Harding,"
the discoverer of Juno, who had Jjust been promoted
to Gottingen from his post of chief assistant to
Schréter at Lilienthal. Four years later Bessel was
chosen to superintend the new observatory at
Koénigsberg, then only being erected by the Prussian
government, where he worked from 1813 to 184s.
By his reduction of Bradley’s observations he prac-
tically put back the date of his improvements to
1755, and enabled the proper motions of many of
the stars to be determined. His improvements,
consisting of the accurate determination of the cor-
rections for refraction, aberration, precession, and
nutation, were embodied in his “ Tabule Regio-
montanze " (Konigsberg Tables). His catalogues
already referred to were intended to supply a third
fiducial epoch for comparison with those of Bradley
(1755) and Piazzi (1800), and that of Argelander
was also indirectly due to him, for it was Bessel who
trained and made an astronomer of Argelander,
whose greatest contribution perhaps was the cele-
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brated Bonn Durchmusterung, or survey of the
whole of the northern heavens in zones, made with
a small instrument in order to have a large field of
view available and get over the *ground” quickly.
This work contains approximate places and magni-
tudes of more than 300,000 stars, and is accom-
panied by a set of maps containing the positions of
all of these stars, both for the epoch 1855. Another
notable achievement of Bessel's was the first real
determination of stellar parallax. In his work
already referred to he had deduced proper motions
for several stars common to Bradley’s and Piazzi’s
catalogues, and having come to the very reasonable
conclusion that the stars which showed most proper
motion, whether due to their own motion or to that
of the solar system, were in all probability the
nearest of the stars, he determined to search for
parallax in the star that had the greatest known
proper motion. This was a double star, 61 Cygni,
noted by Piazzi as having a proper motion of more
than 5 seconds of arc, which Bessel himself con-
firmed twenty years later. In 1837 he found time
to devote the Konigsberg heliometer (already
mentioned) to the problem, and soon deduced a
parallax of one-third of a second of arc. The value
found was too small, but it was the first direct
success in the field so long ploughed, and so fruitful
in indirect and unexpected results. Struve at the
same time was working at the same problem in
connection with Vega (« Lyrz), with the Dorpat
telescope, but his result, which was published after
Bessel’s, was three times too great. Before even
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Bessel's result was published another star, beyond

his reach, « Centauri in the southern sky, had been

proved to possess a still larger parallax. Hender-
son, for a short time director of the Cape Observa-
tory before being appointed Astronomer Royal for
Scotland, brought back with him a series of obser-
vations of this star ; and learning that it had a large
proper motion, examined the observations for a
possible parallax, deducing one of a second of arc.
He waited so long for confirmation that Bessel’s
result was published two months before his com-
munication to the Royal Astronomical Society—in
January 1839. The distances of the stars thus
determined are so immense that for convenience
they are not measured in miles or even in millions
of miles, but in “light-years,” a light-year being the
distance travelled zz a year by light, which flashes
at a speed of more than 186,000 miles 7z & second.
Measured by this immense unit the distance of
« Centauri is more than g4, that is, if its light were
suddenly extinguished we should not know it for
more than four years. Yet many of the brightest
stars have as yet shown no parallax, and are
probably at least a hundred times as far away as
« Centauri, while some groups have been estimated
to lie at a distance of some 3000 light-years.
Another great achievement of Bessel's was the dis-
covery of the orbital motion of the two Dog-stars,
Sirius and Procyon, which, in 1844, after a very
refined series of measures, he pronounced to be
revolving about dark or relatively dark companions.
His death in 1846 forestalled the confirmation
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of his announcements, to which we shall refer
later. ‘

His great contemporary, F. G. W. Struve, al-
ready mentioned as an ardent double-star observer,
worked first at Dorpat from 1813 to 1837, and
afterwards at the new observatory at Pulkowa,
established on a lavish scale by the Czar Nicholas,
who desired to eclipse every similar institution then
existing, and procured what was long regarded as
the finest instrument in the world, the great 15-inch
refractor from the workshops of Fraunhofer’s suc-
cessors (Merz and Mahler). We cannot too highly
value his labours in the then novel field of double-
star observation. Unlike Herschel, who, as we
have seen, was hunting for parallax and observed
“wide ” pairs, Struve confined his attention to stars
separated by not more than 32 seconds of arc. He
concluded that an appreciable percentage of stars,
more especially brighter ones, are provided with
companions, and that physically connected groups
of three, four, or more stars undoubtedly exist.
After nineteen years of activity at Pulkowa, from
the completion of the observatory in 1339, his
health gave way entirely, and though he lived until
1864, his son Otto was practically director from
1858.

Herschel’'s work required completion for the
southern sky, and even in the northern part the
extensive field in which he laboured did not seem
to attract a successor among the leading astro-
nomers of the time. This honour was reserved for
his son John, who quitted legal studies to take up



AVOLVAMUSHO YAON10d




HERSCHEL—BESSEL—STRUVE 93

double-star astronomy in conjunction with South,
About the time of his father’s death the two were
engaged on a series of measures of some hundreds
of binaries, which in many cases afforded striking
proof of the correctness of the inference of orbital
motion. In 1827 Savary, of Paris, demonstrated
the applicability of Newton’s law to # Urse Majoris,
and since then great improvements have been made
in the method of investigation of double-star orbits
with marked success. Between 1825 and 1833
John Herschel systematically surveyed the northern
heavens, verifying his father’s discoveries of nebula
and clusters, and adding hundreds more, besides
some 3000 double stars. Then, fired with ambition
to complete the survey, he transported his family
and his reflector to the Cape, where, at Feldhausen,
near Table Mountain, he completed his task in four
years, the full results being published in 1847.

. More than 2000 double stars, and nearly as many

nebule were among the fruits of this undertaking,
and much time was also spent in observations of
the relative distribution of stars, in continuation of
similar work of his father’s, to which we shall recur
later. He was able also to observe an outburst of
the wonderful variable star » Argts, involved in
the Argo nebula. Halley had seen it of fourth
magnitude in 1677 ; Lacaille and others, nearly a
century later, of second magnitude. In December
1837, however, John Herschel saw it suddenly
three times as bright as before, and a fortnight
later it was nearly the third brightest in the sky.
It then faded, but was brighter than ever, and




o4 A HISTORY OF ASTRONOMY

second only to Sirius in 1843, its changes and
fuctuations being very unsteady and unlike those of
ordinary variable stars. It has long been invisible
to the naked eye, having faded more or less
regularly until 1887, since when a partial recovery
has left it a dull red seventh magnitude star. Its
period, if indeed it has one, is quite unknown, and
its behaviour is still a most perplexing problem,
differing on the one hand from “new stars,” which
suddenly flash out and slowly fade, and on the
other from the regularly’ fluctuating variables.
Another branch of work pursued by him was
Stellar Photometry. It had before been usual to
make all observations of the brightness of stars
differential, z.e. a star B was said to be fainter than
A and brighter than C, and many sets of groups
had to be compared in order to arrive at definite

values. Herschel, however, compared each star:

separately with a standard, which was in his case an
artificial star formed by moonlight totally reflected
from the base of a prism. The distance at which
the artificial star appeared equal to any natural star
gave a measure of the brightness of the natural
star. Nearly 200 stars in the northern and
southern sky were thus gauged, and their “magni-
tudes” set down in terms of that of « Centauri
He also determined the light of the moon in terms
of his standard star, and as measures of the com-
parative brightness of the sun and moon had
already been made, it became possible to compute
the real brightness of some of the stars.

John Herschel was knighted before his voyage,
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and made a baronet on his return, but the rest of
his life was mostly devoted to the work of cata-
loguing the vast mass of observations already
obtained, and even this as regards the double stars
he did not live to finish, though he reached his
eightieth year, dying in 1871.




CHAPTER XII
COMETS

AND now a digression is once more necessary,

for some other branches of astronomy remain
to be reviewed before we pass on to more modern
times than the first half of the nineteenth century.
We have seen how Halley was led to presume the
identity of the comet of 1682 with that observed by
Kepler in 1607 and Apian in 1531, and to predict
its return in 1758-9, thereby bringing comets into
their fit place as eccentric members of the solar
system, stripping them of the long - sustained
character of portents, and affording new evidence
of the triumph of law. After this success, the
possibility of an elliptic orbit in which a comet
might return was kept in view, and any failure of
parabolic elements to fit observations was regarded
hopefully as a sign of periodicity. The first comet
of really short period, however, was not detected
until long afterwards. Olbers, whose name has
already occurred as scientific sponsor to Bessel, was
a physician at Bremen, and devoted most of his
scanty leisure to cometary astronomy. An important

simplification, known as Olbers’ method, by which

an approximate orbit could be obtained, was a happy
thought that occurred to him during his student
96
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days, and not only became, on publication, the usual
method employed for such approximations, but
also had the effect of directing his energies in the
particular direction indicated. For many years he
was the sympathetic adviser of contemporary
workers, and his chief contributions to the list of
discoveries include a periodic comet discovered in
1815, which returned in 1887 ; two minor planets,
Pallas and Vesta ; and, greatest of all, Bessel, whom
Olbers himself considered as his crowning glory.
Other workers in the field were many. We have
seen how Caroline Herschel discovered no fewer
than eight comets, being set to sweep the sky in
horizontal bands for this purpose, in the intervals of
her arduous labours as assistant to her brother.
Far more prolific was Pons of Marseilles, whose
discoveries, some thirty odd in number, include an
inconspicuous object seen in 1818, the observations
of which were taken in hand by Encke, with the
unexpected but gratifying result that its period
came out at 3} years, which is still the shortest
period known for a comet, and its identity was
established with comets observed in 1786, in 1795
(by Caroline Herschel), and in 1805 (by Pons him-
self). Encke predicted its next perihelion return
for 1822 May 24, and it was discovered, close to
the predicted place, at Paramatta, being invisible in
the northern hemisphere. The value of such a
comet to astronomy is great, for it enables further
light to be shed on the other members of the
system. Encke’s comet, as it was called, at peri-

helion is within the orbit of Mercury, and the
G ;
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perturbation due to that planet enabled its mass
to be for the first time computed, the absence of
a satellite having previously discouraged any such
attempt. The other end of its orbital oval is near
that of Jupiter, so that it belongs to what is now
known as the Jupiter family of “planetary” comets.
Others have been found belonging to Saturn, and
the masses of these great planets, especially Jupiter,
are corrected by observations similar to that re-
ferred to in the case of Mercury. This comet also
confirmed a fact, stated by Hevelius, that comets
contract on approaching the sun, the contraction
at the 1838 return being in the ratio of 800,000
to 1, rendering any doubt as to the actuality of
the phenomenon impossible. The physical cause
is, however, even now an unsolved problem. Yet
another problem was raised by the behaviour of
this celebrated comet, for after making due allow-
ance for all planetary perturbations the fact re-
mained that its returns took place too soon. Olbers
and Encke assumed the cause to be a resisting
medium of extreme rarity, whose effect would be
slightly to diminish the centrifugal force, and so
to lessen the distance from the sun, thus of course
increasing the velocity, just as shortening the pend-
ulum accelerates the rate of a clock. The existence
of such a medium would involve in course of time
the successive destruction of the planets and comets
by gradually drawing them in to the sun, but no
other member of the system has been proved to
show a similar effect. Encke indeed only assumed
the medium to exist close to the sun, or rather to

N
A



COMETS 99

increase rapidly in density towards the sun, so as
to have no effect so far away as Mercury. Encke’s
comet, though fluctuating in brightness, does not yet
show any great change, but its acceleration is no
longer so great. The next periodic comet to be
identified was discovered in 1826 by Biela and
identified with comets seen in 1772 and 1805, with
a period of between six and seven years. It was
remarkable in other ways, first for the scare caused
by Olbers’ announcement that it would pass through
the earth’s orbit on 1832 October 29. It only
reached that point, however, a month after the earth
had passed it, so that the danger was not only very
slight (as evidenced by the observation of Sir John
Herschel of very faint stars through the substance
of the comet without loss of light), but also remote,
as the nearest approach to the earth was more than
50,000,000 miles away. Its next remarkable feature
was noted at the return of 1845-6, when it divided
into two portions which pursued their way inde-
pendently. It was just seen, the two components
much further apart, at the next return in 1852, but
never afterwards, at least not in the form of a
comet.

There seems no doubt that all periodic comets
have become so in consequence of their * capture ”

by planets, whose influence would tend to draw

into the system a comet coming within reach and
travelling in the same direction round the sun as the
planets, and expelling those whose motion was in
the opposite direction. All known periodic comets
do, in fact, follow the direction of the planets, that
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of Halley being associated with Neptune, and others
with Uranus, Saturn, or, most of all, with Jupiter.
Halley’s comet appeared again in 1835, and
having been predicted was discovered early and
followed for more than nine months. Of all the
« planetary” comets this is the only one that comes
near being called a “great” comet; in fact it may
fairly be reckoned as a sort of connecting link
between the probably dying comets of short period
and the great comets met with at long intervals in
history, whose orbits are of vast. extent and their
substance brighter or of higher reflecting power, so
that they are easily visible without a telescope and
develop enormous tails. Halley’s comet, as we
have seen, was observed generally in 1835, 1758
and 1682, by Kepler and Harriot in 1607, and by
Peter Apian, a diligent cometary observer, in 1531.
There is no doubt that it was observed in 1456,
in 1378, probably in 1301, and 1223, and almost
certainly in 1145. Bright comets, strongly pre-
sumed to have been different returns of the same
object, have been traced, principally from Chinese
annals, as far back as B.c. 11. A little latitude in
the interpretation of the Chinese observations, and a
slight change in the elements from time to time,
are all that is requisite to provide a complete set
of twenty-five appearances of this comet, most of
which were observed before the invention of the
telescope. The next return is expected in 1910
If, as some allege, the comets of 1264 and 1556,
and possibly also of 975, were identical, another
return should have taken place within a few years
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of 1848, but neither of the great comets of the
nineteenth century was certainly identified with
that of 1556, though there were great comets in
1843 and 1858. Most of the great historic comets,
however, have been considered as unique appear-

ances. Some have been visible close to the sun, -

some have had tails more than 9o° in length, so
that they appeared to stretch more than half-way
across the sky. A few special ones must be noted
besides those referred to, as probably observed at
more than one perihelion passage. In B.c. 1 34, at
the birth of Mithridates the Great, a comet, said
to rival the brightness of the sun, was visible for
ten weeks, its tail covering a fourth part of the
sky and occupying four hours in rising. In A.D.
582 appeared a comet with a dark surrounding en-
velope, its appearance being likened to the smoke
of a distant conflagration. In 615 is the first
mention (from Chinese annals) of a comet that
“wagged its tail.” A very bright comet ap-
peared in the spring of 1402, and another some
weeks later, both of them said to have been
visible in the day-time. Another, also visible in
day-light, was observed in 1472 by Regiomontanus,
from whose observations Halley computed an orbit,
showing that it passed not much more than
3,000,000 miles from the earth. Another celebrated
comet in 1618 had a tail more than 100° in extent,
according to one observer; moreover, the tail
wagged, or in the words of the observer, it was
attended ““cum vibratione enorm:r.” The great comet
of 1680, with a tail like a scimitar, was observed by

Mt e il ks

e i



102 A HISTORY OF ASTRONOMY

Newton and Halley, and computed to have passed so
close to the sun as almost to have grazed the surface.
Halley tried to identify this with those of 1106, 531,
and B.C. 43, since a period of 575 years would ap-
proximately fit them, but the observations themselves
give possible periods varying from 805 years upwards,
and Encke considered the probable period 8800 years,
while the observations of Newton and Flamsteed
give 3164 years, and the orbit may even have been
hyperbolic, so that practically it is quite unknown.

Coming to the later years of the period under
consideration we find two famous comets of the first
half of the nineteenth century. The first was the great
comet of 1811, which besides being very bright, was
for a long time circumpolar, so that it was visible for
many months. Argelander computed its period to
be greater than 3ooo years, so that its greatest
distance from the sun worked out to more than
40,000,000,000 miles. Brighter still was the second
great comet of the century, seen in 1843 at several
southern stations in day-light. It had a long
“wagging” tail, and in England, before news of
its discovery arrived, people were puzzled by the
appearance of some thirty odd degrees of tail after
sunset, the head, which would at once have explained
the phenomenon, having already set. This comet
has been computed to pass within 100,000 miles of
the surface of the sun, so that its perihelion distance
is the smallest known, not even excepting that of
the comet of 1680. The most important result of
the appearance of this comet was the foundation of
Harvard College Observatory.



CHAPTER XIII

THE SUN—ECLIPSES—PARALLAX

IT is time for us to leave the fascinating study

of comets and consider the progress of solar
astronomy. The sun is a body so vast that if it
were in the position of the earth it would include
the moon, although the latter is nearly a quarter of
a million miles from the earth. The historic pro-
blem of the sun’s distance reduces to that of finding
a base line wherewith to compare it. Aristarchus
chose the moon’s distance, but failed because it was
impossible for him to determine when the moon was
exactly half full Hipparchus attempted to work
from the diameter of the earth’s shadow as shown
by the progress of a lunar eclipse. His result was
no better than that of Aristarchus, both being
twenty times too small, and no further progress
whatever was made towards the solution until after

the enunciation of Kepler’s laws, showing the con-.

nection between the mean distances of the several
planets. It was then seen that if the distance of
Mars, for instance, could be determined, that of the
sun would follow. From Tycho Brahe’s observa-
tions Kepler found that the sun’s distance could not
be less than about three times the distance given by

Ptolemy. Improvement came with the invention of
103
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the telescope, and Cassini’s proposal, carried out by
the Paris Academy of Sciences, was to compare the
positions of Mars, as seen against the practically fixed
background of stars, from distant stations in France
and in Cayenne. What was strictly sought was not
directly the actual distance of Mars, but the angle
subtended at the distance of Mars by the earth’s
radius, from which the distance of Mars could be
computed. This angle, however, was too small
for exact measurement with the instruments then
employed. But that very fact allowed Cassini to
deduce that it could not have been greater than 25
seconds of arc, so that the corresponding angle (or
parallax) of the sun could not exceed 10 seconds
of arc, corresponding to a distance of more than
80,000,000 miles, a vast improvement on the
previous best result. We have already referred to
the attempt of Lacaille at the Cape, in conjunction
with Lalande and others in Europe. The result,
however, though definite and not conjectural, was
practically the same.

But the transit of Venus affords another plan,
and as one of these was to occur in 1761 and
another in 1769, Halley proposed a method to be
employed, depending on the fact that the duration
of the transit of Venus across the solar disc would
differ at different stations. If, then, the duration
could be well observed at stations differing greatly
in latitude, data would be provided for the solution
of the problem. It would, however, be essential
that both the beginning and end of the transit
should be seen at each station, and since the transits
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take place either in June or in December, and may
last eight hours, the weather conditions would be
probably bad in the far south in the first case, or in
the far north in the other, so that the choice of ideal
stations would be restricted. Delisle’s method, to
obviate this, was to observe the exact time of one
contact at stations differing widely in longitude, so
that, instead of two chords of the sun of different
length, whose distance from each other is measured
by the difference of latitude on the earth, we have a
direct comparison between an arc of longitude on
the earth and the arc described by Venus in a
known interval of time. This method necessitates
extreme accuracy in the time determination, and in
that of longitude, so that the weather conditions
come in again with great effect. The results in
1761 and 1769 were a great advance on the previous
ones ; but though the latter in particular was well
observed—a Government expedition under Captain
Cook being sent specially at the request of the
Royal Society, and many widely separated stations
occupied by continental astronomers —the chief
result was to demonstrate the great difficulty of the

observation, which arises from the fact that owing’

to irradiation, the dark body of Venus, seen on the
sun’s disc, appears too small, so that it is nearly
impossible to fix the time of contact. The peculiar
difficulty involved is due to the gradual character of
the effect, which only apparently reduces the part
actually on the disc, so that the following limb of
Venus appears distorted up to a certain, or rather
uncertain point, when suddenly the round disc

Y e
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is seen at some distance from the limb of the
sun.

As the next transit of Venus was only due in
1874, the requisite improvement in the accuracy of
the determination had to be sought elsewhere, and
the great advances in the precision of instruments
enabled the sun’s approximate distance to be de-
duced from its effect on the moon’s motion. Laplace
thus obtained a value practically equal to that which
Encke found from a careful reconsideration of the
transit of Venus observations taken in 1761 and
1769. The method is called that of the Parallactic
Inequality of the Moon, and with improved observa-
tions and tables Hansen deduced a result in 1854
distinctly better than any previously obtained.
Le Verrier obtained very nearly the same result by
considering the apparent inequality of the sun’s
motion, due to the real inequality in that of the
earth corresponding to that of the moon, inasmuch
as both earth and moon really revolve about their
common centre of gravity, though it is convenient
to refer the whole of the motion to the moon.
Another new method depended on the accurate
"determination of the velocity of light by actual
experiment, from which the length of a chord of the
earth’s orbit could be deduced, by considering the
retardation of the eclipses of Jupiter's satellites
which, as we have seen, had been discovered by
Roemer.

But before we pass to more modern advances,
we must turn to other branches of solar research.
Newton, and before him Grimaldi, discovered that




THE SUN—ECLIPSES—PARALLAX 107

sun-light was split up into different coloured rays
when passed through a prism of glass, or any
refracting substance. By varying the dispersion,
Newton was unable to find any gaps in the coloured
band, or spectrum ; but in course of time, first
Wollaston and then Fraunhofer discovered that
there were breaks in the continuity, which could not
be if light of every degree of refrangibility, (of every
wave-length), were to be found there. Fraunhofer
pursued the investigation with a telescope, and in
1814 mapped 576 dark lines. Space would fail us
to trace the gradual emergence of the science of
spectroscopy, of vast and increasing interest to the
astronomer, but involving much work in the labora-
tory in which the chemist and the physicist claim
their share. Herschel’s chief contribution was the
discrimination between heat-rays and light-rays, in
which, after other physicists had found that the red
end of the spectrum received more heat than the
brightest portion, he made the further discovery of
invisible heat-rays beyond the red end, among which
ke found a still greater thermal effect. We shall
have occasion to review some of the recent develop-

ments in a later chapter, so now we turn to another

interesting page in astronomical history, connected
with the sun’s surface. We have seen how among
the many discoveries following inevitably from the
invention of the telescope, that of sun-spots was
made by Galileo and others, of whom, according to
many authorities, Fabricius was really the earliest,
though priority is also claimed for Galileo, Scheiner,
and Harriot. The real credit lay with the tele-

e
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scope, so that the question of priority is of no
importance. Considering how often sun-spots are
visible to the naked eye, or rather without telescopic
assistance, it would be difficult to believe that sun-
spots had not been seen before, and as a matter of
fact they had, centuries before, but it had never
occurred to any one that they were sun-spots, and
not simply bodies, such as Mercury for instance,
passing between the earth and the sun. But,
though Scheiner at first thought they might be
planets revolving close to the sun, there was soon
no doubt that not only were the spots solar but that
they moved, showing that the sun was rotating in a.
period of twenty-seven to twenty-eight days. The
results were viewed as heretical, partly because the
venerated Aristotle said nothing about spots in the
sun, and partly because it was considered derogatory
to the sun to be other than perfectly bright. But
even the bigotry that denied the truth of the Coper-
nican system could not remain proof against the
plain evidence of the senses, and soon the study of
sun-spots was a recognised branch of astronomy.
The bright spots were called “facule " by Hevelius,
but observation was generally confined to the dark
spots. Cassini described in great detail the varia-
tions in the appearance of some spots and groups of
spots. The way in which gradations of light were
shown between the spots and the bright part had
been noted long before, and Cassini practically
described the foreshortening effect shown by the
spots and penumbra when near the sun’s limb. It
was, however, Dr Wilson of Glasgow who, in
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1769, studying a large “naked-eye ” spot, noticed
that the penumbra near the limb looked different on
the two sides of the spot, being wider on the side
towards the limb, and almost, if not quite, vanishing
on the side towards the centre of the sun. This
could only mean, he considered, that the penumbra
represented the sloping sides of a hollow in the
place occupied by the spot, as, if the spot were
level with the surface, there would be practically no
relative foreshortening, and if raised the effect
would be the opposite to that observed. Wilson
saw that his hypothesis required to hold at both
limbs, and so having seen the effect as the spot was
going off the limb, he waited until it reappeared on
the other side and found, as he expected, that the
wide part of the penumbra was then on the opposite
side, ze. still towards the limb, while that towards
the centre was out of sight. It is not by any means
certain that the “ Wilsonian theory,” as it is called,
is true; as the same effect might be produced in a
different way, but it represents almost the only
tentative advance in the subject until Herschel’s
time. Herschel worked and wrote much on the
probable nature of the sun. To him it was a giant
planet, the primary of our system, but otherwise very
like any other planet, probably inhabited, inasmuch
as he saw no reason to suppose the fiery heat we
experience from the solar rays to have anything like
a proportionate effect on the solid body he inferred
to exist beneath the shining layer which we gener-
ally see. His scheme was simple and not lacking
in plausibility. The sun like the earth is sur.
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rounded by an atmosphere partly transparent and
partly charged with gaseous clouds : the outer layer
incandescent, the inner opaque, reflecting light and
heat from the outer. An uprush of gaseous matter
from below, through the inner envelope, will just
raise a sort of blister in the outer one (a facula technic-
ally), and if persistent, a sun-spot. Any gap in the
outer envelope only will cause a dusky appearance,
gaps in both occurring at the same place will cause
the sun’s dark body to be seen through, causing the
appearance of a spot with a dusky penumbra, if the
gap in the outer envelope is larger than that in the
inner. Such was briefly what may be considered
the first physical theory of the constitution of the
sun. Herschel appealed to the fact of great cold
experienced on mountain tops and high in the air as
an argument that the sun’s rays alone did not con-
stitute heat, in answer to objectors to his theory of
habitability. His eminent son seized upon another
phenomenon first noted by Galileo: that the out-
breaks of spots were almost entirely confined to two
regions of the sun, zones of 35° on each side of the
solar equator, separated by an equatorial zone of
16° breadth, in which, as well as in the circumpolar
zones, very few have been certainly seen. He
likened the equatorial zone to the zone of calms
between the regions of the trade winds on the earth,
and postulated some cause analogous to the circula-
tion of air from the poles to the equator modified by
rotation, which is the known cause of the terrestrial
phenomena referred to. His suggestion for the
purpose was a transparent atmosphere outside the
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luminous envelope, ‘which by the rotation would be
impelled to assume a form similar to that of the
earth, flattened at the poles and bulging at the
equator, and that this difference of thickness of
atmosphere between poles and equator involved
different rates of radiation, which would correspond
to the difference of temperature on the earth and set
up the circulation required. The analogy is very
pretty, and the parallel between the monsoon and
cyclone of our lower latitudes and the solar disturb-
ances in his corresponding regions is striking, but it
is after all only an ingenious hypothesis. The next
. advance was made by Schwabe of Dessau, who
began noting the number of spots to be seen every
day the sun was visible, apparently without any
definite object, but was soon provided with one, for
the percentages of days on which spots were visible
in successive years, commencing with 1826, were :
93, 99, 100, 99, 82, 48, 56, 93, 100, 100, 100, 100.
From this striking series of numbers, combined with
certain other more or less definite signs of progres-
sive change, which he did not fail to notice, such as
the great rapidity of change half-way between the
maximum and minimum, compared with the slow
rate at those epochs, Schwabe felt confident that
there was a true periodic variation in the phenomena.
He continued his observations for twenty years
longer in order to convince others, and ultimately
succeeded in proving the existence of a period of
about ten years. The completion of the analysis of
his results must be deferred for the present, as he con-
tinued working well into the latter half of the century.
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Before leaving the subject of the sun, however,
we must pay some attention to the steady increase
of knowledge due to the interest taken in solar
eclipses. It must have been noticed many centuries
before authentic records begin that there is some-
thing visible during a total eclipse, even -of the
longest possible duration, which prevents the dark-
ness rivalling that of night, though even in more or
less authentic accounts there is occasionally a doubt
as to whether the description of a particular eclipse
refers to an annular or total one. Since the moon
and the sun, though apparently about equal in size,
both vary their distance from the earth, it is obvious
that the question of any totality of eclipse and of its
duration depends on the relative distances of the
sun and moon when in conjunction. If the moon
is at apogee and the sun at perigee at a conjunction,
the moon will be relatively small and the sun large,
<o that the moon will not entirely eclipse the sun,
but will leave a bright ring or annulus, shining as
clearly as usual, If, however, the moon is at perigee
and the sun at apogee, it is the moon that is rela-
tively large, and the eclipse will be total if the moon
is near enough to the node of her orbit to render an
eclipse possible (since no eclipse can occur unless the
‘moon is in or near the ecliptic). In this case, also,
there is during totality a bright ring visible round
the moon, but of a totally different character, and
called the “corona.” The first mention of this is
made by Philostratus in his * Life of Apollonius,”
the *prodigy,” which was taken to foretell the
death of Domitian, being referred to the year
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A.D. 95. There had been historical eclipses before,
mentioned by Herodotus and others, including the
much-discussed “ Eclipse of Thales” and Eclipse
of Agathocles.” It is by means of these ancient
eclipses that astronomy comes to the aid of history
in helping to elucidate obscure points of chronology.
It is, however, to be remarked that in more than
one instance this aid is only partially successful, and
leaves dates still uncertain, though the limits of un-
certainty are narrowed. One great cause of this is
the difficulty of deciding from the ancient record
whether a given eclipse was or was not total, and
this may very possibly be due to the brightness of
the corona, though this is very inferior to that of the
sun, or else it would be visible without an eclipse.
Naturally enough, for many centuries such pheno-
mena were regarded as prodigies and omens, the
few scientific observations being directed towards
the determination of the moon’s mean motion,
Solar total eclipses, moreover, are rare, and especi-
ally so at any given place, none such having been
visible in London, as Halley remarked, between
1140 and 1715; and it was not until nearly the
latter of these dates, in 1706, that anything like
systematic physical observations of the phenomenon
were recorded. From that date onwards the corona
was regularly observed, with notes as to stars and
planets visible during the obscuration of the sun,
and in 1733 we have the first mention of reddish
spots near the moon’s limb. In 1766 four exten-
sions of the corona were remarked, giving it the

familiar ““ oblong ” shape. But the first occasion on
H




114 A HISTORY OF ASTRONOMY

which the astronomical world devoted its energies
to the express purpose of making the most of the
opportunity afforded was in 1842, though at the
eclipse of 1733 a large number of the country
clergy of Sweden responded to the suggestion of
the Royal Society of that country, and made care-
ful observations, which were collated and arranged
by Celsius for publication in that Society’s trans-
actions.

The ‘““rosy prominences” were again remarked
in 1842, and discussion arose as to whether, they
belonged to the moon or to the sun. On this
occasion, moreover, a distinction was made by some
observers, notably Arago of the Paris Observatory,
between the bright and comparatively narrow “inner
corona ” and the fainter extensions, partly radial and
partly curved, forming the ‘ outer corona”; but
observers in general differed as to the exact form
and extent of what they saw, probably in conse-
quence of the varying atmospheric conditions at
the several stations in France, Italy and Austria;
especially as the sun’s altitude varied from 12° at
Perpignan to more than 40° at Lipesk, where Otto
Struve remarked on the intense brilliancy of the
corona as almost too bright for the unaided eye,
while Arago at Perpignan compared it only to the
light of the moon. ¢ Shadow-bands” were also
observed at this eclipse. A French observer,
happening to look at a white wall at Perpignan
as the last rays of the sun were disappearing,
noticed a rapid undulation of the light on the wall,
like that produced by the reflection of sunlight on




THE SUN—ECLIPSES—PARALLAX 115

the ceiling from the surface of liquid in motion; and
remarked the same phenomenon at the end of the
eclipse. Similar notes were made by others, both
there and elsewhere. The celebrated * Baily's
beads,” however, were not seen on that occasion,
though it was principally with the idea of confirm-
ing his previous observation made at the annular
eclipse of 1836 that Baily went to Italy in 1842.
He had, in 1836, noted that when about go per
cent. of the moon’s circumference had passed in
front of the sun, the remaining arc suddenly took
the appearance of a string of bright beads, irregular
in size and distance, with intervening dark spaces,
apparently glued to the sun’s limb but gradually
stretching away until suddenly the dark lines dis-
appeared, and the moon appeared well inside the
limb of the sun. This part of the phenomenon is
obviously similar to the appearance already referred
to in regard to the transit of Venus, the beads them-
selves being due to the irregularities of the moon’s
limb. Partial confirmation had been obtained in
America at the eclipse of 1838, but practically none
in 1842. In India, however, in 1847 Captain Jacob
once more obtained partial confirmation of Baily’s
" observation. The want of uniformity in the occur-
rence of the phenomenon is the principal stumbling
block in the way of the general acceptance of the
extremely plausible explanation that the cause is
“irradiation,” by which a dark body on a bright
background appears smaller and a bright body on
a dark background larger than it really is. Shadow-

bands are often explained by a different optical



116 A HISTORY OF ASTRONOMY

principle, that of * interference,” by virtue of which
alternate bright and dark bands are produced by
admitting sunlight through a narrow slit, the same
being presumed to take place when the “slit” is
personated by the narrowing portion of the un-
eclipsed sun.

In connection with the sun, reference has al-
ready been made to the transit of Venus,' but
perhaps a little more attention is due to the first
authentic observer of the phenomenon, Verus iz
sole visa, Jeremiah Horrocks or Horrox. Transits
of Mercury had probably been seen before Kepler's
time, but his Rudolphine tables gave the first known
prediction of transits of Mercury and Venus, both
of which, he announced, would cross the sun’s disc
in 1631—Mercury on November 7 and Venus on
December 6. Gassendi at Paris observed the tran-
sit of Mercury, but was prevented by clouds from
seeing that of Venus. Owing to an error in Kepler’s
tables, he announced that the next transit of Venus
would not take place until 1761. Horrocks, how-
ever, discovered that the true place of the planet
was between those given by Kepler's and Lans-
berg’s tables, and that, though Kepler's made it pass
below the sun in December 1639, Lansberg’s gave
a transit over the upper part of the disc. He con-
cluded, therefore, too late to inform astronomers
generally, -who were relying on Kepler entirely,
that Venus would actually cross the lower part
of the sun’s disc, and he and his friend Crabtree
had the great satisfaction of verifying this, and

1 See p. 104.
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Horrocks himself actually made observations during
the transit. He was a young man of very great
promise, whose very early death was a grievous loss
to science. Dying in his twenty-first year, much of
his writings being lost or destroyed in the Civil
War, during which Crabtree also perished, there yet
remains enough to secure him a high place among
the successors of Hipparchus. His lunar theory
supplies the explanation of the evection by a
libratory motion of the apsides, and a variable
eccentricity, and was probably of great value to
Newton ; the notion of a disturbing force of the
sun, and what is often called Hooke’s experiment, to
show how apsides move, are due to Horrocks, who
also realised the failure of a swinging body to repre-
sent the real facts, inasmuch as it moves about the
centre instead of the focus of the elliptical path. He
- also worked during the last year of his life on the
great inequality of Jupiter and Saturn, and projected
investigations on comets and tides, and in the short
time at his disposal, and with his very inadequate
means, he made wonderful progress. In the early
days of the Royal Society, when his papers were
discovered and published, many must have echoed
the cry of Dr Wallis, who edited the fragments,
‘“Had he but lived, what would he not have
done?”



CHAPTER XIV
GENERAL ASTRONOMY AND CELESTIAL MECHANICS

S we come to more modern times, especially
after Herschel’s pioneer work had so greatly
increased the number of astronomers, the bio-
graphical element becomes relatively of less import-
ance, and it is necessary simply to follow in turn the
development of the main branches of the subject,
referring only incidentally to those whose labours
are responsible for the development. Even so it is
not easy to separate every branch of astronomy,
since, to give only one instance, the subjects of
instruments, of the sun, and of spectroscopy, are
closely interwoven at several points. The difficulty
is not a new one, and every attempt to evade it
must be in the nature of a compromise. Following
the main divisions of the ‘ International Catalogue
of Scientific Literature,” the first group demanding
attention is the general literature, history, and
bibliography of the science, but it will be sufficient
for our present purpose to treat this division with
“considerable brevity.” Text-books abound in
many languages, from Herschel's “Outlines of
Astronomy,” which has been translated even into
Chinese, to modern treatises, of which, whether in

popular form or for the use of students, the number
118
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is very large ; those of Chambers and Flammarion,
for instance, belonging more to the former category,
while leading examples of the latter are due to Pro-
fessors Chauvenet of St. Louis and Young of Prince-
ton. The history of the science has by no means
been neglected ; the great work of Delambre, him-
self an astronomer, still remains a veritable treasure-
house, though for more modern research (the
date of Delambre’s last volume is 1821) Wolfs
“Geschichte der Astronomie” must not be over-
looked by the biographer; and the development of
the science itself may be studied in parts of
Whewell’s “History of the Inductive Sciences,”
or with great wealth of detail in .Professor Grant's
“ History of Physical Astronomy.” Besides these
and many other treatises, the progress of astronomy
has been reported regularly in the Monthly Notices
of the Royal Astronomical Society, and in numerous
other publications, the most important of which are,
perhaps, Airy’s report to the British Association in
1832, those of Professor Loomis in America, and of
the Smithsonian and kindred institutions. We have
already referred to the foundation of some of the
journals or publications devoted to astronomy, and
to the societies whose interest lies entirely with the
science ; and progress in that direction also has been
very rapid since the middle of the last century. The
German Astronomical Society was founded in 1860,
that of France in 1887, the British Astronomical
Association, which has Colonial branches, in 1890 ;
and though, owing to the distances, it has been
found almost impossible to work a society for the
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United States, large sections of it are not unpro-
vided with such advantages; as, for instance, the
Astronomical Society of the Paciﬁc, founded in
1887 ; while over the northern boundary flourishes
the Astronomical Society of Canada. All these and
many others, including local societies such as those
of Liverpool, Leeds and Montpellier, publish
monthly journals or annual reports ; and, in addition,
there is an increasing number of more or less inde-
pendent periodicals. The American “ Astronomical
Journal ” was founded by Gould in 1851, and though
the Civil War, followed by Gould’s absence in the
Argentine, caused a break of a quarter of a century,
it revived in 1888, and is still in the front rank.
The “ Bulletin Astronomique de France,” under the
@gis of the Paris Observatory, appeared first in
1884, six years after the first issue of The
Observatory,” which has always been closely asso-
ciated with Greenwich, and which has practically
superseded the ¢Astronomical Register” (1864-
1886). Another American journal, «“ The Sidereal
Messenger,” founded in 1883, enlarged and renamed
“ Astronomy and Astrophysics ” in 1892, on account
of the great advances being made in spectroscopy,
was succeeded by the *“ Astrophysical Journal” in
1895, the more popular part of it being continued
from 1894 as ¢ Popular Astronomy.” Another form
of publication, the various series of bulletins and
circulars of different observatories, must also be
noted : among older series were Briinnow’s ‘“ Astro-
nomical Notices” from Ann Arbor, and the “ Dun
Echt” and afterwards “ Edinburgh” circulars from
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Lord Crawford’s Observatory ; but the most im-
portant ones at the present day are those of the
great American observatories, such as the Lick
Observatory bulletins, the Yerkes Observatory
bulletins, and the Harvard Observatory circulars.
Some of the publications in the above list are
not altogether confined to astronomy, as in
observatory publications, for instance, space has
often to be found for meteoroldgy; but, on the
other hand, large numbers of scientific journals
find space for a certain amount of astronomy,
either in the form of extracts from astronomical
journals, or occasionally in specially contributed
articles.

One other special set of annuals belongs also to
this section, viz., the various national ephemerides,
of which the most important are the Nautical
‘Almanac, the Connaissance des Temps, the Berliner
Astronomische Jahrbuch, and the Washington
Ephemeris. Formetly many important papers were
included as appendices in some of these almanacs,
notably the Connaissance des Temps; but the in-
creasing facilities for publication elsewhere have
practically put an end to the practice; nothing,
for instance, of this character appearing in any
more recent number of the Connaissance than
1878.

The problems of spherical astronomy are of great
antiquity ; and as in this branch of the science the
exact causes of the celestial motions were not of
vital importance, not so much is left for modern
research, though advances in methods of computing
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are continually being made, principally in the direc-
tion of shortening labour. The theoretical deter-
mination of the latitude and longitude, the essential
problem of nautical astronomy, has always been of
great importance ; and it is almost inconceivable that
any advance of human knowledge will minimise the
necessity for the study of this problem, though with
the increasing reliability of chronometers many of
the older methods of determining longitude have
ceased to have much practical value. It is just
possible that some development of wireless tele-
graphy may enable a ship’s position to be sent by
return ethergram from the nearest land station, but
in no other direction does there seem to be the
slightest hope. The ordinary problems of the con-
version of altitude and azimuth into right ascension
and declination, of the time of rising and setting of
the sun, moon, or any other celestial body, have
long ceased to present any new features. The
corrections to reduce observations to the centre of
the earth, and to allow for the effect of the earth’s
various periodic motions, in fact to reduce to the
centre of the sun, form parts of the same domain;
and so also do the calculation of ephemerides, in-
cluding eclipses, occultations, and what are called
planetary phenomena, such as conjunctions of planets .
with each other, or with the moon or a conspicuous
star, and eclipses, occultations and transits of
Jupiter's satellites. In some of these directions
advances have been made in the way of graphic
or mechanical methods of computation; in others
the improvement'’ lies rather in the more accurate
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discrimination between small quantities that may
safely be ignored, and others which would produce
cumulative errors. A new work on spherical astro-
nomy by Professor Newcomb is typical of this form
of economy of labour, and is a notable contribution
to the subject.

Dynamical astronomy, as we have seen, is a much
more recent product, and may be said to have owed
its birth to Newton, and its vigorous develop-
ment to the great continental mathematicians and
physicists to whom reference has already been made.
It is true that from time to time fresh or apparently
fresh theories are produced, either to sweep away
the remaining uncertainties caused by observed
motions for which the Newtonian theory has hitherto
failed to account, or to modify the law of gravitation
itself in order to compromise with those discord-
ances. The great historic instance is the motion of

‘the perihelion of Mercury, an example of the first
class of theories being the assumption of a resisting
medium, effective only within a comparatively small
distance from the sun; an assumption which was
supposed to be capable of simple test by means of
Encke’s comet, which also has a small perihelion
distance ; an example of the second class being a
totally different assumption, that the law of gravita-
tion is not strictly true, there being a supposed small
additional term depending upon an inverse power
of the distance of a higher order than the square,
so that it would have more effect near the sun.
Neither of these assumptions can be said to have
been justified by observation, ahd the slight dis-
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crepancy which called them forth still remains. But
an investigation into the long and valuable series
of Greenwich lunar observations which has quite
recently been carried out by P. H. Cowell at the
Royal Observatory, has caused it to be regarded as
at all events possible that salvation may lie in a
more accurate adjustment of the known facts, with-
out any gratuitous assumptions whatever.

As to the mode of action of the universal force of
gravitation, a time element has been sought, as it
seems incredible that the action should be instan-
taneous at all distances. Professor Whittaker, the
newly elected Royal Astronomer for Ireland, has
suggested an undulatory theory of gravitation, based
upon a solution in general terms of Laplace’s funda-
mental equations ; but physicists deny the validity
of his explanation.

In the calculation of orbits from a limited number
of observations, progress has been perhaps more
quantitative than qualitative, the increasing number
of “new” planets and comets affording plenty of
scope for the diligent computer; while the
theoretical advance has been to a large extent
directed towards the restricted problem of three
bodies in which the motions of two of the bodies
are nearly commensurable ; for instance the case of
minor planets whose mean motion is twice that of
Jupiter. Much work has been done, especially in
Germany in recent years, on the general theory of
perturbations, and on various subsidiary problems
that arise in the course of such investigations; but
probably the most regular advance has been made in
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the lunar theory. At the beginning of the nineteenth
century the secular acceleration of the moon’s mean
motion had already been investigated by Laplace,
and early in the century his value for it was approxi-
mately confirmed by Damoiseau and Plana, and
again before the middle of the century by Hansen.
But soon afterwards Adams took up the question,
and found an error which had had the effect of
doubling the real value. Hansen, however, in his
lunar tables, published in 1857, ignored Adams’s
result, and used a slightly larger value than before.
Delaunay thereupon attacked the question and con-
firmed Adams’s smaller value, which was ultimately
accepted. The older value, however, seemed to
satisfy the records of ancient eclipses better than the
new one, which, therefore, left something further
to be accounted for. It is possible that Cowell’s
researches into the subject of ancient eclipses may
supply the explanation, as his conclusions suggest
that there is probably an unsuspected acceleration
of the sun, ze. of the earth’s mean motion also, and
that allowing for this the inconsistency disappears.
Airy worked for years on a numerical lunar
theory using the long:series of Greenwich observa-
tions, but was not himself satisfied with the work.
Newcomb published corrections to Hansen’s tables
and contributed also to the theory. G. W. Hili,
another American mathematician, attacked the whole
lunar theory in a different manner, and also con-
tinued the work left unfinished by Delaunay. For
his ‘“epoch-making” researches Hill was awarded
the Astronomical Society’s Gold Medal in 1887,
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similar awards for lunar researches having been made
to Damoiseau, Plana, Hansen, Delaunay and Adams.
The latest award, in 1907, was also in connection
with the same subject to Professor E. W. Brown,
who has for many years been working at Haverford
College on the lines laid down by G. W. Hill,
evaluating coefficients for nearly four hundred
periodic terms (Euler used only thirty), involving
millions of figures, and checking every step by
independent equations of verification, ensuring an
accuracy probably far in advance of that of previous
workers. His work is to be continued at Yale, and
he hopes to complete the coefficients of all the
inequalities amounting to a hundredth of a second
of arc, and to construct new and more accurate
lunar tables. '

Research on similar lines, into which we cannot
enter in detail, has also been continued in planetary
theory, and in more accurately evaluating the more
obscure inequalities due to their mutual action ; and
it is, as before hinted, in this direction that the
ultimate vindication of the Newtonian theory may
be found. \

Very valuable work has also been done, and is
still being attempted, on the theoretical “ figure” of
celestial bodies. Professor Darwin in England and
Poincaré in France have investigated such abstruse
subjects as the effect of tidal friction in determining
the birth and subsequent career of a satellite, and on
the stability of various forms possible for a rotating
mass of fluid such as has been conjectured to have
been the original state of all planets, the weight of
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evidence in favour of the pear-shaped form having
recently had an accession in consequence of earth-
quake investigations, coupled with the great pre-
ponderance of land north of the equator. The
figure of comets has been another fruitful field for
more ‘or less speculative theory, much work being
due to the late Russian Professor Bredikhine, whose
interest in the subject is commemorated by a prize
periodically awarded for cometary investigations
similar to his own. In this connection much has
been made of the theory, generally attributed to
Professor Arrhenius, of the repulsive action of light
on small particles; small, that is to say, even in com-
parison with atoms, such as are supposed to form
the tails of comets; this is also called the pressure
due to radiation, and it has been suggested that
radium or radio-activity is the key to many of the
riddles of the universe. Cosmogony itself has not
been forgotten. Kant’s cosmogony, or practically
Laplace’s nebular hypothesis, is not by any means
alone in the field. Lockyer's meteoritic hypothesis
substitutes for condensation from one nebula into a
central body surrounded by revolving satellites, with
or without their own companions, the alternative of
a gradual building up of the system by successive
collisions and interferences between swarms of
meteors more or less pervading space. The most
recent analysis of tidal action and the forces acting
on swarms of particles have gradually given rise
to a new ‘“hypothesis,” to which the name of
‘ planetesimal ” has been given, one essential differ-
ence being that it does not start with an assumption,

»
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however plausible, as to what might have been the
original condition of things; but reasons from analogy
with a state which is exceedingly common, if not
universal, in the nebule, an aggregation of particles
in the form of a spiral.

In previous hypotheses Saturn’s ring has been
regarded as a stage of development through and
beyond which all the other satellites and planets
in the solar system have already progressed. Pro-
fessor Darwin and others have given a fairly con-
clusive denial to the possibility of a ring condensing
at any point other than the centre. The new cosmo-
gony regards Saturn’s ring as the necessary ultimate
form of a satellite revolving too near its primary to
retain stability under the enormous tidal action, and
hence breaking up into particles scattered round its
original orbit. In this direction and in others,
notably the anomalous cases of the outermost planets
and certain satellites, the weight of evidence has
steadily accumulated in favour of the planetesimal
hypothesis, a large share in the development of
which has been taken by Americans, among whom
the names of Moulton, Stockwell and Chamberlin
are conspicuous in this investigation.

One phase of the subject of the universe and
stellar systems is the ever-recurring question of a
medium, or ether of some kind, pervading the spaces
between the celestial bodies. It has been argued
that if space is limitless, and stellar systems scattered
in every part of it, it might be expected that in
every direction some star would lie, and the aggre-
gate effect of so many infinitesimal points would be

*
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a continuous lighting up of the whole sky. Since
this is demonstrably not the case, it has been
suggested that either space, or, at any rate, inter-
stellar space, is not limitless, or else that the hypo-
thetical “ether” does act as an absorbent at vast
distances, and practically extinguishes the light of
every star fainter than a certain limit. There is not
much to be said on this subject, to which, however,
we may recur later on. Another matter which does
not strictly come in this connection, perhaps, is the
motion of the solar system in space. Since Herschel’s
time many investigators have attacked this problem
in more than one direction, using various material.
It was once regarded as almost an axiom that faint
stars were more distant than bright ones, but a very
little thought shows that this is only another way of
saying that all stars are actually of equal brightness,
which is, in the first place, hopelessly improbable,
and, in the second place, absolutely contrary to
observed fact. The history of the investigation is a
capital instance of the epoch-making results that can
arise from the careful pursuit of a definite object
even upon what may be termed false lines. Her-
schel’s endeavours, on the above erroneous assump-
tion, to determine the actual motion of a bright star,
or of the solar system with respect to the bright star,
or the distance of the star, by a series of measures
of direction and distance of a neighbouring faint
star, revealed in many cases an actual motion of one
star relative to the other, and laid the foundation of
double star astronomy. He did nevertheless find
sufficient evidence of systematic proper motions to
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assign a position to the * solar apex,” or point in the
heavens towards which the solar system appears to
be moving, but later researches have considerably
modified his result. 1t may be stated, with sufficient
accuracy for our purpose, that the solar apex is “not
far” from the direction of the bright star Vega in
the constellation of Lyra, but a few remarks are
necessary as to the uncertainties of the problem.
The so-called proper motion of a star is a very small
quantity, and is made up of the apparent effect of
the real motion of the solar system and of the actual
motion of the star itself. One or both of these in
certain directions will be zero, but in general both
are present; and so, however many stars are taken,
and however great the accuracy of the measures,
there must be a slight want of determinateness in
the result, as the number of unknown quantities is
always one more than the number of equations.
However, since it is exceedingly probable that the
motions of the stars, whether systematic or arbitrary,
will tend to balance each other when a large number
is taken in all parts of the sky, there appears an
obvious way out of the difficulty. We are now face
to face with another, for the number of stars whose
proper motions can be regarded as approximately
known is not large, nor are they evenly distributed.

If, in order to increase the numbers, we include
very small proper motions, then the probable error
of the determinations becomes relatively too large
for any confidence to be placed in the result.
Different investigators have chosen different modes
of compromise with these conditions, and the net

*
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result has been that according as the principle of
selection varies, so will the apparent position of the
solar apex. Bright stars give one value and faint
stars give another; stars of one type, so far as
revealed by the spectroscope, give one result, stars
of another type, a different one. The stars which
have the largest proper motions have usually the
largest parallax on the whole, so that, being relatively
much nearer, the effect of their actual motion is
greater, the only actual gain being in the relatively
less importance of errors of observation. Attempts
have been made, especially by Professor Kapteyn
of Groningen, to determine the result by taking
different regions of the sky each as a whole, but
there is much the same uncertainty about the final
figures; so much so that it has been suggested
with some plausibility that there are at least two
systems in the universe moving in different ways,
and that the problem cannot approach solution until
these can be separated. It is in this direction that
much is hoped from the spectroscopic method, on the
rather arbitrary assumption that stars of one type
are more likely to belong to one system.




CHAPTER XV
OBSERVATORIES AND INSTRUMENTS

THE next division of the subject is that of
observatories and instruments. We have
noted the foundation of the early national observa-
tories, and in later times the impetus given to
private effort by discoveries in the heavens, in
particular those of Herschel in descriptive astronomy.
Astronomy is so obviously a practical application of
mathematics that it is bound to receive recognition
at most universities, where private munificence has
in general been the only source available for
providing the necessary buildings and instruments.
It is to this source that much of the progress in
America may be attributed. - In the States observa-
tories are numbered by hundreds, many attached to
universities and colleges, but known almost better
in some cases by the name of the founder. We

‘'may instance as those most widely known the
Lick Observatory of the University of California at
Mount Hamilton, and the Yerkes Observatory of the
University of Chicago at Williams Bay, Wisconsin.
Harvard College Observatory is a partial exception,
inasmuch as Harvard founded the whole, and not
the observatory only ; and there are other examples.
The U.S. Naval Observatory at Washington D.C.
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‘was organised in 1842, though observations had
been taken at a temporary observatory for some few
years previously. Since 1861 valuable work has
been continuously done there; though until 1893,
when a new observatory was opened in a better
position, the situation of the Naval Observatory
was too near the Potomac River. In the near
neighbourhood was the first Astrophysical Ob-
servatory of the Smithsonian Institution, and not
far away the Jesuit College of Georgetown has an
observatory founded also in 1842.

Of the many observatories attached to American
colleges, Harvard, though until recently far in
advance of any other, is not the oldest, since it
dates back only to 1839, whereas Yale had an
observatory as long ago as 1830. Princeton has
two, much more recent; and Chicago, before the
opening of the Yerkes Observatory in 1897, was
provided with the Dearborn, built by subscription
in 1862, and also the Kenwood Observatory. The
first observatory founded by public subscription in
the United States was at Cincinnati in 1842,
removed in 1873 to Mount Lookout. It is con-
sistent with American methods to move an
observatory as soon as its position is proved to be
suffering from climatic conditions or interfered with
by buildings, smoke, or railway vibrations, and it is
being continually preached by their men of science
that it is worth while to spend much time and
money in choosing the location for an observatory.
Yerkes Observatory, for instance, is some eighty
miles distant from Chicago. Professor Lowell has
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at last settled down at Flagstaff, Arizona, after
trying to find an ideal spot; and quite recently the
Smithsonian Institution, finding the neighbourhood
of Washington unsuited for some of its purposes,
has founded another Astrophysical Observatory at
Mount Wilson, California, more especially for solar
physics.

We shall have occasion to refer to many of
the observatories in connection with the work done,
so we must not attempt a full account of them. It
must not be supposed that the United States stands
alone in multiplying observatories, though its vast
extent and the wealth and energy of its people have
rendered it conspicuous in that way. The British
and European Universities have also their share of
observatories: Oxford, Cambridge, Dublin, Durham,
Glasgow, Bonn, Géttingen, Konigsberg, Leipsic,
Strasburg, Prague, Cracow, Coimbra, Turin, Padua,
Madrid, Bologna, Helsingfors, Dorpat, Warsa:v,
Moscow, Kasan, Upsala, Lund, Christiania, Leyden,
Utrecht, and many others are equipped in greater
or less degree, and there are many Royal Ob-
servatories in addition to Greenwich, such as Edin-
burgh, Berlin, Kiel, Munich, Vienna, Buda-Pesth,
Madrid, Lisbon, Naples, Palermo and Brussels.
Europe can also show many public and private
observatories that do not come under either of these
classes, some naval observatories and some geodetic.

There are also observatories in Africa besides the
Royal Observatory at Cape Town, at Durban,
Algiers, and a recent foundation at Helwan, in
Egypt. India and Australia are also doing good
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work, at Madras for instance, Sydney, Melbourne,
and Perth, and there is a flourishing observatory at
Tokyo University, Japan.

Private observatories, not connected with any
university or institution, have also steadily increased
in numbers, although in many notable cases the
death of the founder means the removal or dis-
continuance of the observatory. For instance, the
instruments of Baron d’Engelhardt, late of Dresden,
form the principal equipment of the Kasan Ob-
servatory, while no one now works on the sites
occupied by Herschel or Lassell, or to mention a
recent loss, Dr Isaac Roberts.

Few observatory buildings are on the scale of
lavish magnificence of Pulkowa, but although
perhaps more regard is paid to the practical details
of pier-foundations, ventilation, ease of manipulation
of domes, and such matters than to the purely
architectural point of view, it cannot be said that
modern buildings compare unfavourably even in
appearance with older ones. In equipment they
are manifestly superior. We have seen how the
Konigsberg heliometer yielded pride of place to the
great Pulkowa refractor; but the advance in light-
grasping power since Struve’s time has been very
great, and at times exceedingly rapid.

The 4o-inch refractor of the Yerkes Observatory
represents the most powerful instrument of its kind,
its successful completion in 1897 having ended the
nine years’ supremacy of the Lick 36-inch refractor.
Other large telescopes of the refracting type are the
-33-inch at Meudon (Paris), 31}-inch at Potsdam,
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3o-inch at Nice, 30-inch at Pulkowa, 2g-inch at
Paris, 28-inch at Greenwich, 27-inch at Vienna,
26-inch at Greenwich, 26-inch at Washington,
26-inch at University of Virginia, and the 25-inch,
the first of the large refractors, constructed in 1870
for R. S. Newall of Gateshead, and since presented
to Cambridge University, where his son, H. F.
Newall, is working with it. The Paris Exhibition
of 1900 was equipped with a refractor theoretically
far in advance of any of these with an aperture of
49 inches, but it could not be used as an ordinary
equatorial owing to the great weight that would
have to be moved and the consequent strain of its
parts, so that it was arranged in a horizontal position
in conjunction with a large plane reflector whose
motion should allow any desired object to be seen.
The instrument was not a great success, wherein
the predictions of astronomers were verified.

The greatest recent French invention in connec-
tion with refractors has to do not with the size but
with the mounting. Loewy’s Equatorial Coudé is
now the standard type for French equatorials, and
has been recently introduced into Cambridge Uni-
versity. It has the great advantage that the
observer need not move at all, a result achieved
by two reflectors which bring rays from any desired
region in space to a direction parallel to the main
axis of the instrument. Refractors are not the only
telescopes, however, nor equatorials the only form
of mounting. No telescope approaches in actual
size the great Parsonstown reflector, of 6 feet
aperture, erected by Lord Rosse in 1845, but one
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of 5 feet has recently been provided for Harvard
College Observatory. And though for many pur-
poses, notably the discovery of faint nebule, the
reflector has an advantage over the refractor, since
so much light is absorbed in the latter in trans-
mission through the object-glass, the balance of
opinion in general inclines to the refractor as on the
whole the more effective form, though most large
observatories are equipped with reflectors for
special purposes, mainly photographic.

In regard to instruments for fundamental pur-
poses, rather than for the physical and differential
observations for which an equatorial is suited, there
have been equally great advances. In size it is
considered the limit of expediency has already been
reached, if not passed. Since the mounting of the
Greenwich transit-circle, aperture rather more than
8 inches, in 1850, very few meridian instruments
with apertures greater than 6 inches have been
constructed. This is, however, largely due to the
consideration that fundamental catalogues are not
produced by many observatories, and that for the
simple purpose of time-determination large aper-
tures are unnecessary ; and it is also maintained by
some authorities that the great essential for funda-
mental observations of great accuracy is an instru-
ment strictly reversible in all its parts, so that great
size involving great weight is a distinct drawback.
Without going deeply into this controversial subject
it may be briefly noted that instruments cannot be
constructed free from the possibility of residual
errors of adjustment, for which observations must be
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corrected. The point at issue is whether this should
be done by increasing the stability of the instrument
and determining the actual amount of the residual
errors, on the assumption that under such conditions
they are not liable to capricious alteration; or
whether many of the corrections should be rendered
apparently unnecessary by adopting the reversible
instrument and taking all observations in both
positions, on the assumption that all the sources of
error which change sign on reversing will disappear
in the mean result. It is unsafe to dogmatise, but
it can hardly be denied that in each case the
assumption, though plausible, is not always justified,
so that the question remains undecided. The great
series of Greenwich catalogues and many others are
obtained with non-reversible instruments, but an
attempt is being made at the other Admiralty
Observatory at the Cape of Good Hope to justify
‘the reversible transit instrument on a large scale
with highly elaborate precautions to ensure sym-
metry not only in the telescope itself, but in the
observing room, the shutter openings and other
arrangements being designed to reduce errors which
half a century ago were either not thought of or
deemed insignificant in comparison with the pro-
bable error of an observation.

Of instruments similar to the transit circle may
be mentioned the transit in the prime vertical
with axis north and south instead of east and
west, of which the most important was established
at Pulkowa; and the modern altazimuth, which is
really a reversible transit circle, which can be used
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in the meridian or the prime vertical or any inter-
mediate azimuth. Of instruments for special pur-
poses there have been several from time to time,
The Greenwich water telescope was constructed
for the express purpose of testing a theory that
aberration was modified by refraction through an
absorbing medium such as a lens. Having con-
clusively decided the question in the negative, the
use of the instrument was discontinued. The
Reflex Zenith Tube was invented to determine
by observation of y Draconis, the same star used
by Bradley for the same purpose, the constants
of aberration and precession, and incidentally the
parallax of the star. Observations were gradually
discontinued as they resulted in an impossible
negative parallax, but since the discovery of
latitude variation, which accounted for the anom-
aly, they have once more formed part of the
routine at Greenwich, other stars close to the
zenith being observed in addition to y Draconis.
For some purposes an instrument revolving about
a vertical axis is desirable, but owing to mechani-
cal difficulties the simplest way of obtaining this
without having errors continuously varying from one
azimuth to another, as they might be expected to do
with the universal transit circle or modern altazi-
muth, has been found in the Almucantar, floating in
mercury, a modern instance of which may be found
at Durham Observatory. Other forms of telescope
mounting may have to be referred to under other
sections, but we must pass on to the next item in
the schedule, noting by the way that the increased
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effectiveness of the modern instrument is largely
due to scientific improvements in the manufacture of
glass, at Jena in Saxony, and elsewhere.

A great saving of time in meridian observing was
made by the American invention of the galvanic
chronograph so that the observer, instead of entert
ing in his book the time to decimals of a second at
which a star passed each wire in his instrument, -
records the instant electrically, so that the times can
be read off at leisure instead of using the precious
moments of a fine night for such mechanical opera-
tions. There are various forms of chronograph, in
most of which the seconds or alternate seconds from
a standard clock form points of reference either by
pricking the paper on a revolving drum, or by mark-
ing it with dots, or by regular deflections of an
otherwise continuous trace of a pen, the observer’s
signals giving intermediate points or deflections.

There is also a printing chronograph invented by

another American professor, G. W. Hough. Many
developments are due to the advance in astronomi-
cal photography and in spectroscopy, but we cannot
deal with them here.




CHAPTER XVI
ADJUSTMENT OF OBSERVATIONS. PERSONAL ERRORS

OMITTING all detailed reference to modified
methods of observation and the reduction
and correction of the results, there remain a few
matters of interest before we proceed to the more
striking results of practical observation of the
heavenly bodies.

One of these is personal equation. Maskelyne,
finding one of his assistants continually differing
from him in estimating the time of a transit, dis-
charged the man as incompetent, thus failing to
appreciate the true inwardness of the fact he had
discovered. The enormous difference of a second
and a quarter between the determinations of Bessel
and Argelander, both practised observers, was the
cause of the discovery of the true nature of the
discordance, though it is generally admitted that
part of this abnormal discordance must be attributed
to an absolute difference of reading the chrono-
meter itself. (Chronometers in general beat half-
seconds, and there is reason to assume that one of
the distinguished astronomers was in the habit of
counting his seconds on the wrong alternate half-
beats.) The difference between two observers is
a real thing, and appears to be a psychological
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phenomenon depending on the relative rate of
perception of different senses. In the old-fashioned
method of observing by ‘“eye and ear,” anyone
whose hearing is quicker than his sight will record
observations late. In the galvanic method the
practice is not uniform: some proceed to make
contact when they see a star bisected by a wire,
being thus always late by intervals depending on
their quickness of sight and touch ; others endeavour
o ‘“shoot the flying bird,” that is, to make their
perception of the tap coincide with their perception
of the bisection; this method, as a rule, comes
perhaps nearer the truth, but is objected to by many
on the ground that it is not so consistent, especially
for stars of different declination, involving different
apparent velocity over the wires.

Many attempts have been made from time to
time to determine absolute personal equations ; none,
however, with conspicuous success, a weakness of
some of the methods being the irregular oxidising
action of galvanic contacts. More recently, how-
ever, a device has been produced by Messrs
Repsold, of Munich, to abolish the *tapping”
altogether, by means of a special micrometer, the
observer keeping the star image bisected by a
movable wire, which records its own revolutions
automatically. With this very consistent results
have been obtained, and the greater part of the
difference of personal equation eliminated; if any-
thing remains in the way of bisection error, it is
sought to eliminate this by reversing the direction
of motion for half of the observation. The longi-
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tude observations made with instruments of this

kind by Professor Albrecht and others are a strong -
testimony to the efficiency of the device. A later

refinement seeks, by an adjustable clock motion, to

render the observation still more automatic, but is

not yet perfected.

Personal equation is, unfortunately, not constant
in general, but varies with the conditions. Small
variations have been attributed to the observer's
attitude, to the time of day, in reference to meals
and to fatigue, to the time of year, in reference to
holidays in their effect on general health, and, with
great justice, to the magnitude of the stars observed,
Magnitude equation, as it is called, is a peculiar
form of bisection error, and it is generally found
that observers are later for fainter stars. It would
certainly seem worth while to eliminate so variable
a quantity if it were practicable.

Another form of personal error is called decimal
equation. In taking observations to estimated
tenths of any unit, every figure from o to 9 ought to
occur with equal frequency in a large number of
observations ; but it is generally found to be not the
case, some observers having too great a proportion
of o and 5, for instance, while the digits set down
by others have quite a different order of frequency.

The determination of astronomical constants
perhaps hardly belongs to this chapter, but it will
be convenient to refer to it here. The principal
constants in question are those of aberration, of
precession and nutation (involving solar motion),
and of refraction. There are other ‘‘constants”
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connected with every separate planet and satellite,
but these are generally discussed under the planets
concerned.

The Paris conference on fundamental stars, 1896,
adopted values for the constants of aberration, pre-
cession and nutation, in order to secure uniformity,
Professor Newcomb’s exhaustive comparison of
large numbers of modern observations having given
results somewhat different to those of Struve for
aberration, and of Peters for precession and nuta-
tion, previously in general use. Refinements of
observation, rendered possible by special instru-
ments and methods, some of which have been
referred to in the previous chapter, tend to show
that greater accuracy is not unattainable, and some
observatories devote more time and energy to these
general problems than to the possibly more attract-
ive branches in which the majority more or less
specialise.

Refraction is on a different footing, and there
seems little hope of obtaining perfect tables for low
altitudes. Observations of stars above and below
the pole at the same observatory, especially of stars
which pass near the zenith, coupled with obser-
vations of stars at two or more observatories in
widely different latitudes, would seem to supply
ample information from which to deduce the law or
laws of refraction. But the practical impossibility
of allowing for the varying amount, density, tem-
perature, and other circumstances of the columns of
air traversed by rays at low altitudes greatly dis-
courages special observations for the purpose, and
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it is more usual to collect large quantities of obser-
vations which were not taken specially, such as
those of stars common to catalogues of the same
epoch obtained in different latitudes. It is quite
possible that refraction tables which are satisfactory
for one place will not be equally so for another, so
that it might be well if more attention were
devoted to this subject in fundamental observatories.
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CHAPTER XVII
THE SUN

WE must now take up the threads laid down
in Chapter XIII., and trace the progress
made in solar astronomy since the middle of the
last century. We have noted Schwabe’s discovery
of the “ periodicity of sun-spots,” as it is generally
called, the actual state of the case being that the
mean spotted area of the sun varies more or less
regularly, increasing to a maximum and then
decreasing to a minimum, the whole series of
changes taking place in a period of approximately
eleven years. It was a coincidence that not long
after Schwabe commenced his investigation, the
problem of terrestrial magnetism was also resolutely
attacked, upon the original initiative of Humboldt,
but under the direction of Gauss to a great extent.
By 1841 magnetic observatories had been started
at Greenwich, on the Continent, and in distant
parts of the world. In 1851 Lamont of Munich
discovered a period of between ten .and eleven
years in the amplitude of the daily variation of
magnetic declination, and in 1852 Sabine found
practically the same period for the frequency of
magnetic storms, noting that this period agreed

both in duration and phase with Schwabe’s sun-
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spot period. More accurate determinations from a
greater mass of observations have emphasised this
agreement, hinting at an intimate connection
between sun-spots and terrestrial magnetism. The
eleven -year period was tentatively applied to
meteorological records with very little success, .
except in regard to the frequency of manifestations
of Aurora Borealis, which showed a marked agree-
ment with magnetic disturbances. As an example gt
of the kind of result obtained in meteorological
records we may instance the hot summers of 1846,
1857 and 1868, followed by the well-remembered
1879 with practically no summer at all. But “that
is another story.” Investigation into the connec-
tion between sun-spots and terrestrial magnetism is
still being actively pursued ; a striking result recently
announced by E. W. Maunder from a discussion of
long series of magnetic records at Greenwich and
elsewhere, being that there is a marked tendency
for a disturbance synchronous with the appearance
of a sun-spot, to be repeated when the sun-spot has
been carried round through a whole rotation of the
sun. Instances can be found when a disturbance
has shown in this way for several successive rota-
tions. There is a strong inference that the solar
disturbance manifested by the spot is the direct
cause of the magnetic disturbance, though the &
priori improbability of any solar emanation being
directed in a stream to such a distance as that of
the earth is confidently asserted.

Still more recently, Mrs Maunder, analysing the
records of several years’ sun-spots, has found that

P
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consistently greater spotted area is shown in the
half-disc coming into view with the rotation than
in the half-disc disappearing, a suggested inference
being that the spots on the side towards the earth
are affected by that circumstance. The idea of a
planetary control for the spots is not new, though
Jupiter, on account of its bulk and similar period
(between 10 and 11 years) is generally suggested
in this connection, but it is very evident that more
analysis will be necessary before definite conclusions
can be drawn.

The periodicity of solar phenomena is not con-
fined to the spots, but is equally conspicuous in the
faculee and prominences, and one obvious step in the
tentative solution of the problem is to regard all
these manifestations as due to a regular variation of
the solar radiation. Much work of a very exhaustive
character has been done in the endeavour to deter-
mine what is called the “radiation constant,” or in
other words, to find what the direct heating effect
of the sun would be on unit area of the earth with-
out the interposition of the atmosphere. Given a
reliable value for this, continuous observation of the
variation, if any, would ultimately disclose any
existing periodicity ; and many are the forms of
special instruments devised for this special purpose,
ranging from the simple thermometer with * black
bulb in vacuo,” and the actinometers of Balfour
Stewart, Violle and others, to the differential
pyrheliometer of Angstrém, all of which indicate
‘with more or less accuracy a certain amount of
variation ; the most striking advance, however, in
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the determination of the “ constant ” is mainly due
to the spectro-bolometer of Professor Langley,
whose death in February 1906 was a great loss to
science and particularly to the Smithsonian Institu-
tion of Washington. He had the satisfaction before
his death of seeing the inauguration in a specially
favourable position of a well-equipped solar observa-
tory at Mount Wilson, California, where work on
the lines he had begun can be carried on under the
best conditions. Other solar observatories are also
at work, a recent example being at Kodaikanal in
Southern India, while those of Meudon (Paris) and
South Kensington have for a longer time been
working principally at solar research. Before leaving
the subject of radiation it may be well to indicate
some of the points that render the problem one of
peculiar difficulty.

On the assumption that heat as such comes from
the sun to the earth, which is not quite universally
admitted as an axiom, it is propagated through the
solar atmosphere, through what is often called the
“ether” or interplanetary space, and through the
earth’s atmosphere. It may not be propagated
similarly in all three media, and, without assuming
any variation, such as is exceedingly probable, in
the sun’s atmosphere, the distance travelled through
the “ether” has, at any rate, an annual variation ; and

the earth’s atmosphere, or, at least, the lower part of -

it, is subject to such great variations in height and
density, in circulation, in humidity and composition,
each varying element having its own peculiar method
of dealing with the radiation, that an enormous

kel s e




1so A HISTORY OF ASTRONOMY

number of observations seems to be demanded in
order to reduce the number of unknown quantities
concerned. Moreover, an ‘increase in the heat
radiated from the sun would not necessarily in-
volve an increase in the heat received at the earth’s
surface, for one of the first effects might be increased
evaporation, and as this generally means increased
cloud, a larger proportion of the sun’s heat might be
prevented from reaching the earth. The recently
established International Union for Solar Research
will run no risk of failing for lack of work.

It has lately been doubted by some investigators
whether the sun’s actual diameter is not subject to
some law of variation. It does, of course, as viewed
from the earth, appear larger when nearer the earth,
but apart from this annual variation it is suspected
that the discordances in actual measures, made by
different observers, as for instance in the daily
meridian observations at Greenwich, are not entirely
due to systematic error depending on the altitude of
the sun, or to accidental error due to the personal
idiosyncrasies of the observer or the state of the air.
It is only reasonable to suppose that changes in the
radiation of the sun would affect the distance from
the sun’s true surface of the bright masses that we
actually see, so that there is no inherent improba-
bility in a genuine variation of the sun’s diameter,
besides that very slow shrinkage which is said to be
taking place at a rate that would take thousands of
years to prove. It has been recently stated by Dr
C. Lane Poor that the polar diameter exceeds the
equatorial at times of minimum activity, and falls
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short of it at maxima, but the varying velocity this
would cause is difficult to trace.

Mention of the varying distance of the sun
reminds us of the need for determining that
distance. We have seen how far this problem of
the solar parallax had progressed up to the middle
of the nineteenth century, and how Hansen and Le
Verrier gave reason to suppose that the definitely
accepted value derived from Encke’s rediscussion
of the transit of Venus observations of 1761 and
1769 was incorrect. Not many years afterwards,
their plea for a diminution of the sun’s mean dis-
tance from 95,000,000 miles to about 91,000,000

" miles, was independently supported by the ingenious

determinations by Fizeau and Foucault of the velocity
of light by means of revolving mirrors, repeated in
1874 by Cornu and in 1879 by Michelson of the
U.S. Navy. The new determination was formally
adopted in 1864, and Encke’s value discarded.
Astronomers were, however, loth to reject the
observations used by Encke, and first Powalky
(1864) and then Stone (1868) rediscussed those
eighteenth century transits with improved values
for the longitudes of the stations and using greater
discrimination in ‘“weighting” the different obser-
vations, and thus had the satisfaction of deducing
results nearly in accordance with the newly-adopted
value. Naturally the fast approaching transits of
1874 and 1882 were eagerly awaited as offering a
splendid opportunity of clinching matters and ob-
taining a result free from suspicion of inaccuracy.
As early as 1857 programmes and schemes of obser-
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vation began to be drawn up, and the relative
expediency of Halley’s and Delisle’s methods once
more argued. Also, since photography had now
come into general use, it was hoped that permanent
results, free from physiological or psychological
errors, would accrue in such numbers that extreme
accuracy could hardly fail to emerge in the results.
After years of discussion and preparation, including
special training of observers, after the outlay of
something like a quarter of a million sterling on
some eighty stations, ranging from Japan to
Mauritius and Kerguelen Island, occupied by
parties representing nearly every nationality with
any claims to scientific progress, and after generally
favourable weather, so that a great mass of material
was accumulated for discussion, it had to be con-
fessed that discordances were nearly as great as
before. Precautions had been taken to minify the
effect of the “black drop ” which had been noted on
previous occasions, but the great phenomenon that
marked the 1874 transit was the disturbing effect
of the atmosphere of Venus. The improved optical
instruments only served to emphasise this, and
observers close together disagreed by sometimes
twenty or thirty seconds in their estimate of the
time of apparently identical appearances. As for
the numerous photographs, except some taken by
the Americans with long focus lenses, to avoid the
necessity of magnifying the image, all were practi-
cally useless, as no measures of precision could be
made of them owing to the indistinctness of the
images. The net result seemed to be to increase
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ikstead of largely reducing it as had been confi-
dently expected. In 1877 a favourable opposition
of Mars took place, and Dr Gill (since knighted,
and who only in 1906 resigned the important post
of His Majesty’s Astronomer at the Cape) took
a fine heliometer to the Island of Ascension, and
observed the position of Mars in reference to
neighbouring stars, morning and evening, in order
that the rotation of the earth should provide him
with the necessary base-line, a device due to Airy,
but not actually employed before. His result,
giving a distance of 93,000,000 miles, was re-
ceived with great confidence and honoured by
the bestowal of the Gold Medal of the Royal
Astronomical Society. The size of Mars is, how-
ever, a disturbing factor, and favourable oppositions
are comparatively rare; and better measures were
considered probable if one of the brighter minor
planets with a distance not much greater than that
of Mars were observed instead. Some few deter-
minations by the ‘“latitude ” method, using different
minor planets, and one by Airy’s *diurnal ” method,
had already been made.

The transit of Venus in 1882 was not regarded
with the same enthusiasm as the previous one.
Some countries practically ignored it, on the ground
that the ““ minor planet” method was better, cheaper,
and of more frequent application ; others, though
intending to observe it, did not adhere to an inter-
national plan. The ultimate result of all the
different methods, the photograph, the heliometer,
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and eye-observations of contacts was once more
an array of discordant values. .

Gill in 1888 and 1889 applied a modified plan of
campaign with great precautions to Iris, Victoria,
and Sappho, the idea being to double the observed
displacement by simultaneous observations made at
opposite sides of the earth when the planet was just
between the stations. Several heliometers were
used in co-operation, but the result is generally
known as that of Gill and Elkin (of Yale College).
Several years passed before this result was published;
and meanwhile, in 1890, yet another redetermina-
tion was made, this time by Professor Newcomb,
from the transits of 1761 and 1769, and the result
agreed closely with the best obtained by other
methods. Newcomb had some years previously
redetermined the velocity of light with a Foucault
apparatus on a large scale, his mirrors being more
than two miles apart instead of in one room; and
his result, being far more accurate than any
previous one, after having been employed to deduce
the solar parallax from the constant of aberration,
was employed by Gill in connection with his Iris,
Victoria, and Sappho results, published in 1897, to
deduce the constant of aberration from the solar
parallax. The very next year, 1898, witnessed
the discovery of a remarkabld minor planet, which
known first as 1898 D Q, and subsequently as (433)
Eros, was destined to reopen the question of the
solar parallax once more. Once in thirty years this
planet comes even nearer to the earth than Mars, so
much of its orbit lying within that of Mars that the
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F{énch do hot include it in their list of *planets

' between Mars and Jupiter.” The advantages a

favourable opposition of Eros would provide for the
redetermination of the solar parallax were so great
that a programme was drawn up by an International
Conference at Paris, by which the next compara-
tively favourable opportunity, in 1900, should be
utilised to the full by many co-operating observa-
tions, relying mainly on series of photographs
showing the apparent motion of Eros among the
stars, which could be measured and reduced at
leisure and discussed all together. Many photo-
graphs have been taken, and after much preliminary
discussion some of them have been measured and
the results compared ; but it cannot be said that the
work is complete, though doubtless when the most
favourable opposition arrives it will be found that
this pioneer work now in hand will save a great
deal of time then. Eros is not the only hope of the
solar parallax problem, for at least two other lines
of advance remain. Every advance in the lunar
theory, and in the accuracy of the coefficients of
the various inequalities, must bring us nearer to the
exact values of the constants involved, and one of
these is the solar parallax. Work is being done in
that direction, and Cowell of Greenwich Observatory
has in some preliminary papers given results which
point strongly to the rehabilitation of this method
of determination. One other promising side from
which the problem is being attacked is the spectro-
scopic side. We shall in the next chapter be
dealing more directly with spectroscopy, so it must
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suffice here to note briefly that one of the fruits’ of
the application of Dopplers principle is that the
motion of distant stars in the direction of the
observer, or as it is called the “line of sight,” or
“radial” velocity, can be measured; and it has
been recently pointed out that by using careful
discrimination in the choice of stars, and of the
time of night and time of year for observing their
spectra, it is possible to obtain equations giving not
only the radial velocity of the star chosen, but also
the velocity of the solar system in space and of the
earth in its orbit, from which last the distance of
the earth from the sun, or, in other words, the solar
parallax, can be deduced. This method has already
been tried to some extent by Professor Kiistner, of
Bonn, and is still in the field, at the €ape Observa-
tory, among others; but its success in comparison
with other methods depends entirely upon the
degree of accuracy obtainable in the measures of
radial velocity, and it is doubtful if even a large
number of independent observations will give a
result with a very small probable error. To attain
striking success, it must be possible to reduce the
probable error of the determination to distinctly less
than one part in a thousand, at which it is supposed
to stand at present.

Another elementary idea in connection with the
sun is its rotation, the discovery of which was a
necessary consequence of that of sun-spots. Galileo
himself vaguely indicated the period as “about a
lunar month,” and Scheiner gave twenty-seven days,
both these values being meant for”the apparent
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period, the true being some thirty odd hours shorter
in consequence of the earth’s orbital revolution taking
place in the same direction as the sun’s rotation.
Numerous values of the true period were obtained
from time to time ranging from 25 to 25} days, no
one for two centuries, except Scheiner, letting fall
any hint as to the period being variable. Scheiner
noticed that different spots gave different periods,
the longest he obtained being from a spot in a
higher latitude.  Ultimately, however, it was
pointed out by C. H. F. Peters in 1855 that a
careful series of observations made at Naples ten
years before showed unmistakably that spots were
not fixed, and consequently could not be expected
to agree in giving an exact value of the rotation
period. At this time Carrington, who had been
building himself an observatory at Redhill with the
intention of providing from his own observations a
catalogue of circumpolar stars, took up also the
daily observation and measurement of position of
sun-spots (which had been recommended by Sir
John Herschel), so that his days as well as his
nights might find him astronomical employment.
He made the important discovery, hinted at more
than two centuries before by Scheiner, that the
period of the sun’s surface rotation increases
from rather less than 25 days at the solar equator
to about 2734 days for spots at the highest
latitude at which they occurred (about 50°). He
represented the variable rotation by an empirical
formula without any attempt to explain the cause.
He also determined with great accuracy the direc-
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tion of the sun’s axis of rotation, which points about
p

half-way between the present pole star and the

brightest that can ever have held that position,

~ Vega or « Lyre. Another result of his labours was

the notable connection between the mean latitude
of sun-spots and the epoch in relation to the sun-
spot period, the * spot zones” on either side of the
solar equator gradually contracting towards it as the
minimum approached, the zone of maximum being
at about 16° latitude, and each successive series
dying away at about latitude 6°, while the new one
was often already beginning near latitude 35°.
Professor Wolf of Zurich, whose historical know-
ledge of sun-spots was unrivalled, soon found con-
firmation in previous observations, and Spérer and
Secchi proved the truth of the law at the next mini-
mum in 1867. Sporer, whose name is generally
given to this “law of zones,” was working at Anclam
in .Pomerania, and independently discovered the
variation of rotation with latitude about two years
later than Carrington. He unearthed evidence of
the truth of the “law of zones” for many previous
minima, the earliest being that of 1619, but found
that for about seventy years, 1645-1716, there were
very few sun-spots at all, and consequently no
apparent law. On the foundation of the new Astro-
physical Observatory at Potsdam in 1874 he was
appointed to the staff there, and worked at sun-spots
until his death in 18935, twenty years after that of Car-
rington. Buta powerful instrument was already being
perfected while Carrington wasat work, which was des-
tined to throw more and more light on solar mysteries.



CHAPTER XVIII
SOLAR SPECTROSCOPY

WHEN Newton analysed the sun’s light by

passing it through a glass prism, and after
isolating a beam of one colour found that a second
prism analysed no further, he was taking an early
step in the vast field of Spectrum Analysis. In a
small book like this it would be quite impossible to
do justice to a domain which brings physics and
chemistry into intimate fellowship with astronomy,
and under the names of astrophysics and solar and
stellar chemistry shows vast fields for investigation
in directions beyond the wildest dreams of the old
mathematical and dynamical astronomers. It would,
however, be equally impossible to omit spectro-
scopy altogether. For our present purpose it must
suffice to note that spectroscopy in the modern
sense dates back only to the time of Waterloo, when
Fraunhofer, the great Munich optician, produced a
map of the solar spectrum containing hundreds of
dark lines, measuring and naming the more con-
spicuous ones with letters of the alphabet still in
~ use for the purpose ; for instance, D for a prominent
line in the yellow part of the spectrum. This same
D line he found in several of the brightest star-

spectra.
159
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Laboratoryspectroscopists by examining light from
different sources, incandescent metals, burning
gases, or sparks from metallic electrodes, were
enabled to lay down a few elementary laws, as, for
instance, that an incandescent solid or liquid body
yields a continuous spectrum without any dark lines,
and that certain groups of lines are identified with
certain gaseous substances, the famous D line, for
example, belonging to sodium. In 1832 Brewster
discovered that certain lines became conspicuous as
the sun was observed at low altitudes, and these he
rightly attributed to the earth’s atmosphere, sug-
gesting moreover that the sun’s atmosphere might
account for the vast majority of the lines which
were unaffected by the altitude of the sun. This
shrewd guess was, however, apparently contradicted
by Professor Forbes, who, at the annular eclipse of
1836, found the light from the rim of the sun to
give exactly the same spectrum as that from the
centre, whereas he argued that if the sun’s atmo-
sphere has any absorbing effect it would be greater
for rays from the limb. Why this is not the case is
still unknown.

In 1859 Kirchhoff found that sodium vapour
which ordinarily gave a bright D line, only inten-
sified the dark D line in sunlight sent through it;
and, moreover, produced a dark D line in the other-
wise continuous spectrum of a Drummond light
similarly sent through it. It was, therefore, obvious
that sodium vapour exists in the sun’s atmosphere,
and its absorption of rays of its own characteristic
wave-lengths or refrangibility deprives the solar
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spectrum of those rays, leaving relatively dark lines.
The great question was at once settled, and the list
of elements recognisable in the sun’s envelope soon
came to include not only sodium, but also iron,
calcium, and several others in greater or less quan-
tity. Kirchhoff may then be regarded as the father
of astronomical spectroscopy. From the chemist’s
point of view his name and fame are associated with
his co-worker Bunsen, but Bunsen’s work was con-
fined to the laboratory. Kirchhoff’s eight-foot map
of the solar spectrum, published by the Berlin
Academy in 1861 and 1862, was at once accepted
as the correct interpretation, and solar chemistry was
henceforth a recognised and important branch of
science. Kirchhoff’s law that radiation (or emission)
and absorption spectra are the inverse of each other
at the same temperature had been almost, but not
quite, anticipated by more than one scientist.

Comparison of the spectra of terrestrial elements
with those of the sun, stars, and other celestial
objects gives in this way information as to their
chemical constitution, but it effects far more than a
simple qualitative analysis, for the behaviour of the
lines is not invariably the same; and much may be
divined of the temperature and pressure of some of
the gaseous constituents, from the changes in width
‘and intensity of characteristic lines. Moreover, in
yet another direction has new and valuable work
been rendered possible.

In 1842 Doppler published his “principle” re-
ferred to in the last chapter. Sound and light are
both propagated in waves, and the frequency of the

L
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vibrations determines in the one case the pitch, and in

- the other the colour, both being impartially described

by the word “tone.” But if the observer and the
source are in relative motion that motion will have
the effect of altering the frequency. The stock
example in the case of sound is the whistle of a
passing locomotive, which to the driver and by-
stander gives the same sound only at the moment
of passing, being of higher pitch to the bystander
before passing, and of lower after. The difference,
depending on the velocity of the train, is easily
recognisable in the case of sound, which travels at
less than twenty times the speed of an express train,
and Doppler stated that the same principle would
be manifested in the behaviour of light-waves, with
a velocity nearly a million times greater. This
has been found practically true in the case of the
Fraunhofer lines, though the absence of a simple
and invariable reference mark tends to conceal the
effect in the case of continuous light.

The first results of the application of this principle
to the determination of radial velocities of stars were
communicated to the Royal Society by Sir William
Huggins on St George’s Day, 1868. Three years
later, at the suggestion of Zillner, who had in the
meantime devised his reversion spectroscope to
double the effect to be measured, Professor Vogel
of Bothkamp succeeded in applying the method to
the sun’s rotation. The sun’s poles may be regarded
as relatively fixed for this purpose; but the rotation
velocity, though small, being in opposite directions
relatively to the earth at the eastern and western
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limbs, is sufficient to give a very slight want of
agreement between spectra from the two limbs
viewed together, the only lines which fit exactly
being those due to the absorption by the earth’s
atmosphere (the telluric lines), which are, of course,
unaffected by the sun’s rotation, and which can be
mapped out by this method.

The effect of work on these lines by Professor
Young of Princeton, Langley of Allegheny (after-
wards of the Smithsonian), Cornu in France,
Thollon at Nice and others, was to establish the
validity of the method as one of very great refine-
ment. It was but a step to apply it to the
anomalous solar rotation periods of Carrington and
Sporer. Dunér, a Swedish astronomer, pushed the
method far beyond the spot zones, and detected
- a rotation period at 15° from the sun’s pole of 381
days as against 25} days at the equator. His
results gave rather longer periods - than those
deduced from observations of spots; in fact it
appears that the periods are distinct, and, moreover,
the determination from facule gives a still quicker
period than that from spots. This should cause
no surprise, for the axial rotation effect, being more
marked where the distance from the axjs is greater,
seems to demand a slackening at higher latitudes
and also at “lower ” levels, and it is by no means
improbable that the existence of well-marked fre-
quency zones for spots is only another effect of the
same cause: the gradual variation with latitude of
the depth and velocity of ‘different strata, Accord-
ing to this, solar disturbances might be regarded
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as indications of weakness or instability where the
velocity and the rate of change are both compara-
tively large. Not to labour the point, we have an
equatorial zone with no rate of change and practi-
cally no spots; polar zones with lower velocity and
no spots; and intermediate regions with velocities
nearly as great as the equatorial one and yet chang-
ing with latitude, and here we do find spots. The
suggestion falls far short of accounting for all the
phenomena of the spot-cycle, but no solar theory
has yet been found beyond criticism.

But the sun’s rotation is only one of the problems
to which the new method of research is applicable.
Reference will be made in the next chapter to the
discovery made in 1868 by Janssen and Lockyer,
and theoretically also by Huggins, that solar
prominences could be studied without an eclipse,
and for many years Lockyer studied the line-of-
sight motion of prominences; Young in America,
Fenyi in Hungary, and Trouvelot at Meudon
following in a similar path. They have actually
seen outbursts travelling at hundreds of miles
per second, and vast clouds, hundreds of times
larger than the earth, rent to fragments in a
few minutes, and have proved practical coinci-
dences between some of the great solar storms and
terrestrial magnetic storms and auroral displays.
And after observation, theory. The first result of
much of Lockyers work was the suggestion that
what are known as chemical elements, inasmuch as
terrestrial chemistry has failed to analyse them any
further, are not really so, but are simply very refrac-
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tory compounds, which can be and are dissociated
in the almost inconceivable temperatures of our own
and other suns. Whether the ultimate tendency of
this suggestion would be to reduce all substances to
variants of one primal element, or by splitting up the
known “elements,” some seventy in number, largely
to increase the number of ultimate radicles, is, of
course, problematical, though from the complexity
of some spectra the latter seems the more probable.
But in so far as the argument rests on the behaviour
of certain characteristic lines under the stress of
enormous forces and temperatures, or even on the
presence of so-called “basic” lines in otherwise
different “element” spectra (pointing to a common
constituent), the case is far from being even approxi-
mately proved. The tendency of more modern
research is to discredit the idea of dissociation by
heat in favour of some radiative or electro-magnetic
effect called ““ionisation.”

Maps of the solar spectrum have advanced steadily
since Kirchhoff’s time, and not only those of the
visible spectrum but of the invisible parts, where
the vibrations are either too quick or too slow to
impress the human retina as light. The very quick
ultra - violet portion was mapped first by Henry
Draper in 1873; the slow infra-red region, for
some time gradually extended by the researches
of Abney and Festing and of K. Angstrom, has
yielded magnificent discoveries to Professor Lang-
ley’s extremely sensitive differential bolometer,
and appears to be of vast extent. Scheiner
suggests that those slower vibrations merge
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gradually (rather than ending) into Hertzian
waves. '

The standard map of the spectrum is that of
Professor H. A. Rowland, who, having in successive
editions so largely increased the number of measured
lines in the spectrum that identification of elements
failed for lack of sufficient comparison spectra, spent
the rest of his life in photographing the spectra of
every known element he could obtain and comparing
them with the solar lines, some 16,000 in number, in
his great map. He died in 1901, with the work un-
finished ; but Hasselberg, Kayser, and others have
worked in the same field, and there is no lack of
investigators to carry on so obviously important
a branch of research. Atmospheric lines have been
studied almost to perfection. By 1878, very greatly
owing to the work of Sir Norman Lockyer, the
number of elements provisionally recognised in the
sun reached 33, the first, hydrogen, having been
discovered in 1862 by A. J. Angstrém, and 13
more having been added to the list before Lockyer
began his research. If we consider hydrogen as a
metal, the whole 33 were metals, and the first non-
metallic element proved to exist in the sun was
carbon, which, after partial evidence had been
adduced by several successive investigators, was
rendered certain by Rowland, who also found
another non-metal, silicon ; and, though discarding
some of the ‘provisional” identifications, also
slicrhtly increased the number of metals proved to
exist in the sun.

It is now considered practltally certain that
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oxygen exists in the sun, though its alleged dis-
covery by Henry Draper in 1877 has long been
disproved. Janssen proved that nearly all the
oxygen lines in the spectrum were undoubtedly of
terrestrial atmospheric origin, but a few oxygen lines
low down in the red have been adjudged to be on
a different footing.

A recent development of this spectral analysis of
the sun has been the study of different layers of the
sun’s atmosphere in monochromatic light, that is to
say, by using a second slit, so that only a narrow
portion of the spectrum is able to reach a photo-
graphic plate, and by allowing the sun’s image to
travel across the first slit while the plate travels
behind the second slit, thus building up strip by
strip an image of the sun in, for instance, the K light
of calcium. Professor Hale, of Chicago, has thus
obtained very interesting pictures, showing the
distribution of calcium “flocculi,” and the method
admits of great extension. It is already practised
with success at South Kensington, and it is hoped
that the new solar observatory at Mount Wilson,
California, will in this, as in other ways, largely
increase our knowledge of this fascinating branch
of analysis.

Within the limits of this book it is not practlcable
to enter at any length into the development of
the various forms of the spectroscope itself. What
is requisite in all forms is something which will
separate light of different wave lengths, as widely
as possible, without too great loss of light. A
single prism does not give very much separation,
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and a prism train absorbs more and more light as
the number of prisms is increased. Rowland’s
diffraction grating substitutes for the prism a re-
flecting surface ruled with a very large number
of fine lines very close together, so that by the
principle of interference duplicate rays are elimi-
nated and a * diffraction” spectrum produced.
Rowland’s practical limit is 43,000 lines to the
inch, ruled on a concave surface, so that the
spectrum is brought to a focus without any ab-
sorption by an object glass, though there is a
large amount lost by reflection and scattering.
The idea of a grating is not Rowland’s, for it
was in use in Fraunhofer's time, the light being
transmitted through an actual wire grating; but
Rutherfurd and Rowland introduced, and the latter
perfected, a system of machine - ruling, for which,
to avoid periodic error, a ‘“perfect” screw was
requisite. They also discontinued the use of trans-
mission gratings, thus slightly diminishing the loss
of light. It was long, however, before gratings
could be employed for anything much fainter than
the sun, though in this direction, as we shall see
later, the increased power of the modern telescope
comes in with great effect.




CHAPTER XIX

SOLAR ECLIPSES: SPECTROSCOPY

IT is perhaps more usual to postpone the con-

sideration of spectroscopy until after that of
the increase of knowledge obtained from solar
eclipses. It is so difficult to study the two separ-
ately, however, that perhaps the order is not
very material. In Chapter XIII. we glanced at
some eclipse phenomena noted up to the time of
the eclipse of 1842. A few years later, the first
daguerreotypes of the sun were taken, one at the
eclipse of 1851, but solar photography with collodion
plates practically began with the work of Warren de
la Rue, whose observatory at Cranford was built
for the purpose of celestial photography in 1857,
only six years after the invention of the collodion
plate, and in 1858 Kew Observatory commenced a,
long series of solar photographs. At the Spanish
eclipse of 1860 De la Rue and Father Secchi at
different stations succeeded in obtaining photo-
graphs, showing beyond doubt what had been only
regarded as a probability, that the rosy prominences
belonged to the sun and not the moon, inasmuch as
the motion of the latter was shown across the back-
ground of prominence light, and also showing the

reality and comparative permanency of those flames,
169
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the eclipse taking place seven minutes later at one
station than at the other, and yet showing recognis-
able identities.

A still greater advance was directly due to the
eclipse of 1868 in India and the Malay Peninsula,
for which the spectroscope was added to the equip-
ment of the eclipse expeditions. The bright
lines known to indicate incandescent vapour were
seen by several observers, and though not all at
once identified, the presence of hydrogen was clear,
and also a bright line noted in the ‘orange,” which
was at first assumed to be the D line of sodium, al-
ready known to be double (D,, and D,). Janssen,
moreover, who was one of the successful observers,
was so struck with the brightness of the lines he
saw that he at once announced that he would see
them after the eclipse was over. This prediction
he fulfilled next day, carrying out the idea suggested
to his fertile brain during the eclipse. This idea
sounds very simple, like the egg feat of Columbus,
when somebody else has pointed it out. It is not
actually the brightness of the sun’s disc that ordin-
arily prevents the prominences on the limb from
being seen, but it is the brightness of the rest of the
field, that is to say, the diffused sunlight in the sky.
It follows then that when this is withdrawn by the
interposition of the moon, we can see the promin-
ences easily; but it also follows that if we can
diminish the relative brightness of the sky, we
should get a modified form of the same effect. The
use of a spectroscope, while diminishing the diffused
light by spreading a given quantity over a large
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space, only refracts the prominence bright lines, so
that in comparison with the background they become
brighter with increased dispersion. This notable
discovery had however been anticipated. - Lockyer
had for two years been awaiting the completion of
an instrument ordered for the express purpose of
viewing, under high dispersion, the bright-line
spectrum he expected the prominences to furnish,
and receiving it after news of the eclipse had shown
what lines should be there, he very speedily found
them. A delay of a month by Janssen before send-
ing news of his discovery to the Paris Academy of
Science allowed Lockyer's to be received a few
minutes earlier. The independence of the two
identical discoveries was at once admitted, and both
names were equally honoured, and the Academy’s
gold medal for the year awarded jointly.

Failing these two scientists, yet a third was on
the track earlier still, and there is little doubt that in
time Sir William Huggins would have been able to
announce that he had discovered what he had sought
some months before Lockyer obtained his instrument
or Janssen viewed his eclipse, and that had it been
known beforehand what bright lines would be found,
he would certainly have obtained priority. But as
we have seen, it was not until after the eclipse had
come and gone that anyone knew exactly where to
look.

It was no longer necessary to study prominences
in the few precious moments of an eclipse, so more
time could henceforth be spared on such occasions
for the corona, whose spectrum was hardly seen in
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1868, though it was inferred from its appearing
polarised in planes through the sun’s centre that its
light was in part reflected sunshine. In the following
year, at the North American eclipse, a continuous
spectrum was seen with a single green ray, at first
identified with an iron line, 1474, in Kirchhoff’'s map;
but since 1898 recognised as a distinct ray due to a
substance unknown on earth, but called coronium,
and considered in virtue of its persistence at 300,000
miles from the sun’s surface, to be much lighter
than any known terrestrial substance.

The next eclipse, of December 1870, is memorable
in many ways. Janssen left Paris in a balloon, in
order to escape the besieging Prussians, but from
his station in Algiers was entirely prevented by
cloud from seeing anything of the eclipse. Lockyer
was shipwrecked on the way out to Sicily, and only
saw the eclipsed sun for a second and a half. But
Professor Young, one of those who had measured
the green ray in the previous year, was more
successful. At the instant of totality, the spectrum,
which had been fading gradually away as the light
diminished, was suddenly reversed, every dark
Fraunhofer line being replaced by a bright one.
This discovery of the ‘““reversing layer” was due
to the employment of a slit in a direction tangential
to the disappearing limb of the sun. Its appearance
was theoretically expected, as it was assumed that
some layer, cooler than the actual sun, was respon-
sible for the absorption of those same lines, and
would, if the sun’s light were withdrawn, give those
very lines bright. The spectrum of the “flash”
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has been often seen since. The * layer ” is so thin
that three seconds is apparently an outside limit to
its visibility. A “snap-shot” of it, however (and
without some such permanent record its character
could hardly be considered absolutely proved), was-
one of the fruits of the unfortunate eclipse of 18¢6,
though the success then achieved at Novaya Zemlya
by Shackleton has been often repeated since.

In 1871 December, an eclipse, visible in India
and Australia, gave Janssen another opportunity,
of which he, in the pure atmosphere of a hill station
in Southern India, made such good use that he
detected dark Fraunhofer lines, including the D line
of sodium, in the spectrum of the corona, using an
instrument of short focus and large aperture in
order to give a very bright image.

The next advance was an instrumental one,
already attempted in 1871, by the substitution of
a prism outside the object glass for a slit at the
focus of the spectroscope. The outcome of this was
what is now known as the prismatic camera, em-
ployed first in 1875, and at nearly every observed
eclipse since that time.

There is an underlying truth in the myth of
Hercules and the Hydra as symbolical of the
struggles of scientific investigation towards the
elucidation of problems. Each advance in the power
of the scientific weapon discloses new fields of in-
quiry at least as fast as it reaps harvests from the
older ones. The detailed analysis of the chromo-
sphere and corona at once suggested the general
question as to variability or permanence in the solar
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envelopes. The obvious test was a comparison of
the features of an eclipse at times of greatest and
least solar energy, as evidenced by spot-activity.
The general form of the corona near a maximum
sun-spot epoch had been noted in several eclipses ;
the extension of the corona being then relatively
great in the ‘“spot zones,” making the external
boundary a rough square, or rather oblong, since the
mean latitude of spot zones is far below 45°. In
1878, at a minimum sun-spot epoch, the appearance
was quite different and extensions were seen in the
directionof the ecliptic. Thesewerevariouslyassumed
to be swarms of meteors, or else the zodiacal light
(if indeed these are really different explanations);
while another typical feature of the corona was a
brush-like structure at each pole, of a distinctly
magnetic appearance, inasmuch as in each case it
seemed to radiate from the pole and not from the
sun’s centre. This eclipse was viewed under excep-
tional conditions from Pike’s Peak, Langley even
occupying the summit more than 2§ miles above
sea-level, so that the purity of the atmosphere was
far greater than had usually been the case at eclipse
stations. The general type of corona agreed with
what had been recorded on at least one previous
occasion of minimum activity. The spectrum also
differed from that of the “ maximum” corona. The

_green coronium ray was far less conspicuous, and

the polarisation diminished outwards from the limit
instead of first increasing to a maximum. This
eclipse is notable for the alleged discovery of intra-

Mercurial planets by Swift and Watson. '
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In 1882, a year of great sun-spot activity, came
another opportunity of contrasting a “ maximum ”
corona with the “minimum ” features of 1878. In
the pure air of Upper Egypt the brushes and long
streamers were not seen, but the structure once
more resembled the corona of 1871. The polarisa-
tion at the limb was less, indicating a smaller pro-
portion of reflected light. This eclipse is unique in
that a photograph of the corona shows a comet close
to the sun, which is supposed never to have been
visible before or since, but there is no certainty
on the subject. The H and K lines of calcium
appeared so strong in the coronal spectrum of 1882
that Huggins hoped by cutting off the rest of the
light to photograph the corona without an eclipse.
By using silver chloride plates which did not react
to the bright part of the spectrum he obtained
promising results, until the great eruption in the
Straits of Sunda in 1883 filled the upper atmosphere
with dust, causing magnificent sunsets, but sadly
interfering with the transparency of the air, on which
delicate solar observations so largely depend. From
time to time various devices have been tried since
1883 ; for instance, at Pike’s Peak in 1893 by Pro-
fessor Hale, and on Mt. Etna in the following year
by Professor Ricco ; but the verdict was failure, and
it is only quite recently that a confident claim of
success has been made by A. Hansky on Mt. Blanc.

Much has been written to prove that the outer
corona at any rate is not real, but is a diffraction
effect due to the earth’s atmosphere and the rifts in
the moon’s limb. Lockyer, for instance, many years
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ago argued from spectroscopic evidence as to the
extreme tenuity of the gases in the atmosphere,
that there can be no pressure there sufficient to
support an extended corona. But since the corona
as viewed from a mountain top shows far more
extension than when viewed from a lower station,
it is evident that atmospheric glare is not the cause
of the phenomenon.

The New Zealand eclipse of 1885 was signalised
by the observation of two white” prominences.
It is only the rosy prominences, or it may be only
the rosy interior portions, that can be seen without
an eclipse, and Tacchini in the following year
emphasised this still more strongly. The corona
that year was of an intermediate or transition type,
and in the following year the little success granted
by the weather, which was bad over most of the
eclipse-track, showed a still further transition to-
wards the minimum type, which was reproduced in
both eclipses of 1889, the main difference between
them being an apparent east to west reversal of the
widest extension. The later one cost the life of one
indefatigable solar observer, Father Perry of the
Jesuit College at Stonyhurst, who died of malaria
contracted in the damp heat of the Salut Islands off
French Guiana. The Royal Astronomical Society,
who sent him out, also sent to the west coast of
Africa, it being considered of great importance
not only to increase the chances of success by
occupying more stations, but by choosing those
differing much in longitude, to test what changes,
if any, could be detected during the interval of 2%
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hours between the occurrence of the phenomenon
at the two stations. Father Perry’s death greatly
diminished the value of his photographs, as he was
unable to develop them at once, and they did not
keep well in that moist climate. Taylor, at the other
side of the Atlantic, saw nothing of the eclipse owing
to cloud. A similar opportunity occurring in 1893
was favoured with fine weather from the Andes to
the African coast. Schaberle of the Lick Observa-
tory obtained a comet-medal on this occasion for
a curious paraboloidal form mixed up with many
coronal streamers on one of his photographs, but
many doubt whether the appearance was not simply
a solar appendage. Fowler, at Fundium on the
African coast, made good use of the prismatic
camera, finding not only the known green ray, but
seven others, none of them identified, possibly all
belonging to the substance which has been named
coronium ; but of lines belonging to a spectrum like
that of the chromosphere, or prominence layer, he
found none, suggesting that no terrestrial element
such as hydrogen or calcium occurs in gaseous form
in the corona. The rotation of the corona was
sought in vain by Deslandres, since the violet rays
he wished to employ for this purpose from opposite
sides of the sun were absent.

We have already referred to the unfortunate
eclipse of 1896, when most of the observers in
Norway and Japan were entirely disappointed ; but
by the generous offer of Sir George Baden-Powell,
an English expedition was enabled to meet
with success at Novaya Zemlya, an island also

M
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occupied by a Russian party, including Hansky,
who drew the inference from his observations that
in every case an eruption in the chromosphere by
its expelling force was responsible for each streamer
from the corona.

The Indian eclipse of 1898 was favoured with
very fine weather, and good photographic conditions,
evidenced by Mrs Maunder’s success in showing on
a plate, taken with an aperture of only 1% inches,
the greatest length of streamer ever photographed,
extending to 3° from the limb. Totality was
short, only 100 seconds, and no results of definite
scientific importance emerged, except in the promise
of future success in two different directions. Pro-

fessor Turner's suggestion of the advantage of

using a ccelostat, a plane reflector driven by clock-
work so adjusted as to provide an image of the sun
in a constant horizontal direction while the telescope
tube remained fixed in shelter, was largely adopted
at this eclipse, and found to work admirably. By
the use of the ccelostat, a telescope of large aperture
can be taken to a distant station without the
necessity for also providing its heavy mounting,
that required for the ccelostat being much less
cumbersome. Moreover, in this way an objective
can be used without its heavy tube, a temporary
wooden framework to exclude light being all that
is necessary to connect the lens with the camera,
which can be in a dark room.

The other direction in which promise was shown
was the attempt made by Professor Turner himself

to photograph the corona in polarised light. In the
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eclipse of 1901, stations in Mauritius and Sumatra
gave additional evidence as to changes in the corona
in a short time, and rendered it fairly certain that
the polarisation effect belongs only to the outer
corona, while the inner corona is self-luminous.

‘The eclipse of 1905 August 30, whose track
crossed Labrador and Egypt, promised another
excellent opportunity for detecting changes in a few
hours by comparison of results at the two ends of
the long arc. But though the conditions in Egypt
"were excellent, nothing was seen by any official
party in Labrador. Valuable results were obtained
at those of the Spanish and African stations which
were favoured with good weather conditions, while
“others were little more fortunate than Labrador.
For instance at Guelma in Algeria, Newall was
exceptionally favoured and exceptionally successful,
having for the eclipse the only fine day in the week,
but even there the attempt to determine rotation of
the corona by comparing the green ray at east and
west limbs failed by reason of the faintness of the
ray, which did not show on the photographs.
Elsewhere it was noted that the polariscope showed
a maximum effect at about 5 or 6 minutes from
the limb, confirming previous observations near
a sun-spot maximum,

From the eclipse of January 1907 not much
was hoped, though the track from north of the
Caspian nearly to the Gulf of Okhotsk was un-
- interrupted by oceans. It passed at the most
unfavourable time of year over the ‘“roof of the
world,” hardly any part of its length being in a
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promising region. As it was, however, the only
eclipse for some years to come of any promise
whatever, Russian, French and German expedi-
tions were sent, only to meet with disappointment.
The eclipse was seen, but through falling snow,
which effectually prevented any delicate scientific
observation.

We have little space for solar spectroscopy
from the more strictly chemical point of view. It
has long been known that the D line discovered at
the 1868 eclipse is not the double line of sodium,
but slightly more refrangible. Under the name of
D, it has been attributed to a substance to which
Lockyer gave the name of helium,! but in 1895 it
was found by Professor Ramsay in a terrestrial
mineral, cleveite ; it has twice the atomic weight of
hydrogen, the lightest known element. Other
hitherto unknown lines in the spectrum of the
chromosphere were soon recognised as belonging to
helium. Many metallic elements are occasionally
identified in the spectrum of the sun’s ‘ upper
atmosphere,” in addition to the always present
hydrogen, helium and calcium, and it is thought
that this indicates a simple density stratification
frequently disturbed by solar activity, which tem-
porarily upsets the equilibrium and permits the
lower strata to be for a time unmasked.

One of the modern developments in eclipse work
is the greatly increased scientific interest shown by
amateur societies, such as the British Astronomical
Association, which has been represented at nearly

1 To mark it as a solar substance not known on the earth,
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every practicable eclipse since its first definite
expedition to Norway in 1896, which was, as we
have seen, so unfortunate. It has been said with
some truth, and perhaps some bitterness, that the
more care is taken to select a station where the
average weather conditions are best, the greater
the probability of total failure. Certainly the only
members of the Norway party in 1896 who saw
anything of the eclipse were a few who did not
trouble to go to the selected spot, but stayed at the
first point reached by the expedition from which
the eclipse could by any possibility be seen. There
are so many possible lines of investigation for
which elaborate apparatus is not required, that the
assistance of a large number of comparatively un-
trained observers is exceedingly welcome, relieving
the better equipped scientific expeditions of many
details that would take valuable time which they
can ill spare out of a period that in the most favour-
able case could not possibly reach eight minutes, .
and is rarely half so long. It has become custom-
ary for Sir Norman Lockyer, when in charge of a
British Government Eclipse Expedition, to have
the assistance of most of the officers and crew of a
war vessel, and their keenness of vision, their
trained intelligence and habits of discipline, render
them peculiarly efficient for the purpose.

Of the accompanying phenomena of a solar
eclipse, for instance, the apparent darkness (measured
either by a photometer, by noting the faintest stars
that become visible, or by some empirical method
such as ability to read small print), the behaviour of
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plants and animals, the appearance and velocity of
the ‘‘shadow-bands,” and many other matters
provide a programme of great interest, and neces-
sitate, for completeness, a fairly large eclipse party,
in addition to the spectroscopists and other photo-
graphers, the physicists who measure the effect of
the interposed moon on radiation or terrestrial
magnetism, and the meteorologists who note the
variation of temperature and humidity. Longer
and longer grows the programme; practically
nothing can be cut out as no longer worthy of
notice, though ‘shadow-bands,” for instance, are
generally regarded as a phenomenon of physical
optics, and it is hinted that they, as well as the
celebrated “green flash,” can be produced under
other conditions than in the one case, a total
eclipse, and in the other, the setting or rising
sun.




CHAPTER XX
THE MOON

HE moon, though nearer the earth than any

other celestial body, and regarded as our own
peculiar property, has from time to time suffered
from a strange lack of interest among astronomers.
Even Herschel did practically nothing in that direc-
tion, though very little else escaped him. We have
noticed the progress of the theory, and now come to
observation. As regards the position of the moon,
it has for a very long time been considered the
peculiar prerogative of the Royal Observatory at
Greenwich to observe the moon on every possible
day, the long series thus accumulated from 1750
or thereabouts providing a rich store of material for
the completion or, at any rate, improvement of the
lunar theory. As it is impossible in general to
observe the moon on the meridian at Greenwich
within three hours of noon, on account of its relative
faintness against the bright sun-lit sky, it has been
for more than half a century the practice to observe
it off the meridian with an altazimuth for all possible
days when the meridian instrument could not for
the above reason be used, and also on sufficient
days, often the whole month, when both instruments

were available, for the sake of comparing the two
188
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and determining or eliminating systematic error,
which was expected to be larger in the case of the
altazimuth on account of its necessarily less stability.
We have noted the new Universal Transit Circle,
with which it has been possible still further to
reduce this error, though its use in fixed azimuths
somewhat lessens the number of observations.

One other recent modification remains. The
observations of the limb of the moon, whether seen
against a bright sky, a dark sky, or an intermediate
twilight sky, are by necessity compared for funda-
mental purposes with observations of stars, which
are of a distinctly different character. There will
be a varying error due to irradiation or diffraction,
according to the brightness of the sky, and in
general a ““ personal ” error differing from that which
is common to the star observations of the same
observer, and which is eliminated in the process of
reduction. It follows then that observations before
and after sunset will show a discordance, and ob-
servations before and after full moon will show a
separate discordance according to the limb which
is observed, so that in the course of a month a
peculiar set of discordances between observation
and ephemeris is found, partly due to the imperfec-
tions of the ephemeris, but partly also to the causes
just mentioned. To render the observations more
comparable, it has been proposed to observe instead
of the limb a small “crater” near the apparent
centre of the moon as seen from the earth, and at
Greenwich, and the Cape, and elsewhere, this has
been tried, the crater chosen being known as
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Masting A, for a reason which will appear. The
moon’s librations in latitude and longitude (since
only in the mean is its position relative to the earth
invariable, and even then only to the centre of the "
earth) cause the position of Mésting A to vary with
respect to the apparent centre, but this is allowed
for by a special ephemeris, given in the Berliner
Jakrbuck. 1t must be admitted that there are con-
siderable drawbacks to the method. To make
observations of the crater comparable with previous
observations of the limb, it is necessary to observe
both at the same transit, which is liable to interfere
with the consistency and accuracy of both observa-
tions, as they must be more or less hurried. Again,
the illumination of even a central crater is not con-
stant. It cannot be seen at all in the first or last
quarter, and is not always easy to identify, while on
some cloudy nights, when a partial transit of the
limb is an easy matter, that of the crater is impos-
sible. In any case the crater is not stellar in
appearance, so that the error, whose elimination is
sought, could not under the very best conditions be
entirely abolished, though it might be reduced;
under average conditions even this is not probable.
Mention of Mosting A brings us to what is called
selenography, or the science of charting the moon.
The father of this science was Schréter, whom Miss
Clerke has called the Herschel of Germany. Before
his time Hevelius, Cassini and others had noted
some of the salient features of the moon, but until
near the end of the eighteenth century, when
Schroter settled at Lilienthal and began his lunar
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and planetary studies, no exhaustive topography,
with a view to accounting for the appearance of the
moon or detecting possible changes, had been
attempted.  Schroter discovered the first “rill”
on the lunar surface in 1787 ; about a thousand are
now charted ; these “rills” are like barren ravines,
but it is doubtful whether they are simply dried-up
- watercourses, or cracks produced in cooling. In
1830 Beer and Maidler began their trigonometrical
survey of the lunar surface. Their chart was pub-
lished in four parts, from 1834 to 1836. Before
that Lohrmann had commenced one in twenty-five
sections, on the scale of one métre to a lunar dia-
meter ; but having published four sections his sight
failed, and his drawings were taken in hand by
Dr Schmidt, who became director of the observa-
tory at Athens, and after almost monopolising lunar
~ chartography for many years, published a complete
atlas founded on Lohrmann’s in 1878. The scale
was twice as great as Lohrmann’s, two métres to a
diameter, and more than 30,000 craters are marked
on it. Schréter had imagined the possibility of
lunar inhabitants, * Selenites,” and so as a matter
of fact had Herschel and others. Beer and Midler
definitely announced that no vestige of change was
shown anywhere, and that the moon was dead.
Nearly thirty years later Schmidt announced in
1866 that the crater Linné had disappeared, or so
greatly changed in appearance to be hardly recog-
nisable. Interest in the lunar surface at once
revived, and Schmidt no longer had the field to
himself, as had been the case since the announce-
ment of Beer and Maidler. It is curious that
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modern observations of Linné agree with those of
Schroter, while those of Lohrmann, Midler, and
early ones of Schmidt made it a much larger and
more important crater.

But though the continually varying incidence of
light on lunar “landscapes” may in certain cases
cause strange apparent changes, it is not safe to
assume that these careful observers were mistaken,
especially as this is not a solitary instance. A
similar change on the floor of the ‘““walled plain”
Plato has been noted, and also a new crater,
Hyginus N., announced. It is considered by W.
H. Pickering, whose great work on the moon, from
photographs taken principally at Arequipa, is one of
the most complete contributions to any branch of
astronomy that the new century has yet produced,
that the lunar volcanoes are not quite, though very
nearly, extinct, and that these changes are real. It
can hardly be regarded as certain, but it is a reason-
able explanation, if the facts are admitted. Other
works on the chartography of the moon have been
produced in the intervals between those referred to.
Nasmyth and Carpenter published in 1874 an atlas,
which has recently seen a new edition ; and Neison
(Nevill), now director of the Natal Observatory,
Durban, brought out in 1876 his great work on the
moon, with a revised map, founded on Beer and
Maidler, with thousands of additional objects. Photo-
graphy of the moon was first systematised at Lick
Observatory in 1890, another series being com-
menced at Paris in 1894. Professor Weinek, of
Prague, has studied the Lick photographs; and more
recently in England, S. A. Saunder, one of the
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secretaries of the Royal Astronomical Society, has
taken up the work of measurement of Paris photo-
graphs with a view to a complete selenographic
index and atlas, in which, however, he finds great
difficulty owing to the alarming want of uniformity
in lunar nomenclaturee. 'We have referred to
Mosting A and Hyginus N, but it must suffice on
this subject to indicate that names (eg., of astro-
nomers as Tycho, Copernicus) have been assigned
to conspicuous craters, that other names have been
given to larger regions such as the ‘“walled plains,”
Plato and others; that still larger ones, “ Maria,”
are indicated as Mare Nubium or Mare Serenitatis ;
and that in the case of a named district with small
craters, these are given the “district” name with a
suffix, as Mosting A, Hyginus N, and others. It is
in the order followed in the suffixes that some incon-
sistencies occur, while other cases are found of
craterlets being assigned to wrong regions, or pos-
sibly to more than one, the borders not being very
exactly assigned. It is to be hoped that the interest
recently shown in this subject will be maintained
until a uniform system is consistently followed.
Schréter suspected a lunar atmosphere about
twenty-nine times thinner than our own ; but Bessel,
from observations of the suddenness with which
stars disappear behind the moon, concluded that the
lunar atmosphere, if any, did not refract to any
sensible extent. Various estimates of the tenuity
admissible under such conditions have been given,
Sir John Herschel's limit being ;&5 of that of the
earth, a very different figure from Schroter’s .
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It was noticed, however, that the diameter of the
moon, as deduced from occultation, was less than
that obtained by direct measurement. Airy, from
Greenwich observations, made the difference amount
to four seconds of arc. If this could be attributed to
refraction, the effect could be produced by a lunar
atmosphere of Herschel’s suggested tenuity. But it
is not necessary to assume refraction to account for
the difference. It is known that when the moon’s
limb appears best defined for purposes of measure-
ment, it is apparently increased by irradiation, so
that the best direct measures are too large. On the
other hand, occultations will often, and, therefore,
in the mean, give a smaller diameter, as the
irregularities in the moon’s limb are considerable,
and any depression at the point where an occultation
takes place has its full effect on the apparent
occultation diameter, while it has none on the
direct measure, and in the complementary case of
a slight protuberance on the limb, both observa-
tions are affected. So that from this cause also
the “occultation” diameter would appear the
smaller. 'What is called the ““eclipse” diameter,
on which depends the magnitude and duration of
a total solar eclipse, is smaller still, most likely
because every depression in the limb has its effect
in letting sunlight pass, and so slightly shortening
the duration of totality. This difference is readily
illustrated by likening the apparent disc of the
moon to a solid toothed wheel, the directly
measured diameter being rather greater than that
of the circle circumscribed about the teeth, the

t
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eclipse diameter that of the circle inscribed within
the depressions between the teeth, and the occulta-
tion diameter between the two, as in general at least
some portion of a tooth would be in the path of the
star. It is obvious that most occultations take place
under conditions which render it difficult, if not
impossible, to measure the diameter at all, for only
in the case of very bright stars is accurate observa-
tion possible at the bright limb, so that either the
time of disappearance or of reappearance is liable to
error, according as the moon is waning or waxing.
On this account, about twenty years ago, it was
suggested that advantage should be taken of lunar
eclipses for this purpose, for, during an eclipse, not
only are both limbs dark, so that complete observa-
tions are possible under good conditions, but also
the absence of bright moonlight greatly increases
the number of stars whose occultation can be ob-
served with accuracy ; and there is in general another
slight advantage in that the eclipsed limb is more
often visible than the unilluminated limb. Hence
at more than one total eclipse lists of faint stars
liable to occultation during the eclipse have been
prepared and circulated among observatories likely
to co-operate, with an ephemeris of the times of
disappearance and reappearance. Ina few instances,
what are called *“anomalous” occultations have
been observed, when stars have either seemed to
disappear gradually, or to have been visible through
the moon’s edge. These cases have been cited as
evidence of a lunar atmosphere; but a more prob-
able explanation is that in some cases the star has
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been visible through a depression in the moon’s
limb, even after possibly disappearing momentarily
behind a “mountain”; and that in other cases the
star is really double, and one component has vanished
before the other. Advantage has also been taken
of lunar eclipses to test the question whether the
moon radiates heat on its own account besides
reflecting it from the sun. Evidence goes to show
that a sensitive thermo-pile of selenium cells exposed
to the rays of the moon before and during an
eclipse shows a diminution of heat received, not at
the commencement of the eclipse, but rather later.
This is, however, not conclusive, as it might easily
be explained by the slight storage of sun heat at
the surface of the moon, which would not dissipate
entirely for a short time after the sun’s rays were
withdrawn, just as the filament of an incandescent
electric light glows faintly for a fraction of a second
after the current is cut off. This particular branch
of lunar investigation is under the special care of
the Earl of Rosse, whose father built the great Par-
sonstown reflector of 6 feet aperture, which is still the
largest in the world, though its reflecting efficiency
is much impaired by deterioration of the mirror.

The evidence of the spectroscope shows that the
light of the moon is simply reflected sunlight, the
only difference being the faintness of the spectrum ;
by Huggins, some forty years ago, the spectrum of
a star approaching occultation was watched to see
if any differential absorption by a lunar atmosphere
could be observed, but the whole range of lines
vanished simultaneously.

cher. sl
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CHAPTER XXI

THE EARTH

T is sometimes assumed that the earth itself

should be left to the geologist on the one hand,
- or the geographer on the other. But the astrono-
mer cannot afford to neglect the earth from either
point of view. Geologists allege a glacial period,
stating definitely that the arctic circle must once
have been as far south as Yorkshire, and astronomy
has been called upon to ‘““state a case.” The
ordinary cause of a shift in the arctic circle is of
course a change in the obliquity of the ecliptic,
which is slowly diminishing. But Laplace’s investi-
gation has assigned quite a small limit to this
change, which is in the nature of an oscillation, and
this explanation was abandoned as insufficient. Sir
John Herschel suggested changes in the eccentricity
of the earth’s orbit as another possible explanation,
Lagrange having indicated an oscillatory change,
subsequently established by Le Verrier, in the shape
of the earth’s orbit, (the mean distance being invari-
able), from an ellipse to a circle, or nearly so. This
formed the basis of Croll's astronomical theory of an
Ice-age, about which, since it first appeared in 1864,
much has been written. The reconciliation of the

two sciences on this question has, however, been
192
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indefinitely postponed, and we need not dwell op it
further. Neither need we pay much attention, from
the astronomical standpoint, to the question of what
is at the centre of the earth. Halley’s idea of a
solid nucleus is gaining ground steadily, but it was
not suggested as an astronomical speculation, but in
order to account for the observed difference between
magnetic and true north, his notion being that the
magnetic poles indicated the rotation axis of an
inner solid. And yet in another form this very
question of the earth’s interior has become of great
practical interest to astronomers, though it is not
the question of solidity but rather of rigidity that
supplies the interest. It was long the custom to
consider -the earth in problems of dynamics as a
perfectly rigid body. The small value of the
observed precession and nutation were strong evi-
dence that the earth’s crust is not a thin shell, as
otherwise it would respond in a much greater degree
ta the luni-solar attraction on the protuberant part
round the equator; and though this argument, ad-
vanced by Hopkins in 1839, led to some contro-
versy, it being urged by Delaunay that the internal
fluid being viscous and the motion slow, no such
increased effect would be expected, Hopkins’ con-
clusion as to the earth’s external solidity received
confirmation from another direction, the theory of
tides. One of Lord Kelvin’s numerous contribu.
tions to science was the deduction that, since tides
are obviously perceptible, they cannot be shared in
anything like an equal degree by land and water, as
they would be if the earth were not rigid to a consider-
N
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able extent. Carrying out a series of tidal observa-
tions suggested by him in 1868 (he was then Sir W.
Thomson), Professor Darwin, from the analysis of
a large quantity of data extending over more than
thirty years, announced to the British Association in
1882 that the earth’s effective rigidity was at least
as great as that of steel. _

Soon after this Kiistner, at Berlin, detected an
apparent slight variation in the latitude, and careful
observations in selected places, widely differing in
longitude, gave such confirmation that, in 1891
S. C. Chandler was able to reduce them to the
concrete form of an assertion that the earth’s pole
approximately describes a sort of circle of about
twenty yards in: diameter every fourteen months.
Newcomb suggested as a physical explanation that
the earth’s axis of figure, about which it is bound
to be rotating instantaneously, must be continually
changing, owing to the successive piling up and
melting away of masses of ice and snow, and even
the unequal motion of the surrounding air. “Rigid”
dynamics being applied to the problem pronounced
the theoretical period of this particular oscillation to
be 306 days, or say, ten months. For an earth of
steel the time was found to be 441 days, or about
half a month longer than Chandler’s 428 days. It
may therefore be concluded that the earth’s effective
rigidity is rather greater than that of steel, a result
affording independent confirmation of that of Pro-
fessor Darwin.

Since the adoption of Chandler’s result, it has
been necessary to allow for the variation of latitude
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in exact astronomical measurements, and causes and
variations of the period have been diligently sought.
The amount is not a constant from period to period
since the supposed causes are variable, one under-
lying factor in all such meteorological conditions
being the solar radiation, which is known to be sub-
ject to variation'and is suspected to show a connec-
tion with the sun-spot period. A small annual
variation of latitude has been announced by a
Japanese astronomer, Professor Kimura, who de-
scribes it as a shifting “up” and “down” the earth’s
axis of its cemtre of gravity, which at once suggests
a probable cause in the accumulation of ice alter-
nately at the north pole and the south, this being an
annual phenomenon which might be expected to
produce just such an effect. It has, however, been
confidently stated that the effect of this cause would
be much smaller than the “ Kimura phenomenon,”
and, moreover, in the opposite direction. But the
precise effect of the accumulation of ice, with the
accompanying redistribution of water, might easily
be different in quantity and sign from what might at
first sight be assumed; and the behaviour of the air
at the poles is not known, so we may regard the
matter as still open to speculation. It will be
noticed that we have worked round to the geo-
graphical side of the subject, but on that astrono-
mers have a strong prescriptive right. The first
-geographers were astronomers, Ptolemy for instance,
and all fundamental “large scale” geography, such
as the determination of the earth’s size and shape
by meéasurement of meridian arcs, has been for
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centuries in the hands of astronomers. In fact, the
fundamental problems in all extensive surveys, as
well as in navigation or oceanography, are the
determination of the latitude, and more important
still, because more difficult, of the longitude, that
is, the time, whose accurate determination is so
important a branch of the work of a national
observatory.

Geodesy, on the large scale, is a matter of great
importance, and the International Geodetic Associa-
tion, with headquarters in Berlin, has now secured
the support of nearly all civilised countries. Much
has been done since the early days of the French
Revolution, when the metric system was first intro-
duced, the unit of length, the métre, being defined
as the rovodoos part of the arc from the pole to the
equator. This arc has, of course, never been
measured, but meridian arcs in various parts of
the world have been measured from time to time,
in Lapland, in Peru, in Spitzbergen, in France, the
greatest scheme being that still in contemplation,
and partly executed, through the whole length of the
African Continent, with possible extension by way
of Palestine to join the Russian arc. We cannot
enter into the details of trigonometrical surveys, the
special wires required for measuring, the various
standard base-lines, and the many other precautions
necessary in such a work as the great Indian sur-
vey, that of South Africa now in progress, the con-
tinual work of the U.S. Coast and Geodetic Survey,
and others. It may be mentioned that, in the
matter of ordnance surveys, our own country is
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behind many other nations, but these are outside
our purpose. The determination of differences of
longitude between fixed stations is certainly a matter
of astronomy; at one time these were dependent
on chronometers transported from one place to the
other, the error and rate of the chronometers being
determined by astronomical observations. The in-
vention of the electric telegraph superseded this
method, and led to the practice of observing a set
list of stars on the meridian at each station on the
same nights, comparing the clocks by electric sig-
nals through the telegraphic system, and subse-
quently interchanging observers at the two stations,
in order to eliminate any systematic personality.
In this way the difference of longitude, Greenwich-
Paris, has been determined again and again, with a
small difference between the English and French
determinations; the difference, Greenwich-Montreal,
once in recent years, by means of intermediate sta-
tions at Canso (Nova Scotia) and Waterville (Ire-
land), to divide the distance into what are practically
two land sections and the Atlantic cable, though
of course the Greenwich- Waterville section also
includes a submarine cable. A great arc of longi-
tude has been also measured by the officers of the
Indian survey to connect their system with the
European, and more important than all, the labours
of the German bureau, under Professor Albrecht,
have practically completed a ring of determina-
tions round the earth by way of Japan and North
America, all made with exactly similar instruments.
It is in connection with this work that the Repsold
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self-recording transit-micrometer, referred to in a
previous chapter, has been used to eliminate nearly
all personality. The latest development, which has
not progressed much further than the experimental
stage, is the adoption of wireless telegraphy for the
interchange of signals, a method by which many
small errors, due to the system of wires, batteries,
and relays, may be eliminated, and the probable
error of the resulting determination considerably re-
duced, if, indeed, the word ¢considerably” may
fairly be applied to the very small residuals already
shown.?

Of late years a simplification in the change of
civil time, from one country to another, has found
more general adoption. It was long urged that all
countries should adopt a universal central meridian,
and that the difference between the standard time
of two countries, instead of being so many hours,
minutes, seconds, and decimals of a second, as
determined by the exact difference of longitude of
the national observatories, should be in general an
exact number of hours, or possibly half-hours,
chosen so as not to throw noon far from twelve
o'clock over the greater part of either country. The
principle being admitted, great controversy raged
as to the choice of a central or zero meridian, the
almost prescriptive right of the Greenwich meridian
meeting considerable opposition in some quarters,
on the plea that it is not central for any extensive

1 The error in the “girdle of the earth ” from Greenwich to Greenwich, vid
India, Australia, and Canada, is less than a fifth of a second of time in the
twenty-four hours, or about one part in half a million.
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land area, on which ground, and also to avoid inter-
national jealousy, the meridian of Jerusalem was
proposed, among other alternatives. With the
strong support of America, Greenwich obtained a
large majority of the votes at a special International
Conference, and by the present time nearly all
civilised countries have fallen into line, so that
Spain, for instance, has adopted Greenwich time,
and Eastern China eight hours fast on Greenwich.
The measurement of great arcs is not the only
important branch of geodesy, which also concerns
itself with the variation of gravity, due either to
local disturbance, such as the vicinity of mountains,
or to the latitude, the force on the pendulum vary-
ing as it is carried further from the equator, owing
to the fact that the earth is flattened towards the
poles. The amount of the compression has been
determined in this and other ways, and is not far
from 335. Pendulum observations, to determine
the actual disturbance of gravity caused by a moun-
tain, in order to infer the mean density of the earth
have yielded a result about five and a half times
that of water, a value close to that which Newton
suggested. As most of the surface rocks are much
lighter than this, it seems likely that the centre of
the earth is composed of materials either in them-
selves heavier or else subject to enormous pressure,
There remains the earth’s atmosphere, which has
an intimate connection with astronomical investiga-
tions, if only for the trouble entailed in eliminating
its various effects, among which may be noted
variable refraction, which affects most measures of
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celestial objects and angles; air currents which
interfere with good definition, on account of which
it is becoming increasingly important to choose a
suitable ‘location” for a new observatory; and
absorption, which provides the main problem to be
dealt with by the bolometer. Almost the only
definite work (other than elimination of disturbing
effects) astronomy finds in the air itself seems to be
the identification of telluric lines (even this having
for its principal object nothing more than their
elimination from solar and other spectrograms) and
the investigation of the Aurora. The main interest
of the atmosphere is certainly with meteorology
and cosmical physics. We must pass on to regions
more exclusively astronomical.



CHAPTER XXII
~ THE INTERIOR PLANETS

MODERN advances in planetary observation

are confined to comparatively few channels,
and the most attractive of these, in the case at any
rate of the larger planets, has been the rotation.
Schroter worked for thirty-four years at Lilienthal
before the catastrophe of 181 3, when French troops
pillaged and destroyed the place and ruined the
observatory, many of Schroter’s manuscripts perish-
ing in the conflagration of the Government offices
(Schréter was  chief magistrate of the district).
During this time he observed the surfaces of the
planets, as well as of the moon, with a care and
perseverance never before devoted to them. He
inferred the existence of a fairly dense atmosphere
on Mercury from the relative faintness of the
‘“terminator,” the boundary of the illuminated por-
tion of the planet, and also from an appearance like
a bright halo round the disc when seen in transit
across that of the sun, giving a shaded rim to the
dark disc. At different transits this appearance has
been seen by some observers and absolutely denied
by others, so that it is generally considered to be an
optical phenomenon. Photometric observations of

the partial phases have tended to show that light is
201
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reflected similarly, and to exactly the same propor-
tion, from the surface of Mercury and from that of
the moon, from which we may conclude that Mercury
has no appreciable atmosphere.

Schréter noted an apparent blunting of one horn
of the crescent of Mercury which he assumed to be
caused by a mountain; from repeated observations
of the times of similar appearances he inferred a
rotation period of rather more than twenty-four hours.
A similar, though slightly shorter, period was deduced
from observations of some rather uncertain markings.
Several observers, including Trouvelot and Denning,
noted features similar to those described by Schréter,
but the next astronomer to devote much time to the
subject was Schiaparelli at Milan. By working in
daylight he considerably increased the time during
which the planet could be continuously watched, and
also was able to observe it under much better con-
ditions high up in the sky. The final conclusion,
after a long series of observations, was that Mercury
has reached the stage of development as a planet
that the moon has as a satellite, and turns on its
axis in the same time in which it revolves round the
sun, about 88 days. So that as the moon, except
for libration, always turns the same face to the earth,
so Mercury always turns the same face to the sun,
except that owing to the eccentricity of the orbit
Mercury’s librations are much greater than those of
the moon, so that only about three-eighths of its
surface is never exposed to the sun. Schiaparelli
also observed markings somewhat in the nature of
colour contrasts, whose only occasional visibility led
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him to assume an atmosphere, but Lowell, in the
clear air of Arizona, has since verified Schiaparelli’s
conclusions as to the rotation, but carries the analogy
with the moon still further by pronouncing Mercury
an airless, dead planet, with a surface cracked in
cooling untold ages ago.

Although we have begun this chapter with Mer-
cury as the planet nearest the sun, we must not
forget the possibility that this may not really be the
case. The anomalous motion of the perihelion of
Mercury has been a stumbling-block to the universal
satisfactoriness of the law of gravitation, and one
suggestion, worked out by Le Verrier on analogous
lines to the analysis by which he had predicted
Neptune, was that there was a planet nearer the sun
than Mercury, whose action would account for the
anomaly.

Six months before the announcement of this
hypothetical planet to the Academy of Sciences, a
provincial French physician named Lescarbault had
at last succeeded, after years of patient watching, in
seeing a round object slowly traversing the sun’s
disc. Hoping to see it again, he said nothing until
after the publication of Le Verrier's result, but then,
in spite of snubbing and severe cross-examination
from Le Verrier, who hurried down to see him as soon
as he heard of the supposed discovery, he succeeded
in convincing the great man of the accuracy of his.
observation, and an orbit was approximately com-
puted for the alleged new planet, to which the name
Vulcan was assigned. It has never been seen since,
“though similar appearances were collected and in-
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vestigated, and transits predicted. One such appear-
ance in 1876 was proved to be an ordinary sun-spot,
without penumbra, and the next announcement was
at the eclipse of 1878, when, as already noted, two
American professors, Watson and Swift, at different
stations, declared they saw a planetary object near
the eclipsed sun, in fact two such objects. Analysis
proved that none of these fitted the calculated orbit
of Vulcan ; and that, so far as the observations went,
they did not refer to the same two objects, unless
these were two not very bright stars in Cancer.
Those two stars, it is now generally assumed, they
actually were, and it is also assumed that excitement
rendered the identification doubtful by making the
observations unusually bad for such qualified
observers, each famous for astronomical discoveries.
At no subsequent eclipse has any such object been
announced, though much time has been devoted to
the search for it by means of charts showing every
star in the neighbourhood of the sun which could
possibly be visible in the darkest eclipse.

The planet next after Mercury in nearness to the
sun is Venus, whose transits, as we have seen, were
considered of such importance in the problem of the
solar parallax. Venus is considered to be much
like the earth, not differing greatly in size and
showing less equivocal traces of atmosphere than
have been noted in the case of Mercury. More-
over, its rotation period has been by many observers
from the 17th century to the present day considered
to be nearly the same as that of the earth.
Thousands of observations have pointed to a value
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just over 23% hours. Schiaparelli, however, noted
that certain bright spots apparently remained
always at the same distance from the terminator,
and hence concluded that like Mercury and the
moon, Venus also keeps the same face always
turned to its primary, or in other words its rotation

and revolution periods are identical. This gives a

rotation period of 225 days, very different from the
results of Cassini, Schroter, De Vico and others.
But the case was not considered so certain as that
of Mercury. It was at once suggested that a spot
appearing at the same place on consecutive days
did not negative the possibility of a whole rotation
in the interval, and though this particular objection
has been met by a pair of practically identical
drawings made on the same day in 1877 by
Schiaparelli at Milan and Holden at Washington,
with an interval in actual time of eight hours, yet
there are not wanting modern observations in
support of the quick rotation period. Such welk
known names as Perrotin (Nice), Tacchini (Rome),
and Lowell are on the side of Schiaparelli; but on
the other side may be found almost equally careful
observers, in support of whom may be cited
Bélopolsky’s attempt to test the matter spectro-
scopically in 1900, which apparently confirmed the
short rotation period. But more recently, in 1903,
a similar method in the hands of V. M. Slipher,
working at Lowell’s Observatory, Flagstaff, Arizona,
gave no evidence of a quick rotation. It was
objected that this was only negative evidence, but
the same method applied to Mars gave a result

TP .
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within five per cent. of the truth as known from
other methods.

At the risk of repetition it is perhaps advisable to
indicate briefly in this place the underlying principle
in the spectroscopic method of determining rotation.
Light from the two opposite limbs of the planet is
examined simultaneously with the spectroscope.
Relatively one set of rays is approaching the
observer with the linear rotation velocity of the
planet, the other receding with the same velocity.
Hence the displacement between the two corre-
sponds to twice that linear velocity. The quicker
the angular rotation, and the larger the planet, the
greater will be the displacement and the easier and
more reliable will be the observation. Mars, how-
ever, is smaller than Venus, and his rotation period
a little slower than that demanded by the opponents
of Schiaparelli. It is therefore difficult to evade
the argument that if they were right Slipher’s
spectroscope ust have proved it, hence -the fact
that it did not is positive evidence that they are
wrong. It seems safe, therefore, to assume that
the rotation period is 225 days, no intermediate
value between that and approximately one day
having met any support whatever.

Long-continued observations of the appearance
of Venus have rendered it fairly certain that Venus
has an atmosphere of considerable extent. Effects
have constantly been noted that can only reasonably
be attributed to refraction of the sun’s rays beyond
the terminator, and the bright limb is frequently
greater than a semicircle, and occasionally is seen
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right round the planet, which could hardly be the
case unless distinctly more than half the planet
were illuminated. The dull light occasionally seen
on the dark portion of the disc cannot be explained
by earthshine, as is the case with the corresponding
lunar phenomenon. Much of the evidence on this
subject is to be found in the various transit of
Venus observations, where the effect of an atmos-
phere is very marked. And yet there is evidence
that considerable irregularities are also seen on the
surface. We need not accept Schroter’s mountain
of 27 miles in height, but careful observers such
as De Vico and Denning have confirmed the
existence of formations similar to those on the
moon. It appears then that there is an atmosphere
which twilight observations indicate as being of
considerable depth, and that we can nevertheless
see mountain formations through it. On the other
hand, comparison with Mercury, considered as an
airless planet, shows Venus to possess so high a
light-reflecting power or aléeds that it has been
suggested that no solid body could be so bright,
and that what is seen is an atmosphere charged with
clouds, or possibly snow. It seems evident that more
work remains to be done to enable a satisfactory
decision to be made. Can it be that the main
portion of the visible surface is simply a cloud
world veiling the planet beneath except for a few
lofty snow-covered peaks occasionally rising above
the clouds? It is true that maps of Venus have
been produced by Lowell, for instance, showing
markings of an indefinite character, of a spoke-like
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formation, but even Lowell is inclined to consider
them as not real surface markings but as optical
effects, so that it cannot be said that they absolutely
negative the cloud-mask idea.

The spectroscope as applied to the light of Venus
furnishes very slight evidence of any absorption of
the sun’s light by water-vapour or anything else, so
that there appears to be little doubt that most of the
light at any rate which we receive has not penetrated
far into a dense atmosphere. These observations
are not always accordant, some well-known spectro-
scopists having found distinct indications of water-
vapour, others practically none. The absorption is
perhaps a more variable quantity than anything of
the kind in our own atmosphere, and in any case it
seems certain that conditions on Venus are not so
similar to those on the earth as has sometimes been
claimed.
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CHAPTER XXIII
MARS

THE planets between us and the sun are by reason
of their position less favourably placed for ob-
servation from the earth. We now turn to the outer
planets, and are almost bound to commence with
Mars, though, as we have already seen, Mars is not
quite the nearest at all times. The value of Mars
in the history of astronomy is very great. It is
impossible to conjecture how much longer the world
would have had to wait for the laws of motion
enunciated by Kepler but for the considerable
eccentricity of the orbit of Mars, which was sufficient
to préclude the possibility of a circular orbit. When
Venus is nearest the earth it is only the dark
hemisphere that is turned towards us, but with
Mars nearest it is the bright hemisphere that is
seen, so that long spells of observation at night are
frequently possible. It was once considered that
the red colour of Mars denoted a dense atmosphere,
corresponding to the foggy conditions under which
the sun appears red to us; but this has long since
been disproved. Observations of Mars and com-
parison stars for determination of solar parallax have
been already noted, and we may now confine our
attention to questions concerning Mars alone, which
T 20
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can in many cases, owing to the favourable
conditions and the consequent concentration on it of
a large number of observers, be answered with
more definiteness than is the case with any other
planet.

There is none of the doubt that at one time
existed in the case of Mercury, and to some extent
still exists in that of Venus, as to whether we can
see permanent markings from which to deduce the
rotation period. This was found with considerable
accuracy to be 24% hours by Hooke and Cassini
in the 17th century, and some fifty years later
Maraldi noted the ‘ polar caps,” subsequently ex-
plained by Herschel to be actual frozen precipita-
tions, inasmuch as they alternately increased and
diminished in extent with the progress of the
Martian seasons. It is true that Schréter and some
of his contemporaries denied the reality of the sur-
face markings, alleging that they were merely cloud
effects, but the steady improvement of optical power
in the 19th century has enabled successive ob-
servers to indicate markings with such confidence
that identifications have been made with the very
oldest markings on record, and maps differing thirty
years or more in date show practically the same
features.

With a range of observations extending beyond
two centuries, even an error of a tenth of a second
in the received rotation period is inadmissible. Pro-
fessor Bakhuyzen, of Leyden, from a comparison of
observations from Huyghens to Schiaparelli, gives
the period as 24h. 37m. 22.66s., an error of one-tenth
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of a second, which corresponds to more than two
hours in the interval between the first and last
observations, being practically impossible.
 Many independent pieces of evidence accumulated
in the last century to overthrow the notion that the
redness of Mars was due to atmospheric absorption.
A star occulted in 1822 was observed by Sir J.
Herschel’s friend South to disappear sharply, and
soon afterwards Herschel ascribed the colour to soil.
Another argument adduced by Dawes was that the
red colour was deeper in the centre instead of at
the edges. Yet another was the whiteness of the
“ polar caps,” adduced by Huggins. Theory, more-
over, based on the relative effect of gravitation,
points to the probability of Mars, a body much
smaller than the earth, having an atmosphere very
little more than one-seventh as dense as ours.
Perhaps the strongest argument of all is the fact
that, in general, details of the surface of Mars can be
seen, though clouds or vapours of a similar kind are
often noted also. Were the atmosphere of Mars as
dense as ours, it is known, from Langley’s bolo-
metric observations, that 40 per cent. of the sun’s
vertical rays would not reach the surface of Mars,
that even white sandstone would not reflect a
quarter of the remainder, and that probably another
40 per cent. of what was left would be lost in its
passage out again; so probably less than 10 per
cent of the light would reach the earth’s atmo-
sphere. At the same time the light reflected from
the cloudy atmosphere of Mars would be much
brighter in proportion. So it is practically certain
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that no surface detail of Mars would be seen except
in the vaguest manner, but for the great tenuity of
- its atmosphere compared with ours.

The spectroscope in recent years shows an almost
total absence of water absorption, though traces
have been noted by Huggins and Vogel. This
feature, though partly to be expected on account of
the smallness of absorption due to so slight an
atmosphere, is also regarded as evidence of a con-
siderable lack of water on Mars altogether. The
melting of the “polar caps,” which sometimes is
complete, a very different state of things to that
which obtains on the earth, seems to point to a
temperature far higher than the theoretical mean
temperature (some 30° below zero Fahrenheit,
according to Christiansen). But it has been freely
surmised that the ‘¢ polar caps” are not of snow, but
of solid carbonic acid, with a much lower melting
point ; if so, not only would the one anomaly be
plausibly explained, but also the similar one of the
apparent absence of ‘“frost” beyond the polar
regions at all times, for once mfore we can appeal
to the investigators of solar radiation, of whom
Angstrém finds a very high value for the heat-
absorption of carbonic acid gas. It would seem
possible that the so-called *theoretical” tempera-
ture, deduced from the distance and eedo of Mars,
is absolutely unreliable, and that, owing to the
relative preponderance of carbonic acid instead of
water vapour, Mars may retain comparatively more
heat than the earth. But we shall note further
suggestions bearing on the comparative dryness of
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the planet. Among the many careful delineators of
the features discernible on the very small disc, which
only at “favourable” oppositions, occurring about
once in fifteen years, reaches an apparent diameter
nearly one-seventieth part of that of the sun or
moon, the first associated with an important dis-
covery in more recent times was Schiaparelli, who
in 1877 discovered what have ever since been
called “canals” (the Italian word really means
‘“channels”), a network of more or less straight
divisions, extending from “sea” to ‘“sea” across
what had been regarded as “ continents,” but which
might now be considered “islands.” The erroneous
use of the word “canal ” gave rise to conjecture that
the divisions were actual irrigation canals by which
the melting of the “polar caps ” was made available
for the spread of vegetation. The size, however,
some of them being three or four thousand miles
long and about sixty miles wide, seemed conclusive
against this hypothesis. In the winter of 1881-82
the planet, though further off, was much higher in
the sky for observers in the northern hemisphere,
and Schiaparelli made the astonishing discovery
that many of the “canals” were double, a com-
panion running parallel at a distance varying from
200 to 400 miles. Much ingenuity has been applied
to the explanation of this phenomenon, either as
an illusion or a reality. It has been attributed to
refraction or some kindred optical cause. Professor
Lowell has written a celebrated book on Mars
strongly supporting the theory of the “canals”
being. artificial irrigation works; and maintaining,
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moreover, that the reddish and grey-green regions,
so far from being simply land and water, or
“continents” and ‘“seas,” are land only, divided
into deserts and tracts of vegetation; to the theory
that the ‘seas” are not water comes supporting
evidence from Professor Barnard with the great
Lick telescope, his observations, in great detail,
being incompatible| with the.idea of a large expanse
of water. The favourable opposition of 1892 was
principally famous for the great interest evoked by
the fantastic idea eagerly taken up in the press that
certain bright clouds noted in the atmosphere of
Mars were actual ‘“signals” from Mars to the
earth.  Careful observations, especially at Are-
quipa, in the southern hemisphere, where the
“favourable” oppositions are most deserving of
their name, confirmed the previous impression that
the outlines are only in the main permanent, but
that changes considered seasonal do considerably
vary the contour of the various districts, so that
either there are extensive inundations or luxuriant
tropical growth, according as the colour be taken
to denote sea or vegetation. It is probable that
the opposition of 1907 will see a renewal of in-
terest in those matters, especially in the southern
hemisphere.  The Cape is now supplied with
a fine instrument, and there is talk of one
being provided for the Transvaal, though there
is hardly time for that before the opposition.
Quite recently another book from Professor Lowell
emphasises still more strongly his conviction that
the observed phenomena demand polar caps of
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snow, not carbonic acid, inasmuch as he maintains
the visibility of a fringe of liquid during the melting,
whereas ordinarily carbonic acid goes straight from
solid to gaseous form. He insists also that every-
thing apparently anomalous in the drawings made
at his observatory is a natural consequence of the
shortage of water on the planet, which is in a far
more advanced stage of development than the earth
(which is also said to show symptoms of a gradual
“drying-up ”), so that on the one hand necessity has
driven the assumed “ Martians” to construct ela-
borate irrigation works in order to utilise to the full
the scanty supply of water, and on the other the
absence of mountains and the greatly diminished
effect of gravity have enormously lessened the
labour involved in the necessary trenching. When
we remember the tenuity of the Martian atmosphere
we might fairly object to the assumption that the
supposed inhabitants would get the full benefit of
the economy of power alleged, as their vital energy,
an important factor in the question, would be pro-
bably low. In fact, so far as the argument depends
on terrestrial and human analogy the assumptions
involved are so great that Professor Lowell’s very
plausible explanation can hardly be called con-
vincing. This is especially the case since practi-
cally the whole of the elaboration of the details,
the close network of markings crossing not only
the “deserts” but also the * vegetation,” the
“oases” at the points of intersection, and other
phenomena dealt with at length in his book, depend
on drawings made at his own observatory by his
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own staff; and it is difficult for those who have
looked in vain with different instruments under
different conditions to admit the full deductions
at once to be drawn from their failure and his
success. Admitting his evidence, his deductions
as to intelligent beings on Mars, who can not only
construct thousands of miles, in fact hundreds of
thousands of miles, of great canals at least
a mile wide, but can also force water to fill them
against its natural inclination, are scarcely, if at all,
credible. It is, therefore, easier to doubt the reality
of the evidence, elsewhere unsupported, except in
some of the more conspicuous features, though this
attitude is more human than logical. It is well
known that a trained observer, who knows by ex-
perience exactly what he is looking for, will see with
comparative ease what an average person entirely fails
to distinguish; but it is also beyond question that
observers of supposed trustworthiness have recorded
things as seen which have had no real existence,
but which they expected to see. In other words
personal bias counts for something, and whether
the observation be made by the man who believes
or by one of his staff who is told what to expect, it
will be regarded with scepticism by the man who
does not believe. And on this subject we may
note two interesting experiments. Some time ago
at Greenwich Hospital School, in accordance with
a suggestion made by E. W. Maunder of the Royal
Observatory, a number of boys at different dis-
tances were set to copy what they could see of a
design similar to a vague map of Mars without any
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lines joining the salient features, none of the boys
having any previous knowledge of the subject, and
produced a striking result. Those near the board
practically reproduced the design ; those far off only
imperfectly did the same, but some at intermediate
distances did actually put in, as visible to them,
lines resembling the famous *markings” on Mars.
This experiment, though as Professor Lowell says,
it does not prove him to be mistaken, at any rate
certainly shows how he might be mistaken, and has
shaken the convictions of some planetary observers.
The other experiment was carried out by Mr Lamp-
land, one of Lowell’s assistants, in 1905, and was a
successful attempt to photograph a “ doubled canal.”
It unfortunately happens that the particular canal
photographed, being naturally the widest “ pair,”
was generally regarded by Lowell himself as not a
normal case, and certainly the distance between the
two parallel lines, wide enough to enclose Great
Britain between them, seems decidedly against their
close association.

On such a subject we may well wait for further
illumination before attempting to dogmatise.

The opposition of 1877 was also marked by the
discovery, made by Asaph Hall with the great
Washington Equatorial, of two small satellites
attending Mars. It is curious that at least two
writers of romance, Cyrano de Bergerac and Dean
Swift, should have predicted this many years before,
the latter giving an astonishingly accurate guess as
to their motions ; so nearly accurate indeed as to
raise in some minds a suggestion as to the pos-
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sibility of the Dean of St Patrick’s having actually
observed the satellites on the sly and computed the
motion of one of them. The suggestion is hope-
lessly impossible, having regard to the poor tele-
scopic power then available, even granting that
Swift’s peculiar temperament might have accounted
for his deliberate suppression of the discovery, or
rather for his publishing it in such a way that no one
would suspect the truth, though he would at any
time be able to prove priority—a device similar to
the anagrams of Galileo and others.

These satellites, called Deimos and Phobos, are
very small, probably not more than ten miles in
diameter ; and their motions, to anyone familiar with
that of our own moon, quite disconcerting. Deimos,
the outer one, revolves about Mars in rather more
than thirty hours, so that it moves slowly across the
sky, taking more than two Martian days from rising
to setting. Phobos, meanwhile with a period of less
than eight hours, hurries round in the opposite
direction, rising in the west about twice a day.
Both being so small, however, they are incon-
spicuous even from the surface of Mars, and Phobos
is too near the planet to be even visible from the
polar regions. To the hypothetical Martian astro-
nomers these little objects might have been of untold
value in simplifying the problems and testing the
theorems of celestial mechanics. An absurd rumour,
probably due to an imaginative journalist, that these
satellites showed phases as they revolved round
Mars may have aggravated the scepticism in some
quarters towards Lowell Observatoryannouncements.




CHAPTER XXIV

MINOR PLANETS

TO the rapidly increasing band of minor planets

or asteroids we cannot devote much space.
We have seen how slowly the number crept up at
first, with frequent intervals of many years between
successive discoveries. Since 1846 no year has
been fruitless in this direction, and a great impetus
was given to the rate of increase by the applica-
tion of photography to the search about 1892. In
former years the patient, arduous work of discover-
ing a very few was deemed worthy of recognition
by the award of a gold medal. It is far otherwise
with the taking of a photograph in which a faint
streak instead of a star-like image at once betrays
a moving object, the difficulty now not being the
recognition of the planetary nature of the object,
but the question whether it is new or identical with
one of the many hundreds already noted. Joel H.
Metcalf, of Taunton, Massachusetts, inverts the
method in general use, and allows an average
motion to the plate, so that the stars trail, claiming
thus to be able to photograph fainter planets than
would be the case if the planets had to trail. When
the total number known was small, all were kept

fairly under observation at successive oppositions
219
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and elements of orbit soon computed and corrected ;
and even when twenty were discovered in one year
computation was not far behind, so that rediscoveries
were easily identified, and the permanent number,
indicating order of discovery, was soon assigned to
each new object, speedily in most cases followed by
the selection of a name by the discoverer, the names as
a rule being feminine ones from classical mythology.
It will be easily seen, however, that while under the
old routine it was almost impossible to recognise
the planetary nature of an object until sufficient
observations had been secured to determine its
orbit, the new method reversed the order of things,
and so a new convention was adopted. Any plane-
tary object not immediately recognised from a current
ephemeris was assigned a provisional letter in addi-
tion to the year of discovery, thus 1892 A, 1892 B,
and so on ; the intention being to begin the alphabet
again each year, and to keep the provisional desig-
nation until an organised committee was satisfied
with the orbit, and convinced of the “newness” of
the planet, when a permanent number would be
assigned. As no fewer than twenty-seven were dis-
covered in the first year of the new scheme, which
was only in effect for part of the year, it was neces-
sary to modify it, and after once restarting the
alphabet it was agreed to prefix each letter in turn
to successive alphabets, beginning them without
reference to the year, so that AZ was immediately
followed by BA, and so on. Itis almost certain that
ZZ will be claimed during the current year, and will
be followed by 1907 A, 1907 B, and so on, accord-
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ing to the system of 1893. This will not, of course,
mean that 702 new planets have been discovered
since the adoption of the present convention in 1893,
for the usual announcement in the Astronomische
Nackrichten, following one of the periodical meetings
of the committee, is divided into at least three head-
ings ;—permanent numbers have been assigned as
follows, certain others have been identified as follows,
and again certain others have had no number
assigned, having been insufficiently observed;! in
each class the provisional letters are of course given.
The last provisional letters claimed in 1906 were
XH, and the last permanent number assigned was
(601).2 The naming lags behind, and conventions
are increasingly difficult to satisfy, so that we find
a few masculine names, as Endymion ; some names
from Indian or Peruvian mythology, as Siwa or
Cava ; some names, perhaps chosen on account of
their occurrence in Northern saga or Teutonic
legend, as Hedwig or Undine; others frankly in
common use, as May and Charlotte ; geographical
or quasi-geographical, as Chicago, Bavaria or
Pittsburgia ; or indicating the mode of discovery,
as Photographica and Stereoscopia. Professor Wolf
recently named a batch of forty-one of his discoveries
at once, but there are still many yet unprovided with
names. One masculine name, Eros, to which refer-

1In this class must be included for the present 1903 LXa, the only planet
ever discovered at Greenwich. The discovery was made in 1906 in measuring
photographs taken in 1903, and the provisional letters LXa indicate that the
first photograph was taken between the announcements of 1903 LX and
1903 LY,

2 As.these sheets are passing through the press, the letters have reached
ZS5, but the numbering has not advanced.
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ence has been made in connection with the solar
parallax, is defended on the ground that the asteroids
are defined as lying between the orbits of Mars and
Jupiter, whereas Eros revolves almost entirely with-
in that of Mars; therefore, not conforming to the
regulations for asteroids, it need not be bound by
the conventions in regard to name.

The discoverers are far less numerous than the
asteroids themselves, some discoverers, as Max
Wolf at Heidelberg and Charlois of Nice, claiming
three-figure totals, practically all photographic; and
some of the older observers, before the application
of photography, numbered their discoveries by the
score. The new method must have come with a
terrible shock to some who had laboured in the field
with indomitable patience, and found themselves
supplanted, like the hand-loom weavers, by the intro-
duction of the power-loom, Formerly too, men like
Dr R. Luther of Diisseldorf spent their time in
calculating ephemerides for themselves. This work
is now almost wholly done by the Berlin Rechen-
institut, which computes orbits from observations,
corrects them for planetary perturbations, and pub-
blishes ephemerides for rediscovery.

The most striking discovery in this fruitful field
since Dr Witt of the Urania Observatory, Berlin,
achieved his first! planetary discovery, Eros, in 1898,
was of 1906 TG ( = 588).

Long ago Lagrange calculated that if two bodies
moving round the sun at the same mean distance

! It was on this account suggested that the planet should be named Brevitas,
as being the sole (discovery) of Witt.



MINOR PLANETS 223

" 4rom it, were also at the same approximate distance
from each other, and projected under certain con-
ditions so as to form with the sun an equilateral
triangle, this arrangement would be permanent.
Such a case is approximately provided by (588),
which is at about the same mean distance as Jupiter,
and though not fulfilling all the conditions forms
with it and the sun a system very similar to that
conjectured by Lagrange.

This discovery, with that of Eros, extends the
minor planet zone at least the whole way from the
orbit of Mars to that of Jupiter, with hundreds of
interlacing but not intersecting paths. The space is
not evenly filled up, however, for most of the mean
distances are near that of the conjectured planet
filling the gap in Bode’s law between those of Mars
and Jupiter; and besides, at certain points, where
the periodic times would be a simple fraction (3.2 ¢
and so on) of that of Jupiter, there are practically
no planets yet discovered. Professor Kirkwood
argued that this feature, which he noted before the
number of asteroids reached 100, was due to the
cumulative effect of Jupiter impulses at the regular
intervals provided by the simple commensurability
of the motions (just 3s large vibrations can be set
up in a suspended magnet by regular presentations
of a small piece of steel at intervals equal to one
or more complete oscillations of the magnet), which
he suggested would in course of time draw them
far enough from their original courses to allow of
the interference of neighbouring planetoids and thus
modify their elements. Whether this theory or
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some other, such as that of De Freycinet, who
argued that Jupiter prevented rather than abolished
the existence of such “commensurable” planets, it
seems certain that the gaps are intimately connected
with the giant planet.

The total mass of the minor planets is probably
many times smaller than that of the moon, the esti-
mates having decreased steadily from Le Verrier’s
suggested limit of a quarter of the earth’s mass down
to less than a three-thousandth of it. The largest
of them, now known to be Ceres, the first discovered,
is not 500 miles in diameter; Vesta, the brightest,
having a diameter only half as great. Many can-
not be much more than ten miles across, and it
would seem likely that very many more smaller still
are too faint to be discovered with our present
appliances. The size of Deimos and Phobos might
suggest that they had once belonged to the group
of asteroids, but no other evidence is likely to be
forthcoming, and speculation is of no value in such
a case. A few of the asteroids are observed to
fluctuate in brightness (Eros among them), an
appearance probably due to want of uniformity of
surface. They can have no atmosphere, being too
small to arrest the escape of gaseous particles,

It must not be supposed that the asteroids Eros
and TG are the only ones of special interest.
There are many others noted for some peculiarity
in addition to Ceres and Vesta, to which reference
has been made as the largest and brightest re-
spectively. For instance, Pallas moves in an orbit
inclined at an angle of nearly 35 degrees to the
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ecliptic ; (475) Ocllo has the high eccentricity of
0.38 and other abnormal elements: (132) Aethra,
whose orbit is to a slight extent within that of Mars,
may claim a place in an “agony column” as a
missing legatee, the “ something to her advantage ”
being derived from the fact that the discoverer,
Professor J. C. Watson, fearing that among the
rapidly increasing host of minor planets, his twenty-
two discoveries might sink into oblivion, provided
in his will for their continued observation and the
complete determination of their orbits. Aethra,
however, has not been seen since the opposition at
which it was discovered, and it is thought possible
that perturbation by Mars may have altered the
orbit, a point of considerable improbability which
was being recently investigated in America.

Some of the planets occur in pairs, so. to speak,

the best known being (37) Fides and (66) Maia,
whose elements are closely similar, except for the
direction of the major axis; (97) Clotho and (3)
Juno are not quite so accordant ; others again differ
in more than one element, but are very similar in
others, until we reach pairs whose orbits are alike
only in shape and size, such as (27) Euterpe and
(287) Nephthys. ‘

[Since this chapter was set up in type two new
new planets, VY and XM, have joined the TG class,
and masculine names have been assigned to all
three, TG being called Achilles, VY Patroclus, and
XM Hector.]

P




CHAPTER XXV
THE MAJOR PLANETS

IN striking contrast to this collection of solid
objects, we come to their next neighbour,
Jupiter, with an enormous bulk more than a
thousand times as great as that of the earth, but
by no means so solid. It is, in fact, considered now
as in a stage intermediate between that of the sun
and that of the inner more matured planets.
Glimpses of an idea of similarity between Jupiter
and the sun, and especially in regard to temperature,
are to be seen even in a few eighteenth century
writers ; but soon after the middle of the nineteenth
century the idea was revived by Nasmyth, and in
1860 G. P. Bond found the light of Jupiter fourteen
times as intense photographically as that of the
moon, pointing to the unexpected deduction that it
reflected more than 100 per cent. of the incident
light, and so must be self-luminous to some extent.
This deduction, however, he himself rejected on the
ground that his observations were not good enough,
but suggested that any light from Jupiter not attri-
butable to reflected sunshine might be auroral in
character.
Soon afterwards Zollner, in 1865, rejecting the

suggestions of Herschel and others that the bands
226
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and cloud movements on Jupiter were analogous to
trade winds, which in a rapidly rotating body like
Jupiter would have enormous effect, suggested that
this analogy was misleading, since at such a distance
the sun’s effect in causing trade winds must be only
7rth of that on the earth. He deduced that the
requisite heat must come from within, and that
Jupiter must be still a hot and almost gaseous body
without a solid crust. From one observer and
another has come confirmation, more or less strong,
of this new idea. The solar analogy of the rotation,
varying with the latitude and being quickest at the
equator, had been known as long ago as the time of
Cassini, who even hinted at the similarity of Jupiter
markings to sun-spots, a similarity more generally
recognised since the careful and prolonged observa-
tions of Denning and others on the motion and
appearance of the spots and belts, The experiment
of Bond, often since repeated, renders it only very
possible and not by any means certain that Jupiter’s
surface, or what appears to us as surface, whether of
gaseous body or overlying cloud strata, is self
luminous, as it would be if really incandescent. The
albedo is determined to be as high as 70 per cent.,
and since this is near the limit of the whitest sur.
faces known in nature, and moreover since Jupiter
appears not white but tinted, and also marked with
dusky spots and bands, it is an easy inference that
the 70 per cent. is not all due to albedo.

On the other hand the spectroscope shows little
but the ordinary Fraunhofer spectrum. There are
other lines present, some due to a damp atmosphere
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and some unknown, one strong band in the red
having been identified by Professor Vogel with a
line seen in some red-star spectra. Practically all
the admissible spectroscopic evidence is in favour
of a cool atmosphere and against an incandescent
surface. In addition to this the satellites of Jupiter
when crossing between us and the planet have a
way of casting dark shadows. They are as a rule
brighter than the edges of Jupiter's apparent disc,
but not so bright as the centre; thus on occasions
one or other of them appears quite black against
the planet, so that here the evidence is conflicting.
The first satellite only appears a little dusky, not
dark ; the second has a high albedo and never
shows dark at all; the third and fourth appear to
be of variable brightness. These last two have
been proved by careful observations at Arequipa,
and at the Lowell Observatory, to have reached the
advanced stage of development attained by the
Moon, Mercury and Venus, and to keep always the
same face to their primary, a conclusion asserted
more than a century ago by Herschel, but long con-
sidered doubtful, and especially as the first and
second satellites do not show this peculiarity.

The first satellite revolves about Jupiter roughly
four times a week, the second twice, the third nearly
once, while the fourth takes rather more than a
fortnight, so that a -very simple relation approxi-
mately holds between the several periods. But
after the lapse of centuries this satisfactory harmony
has been disturbed, first by Barnard’s discovery in
September 1892 with the 36-inch Lick telescope of a



THE MAJOR PLANETS 229

fifth satellite, nearer to the planet than the first satel-
lite, and revolving about twice in twenty-four hours.
Since Jupiter’s rotation period is nearly ten hours,
this means that the fifth satellite is analogous to the
outer satellite of Mars, and takes more than two
Jovian days between rising and setting. It is quite
small, probably not more than 100 miles in diameter,
and only visible in very large telescopes under good
conditions. The discovery bears eloquent testi-
mony to the acuteness of Professor Barnard’s vision,
as the satellite is of the thirteenth magnitude, and
never moves far from the glaring disc of Jupiter.
Still more recently, in December 1904 and January
1905, two additional Jovian satellites were dis-
covered by C. D. Perrine at the Lick Observatory,
on photographs taken with the Crossley reflector.
Like the fifth satellite they are quite small and faint,
but unlike it they are far away from their primary,
and take nearly as many of our months to revolve
as the fifth satellite does hours—roughly, 600 Jovian
days. It was for some time maintained that they
were not satellites, but distant members of the
asteroid group, whose mean motion would be
sufficiently near that of Jupiter to compel them for
some time apparently to accompany his system ; but
further observations negatived this suggestion, and
more attention has been devoted to the question of
origin. It has been conjectured that Jupiter captured
them from the outermost asteroids, so that they are
new members of the system. On the other hand,
it has been argued that distant satellites must be
the oldest ones; but as this theory depends on the
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nebular hypothesis, it can scarcely command un-
questioning support. It might be expected that, as
the period of these new satellites is about sixteen
times that of the old fourth satellite, and that of the
fifth satellite about one quarter of that of the first
satellite, other members are still awaiting discovery
to complete the gaps thus introduced in the simple
relations of the system—one between the orbits of
the fifth and first, and three between those of the
fourth and the two newest ones. There is only the
slightest conjectural foundation for this ; but the very
smallness of these new members renders it possible
that they are analogous to the asteroids, and that
increased optical power may betray many more such
satellites.

Of greater interest, however, than insignificant
specks like these are the conspicuous and variable
markings, spots, and bands on the apparent surface
of Jupiter, of which the most famous is known as
the Great Red Spot, to which attention was first
drawn by Niesten of Brussels in 1878. In 1879 it
had become much more conspicuous in colour, and
in actual section was three or four times as large
as the earth, though its elongated shape would not
have allowed the earth to pass quite through its
circumference. A neighbouring white equatorial
spot rotated in nine hours fifty minutes, while the
red spot took five and a half minutes longer. Obvi-
ously they could not both be fixed, and assiduous
observation proved that neither was. The red spot
faded away in 1883, but revived again, and in fact
may be regarded as a feature neither temporary nor
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permanent, in the ordinary sense; for on the one
hand its persistence is far too great for a cloud, as
we understand it, and its disappearances may be
only due to the interposition of a veil of some kind ;
while on the other hand its position, size, colour, and
motion are variable. In spite of persistent observa-
tion by Denning of Bristol, Stanley Williams of
Brighton, and others in this country, and by G. W.

‘Hough of Chicago and others elsewhere, we know

very little of the nature of the spot and the causes
of its variation. It is not known whether it is higher
or lower than the surroundings. A dark spot on the
same parallel overtook it in July 1890, but instead
of settling the vexed question by passing over or
under the red spot, it simply skirted it in a manner
reminiscent of Stockton’s celebrated little romance,
“The Lady or the Tiger.” In recent years the red
spot as such has been very little seen, though there
is evidence that its effect in interfering with neigh-
bouring bands has not disappeared.

Discussion of series of drawings and photographs
has led Stanley Williams to differentiate between
nine principal currents in different latitudes, but not
necessarily quicker near the Jovian equator, so that
the solar analogy does not hold completely. Spectro-
scopic determination of the rotation by Bélopolsky and
Deslandres shows that Jupiter exaggerates his size,
since the linear velocity shown at his equator is less
than that inferred from his apparent size and observed
angular rotation. The peculiar markings round the
equator, with the appearance of “ port-holes,” some-
times equipped with ‘““guns,” have been found in

e o
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their variations to conform fairly well to a “sun-spot”
period, but we are still far from being able to
differentiate between cause and effect in regard to
this tantalising periodicity, whose frequent emer-
gence from analyses of totally different phenomena
have earned for it the title of “the universal pulse
of the solar system ” given it by Professor Hahn.

If Jupiter’s low density and variable cloud system
are evidences of an early stage of development and
a high internal temperature, still more is this the
case with Saturn. In bulk not far inferior to Jupiter,
yet lighter than water, and with density increasing
inwards, the outer envelopes must consist of heated
gases in active circulation.

Markings on Saturn are inconspicuous as a rule,
but bright spots appear from time to time, and from
these a rotation period of about 10} hours has been
deduced for the equatorial portions. In 1903, Bar-
nard with the 4o-inch Yerkes refractor, announced
a bright spot in a higher latitude, and from numerous
observations by many observers a period emerged of
about 10 hours 38 minutes. The state of affairs on
Saturn’s surface thus appears to be “like Jupiter,
only more so”; for the difference of these periods
points to an equatorial current on Saturn far stronger
than anything yet deduced for Jupiter.

But the conspicuous feature of the system is the
ring, whose inconsistent appearance startled Galileo
until explained by improved optical power. Edge-
ways hardly to be seen at all, it was nevertheless
considered, until the middle of the nineteenth century,
as a solid body, or rather as more than one, for the
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most conspicuous division in the ring system was
noted more than two centuries ago by Cassini. But
immediately after that time, first G. P. Bond, from
their appearance, and then Benjamin Peirce, on
theoretical grounds, began to deny the solidity,
which had been such a stumbling-block to Laplace’s
theory, inasmuch as by it stability was hardly possible.
In 1857 Clerk Maxwell, for the Adams Prize at
Cambridge University, proved that the rings were
not even fluid, but that they must consist of an
aggregation of fine particles revolving independently,
with periods determined by their distances from the
planet. Thus an idea put forward as a speculation
in the seventeenth century, and afterwards in the
eighteenth by J. Cassini and Thomas Wright, was
mathematically demonstrated as the only possible
solution. ‘

Confirmation along other lines has not been
wanting. Evanescent markings or divisions testify
to the unequal rotation, and slight irregularities in
the shape of the rings and of the shadow of Saturn
on them confirm variety of orbital planes. The
unvarying brightness of the outer rings under
different angles of illumination is additional proof
of the correctness of Clerk Maxwell's deduction.
It has been urged against this photometric evidence
of Professor Seeliger’s that it does not account for
the dusky inner ring. Seeliger's reply is that the
inner ring is composed of similar particles not so
thickly strewn, and that the dusky appearance is due
to continuously recurring shadows. The inner dusky
ring is transparent, for Barnard, in 1889, saw lapetus,
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one of Saturn’s great satellites, in the shadow of the
ring, showing that sunlight could pass through.

An even more delicate confirmation is due to
Professor Keeler, who, in 1895, at the Allegheny
Observatory, proved by spectroscopic observations:
of rotation that the outer part of the ring travelled
more slowly than the inner, the exact opposite of
what would happen if the rings were solid. The
innermost portion, in fact, revolves about twice as
fast as Saturn itself.

From comparison of old drawings made by
Huyghens with more recent ones, Otto Struve, in
1851, suspected that the rings were shrinking towards
Saturn, or that, at any rate, the space between Saturn
and the innermost ring was diminishing steadily. He
therefore made very careful measures, which he was
able to repeat in 1882 when Saturn had performed a
complete revolution round the sun and returned to
similar conditions. It appeared then that Huyghens’
drawings had been too uncertain, the observed
change being rather in the nature of a slight spreading
out of the rings both ways, and even that very
uncertain, though on Clerk Maxwell’s theory such a
change was likely. Subsequent measures, even with
the Lick telescope, show no change. The various
gaps in the continuity of the ring system, of which
the Cassini division is the chief, indicate distances
at which no particles revolve, and these have been
connected by Kirkwood’s law with the periods of
Saturn’s ““ordinary > satellites, just as the gaps in
the asteroid zone were referred to that of Jupiter.
Kirkwood himself showed that the Cassini division
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represented a period nearly commensurable with
those of four of Saturn’s moons, then considered to
'be eight in number (in addition to the countless
constituents of the rings, which are, strictly speaking,
SO many separate satellites).

The eighth of these moons, counting outwards
from the planet, is Iapetus, whose peculiarity is a
great variability in brightness, the variation being
in the ratio of 2 to 9, and the satellite being nearly
invisible east of the planet while conspicuous west
of it. The inference first drawn by Herschel, and
since photometrically confirmed by W. H. Pickering,
is that Iapetus always keeps the same face towards
Saturn (which we have seen in other instances to be
a normal state of affairs with “old ” satellites), and
that its surface is half bright and half almost dark.
As regards the number of recognised Saturnian
moons, in 1899 W. H. Pickering announced that on
plates taken at Arequipa in 1898 another satellite of
very small magnitude was shown. For lack of
confirmation this was long doubted, but unexpectedly
great eccentricity in the orbit of the new satellite
was partly accountable for this, in addition to the
fact that the discoverer's energies were just then
devoted to his great work on the moon. In 1904
search on Arequipa plates, pushed rather further
from Saturn’s limb, revealed the presence of another
object, in all probability the same as that shown in
1898 ; and Saturn’s ninth satellite was soon officially
recognised and the name Phcebe assigned. Its
distance from Saturn is so great, about eight
millions of miles, that it takes a year and a half
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of our time, or more than 1000 Saturnian days,
to revolve about its primary, and its orbital
eccentricity, nearly }, is almost twice as great as

_the greatest previously known for a satellite.

Another unique feature of the motion of Phcebe
is that it revolves about Saturn in the opposite
direction to that usual in the solar system. As
was afterwards suggested in the case of Jupiter's
new satellites, the question arose as to whether
this satellite was captured by Saturn, but the dis-
coverer maintained that its retrograde motion was
originally common to the system, but that after the
birth of Pheebe solar tides pulled the planet over.
It is unfortunate for this theory that Jupiter’s distant
satellites do not confikm it.

F. J. M. Stratton was recently awarded the Smith’s
Prize at Cambridge University for a laborious mathe-
matical analysis of the possibilities of planetary in-
version as exemplified in the motion of Phaebe. His
conclusions, though necessarily starting from data
in part conjectural, point to the possibility of Picker-
ing’s suggestion being well-founded, and of solar
tides pulling Saturn over from an obliquity greater
than a right angle (or retrograde motion) to one less
than a right angle (direct motion) after the birth of
Pheebe, which might preserve its original direction
of revolution. In view of the fact that the satellites
of Uranus and Neptune also revolve in the retro-
grade direction, he concludes further that the tidal
effect of satellites themselves is to prevent the
obliquity reaching a right angle either way, so that
Saturn’s obliquity, having once passed that critical
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value, has been steadily diminished by such an
action due to the great satellites and the ring, while
Uranus and Neptune, being less subject to solar
tidal action, ‘have been actually prevented from
turning over in the manner claimed for Saturn, by
the relatively more important tides of their own
satellites. We must, however, postpone further
consideration of questions of evolution to the end of
the chapter.

The discoverer of Pheebe has since announced a
tenth satellite, possibly forming with the small
seventh satellite, Hyperion, part of a zone of
asteroidal satellites, similar to that suggested by the
two latest members of Jupiter's system.

Saturn’s spectrum appears similar to Jupiter’s,
showing the same ¢red-star” line, and doubtful
traces of aqueous vapour. The ring certainly has
no atmosphere.

The advance of knowledge in regard to Uranus
is very slow. It appears to conform to the fashion
in major planets of rotating in about ten hours, but
the few markings visible on its disc in terrestrial
telescopes are of an uncertain character. Its
satellites revolve in a plane almost at right angles to
the ecliptic as if turned half-way over, but it seems
on the whole likely, though different determinations
are discordant, that the planet itself rotates in a
plane quite different from that of the satellites,
which, moreover, revolve like Pheebe in a retrograde
direction. It appears distinctly flattened at the
poles, and Barnard, on the assumption that the
observed bulge was equatorial, deduced an angle of
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28° between the two planes in question. Its
diameter is less than half that of Saturn, and Dr
See calculates the compression as %  Spectro-
scopists have differed in their conclusions in regard
to Uranus. Huggins obtained a simple Fraunhofer
spectrum indicating reflected sunlight, but others
have found quite different conditions, and although
a fluted spectrum asserted by one observer was
proved to be an illusory contrast effect by Professor
Keeler, there still remains strong testimony as to
the appearance of six broad bands instead of a
Fraunhofer spectrum, one band being F of hydro-
gen, hence presumed to exist free in the Uranian
atmosphere, and another the same stellar line in
the “red” shown by Jupiter and Saturn. The
others are not so clearly identified, though Keeler
attributed a broad band in the yellow to water-
vapour as shown in the earth’s atmosphere.
Neptune, still further off, and of about the same
size as Uranus, presents hardly any features.
Maxwell Hall in Jamaica deduced a rotation period
of eight hours from some temporary fluctuations of
brightness at the end of 1883 and again a year
later, but no one else seems to have confirmed the
result. Neptune is, however, provided with a
satellite, whose plane of motion shifts rapidly,
owing, it is assumed, to the effect of the equatorial
bulging of Neptune. Tisserand and Newcomb
have arrived independently at a result giving a limit
of & for the compression, from which it was inferred
that the rotation of Neptune must be slower than
that of the other major planets. The inferred
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direction of Neptune’s equatorial plane was cor-
- roborated by Dr See’s announcement of very faint
bands seen in the Washington equatorial, but

Barnard could not see anything of the kind with.

either of the great telescopes of Lick or Yerkes.
See has also calculated a compression of #& and a
period of rotation of nearly thirteen hours from a
discussion of more recent data.

Systematic photographic measures of N eptune
and its satellite have for some time been regularly
taken at Greenwich, and these promise in a few
years' time to resolve definitely some of the
uncertainties of the system. In order to photograph
the satellite a length of exposure is required that
would be far too long for Neptune, whose image
would spread so that the photograph could not be
measured. But by means of an occulting shutter,
which cuts off the light of N eptune from the plate,
the planet is given only a short exposure, and the
satellite a much longer one, and the resulting
images can be measured with great accuracy.

From the fact that some periodic comets go out
as far as Jupiter’s orbit, and others as far as
Neptune’s, while yet others go further still, it has
been conjectured that these last indicate the
existence of one or more planets beyond Neptune.
Professor Forbes of Edinburgh has computed
elements for one such possible planet with a period
of about 1000 years, and suggested another with a
period five times ‘as great. Moreover, Professor
Todd, from the residual errors of Uranus after the
effect of Neptune was eliminated, computed by




240 A HISTORY OF ASTRONOMY

Adams’ method a position for an exterior disturbing
body. His result gave a direction closely agreeing
with that of one of Forbes’ conjectured planets, but
with a period of 375 years instead of 1000. So far,
however, the most diligent photographic search has
failed to reveal any such object, and in any case the
analogy of the newest discoveries in distant satellites
would suggest that the outermost members of a
system are probably disproportionately small, and
that even the very slight motion apparent in such
distant objects would tend to diminish the proba-
bility of a speck on the limits of photographic
visibility from registering its position on the plate,
while at the same time there is no hope of being
able to allow for that motion from any theoretical
conjecture. An attempt has been made to infer
the position and elements of such a body from
residual perturbations of Halley’s comet, the ap-
proaching return of which lends encouragement to
the investigation.



CHAPTER XXVI
THE SOLAR SYSTEM

IT may be as well at this point to refer.once more

to the subject of evolution touched upon in an
earlier chapter, and to indicate briefly some of the
lines of conjecture whose consideration would have
seemed premature before dealing with the planets
themselves. The researches of Professor Darwin
in particular, on tides and tidal effects, supply
possible explanations for many of the apparent
anomalies of the system. On the hypothesis of
Helmholtz, now generally admitted, that the sun’s
heat is maintained by very slow shrinkage in
volume, reasoning backwards through long =ons
suggests a time when the sun was enormously more
vast.in extent, so that even apart from the nebular
hypothesis the effect of solar tides was conceivably
far greater than it is now. But the direct effect of
tidal friction on a rotating satellite is proved to be
to retard the rotation until its period becomes equal
to that of revolution. This effect, familiar in the
case of our own moon and recognised in several
other instances, supplies a reason for some of the
diversities of the planetary systems. Laplace’s
theory of portions of rotating nebula successively

breaking off from the main body, owing to the too
Q 241
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great velocity required by gradual condensation, of
necessity involves the conclusion that the portions
breaking off would at once rotate in the opposite
direction. The effect of tidal friction, as pointed out
by Kirkwood, would however, in general, speedily
bring them to the state of always turning the same
face to their primary, thus making the motion of
rotation direct though slow, so that when the falling
off of the tidal effect through shrinkage of the
parent body permitted the rotation velocity to
increase, the motion would remain direct. It is
uncertain whether this completely satisfies the
conditions of the most distant planets, as it is
maintained by some that the primitive system went
no further than Saturn, and that Uranus and
Neptune joined later, but the fact that their
satellites do still move in the retrograde direction
does not demand such an assumption, as it is
almost a corollary to Kirkwood's reasoning that the
diminishing effect of solar tides would be more
marked in those early stages and might have been
just too small to overcome the retrograde motion
of the outermost bodies, including, as has been
hinted before, the furthest satellite of Saturn.
Another effect of the diminution of velocity by tidal
friction is gradually to increase the distance between
planet and satellite in accordance with Kepler’s
third law, so that the ultimate distance of a satellite
depends on its tide-raising capacity. This is given by
Nolan as a reason why Jupiter's small fifth satellite
is so close to the surface of the planet, namely that
it is too small to cause an appreciable tide.
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The two innermost planets moreover have no
satellites, and a very similar reasoning shows that
their rotation was so speedily brought to agree
with their revolution that no opportunity was given
for the throwing off of a satellite. The critical case
of the earth, between planets with no satellites and
planets with more than one, is quite unique, for our
solitary moon is far bigger in proportion than any
other satellite in the solar system. The accepted
“explanation consistent with the tidal theory is that
it was so long before the tidal effect diminished
.sufficiently to allow the earth to throw off a
satellite, that its condensation and solidification
had reached a far later stage than was the case
with the outer planets, so that the moon, when it
finally did break away, with a:calculated rotation
period of less than two and a half hours, was quite
a considerable fraction of the whole mass. How
long ago even this took place may be roughly
inferred from the fact that the lengthening of the
month in historical times is almost inappreciable,
but that nevertheless, the moon’s rotation has
slackened since that far-off epoch in the ratio of
two or three hundred to unity.

It is also fairly clear that such a change could
not have occurred in such a way to any of the other
planets, as it is only the comparatively great size of
the moon that rendered it capable of producing
sufficiently powerful tides. All other satellites in
the solar system must have been thrown off, if
thrown off they were, before the condensation of
their primaries.
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One other notable anomaly s the case of
Phobos, the only ordinary satellite revolving faster
than its primary, a condition of things whose
possibility was denied by Laplace. ' Wolf, following
Roche’s ideas,' considers that this may be due to
Phobos having been thrown off from a high
Martian latitude, where the velocity would be
smaller than in the normal equatorial case. And
it seems probable that since the tidal effect in the
case of a satellite travelling faster than its primary
is in the opposite direction, and tends to shorten
both periods, the ultimate fate of Phobos will be
to draw nearer and nearer to the surface of Mars,
and at last rejoin the parent body. -

The interior portion of Saturn’s ring also appears
to rotate much faster than Saturn, but this cannot
be explained in the same way, though, as we have
seen, there is some slight evidence that it may be
drawing nearer to the planet’s surface.

Variations of the nebular hypothesis have from
time to time appeared, in the endeavour to reconcile
various anomalies by modifications of Laplace’s
original idea. They mostly, however, succeed in
destroying the simplicity which was the great charm
of the hypothesis, and are not much more satisfactory
in other ways. Roche of Montpellier, principally
remembered for his announcement in 1848 of a
limiting distance of about two and a half radii
from a planet, within which a stable satellite could
not exist (known as Roche’s limit), was also respons-
ible for the suggestion referred to in the case of

1 See below.
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Phobos of ‘“trainées elliptiques” coming from the
polar regions to disturb the distribution of angular
momentum and cause equatorial disruption at inter-
vals supplying a sort of theoretical basis for Bode's
Law. Faye in his “Sur I'Origine du Monde,”
1884, departed more from tradition than Roche,
substituting for Laplace’s stratified nebula a vast
cluster of particles, and on his hypothesis Uranus
and Neptune are the newest planets, the others
having been formed earlier and drawn in towards
the sun ; as its gravitating power increased in con-
sequence of the meteoric condensation that would
take place in the cluster. In favour of: his scheme
it can be said that it was the first that could admit

.comets, in which Faye was particularly interested,

as original members of the system, and also evaded
some geological difficulties connected with the
assumed age of the sun, by considerably antedating
the world’s beginning. Against it is, among other
objections, the improbability of a limit of similar
conditions falling between Saturn and Uranus, and
not in the more obvious transition regiog occupied
by the minor planets which separate %the solid
planets from the outer nebulous globes.

More recently, R. du Ligondés evolved in 1897
a modification of Faye's doctrine, attempting to
account mechanically for the phases of condensa-
tion required. - Haphazard motion of particles in
different directions, tending to bring about collisions
which by destroying angular momentum would
cause a continual fall of suddenly arrested matter
to the centre of the system, was the feature of the
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scheme by which he was led, as a corollary, to the
statement that the original state of things is best
illustrated by casual unperturbed comets. The
original nebula of Laplace was gaseous, the more
recently suggested ones more like clouds of dust,
but beyond the idea of primitive nebula of one
kind or the other little can be said to survive
modern criticism.|, We have already referred to the
planetesimal hypothesis as likely to hold the field
in the near future, and shall return to the subject
when we reach the discussion of nebule. It may be
stated here in connection with anomalies in the
solar system, that Professor F. R. Moulton claims
by the new hypothesis to account for nearly all the

observed general features of the system, such as the .

equatorial acceleration of the sun, the infrequency
of retrograde motions, the small eccentricity, high
temperature, low density and rapid rotation of the
larger planets, the rapid motion of Phobos, the
eccentricity ‘of Phaebe, and the various anomalies
of asteroid orbits. Admitting this;, it seems to
account for all the facts explained by older hypo-
theses, and for at least some where they have failed,
and to have so far met no insuperable obstacle. It
is supported on geological grounds by Professor
Chamberlin, who sees in it a plausible explanation
of such refractory problems as the distribution of
land and water and the carboniferous era.




CHAPTER XXVII

COMETS, METEORS, ZODIACAL LIGHT

’I‘HE remaining members of the solar system

must not be overlooked. Comets, which even
now to the disordered imagination (or rather per-
" haps to the business instinct) of a Zadkiel, are re-
garded as portents, lost their terrifying character to
a considerable extent when the recognition of their
_ periodicity in some cases brought the inference that
" their motions were subject to the same laws as
those of the planets, the chief outstanding difference
being the eccentricity, which, though in occasional
instances not much greater than those of one or
two exceptional asteroids, approaches, reaches, and
possibly exceeds unity, thus providing highly elon-
gated ellipses, parabolas, and, it may be hyper-
bolas, for the apparent orbits. In the first of these

] . .

cases the comet is periodic, but most observed

comets belong to the second class, or rather cannot-

be distinguished from it owing to the extreme length
and uncertainty of the periods. The third case, of
which there are few absolutely certain instances
strictly speaking, is that of what may be called
temporary members of the system, though a really

parabolic orbit may also be regarded as that of a -

temporary member also.
247
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The first great comet of the period we are now
considering was the celebrated 1858 comet of

‘Donati, the finest comet within living memory,

though not considered quite so bright as that of
1811. Visible to the naked eye for sixteen weeks,
and to the telescopes of the time for nine months,
this comet was exhaustively observed. Its bright-
ness, which at maximum surpassed that of Arcturus,
was a notable instance of the great increase in actual
brightness near the sun, which far exceeded that
predicted by theory from its relative distances from
the earth and the sun. Its tail, or rather tails, were
well placed for observation, and as one after another
became visible, the main portion curved, with two
straight tangents, the idea suggested by Olbers, that
these tails were different kinds of matter unequally
repelled by the sun, seemed almost to require no
further proof. The head of the comet was also in
violent agitation, throwing off veils of gauzy matter
towards the sun to curve back like fountains after
a comparatively short time, the general appearance
being that of a hollow cone or cones seen brightest
at two opposite edges. This comet was too early
for the spectroscope; its brightness was analysed
only by the polariscope, -an instrument often dis-
appointing in its results. In this case the analysis
showed no evidence that the brightness, although

‘only about 3 per cent. of it could be accounted for

by its position, was at all intrinsic, such as might
be caused by a great increase of temperature in
careering with increasing velocity through a medium
even of great tenuity, or possibly by the friction of
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its agitated parts, or, as was commonly suggested,
by ignition in-the heat of the sun’s rays. Simple
reflected light was the unsatisfactory verdict of the
polariscope, and there was then no higher court of
appeal. So all that issued from the mass of observa-
tions was'a very accurate determination of the orbit,
giving a period of 2000 years. :
In 1861 the earth passed for some hours throug

- the tail of a comet, to the depth, computed by Liais
from the observations of the discoverer, John
Tebbutt, of New South Wales, and his own at Rio
de Janeiro, of 300,000 miles. There was no other
evidence except the observed motion of the comet
that the earth had actually passed through the tail,
which caused no apparent effect, electrical or other-
wise, distinctly traceable to the unusual environ-
ment. Within the next few years two celebrated
comets were discovered, first designated simply
comets 1862 I11. and 1866 I., but since the labours
of sticcessive investigators were brought to a final
conclusion by Schiaparelli, known as the comets of
the Perseids and Leonids respectively. The first of
these reached practically the second magnitude,
while the other was very faint and showed no tail.
The connection between comets and meteors de-
finitely: pointed out by Schiaparelli, had been in a
hazy sort of way present to the minds of investiga-
tors for some time before, though the original
idea of meteors was that they were akin to fire-
damp, small clouds of marsh gas suddenly ignited in
“the air. ‘Chladni, in 1794, stated in concrete form a
notion vaguely entertained by Halley that they were
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cosmic atoms, made white hot by friction in the
atmosphere. Velocities were determined from
simultaneous observations sufficiently far apart to
indicate the height of the meteor, and these velocities
turned out to be great enough for bodies moving
like planets. Laplace and others, however, main-
tained that they were ejected from lunar volcanoes.
But the uncertainty was to a great extent dispelled
by the marvellous shower of meteors on the night
of November 12, 1833. The display was at its best
in America, and at Boston it was calculated, actual
counting being impossible, that 240,000 were visible
during the nine hours from the time the shower
commenced until daybreak put an end to the sight.
The illuminating feature of this splendid apparition
was the circumstance that all the meteors seemed to
come from the same part of the sky, the sickle in
the constellation of Leo, all paths accurately drawn
diverging from a single point, which had no relation
to the earth, but moved with the stars. It was
speedily deduced that the meteors were describing
orbits round the sun, and since a display on a small
scale had been seen just a year previously in the
old world, these orbits must meet that of the earth
at the point reached by it on November 12.
Meteors were at once recognised as providing a
new field of astronomy. Humboldt had witnessed
a shower almost as brilliant on the same night of the
year 1799, and had also noted that the bright paths
were directed from a single * radiant,” but no theory
'had been based upon his observation ; and the first
guess at the “ Leonid” period, by Professor Olmsted
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of Yale, was a half-yearly one, on the assumption
that the aphelion was reached on November 12
every year. But the display in 1834 was not a
great ong and each year saw still less, and the next
conjecture, by Olbers in 1837, was founded on
Humboldt’s observation and suggested a period of
thirty-four years, fixing the next great display in
November 1867. The August meteors or Perseids
were also the subject of inquiry, and the fact that
they also appeared annually discredited Olmsted’s
idea that the Leonids were a cloud of particles with
a short period, suggesting instead a ring of particles
extending round an orbit nearly, if not quite, inter-
secting that of the earth at the point reached by it
on November 12.

Nothing more was done in the way of advance
for a long time, in fact, until Professor H. A.
" Newton took up the investigation at Yale in 1864.
Consulting old records, he identified the Leonids
with a historic display on October 13, 902, when
Taormina was captured by the Saracens, and
deduced a period of 33} years from successive
appearances which recurred with a retardation of one
day in seventy years. He predicted a fine dnsplay
for the night of November 13, 1866.

Four other periods were found, which would
account for the interval of thirty-three or thirty-four
years, but the loss of one day in seventy years pro-
vided Professor Adams with a method of mathe-
matical investigation, since it was due to the advance
of the node of the orbit caused by planetary per-
turbations. His result, which dismissed as im-
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possible all but the 33} year period, was not reached
until a few months after Professor Newton'’s
prophecy was fulfilled.

Preparations had been made in advance. At
Greenwich, for instance, the new branch of routine
observation was: introduced in 1865 and a fair
number of Leonids observed. But the great dis-
play came on the predicted night in 1866, bringing
crowds of meteors, many very bright, and some
as bright as Venus. The greatest rate estimated
for an hour averaged more than one per second, the
actual numbers recorded at Greenwich being 4858
between one and two o'clock on the morning of
the 14th.

Schiaparelli’s investigation, stimulated by this
magnificent display, showed that meteors travel
much faster than the earth, so that their orbits are
much larger than that of the earth, and their motion
like those of comets rather than of planets. He
next inferred that, in general, comets and meteors
come from outside the solar system, are temporarily
drawn into it by the sun, and occasionally kept
within it by the retarding action of a planet. Lastly,
he identified the orbit of the Perseids with that of
the bright comet of 1862. Soon afterwards, Dr
Peters, of Altona, from Le Verrier's new elements of
the Leonid swarm, identified the orbit with that of
the comet of 1866, Schiaparelli immediately after-
wards independently confirming the result. Pro-
fessor Weiss similarly connected the April Lyrids
with a comet seeh in 1861, and the Andromedes of
late November with Biela’'s comet. Professor
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Alexander Herschel took up the subject with
enthusiasm, and by 1878 compiled a list of no fewer
than 76 comets, known or suspected to be connected
with meteor swarms.

The underlying principle of this idea of identity
or close similarity between comets and meteors had
made its appearance more than once before, and, in
1861, Professor Kirkwood had argued, from the
known appearance of Biela’s comet in two portions,
that the sun had an effect on comet nuclei, whose
tendency was to split them up, and suggested that
the periodic meteors might be the débris of old
shattered comets, whose cohesion being destroyed
leaves them nothing but a range of small particles
distributed along or near the old orbit.

From the fact that the main swarm of the Leonids
seemed to take about three years in passing the
point of approach to the earth’s orbit, while the
Perseids seemed more evenly distributed, Le Verrier
argued that these are successive stages of dis-
integration, the swarm lengthening out until it
reaches the stage of a closed ring of particles. He
inferred not only that the Perseids were an older
formation, but assigned a date for the first appear-
ance of the Leonids in the solar system in a.D. 126,
when Uranus, by his calculations, must have been
close to the parent comet of the whole system,
the comet of 1866 being only regarded as a
fragment.

But Biela’s comet, which appeared in two portions
in 1852, had not been seen since, though carefully
sought, and it was naturally suggested that perhaps
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this might be regarded as a crucial test. Previous
showers from the point near y Andromede, where
the orbit of Biela’s comet appeared to meet the
earth’s track, had been noticed on December 6,
1798, and again in 1830, 1838, and 1847. So
Weiss (as we have seen), and, independently,
d’Arrest and Galle, inferred that the orbits were
identical, and that the date would be getting earlier
in the year, since, owing to the motion of the comet
being retrograde, the motion of the node would be
in the opposite direction to that of the Leonids.
The Andromedes were duly observed on November
30, 1867. The comet was due in 1872, and Galle
suggested November 28 as the probable date of the
swarm of meteors into which the comet might have
broken up. It actually arrived on November 27,
when the display was nearly as striking as that of
the Leonids six years before, the Andromedes or
Bielids being slower in apparent motion, as they
were travelling to overtake the earth instead of
meeting it. At times they were said to average
four or five per second, and some were fire-balls
apparently as large as the moon. A search sug-
gested by Professor Klinkerfues to see if the comet
itself had gone by during the swarm resulted in the
discovery of a faint comet, which, though not Biela’s,
probably belonged to the system. The period of
the comet being about 6} years, a return of the
swarm was expected in November 1885, and
expectation was more than fulfilled, for the swarm,
where not masked by cloud, showed more numerous
and larger meteors than that of 1872. Professor
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Newton estimated 75,000 per hour in the densest
part of the swarm, and a density of one to a cubical
space of 20 miles edge. A near approach to
Jupiter in 1841 was the probable deciding factor in
the disintegration of this system. In 1892 a fine
shower of Andromedes was seen in America, though
far less striking than that of 1885, Its appearance
so early as November 23 suggested that this was
not the main swarm, but an associated branch.
The next expected displays have failed to appear in

any numbers—the first in 1899 and the next in

1905—s0, perhaps, planetary perturbations have so
modified the orbit that it no longer passes near
enough to the earth to display more than a few
stragglers. The Leonid display expected in 1899
also failed, as had been predicted by Dr Johnstone
Stoney, of Dublin, and Dr Downing, of the
Nautical Almanac Office, would be the result of
perturbations by Jupiter and Saturn. Search at
the usual dates will be maintained, as meteors are
more frequent at those special epochs; but there is
now no definite expectation of any such vivid
displays as the various November showers of 1833,
1866, 1872, and 1885,

Progress has been made in the direction of
accuracy in the determination of paths by the use
of a “meteorograph,” a camera directed near the
expected radiant, so that any meteor bright enough
to impress its trail on the plate could be accurately
referred to the stellar images surrounding it, com-
parison with a similar photograph of the same
region from a different station yielding exact data
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for the determination of the real path, height, and
velocity of the meteor. ‘

From the connection, now regarded as proved,
between comets and meteors, emerges the certainty
that comets are temporary bodies, that they break
up into smaller comets or streams of meteors, and
ultimately to some extent are absorbed by more
permanent members of the solar system. The
question whether aerolites, meteoric stones that
actually fall on the earth without being pulverised,
are of the same class, is not so well determined.
Tschermak and others postulate a different origin.
Some, following Laplace, assume a lunar volcanic
source, others conjecture a source in one or other
of the great planets; others again, like Sir Robert
Ball, attribute them to terrestrial volcanoes of a
bygone day, whose missiles, hurled out when the
explosive force was far greater than it is now, have
been constrained to revolve about the sun in orbits
bound at intervals to pass through the point of
origin, and so, in course of time, to fall to earth
again. It has even been supposed that they may
come from the sun. But no real distinction can be
drawn between the meteors that are seen to burn
up and those that burst into sizable fragments,
or reach the earth without attaining an explosive
temperature. Detonating fireballs have been seen
apparently belonging to a known radiant, and
aerolites have occasionally fallen during meteoric
displays, the coincidence being very likely for-
tuitous. Professor Newton considered that the larger
meteorites, whose paths were traced by him, appeared
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to have their perihelia in the outer portion of the
space between the earth and the sun, to correspond
‘more closely with short-period comets, and to be more
planetary in character than the recognised comet-
meteor swarms. The pursuit of meteoric astronomy
in this country has brought to the fore an amateur
observer, W. F. Denning of Bristol, to whom
reference has already been made in connection with
planetary observations. By unremitting diligence
in watching for known showers, and in collating
the results of other observers, he has computed
radiant points by the hundred, and reached a lead-
ing place among the world’s astronomical specialists,
at a sacrifice of his own time and means which has
lately found recognition in the form of a Civil List
pension. One of his most striking achievements
has been the proof of the existence, long denied as
impossible, of a distinct class of meteors, whose
radiants remained fixed for months instead of show-
ing the daily motion of the earth by a gradual
shift in the sky. The first hypothesis was that this
could only be explained by the assumption that the
earth’s velocity was negligible in comparison with
that of the meteors, but, as Ranyard calculated, this
implies a velocity for them of at least 880 miles a
second, which is out of the question. Hence for a
long time Denning’s discovery was scouted, but the
accumulation of evidence still went on, and the fact
obtained grudging recognition, while the suggested
explanation had to give way, the motion of the
meteors, much slower when overtaking the earth

than when meeting it, proving that no such enor-
R
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mous velocities were necessary. The contention
of Bredikhine that the community of radiant is only
apparent, and that the successive meteors belong to
several different swarms, seems to postulate such a
vast number of coincidences, as to create an equally
refractory difficulty. Professor Turner's explana-
tion is at least plausible, in so far as it gets rid of
the fortuitous nature of the coincidences; he attri-
butes the successive swarms from the same apparent,
but really slightly different radiant, to be due to the
cumulative effect of the earth’s attraction, exercised
at regular intervals, on neighbouring members of
the swarm. The details of the explanation are not
sufficiently convincing to be regarded as settling the
question, which still awaits solution. The Perseid
radiant has been questioned for the opposite
reason, the motion in a period of nearly six weeks
for which separate radiants have been computed
being palpably greater than that of the earth in
its orbit, but Dr Kleiber, making due allowance
for the earth’s motion and for its attraction, proved
that all the radiants belong to a compact group, of
which the comet-radiant is the centre. Even so,
however, the Perseid stream is of enormous width.
We must now resume the consideration of comets.
The application of the spectroscope was not much
too late for Donati’s great comet. He himself was
the first to obtain a practical result .with the new
weapon of research, for applying it to a comet which
appeared in 1864 and reached the second magnitude,
he found the spectrum to consist of three bright
bands—yellow, green, and blue, with dark intervals
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between. This promptly negatived the conclusion
suggested by the polariscope observations, and proved
the existence of luminous gas. In 1868, observing
Winnecke’s comet, Huggins identified the bands as
belonging to a hydro-carbon spectrum, a similar one
being produced by electric discharge through a
“vacuum tube” containing olefiant gas. Vogel and
Hasselberg increased the resemblance in later ex-
periments by adding a little carbonic oxide. Eighteen
comets, from 1868 to 1880, showed the same typical
spectrum, but it was impossible to imitate it by any
other method but electric discharge, as a con-
tinuous current showed only the spectrum of the
carbonic oxide. But two comets before that period
and some since failed to show the hydro-carbon
spectrum. Those observed by Huggins in 1866
and 1867 showed a continuous spectrum crossed by
one green ray, generally associated with nebul.
Comet Holmes (1892) gave a weak continuous
spectrum, but the great southern comet of 1901,
which also showed an almost continuous spectrum,
stifled the theory that the absence of self-luminosity
pointed to a state of decay.

In 1874 a much brighter comet, discovered at
Marseilles by Coggia, not only enabled Vogel and
Huggins, with the addition of Bredikhine, to recog-
nise the typical hydro-carbon spectrum, but also
gave Father Secchi at Rome the opportunity of
detecting two more bands, in the red and violet.
It is probable that these should be visible in the
other comets also, but for the absorption of the
fainter bands by the atmosphere.
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Zsllner's investigations have caused it to be ac-
cepted as a fact that the incandescence of the comet
gases is not due to heat but to electricity, the effect
of the solar radiation and other changes due to the
rapid motion of the nucleus being manifested in this
way rather than by a simple increase of tempera-
ture. It was Zollner, also, who first definitely
formulated the physical theory of repulsion to
account for the appearance of comets’ tails, though,
as we have seen, Olbers had suggested the idea of
repulsion. Bessel applied it in the discussion of
Halley's comet, and Norton in that of Donati.

Since gravitational pull depends on the mass of a
particle and electrical repulsion on its sectional area,
it follows that, in dealing with very small particles
below a certain limiting size, the repulsion increases
relatively to the attraction as the size of the particles
diminishes, so that, beyond another limit, different
for particles of different substances, the repulsion
actually overbalances the attraction. Zollner pointed
out that while the more massive nucleus of a comet
obeys the laws of gravitation, the very finely divided
particles shed from it in an electrified condition
follow perforce the lines of electrical repulsion, and
stretch away from the sun in the form of tails.

Bredikhine, whose enthusiasm was kindled by his
observation of Coggia’s comet in 1874, devoted him-
self to the subject of this repulsive force, which he
computed to be different from what he had computed
for other comets a dozen years previously, and a few
years later, having completed his investigations of
thirty-six well-observed comets, he confirmed an
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idea, at which he hinted in 1877, by announcing that
all comets’ tails are divided into three classes, accord-
ing as the repulsive force is much greater than,
nearly equal to, or distinctly less than, the solar
~gravitation. The actual figures given were—for the
first class, fourteen times solar gravity, giving rise
to very long, straight tails; for the second, the
scimitar tails, a force varying from a half to more
than twice the solar gravity from one edge to the
other, and having at the axis a value only 10 per
cent. in excess of the opposed attraction; and for
the third, the short brush tails, from 10 to 30 per
cent. of the sun’s gravity. The third class does not
appear to occur alone in bright comets, in fact, it
seems that in general more than one type is present.
Brédikhine was, however, not satisfied, as his pre-
decessors had been, to assume that the classes
indicated different kinds of matter, but proceeded
to identify them from the relations of the re- |
quisite forces which he assumed to be in-

versely proportional to the atomic weights. The

three substances he announced were hydro- |
gen, hydro-carbons, and iron. Of these, iron
appears often in meteorites, and its presence in
comets is quite possible, and the very width of the
brush-like tails of the third class shows that iron
could not be the only substance represented, a sug-
gestion that would have been far from plausible.
Hydro-carbons had been proved to exist in comets,
and so only the hydrogen remained doubtful, as it
has never been detected in comets by its charac-
teristic spectral emission lines. The modern ideas
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of light-pressure or radiation pressure, enunciated
originally by Fitzgerald, and afterwards by Arr-
henius and others, tend to render Bredikhine’s
chemical theory unnecessary, the various modes of
action of the electricity itself being quite sufficient
to account for the undoubted type-variations. But
this theory is far from being crystallised into dogma,
and is still in the hands of critics and experimenters. |

Five notable comets appeared soon after the
publication of Bredikhine’s hypothesis. The first of
them was the great southern comet of 1880, con-
spicuous to the naked eye for eight days, whose
orbit so closely resembled that of the famous comet
of 1843 that several theories were started to recon-
cile the apparent impossibility of identifying them
as the same object. One very interesting suggestion
of Klinkerfues was that the comet appeared in B.c.
371, next in A.D. 1668, and then in 1843 and 1880,
a progressive decrease in velocity at each perihelion
passage accounting for the shortening of the period.
It happened that neither the comet of 1843 nor that
of 1880 were observed over a sufficient arc to fix
their period with any certainty. An appeal to
Bredikhine’s hypothesis showed that the great tail
of the 1843 comet belonged to the hydrogen class,
while no such tail, but only ‘“hydro-carbon” tails
appeared in the new comet. Halley’s comet having
preserved its type was urged as an objection to the
suggestion of type-modification.

The next comet, visible from May 1881 to
February 1882, provided another problem, for its
elements agreed with those of Bessel's comet of
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1807. But the long period of observation asserted
a -period of not 74 years, but nearly 2500 years, so
it was in this case concluded that the two comets
were portions of a parent comet, one of which lagged
74 years behind the other in the same orbit. The
introduction of dry plates for photography took place
in time for them to be employed in taking pictures
of this comet, which were the first really successful
comet photographs, though partial success had been
reached so long previously as the time of Donati’s
comet.

Of Tebbutt’s comet Janssen secured a very fine
photograph, showing the head and 2} degrees of tail,
and Dr Henry Draper another, showing four times
the extension. The latter also photographed the
spectrum, as also did Huggins, the result being to
confirm the hydro-carbon identification by additional
lines beyond the visible spectrum, and also to con-
firm the polariscope in regard to the presence of
Fraunhofer lines denoting reflected sunlight.

Comet Scheaberle, though not so bright as that of
Tebbutt, was easily visible with it in the northern
“sky, a very unusual phenomenon. In the following
year, 1882, Comet Wells made its appearance, and
though not very conspicuous, as it kept near the
sun in direction, shqwed one feature quite new in
comet spectra. On approaching the sun the carbon
bands died out, being replaced by the bright D line
of sodium, observed first at Dunecht, and confirmed
by Vogel at Potsdam. Hasselberg argued from this
change of spectrum that the luminosity of the vapours
must be electrical, as, if the only effect of the sun
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were to raise the temperature, the sodium line might
certainly become visible on that account, but the
hydro - carbon lines would also persist. Other
peculiarities were revealed by a successful spectrum
photograph secured by Huggins.

The last of the five comets was discovered in-
dependently . by several observers in September
1882, and watched right up to the limb of the sun
at the Cape Observatory. After passing the sun it
was easily visible in broad daylight, though still
quite near the sun, and was thus visible for three
successive days. Its path also was so similar to
those of the comets of 1843 and 1880 that it seemed
to afford another step in Klinkerfues' suggested
history, and the theory of retarded motion by a
resisting medium near the sun was freely urged
again. But in this case the velocities before and
after the perihelion passage were carefully com-
pared, and found to show no trace of such a diminu-
tion. It was observed, moreover, to a greater
distance from the sun than any previous comet,
nearly five hundred million miles, the whole arc of
observation covering 340 degrees. Kreutz ultimately
deduced a period of about 800 years, not agreeing
well with those of the other two comets of possibly
common origin. But the difference in the length
of the orbit is not an objection to the idea of a single
parent body, since each fragment would necessarily
suffer variations of constants peculiar to itself, and
in elongated orbits of this kind the most likely
alteration would be the extent of elongation or
major axis. Rejecting as probably erroneous the
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earliest member assumed by Klinkerfues, whose
inclusion is a distinct violation of the historic
account of Aristotle, this made four members of the
same family, and a fifth was discovered at Cordoba
in 1887. One other comet is generally assigned to
the same group—the one seen and photographed
close to the sun during the Egyptian eclipse of 1882,

But the theory of disruption in this' particular
group received strong confirmation in the great
comet of 188z, for early in October the nucleus
began to divide first into two condensations, then
into three, and then four. . Three months later five
nuclei were seen in a row “like pearls on a string ”
by the late Dr Common at Ealing. Moreover, Pro-
fessor Barnard in October had seen six or eight
distinct cometary masses quite near the comet’s
head. The spectrum of the comet behaved like that
of Comet Wells, but showed in addition to the
sodium line six bright iron lines in the yellow and
green, thus actually confirming an assumption under-
lying Bredikhine’s hypothesis in regard to his third
type. The Dunecht observers, Copeland and Lohse,
who made this discovery, also computed the velocity
- from the displacement of the lines. From the
sodium line alone Thollon of Nice confirmed this
spectroscopic determination of velocity, which agreed
very well with that computed from the actual posi-
tions of the comet, a strong testimony in favour of
the spectroscope for line-of-sight investigations. As
the comet receded from the sun, the sodium lines
gave place to those of hydro-carbon, as might have
been expected.
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Another interesting comet, 1889 V discovered
by a very successful searcher, W. R. Brooks of
Geneva, N.Y., was seen by Barnard at Lick Obser-
vatory to have thrown off four fragments, two very
ephemeral, one remaining visible for a month, and
the last more than three months ; all, however, fading
from sight before the parent comet, which has since
returned alone in 1896 and 1903.

The year 1892 saw seven comets visible together;
of these the brightest was only of the third magni-
tude, discovered by E. Swift, the photographs of
which by Barnard and W. H. Pickering showed a
great advance in that branch of astronomy; the
accompanying plate is a recent example of Barnard’s
careful work. Another of the seven was the
first comet actually discovered by photography,t
being found by Professor Barnard to have im-
pressed a faint trail on a photograph of stars in
Aquila. Another interesting comet of the year was
discovered by a London amateur, Edwin Holmes,
and was remarkable for two features, one a series of
peculiar physical variations, including an unexpected
brightening for two days, when it had already faded
considerably, having been discovered after peri-
helion passage; the other, an eccentricity almost
low enough for a minor planet, its orbit being also
entirely between those of Mars and Jupiter.

One conclusion of W. H. Pickering from ob-
servation of the comet 1892 I (E. Swift) was a
solar repulsive force nearly forty times that of

1 Except, of course, the eclipse comet of 1882, of which no orbit could be
calculated.
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gravitation, or three times as great as that required
by Bredikhine’s first type, and about double of the
limit assigned from theory by Schwartzschild as the
maximum possible effect of light pressure. Hussey
also found a repulsion nearly as great in the case of
another comet, 1893 II.

But the light pressure theory is not the only one,
as we have seen. Fessenden in 1896 supposed a
negative charge on the sun and on the particles of
the tail, and a positive one on the nucleus. J. J.
Thomson in 1902 suggested that if the sun’s rays
induced a comet to give off negative ions these
would form a luminous tail. It is not clear how the
sun’s rays would act, but it is possible that the ultra-
violet rays might cause the emission of negative
ions which would be repelled by Hertzian waves,
if any such were sent out by the sun. Another
theory depends on radio-activity in the nucleus
itself, different forms of emanation giving rise to
different tails.

Among these theories it can hardly be said that
one really holds the field. Radio-activity in some
form seems the most promising, perhaps because it
is so revolutionary in regard to previous physical
notions.

Meanwhile an American prize fund awards
medals and prizes for cometary discoveries; and
within the last five or six years A. F. Lindemann,
of Sidmouth, has, by offering premiums for such
work, induced various computers to work out the
definitive orbits of neglected comets, one of which,
1886 1, is claimed by Svedstrup to be hyperbolic,
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and to suggest radiation pressure as affecting the
observations. C. J. Merfield, of Sydney, an assidu-
ous worker in the same field, had already announced
at least two hyperbolic comets, but not so well
observed as 1886 I, which was visible for several
months.

The brightest comet of the last twenty years was
the southern comet of 1901, not seen further north
than the Lick Observatory, but very bright in the
southern hemisphere. '

The next interesting return expected is of
Halley’s comet, which, according to a recent
analysis by Messrs Cowell and Crommelin, of
Greenwich Observatory, is due to reach perihelion
again by the middle of May 1910, a date agreeing
closely with that predicted by Pontécoulant.

Before leaving this chapter we may note that the
year 1902 saw not only the largest meteorite for
many years in the British Isles, the Crumlin
meteorite, over 9 lbs. in weight, but also the
largest meteorite known to be in existence, the
Mexican meteorite, measuring roughly 13 x 6 x 5
feet, and weighing about fifty tons, consisting mostly
of iron, with a fair proportion of nickel, a very little
cobalt and phosphorus, and traces of sulphur and
silicon.

We must also mention very briefly before leaving
the consideration of the solar system, two other
almost certainly related phenomena, the “zodiacal
light” and the “gegenschein” or zodiacal counter-
glow. The first is a faint luminosity frequently
noticed after sunset or before sunrise under favour-
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able conditions near the equinoxes, especially in low
latitudes, often visible all night in the tropics, ex-
tending along the direction of the zodiac or ecliptic,
broader at the horizon but narrowing towards its
visible extremity. It is supposed to indicate the
presence of a vast concourse of atoms or corpuscles
forming an.enormous lens-shaped envelope to the
sun, either as distant extension of the outer corona,
or possibly impalpable remains of comets and
meteors gradually drawing nearer to a final ab-
sorption as fuel into the solar fires. One of the
numerous theories now discarded as to the source
of the maintenance of solar heat was on these lines
suggested by J. R. Mayer. But whatever the
nature of the zodiacal light, the bodies, if such they
be, offer no measurable resistance to the passage
even of a comet, and an atmospheric explanation
would seem more plausible could one be found to
account for the invariable plane of the phenomenon,
which is the main argument for its being a solar, or
at any rate non-terrestrial, appendage. The gegen-
schein also belongs to the ecliptic, and is a very faint
luminous patch (about twelve degrees by nine in
extent), sometimes seen in the direction exactly
opposite to the sun. It is generally taken to
represent some effect of the earth’s cone of shadow,
or of the sunlight just beyond the shadow, but the
details are uncertain. It has been considered prob-
able, if not certain, of late years that the zodiacal
light and the gegenschein are not distinct pheno-
mena inasmuch as they have at times been seen
at favourable stations such as Arequipa, connected



270 A HISTORY OF ASTRONOMY

by faint zodiacal bands, leading to the inference of
an extension of the formation, whatever it may be,
far beyond the earth’s orbit. It has been argued
in support of the zodiacal light being distinctly a
solar appendage that it is only approximately an
“ecliptic phenomenon. Newcomb, in 1905, ob-
served it due north at midnight from an Alpine
summit, and previous observations had connected
it rather with the sun’s equatorial plane than with
the ecliptic. It has, however, been photographed
at ‘Heidelberg and at Flagstaff, and the question
of its axial plane ought to be settled in that way
before long. 1If it is clearly zodiacal it may pro-
bably represent by - products, waste material left
behind in the evolution of the system from the
original nebula; if it can be referred to the sun’s
equator it is not impossible that the solar re-
pulsive force can act at a distance greater than
100,000,000 miles. In any case the light is pro-
nounced on spectroscopic evidence to be reflected
sunlight, witnessing the presence of particles of
some sort, and we must await the result of further
investigations to determine its actual position, dis-
tance and extent.



CHAPTER XXVIII

THE STARS—CATALOGUES~—PROPER MOTION-—
PARALLAX—MAGNITUDE

TURNIN G from the vast solar system to the
4 incomparably greater stellar universe, of which
it forms but a single speck, though from our point
of view a by no means insignificant speck, we
must first regard the stars as a whole, supplying
as they do the relatively unchanging background
against which the motions of the members of the
solar system are thrown into prominence.

The importance of accurate standard places of
stars was long ago recognised, but comparatively
few observatories, at any rate before the middle of
the nineteenth century, devoted any considerable
part of their energies to the production of cata-
logues. We have seen how Bessel’s appreciation of
the monumental labours of Bradley at Greenwich
rendered his results available in the *“ Fundamenta
Astronomiz,” and how Lacaille’s work in the southern
hemisphere provided a supplementary catalogue at
the same epoch of the part of the sky not visible
at Greenwich. The great work of Bradley has been
- re-reduced by Dr Auwers of Berlin, with improved
constants and tables, and still remains a standard

catalogue after the lapse of a century and a half
m
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since the epoch of the observations. Another
catalogue of nearly the same epoch was that of
Tobias Mayer of Goéttingen, which has also been
re-reduced. With various epochs about the begin-
ning of the last century we find three other well-
known catalogues, the Piazzi catalogue from Palermo
observations by the discoverer of Ceres, that of
Lalande from observations given in the ‘ Histoire
Céleste,” taken at Paris by various observers and
students, and a catalogue of circumpolar stars
observed by Stephen Groombridge at Blackheath.
The re-reduction of Piazzi’s catalogue was recently
undertaken, and also the reobservation of all the
stars in it at observatories in Italy and America.
Lalande’s .zone - catalogue purports to contain
nearly fifty thousand stars, but as each observation
was separately reduced, the real number of stars
is not so great, since many of the bright stars have
at least five entries, and Vega as many as thirteen.
The British Association published the Lalande
catalogue with epoch 1800, omitting certain zones
near the north pole, which were separately reduced
by Fedorenko to the epoch 1790. The moving
spirit of the British edition was Francis Baily, who
devoted many years to the labour of making other
people’s observations available, beginning with those
of Flamsteed, a century before Lalande. The
Paris Observatory undertook the re-observation of
Lalande stars, and the results of observations from
1837 to 1881, though only definitely devoted to that
purpose in 1855, have now been published in eight
volumes, appearing at intervals from 1887 to 1902.
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Groombridge’s stars, his own epoch being 1810,
were re-observed at the Radcliffe Observatory,
Oxford, with epoch 1845, and again towards the
end of the century in Greenwich catalogues, in
connection with which the re-reduction of Groom-
bridge’s original observations has recently been
completed and published in 1905 by the Royal
Observatory. Bessel's contribution was not con-
fined to the reduction of Bradley’s observations.
His own zone observations at Kénigsberg fill two
catalogues, epoch 1823, one dealing with stars within
fifteen degrees north or south of the equator, and
the other with the thirty degrees of declination
immediately north of the first catalogue, ze. with
declinations fifteen to forty-five degrees north of
the equator. Argelander of Abo, afterwards of
Bonn, continued the zone observations from Bessel’s
northern limit to ten degrees from the north pole,
epoch 1842, and from his southern limit to about
thirty degrees south of the equator. The series of
catalogues regularly published at Greenwich was
commenced about this time, each embracing the
stellar observations at the Royal Observatory for a
period of from six to ten years (the twelve-year
catalogue being simply a combination of two succes-
sive six-year periods), a system introduced by Airy
soon after his appointment. Many other cata-
logues belong also to the first part of the
century, including those of Riimker at Hamburg,
Santini at Padua, Taylor at Madras (recently
re-reduced under the direction of A, M. W.
Downing, superintendent of the Nautical Almanac),

S
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Brisbane at Paramatta, Johnson at St Helena, and
others.

1850 was the epoch to which Lamont’s Munich
zone observations were reduced, and also that of
the British Association catalogue, produced by the
indefatigable Baily, including all stars, to about the
sixth magnitude, of which reliable observations had
been published, and thus forming an invaluable work
of reference.

R. C. Carrington of Redhill applied himself to
the observation of the polar cap north of Arge-
lander’s zone, and by his catalogue of stars from
the pole to 81° north declination, epoch 1853, in
addition to his valuable sun-spot observations,
earned scientific recognition not often accorded
to the later years of a man retiring from a com-
mercial career.

But 1855 is most celebrated as the epoch of the
Bonn Durchmusterung, carried out under Arge-
lander and his successor, Schonfeld. It comprises
in several volumes a complete survey, down to a
magnitude about 9}, of the sky from the north pole
to two degrees south of the equator, and to an even
fainter limit for the next twenty degrees south,
included in Schonfeld’s continuation. The places,
though not of great refinement, are very approxi-
mate ; and letters are suffixed to stars identified as
having been found in certain standard catalogues.
This great survey, once known as A.Z. (Argelander’s
zones), but properly referred to as B.D., though still
often quoted as D.M., despite the fact that it is no
longer the only Durchmusterung, was supplemented
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by Schonfeld with a series of large sectional maps,
showing, with meridians of right ascension and
parallels of declination, every star in the B.D. No
previous star atlas could compare with these Bonn
maps for such purposes as the identification of a
field in which a comet had been observed, often far
from the region covered by the edcliptic charts of
Chacornac, Bremiker, and others. They contain
about 324,000 stars, exclusive of Schonfeld’s con-
tinuation, or 450,000 in all.

In 1865 the Astronomische Gesellschaft, or German
Astronomical Society, suggested obtaining funda-
mental observations of all but the faintest stars in
Argelander’s zones, dividing the sky into suitable
portions, zones of declination, corresponding to the
position and equipment of thirteen co-operating
observatories. The epoch of the various resulting
catalogues was fixed for 1875, but the work took a
very long time to complete, and the results for the
different zones are not of quite the same accuracy,
the observatories, such as Helsingfors, Christiania,
Leiden, Lund, Dorpat, and Washington, having, for
obvious reasons, different atmospheric conditions,
besides different instruments and observers.

The next step was in the direction of standardising
the survey, but leading up to it was the work in the
southern hemisphere : the chief catalogues produced
there at the time having been B. A. Gould’s Argen-
tine General Catalogue from Cordoba observations,
published in 1886, and Stone's Cape Catalogue for
the epoch 1880. Stone’s successor, Sir David Gill,
who only recently retired from his post at the Cape,
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was struck with the clearness of the images of stars
on photographs of the great comet of 1882, and
being anxious to extend Schonfeld’s zones to the
south pole determined to employ photography for
the purpose. The result was the Cape Photographic
Durchmusterung, the photographic plates being
taken in four years, and reduced to the form of a
catalogue in about fourteen years by the labours
principally of ‘J. C. Kapteyn, of Groningen. But
not long after the commencement of the Cape
survey, Gill suggested the extension of the principle
to the whole sky under international auspices ; and as
the brothers Henry, at Paris, had recently success-
fully employed photography in the extension of the
ecliptic charts so necessary for the identification
of minor planets, the proposal was welcomed in
France, and an international conference held at
Paris in 1887, at which it was decided to construct a
chart and catalogue of the whole of the sky, the
catalogue to include stars down to the eleventh
magnitude, the charts to the fourteenth magnitude,
each two degrees square, all to be taken with similar
instruments and similar exposures, and the sky for
this purpose to be divided into zones of declination,
distributed among the co-operating observatories.
The instrument of the brothers Henry was taken as
the standard : of an aperture of thirteen inches, with
a guiding telescope of ten or eleven inches aperture.
The distribution of |zones was made with regard
to the resources of the several observatories, and
arrangements made to obtain fundamental observa-
tions of sufficient stars to secure the accurate
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reduction of the photographic observations. Thus
to Greenwich Observatory was allotted the zone
from the north pole to a distance of 26 degrees
from it, the authorities undertaking the actual taking
of the plates, more than a thousand in number, the
accurate measurement of them, the production of
copies, the publication of measures, and also the
construction of a fundamental catalogue containing
places of all the stars in the zone necessary for the
determination of the plate constants. This cata-
logue forms the greater portion of the forthcoming
nine-year catalogue, the result of a large number
of observations made in the years 1897-1905. This
is only one instance, different arrangements being
- made at different stations : for instance in the case
b i of the Oxford zone the photographs were taken and -
t measured at the University Observatory, Oxford,
S while the fundamental places were determined at
| the Cambridge Observatory, and the same zone is
: % now being re-observed at Greenwich; again, one
* measuring bureau deals with plates from both Sydney
and Melbourne Observatories, and successive con-
ferences have had to deal with changes in the
original plan caused by delay in those southern zones
. -  rather rashly undertaken by observatories whose
b . eal outran their financial discretion. But the work is
well advanced, most of the photographs are taken and
some of the volumes of results published. There is
no room here for further reference to the various
devices for measuring the plates and determining
star-places from them ; but it seems quite likely, from ~
a comparison made between plates taken at different
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observatories, that owing to the slightly different
adjustment of the various object-glasses the resulting
survey may not be quite homogeneous.

One of the many valuable contributions of the
Harvard College Observatory and its able director,
Professor E. C. Pickering, is a continuous systematic
survey to the sixth magnitude, carried on almost
automatically by means of a photographic telescope
which exposes plate after plate to successive portions
of the sky in series after series, the plates once
developed being indexed and stowed away. Any
question of an unfamiliar object, such as a “new
star,” is at once referred to Harvard, where a series
of plates of the region concerned, taken at different
times for a long period, gives evidence of exactly the
kind required. In the case of Nova Aurigz, for
instance, several plates were found to have regis-
tered its image six weeks before its ‘‘discovery.”
The Harvard College Observatory, with its southern
outpost at Arequipa in Peruy, is certainly an institu-
tion that astronomers could ill spare; neither can
they fail to appreciate the spirit in which its director,
having had placed at his disposal for use in the
most effective manner the projected Bruce 24-inch
telescope—a great advance on anything of the
kind at Harvard—resisted the temptation to have
it installed there, and set it up in the purer air of
Arequipa, where it could be applied to the compara-
tively neglected field of the southern sky.

Since the middle of the century catalogues of
the old kind have been fairly numerous, Melbourne
and the Cape, Greenwich, Armagh, the Raddliffe,
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Glasgow, and other observatories, contributing
British catalogues, and American and Continental
institutions also performing their share; but the
growing importance of the photographic method has
emphasised the necessity of a different sort of funda-
mental catalogue, on the lines of that of the British
Association. Newcomb’s “ Fundamental Catalogue
of Standard Stars,” published in 1899, is of this
kind, embodying weighted mean results from all
standard catalogues from Bradley’s time, reduced
to a common epoch by the employment of revised
constants. Professor Auwers has projected a
similar work for the epoch 1910, Wwhich, though
completed, is at present almost inaccessible ; while
in 1903 Professor Lewis Boss, of Albany, published
another, in which he rejected the older observations
of Bradley, Mayer, Piazzi, and Groombridge, as
being of insufficient accuracy for his purpose. The
new century saw a new project started in Germany
to collect into one great catalogue the results of all
known catalogues, some three hundred in number,
and as many observations as could be found not
included in any catalogue, such as, for instance,
those of Dr Hornsby, an old Radcliffe observer at
the end of the eighteenth century, and some of his
successors, whose observations have never been
published. This monumental work is being carried
out under Dr F. Ristenpart, and should prove of
enormous value. The re-observation of catalogues
is of extreme importance, especially after a long
interval, as it not only enables corrections to be
made to adopted values of precession, nutation,
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etc., but furnishes materials for the determination
of apparent “proper motion,” from which can be
found the motion of the solar system in space, and
ultimately the actual proper motions of the stars.
The distance between the several epochs being a
factor entering directly into the question, it is
obvious that in general the oldest reliable observa-
tions must be used for the purpose ; and so for many
years recurrence was had to Bradley’s observations,
as the first point of measurement, but of late years
the increasing accuracy of observed places tends to
discount the necessity of a long interval between the
epochs, and to enlarge the scope of the investiga-
tion to include fainter stars not observed until long
after Bradley’s time. Much valuable work of this
kind was done by Auwers in connection with his
re-reduction of Bradley’s observations, and also by
Porter, of Cincinnati, and Lewis Boss. The first
star found to have a really large proper motion was
61 Cygni, noted by Piazzi in 1792, as having an
annual displacement large enough to carry it across
a space equal to the moon’s diameter in less than
four centuries. The next * runaway,” Groombridge
1830, first noted by Argelander in 1842, long held
pride of place, requiring less than three centuries to
cover the same space, but a much fainter star was
discovered in 1897 by Kapteyn and Innes from the
plates of the Cape Photographic Durchmusterung to
be moving at a pace that would do the distance in
rather more than two centuries ; and this star, under
the appellation of Cordoba Zones, V. 243, is now
the recognised “ champion sprinter,” from the point
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of view of apparent proper motion. But it must be
borne in mind that, to deduce real from apparent
motion, two more things are necessary in addition
to the observed displacement. One, the distance,
is the objective of the hunt for stellar parallax ; the
other, the direction of motion, is perhaps not so
obviously necessary ; but it stands to reason that a
star moving directly towards the solar system would
show no cumulative displacement whatever in a
century, however fast it moved, so that small
‘““proper motion” is no actual criterion of small
velocity. We have seen, however, that by means
of the spectroscope the velocity in the line of sight
can be measured by the displacement of spectral
lines, and by composition of the observed displace-
ment at right angles to the line of sight, and the
velocity indicated by the spectroscope in the line of
sight, it is possible, if the distance be also known,
to determine all the circumstances of the actual
motion. It must suffice here to note that, so far as
at present determined, the real velocities of the stars
are in a very different order, Arcturus having an
observed velocity of more than 250 miles per
second, Groombridge 1830 being 100 miles per
second slower, and the “champion sprinter ” having
less than a third of the velocity of Arcturus; these
three, numbered one, three, and six in order of
tangential velocity, being respectively twenty-first,
second, and first in order of * proper motion.”

The historic problem of stellar parallax is an
application of the ordinary question in surveying,
“‘to determine the distance of an inaccessible object,”

e e o ——— s
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with very strict limitations on the choice of a base-
line, and exceedingly small differences of angle to
be measured, necessitating very great care and
accuracy. The displacement of an object five miles
away, viewed alternately with the right and left eye
without moving the head, is greater than the paral-
lax of any star. We have seen how many advances
in astronomy are owed to the persistent search in
this direction, from Bradley’s discovery of aberration
and nutation to Herschel's double stars, and how
the genius of Fraunhofer at length provided optical
means sufficient to enable Bessel to attack the
problem with success. Since then the number of
accepted parallax determinations has steadily in-
creased. Gill and Elkin, with the Cape heliometer,
have shown the refinement possible in the way of
precautions to avoid systematic error, and Gill's
determination of the parallax of « Centauri as three-
quarters of a second of arc, establishes that cele-
brated star as the nearest neighbour yet known to
the solar system. The latest production in this
field is a determination, under Elkin’s direction at
Yale, of 163 separate parallaxes. But the photo-
graphic method, introduced by Professor Pritchard
at Oxford, has obvious advantages, and is gradually
being adopted at Cambridge Observatory and else-
where, though most of the well-determined “large”
parallaxes are due to the heliometer in the hands of
Gill, Elkin, Bruno Peter, and others. There is
also a spectroscopic method by which the distance,
in the case of binaries, can be inferred from the
actual velocity (from line of sight observations),
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and the orbital motion, or apparent angular velocity,
allowing for the inclination of the orbital plane.

A few years ago while working on the reduction of
the Cape Photographic Durchmusterung, Professor
Kapteyn suggested a wholesale method of parallax
hunting in connection with a Durchmusterung to
be undertaken expressly for the purpose. A plate
was to be exposed to each field in the sky at three
successive maxima of parallactic displacement and
not developed until after the third exposure, the
interval between each exposure being naturally six
months. Thus the first and last exposures would
betray any cumulative effect such as proper motion,
leaving the parallax to be determined directly by
comparison of the second set of images with the
mean of the other two. There are, however, con-
siderable difficulties in carrying out this ingenious
scheme, which has nevertheless been actually tried
on a few plates. Changes in the film, however care-
fully kept, cannot be guaranteed not to take place.
Moreover, it was found that the exact carrying out
of the scheme involved, in general, exposures alter-
nately east and west of the meridian, causing effects
undistinguishable from those of a real parallax, so
that to avoid these it was necessary to expose plates
only on the meridian and so to sacrifice the times of
maximum displacement. There is no doubt, how-
ever, that some such plan is of great excellence in
picking out stars whose parallax is large, so as to
make a list of objects worth studying for the
purpose.

It was for a long time assumed as a working
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hypothesis that bright stars were nearer than faint
ones, although this involved the tacit assumption
of a most improbable actual equality in the stars.
But parallax work on this line is disappointing, a
far better criterion being apparent velocity. A faint
star with a large proper motion is far more likely
to show a measurable parallax than a much brighter
star which does not show proper motion. The
seven apparently brightest stars in the heavens
are Sirius, Canopus, « Centauri, Vega, Capella,
Arcturus, and Rigel; but of these Sirius shows only
half the parallax of « Centauri, Vega and Capella
barely a tenth, Arcturus only a thirtieth of the same
amount, while Canopus and Rigel show none what-
ever. On the other hand more than one star of the
seventh magnitude or fainter, shows nearly as great
a parallax as Sirius. An obvious deduction is that
so far from being even approximately equal the stars
cover an enormously wide range. Canopus must
be at least 70 times as far away as « Centauri,
whose light reaches us in 52 months. It is
inferred that Canopus gives more than 20,000
times the light of the sun, while a star of 8%
magnitude, also in the southern sky, turns out
to be some 300 times less bright than the sun,
giving between these two stars a light ratio of
6,000,000. :

Still the connection between brightness and
distance is not entirely fallacious. It has been
determined, by observations with the heliometers
of Yale and the Cape, that the “average” parallax
of stars of the first magnitude is one-tenth of a second
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of arc, corresponding to a distance of 33 “light
years.” Similarly the average distance of second
magnitude stars works out at 52 light years, of third
magnitude at 82 light years and so on, the ratio
between the successive distances being about the
same as. it would be if all the stars had the same
actual brightness, for the ratio of the brightness of
one magnitude to the next is 2.512 (whose logarithm
is 0.4), so that the distance ratio would be the square
root of this, 1.585, practically the same as the
ratio of 33 to 52 or 52 to 82. It seems, however,
from further investigations that the average ratios
are not the same in different parts of the sky, for
instance in the Milky Way and far away from it,
and also that they differ for stars of different types.
The actual light received from all the stars is
about 1 per cent. of the light of the full moon, and
it has been proved that owing to the steadily
increasing number of stars as we go lower in the
scale of brightness, each successive class gives more
light than the one before it. This has never been
controverted, although it involves the apparent
paradox that nearly all the light of the sky comes
from the parts where no stars are visible to the
naked eye. The difficulty is, of course, the confusion
of the senses between quantity and intensity. A
million candles arranged uniformly in different
directions at the same distance from an observer
would be all separately invisible at a distance at
which one light of a thousand candle power would
be conspicuous, though actually giving only one-
thousandth part of the light of the million candles.

TR - o
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The increase of total light from each successive
drop in the magnitude of the stars considered must
have a limit, since otherwise there is a reductio ad
absurdum, for the sum of an infinite series of in-
creasing quantities must be infinite, and we might
expect the whole sky to blaze with an overpowering
brilliance against which the sun would be incon-
spicuous if not dark.

There does seem to be a change in the ratio of
increasing frequency of stars somewhere below the
ninth or tenth magnitude (Newcomb says at least
the eleventh), but it varies in different parts of the
sky. If space were filled with equal bodies evenly
distributed, the number of stars visible in any direc-
tion down to a particular magnitude would be about
four times the number down to the next higher
magnitude, but there is no known area where the
ratio is so great asthis. These considerations belong
rather to stellar distribution than to photometry,
but before fixing our attention on advances in that
direction, it will be as well to emphasise some of the
difficulties attending the approved numerical results
of stellar analysis. The motion of the solar system
in space has been already referred to as regards
direction, and various determinations of the velocity
ranging from 14% to 10 miles a second have ultim-
ately yielded to a spectroscopic result of 121 miles
per second. The spectroscopic inquiry into the
actual direction will not be complete until the result
of the D. O. Mills expedition to Santiago (Chili) to
extend the investigation to southern stars is pub-
lished. It is, however, probable that the final result
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for the apex will not be very far south of Vega, in
conformity with a note in a previous chapter.

The accompanying map from Kobold’s «“ Bau der
Fixsternsystems” shows how widely various esti-
mates have differed.

The velocity computed for most stars for which
results have been obtained averages over twenty
miles, per second, so that our sun is comparatively
slow. But it has been computed that the *whole
universe” cannot by gravitation control a velocity
exceeding twenty-five miles per second, so that
many stars, headed by Arcturus with a velocity ten
times as great, present anomalies whose explanation
has hardly been attempted. Newcomb’s figures,
however, are not really based on the *“whole
universe,” which is an unknown quantity; but on
the effect of 100,000,000 suns, each of five times the
mass of our own, distributed over a disc-like space
of 30,000 light-years in extent. A spherical space
of about one-fifth of this diameter, strewn with
double the quantity of gravitating matter in the
form of suns, would suffice, in Lord Kelvin's view,
to produce velocities ordinarily met with among the
stars.

These estimates do not differ greatly from the
hypothetical numbers suggested, by a comparison of
photographs, for the total of the stars, 100,000,000
having been actually mentioned as a fair estimate of
the probable number that would be revealed by the
greatest modern telescopes.

The high velocities of Arcturus and other stars
would seem to suggest a much greater quantity of

e
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unsuspected matter in the universe, possibly non-
luminous or only faintly shining. Stellar photo-
metry, however, though, as we have seen, the
magnitude of a star is no actual criterion of its
distance or size, is a branch of growing importance.
After the time of Al Sdafi's catalogue, many ages
elapsed before a catalogue appeared in which
photometry was the chief feature. B. A. Gould’s
“ Uranometria Argentina,” giving the magnitudes
of over 8000 stars visible at Cordoba, was pub-
lished in 1879. A few years later appeared
Pickering’s “ Harvard Photometry,” of more than
4000 stars, from observations with the meridian
polarising photometer; and Pritchard’s ‘ Urano-
metria Nova Oxoniensis,” of nearly 3000 stars
visible to the naked eye from the North Pole to ten
degrees south of the Equator, observed with the
wedge-photometer at the Oxford University Obser-
vatory. Both methods ultimately depend on the
faculty of the human eye for detecting equality of

‘light, the amount of rotation of the polariser in the

one case and the thickness of the absorbing wedge
in the other, to bring about the required diminution
of the bright object, being the actual observation.
The Harvard Photometry has been extended
southwards to the other pole by Professor Bailey’s
observations of nearly 8000 ' southern stars at
Arequipa, the southern outpost of Harvard College
Observatory.  Professor Pickering’s more recent
“ Photometric Durchmusterung,” from nearly half-a-
million observations at Harvard, comprises photo-
metric determinations of all stars down to the 7}
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magnitude between the North Pole and 40° south
declination. Small sources of uncertainty must
always remain in visual estimates by various
observers, and for the purposes of the Astrographic
Chart some method of photographic photometry was
required. From among the uncertainties of defini-
tion and of plates, some general formule have been
extracted, giving a connection between the size of
the image for a definite exposure and the photo-
graphic magnitude of the star, which, owing to the
greater chemical action of the blue or violet rays,
does not always agree with the visual magnitude,
But the formulz are very irregular and inconsistent ;
Pickering’s device of photographing two images of
the same star—one direct and the other reduced by
a screen—promises more consistent results. It is to
be applied to a catalogue of 40,000 stars to the 1oth
magnitude, and a repetition of the determinations of
the first “ Harvard Photometry ” is promised by the
new method in addition.

The Draper Catalogue has a spectrophotometric
method, the intensity of a particular line being
employed as the index for each star; but this is far
from being a safe clue to either the visual or the
photographic magnitude, especially for stars of
varying types.

Even to the eye, contrast of colours, the simplest
evidence of varying type, renders photometric com-
parison difficult ; but standardisation of colour has
not made much progress, as the colour perception
varies in different individuals. The most important

group of definitely coloured stars is that of red
T
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stars, among which Ptolemy and others of the
ancients appear to have included Sirius,}! which is
certainly not red now. Al S0fi, many centuries
later, omitted Sirius, but included Algol, so even
thus early there was evidence of colour changes.
Lalande in 1805 gave a list of thirty-three red stars.
In 1866 Schjellerup published a catalogue of 280
red stars, followed in 1876 by Birmingham with
another containing 658 stars. Many of these are
declared by Chambers to be rather orange than red,
and it is certain that very few are of a deep red
colour. In 1888 Espin published a new edition of
Birmingham’s catalogue, with more than double the
number of stars, adding also the spectral types to
which they belonged ; and, five years later, Kriiger
of Kiel brought out a catalogue of more than 2000
coloured stars.

Antares is the reddest of the bright stars, and is
said to have derived its name from having been
mistaken for red Mars (anti=instead of, Ares=
Mars), but most deep-red stars are invisible to the
naked eye, and a great number of them are variable
and appear more orange at their brightest. There
are many modern instances of changes of colour like
that ascribed to Sirius, including some which have
apparently gone from red to blue.

Balls cursory parallax - hunting at Dunsink,
though unsatisfactory, supported the inference
that red stars are not specially near our system,
but they do seem to congregate in certain regions

1 Schiaparelli argues that the word used did not necessarily mean ‘‘red,”
but simply ** bright,”
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and to be often associated in pairs. This tendency
is not confined to red stars, but is found in many
groups in the sky, the late R. A. Proctor having
collected evidence of what he called *“star-drift” in
several regions, one including five of the seven stars
in the Plough. But one particularly interesting
phase of colour observations is associated with
binary stars, the next subject that comes under our
observation, postponing the general question of
stellar distribution.



See p. 301.

CHAPTER XXIX
DOUBLE STARS

SIR W. HERSCHEL’S search for parallax

resulted, as we have seen, in opening the field
of double-star astronomy, and providing evidence
to prove the extension of Newton’s laws beyond
the solar system. The field, once opened, was
penetrated by Sir John Herschel and his friend
South, and systematically explored by F. G. W.
Struve, whose fame stands very high in double-star
astronomy. His Dorpat work was carried on after
his departure by Maedler, and that at Pulkowa by his
son, Otto Struve, whose double stars, though less than
one quarter as numerous as the 2640! pairs ultimately
catalogued by his father, include many difficult and
interesting objects, one of which, ¢ Equulei, has
lately been proved to revolve more rapidly than any
other acknowledged telescopic binary. In this case,
as in some others, his discovery took the form of re-
solving one component of a previously-recognised
pair, thus forming a triple system. He was in the
habit of applying to all his observations corrections
of the nature of personal equation, depending on
the separation and inclination to the vertical of the

1 W, Struve’s original catalogue included more than 3000, but he after-

wards rejected many of them.
292
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components observed, having experimented with
artificial double stars in order to construct a table of
corrections, This cautious principle seems to have
been applied in his case with only partial success.
Meanwhile in England, after Sir J. Herschel's
departure to the Cape, double-star observers were
not wanting, the best known being the *eagle-
eyed” W. R. Dawes and Admiral Smyth. In
addition to searching for new pairs, old pairs were
remeasured for the determination or improvement

.of their orbits, and to this branch Baron Dem-

bowski of Milan devoted more than a quarter of a
century ; while many names well known in other
branches of astronomy will be found in the lists of
those who have paid more or less attention to the
measurement of double stars, as Bessel and Schia-
parelli. About 1870 even Dawes thought that the
field of double-star discovery was nearly exhausted,
though the gradual increase in optical power avail-
able seemed to hold out some promise of new
ground to be broken; but the richness of the field
still remaining was manifested without that aid,
for in his spare time from 1871 to 1882 S. W,
Burnham 'of Chicago with a 6-inch telescope dis-
covered hundreds of new double stars. His mar-
vellous powers soon found opportunity for work
with larger telescopes, such as the 18}-inch at
Dearborn. Then from 1888 to 1892 he worked at
the Lick Observatory, frequently using the great
36-inch for his observations, and was afterwards
attracted to the new Yerkes Observatory of the
Chicago University by the possibilities of the
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go-inch. One of the first publications of the
Yerkes Observatory was a collection of all known
observations of Burnham’s 1290 discoveries.!

The Lick telescope has not been idle, and with it
W. J. Hussey and R. G. Aitken number their
double-star discoveries by the hundred, as also does
G. W. Hough of the Dearborn Observatory. T. J.
J. See at Flagstaff, and R. T. A. Innes at the Cape
met with similar success in southern fields, the latter
having published a reference catalogue of southern
double stars. One of the most important double-
star publications of the Lick Observatory, issued in
1901, was a complete catalogue and discussion of all
the known observations of the pairs of Otto Struve.
The system at Greenwich Observatory does not
lend itself to the search for new pairs, but the
much-needed re-observation of known pairs has
been regularly prosecuted there since 1893, and
more especially since the mounting of the 28-inch
equatorial a year or two later, under the charge of
T. Lewis, who, in addition to taking most of the
observations for the first few years and an important
share afterwards, which still continues, has devoted
himself for several years to the preparation of a full
discussion of all the observations of Struve's 2640
pairs, a great work which was published last year as
a memoir by the Royal Astronomical Society. In
this, as also in the Lick and Yerkes publications,
much space is devoted to graphic determinations
of the apparent orbits of stars which have been
sufficiently observed to warrant it, and many

1 He has added a very few since that time.
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interesting facts emerge from the discussion, one
of which is to refute the old hypothesis that
brightness and mass necessarily go together, for in
many cases the mass of the fainter of two mutually
revolving stars exceeds that of the brighter to' a
very marked extent, and even when this is not
actually the case the ratio of masses is out of all
proportion with that of brightness. For instance,
Burnham’s close pair, 85 Pegasi, has a light ratio
of 40 to 1 and a mass ratio of 1 to 6; while
Procyon’s companion, giving only z¥os of the light,
is of ¢ of the mass of its primary, the companion
of Sirius showing a similar disproportion. These
last two stars, Sirius and Procyon, the two dog stars,
are remarkable instances of fulfilment of prediction
baséd on the application of the Newtonian laws to
the distant regions of the universe ; for Bessel, who
died too soon to see the fulfilment of his prophecy
in regard to Neptune, also attributed the observed
orbital motion of Sirius and Procyon to invisible
companions. Six years after his death Dr Peters
deduced for the hypothetical companion of Sirius an
orbit with a period of about fifty years, and in 1862
Alvan G. Clark, while testing an 18-inch objective
in his father's workshop at Cambridgeport, by
setting it on Sirius, detected a faint star in the
exact place computed by Professor Safford from
Peters' theory. Auwers immediately upon this
computed a period of forty years for the hypothetical
companion of Procyon, which was not discovered
until 1896, when Professor Schzberle caught sight
of it with the great Lick telescope. Struve
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calculated that between two and three per cent. of
the stars down to the ninth magnitude are not
single, or five per cent. of the brighter ones; but later
researches in this and other directions tend to show
that the proportion is very much greater, though
much of the evidence for this is spectroscopic, and
will be referred to in its own place.

Struve also paid particular attention to colour,
and although in some cases difference of colour
seems to vary with the closeness of a pair in its
orbit, in which case it can be attributed to an optical
effect, yet in general it probably indicates different
stages of development, and is a safer guide to
difference of mass than the broken reed afforded by
difference of brightness.

Asaph Hall, the discoverer of Deimos and
Phobos, also observed double stars with the great
Washington telescope, as also did Barnard at the
Lick and Yerkes Observatories, but a list of
prominent observers would be too long for a work
of this kind. Not so long is the list of those who
have done much work in computing orbits, including
in addition to those concerned in the recent dis.
cussions of Struve, Otto Struve and Burnham stars,
such double star observers as Glasenapp of Russia,
Doberck of Hong Kong, and T. J. J. See, whose
book on stellar systems, published in 1895, en-
deavours to trace the evolution of double stars on
tidal principles analogous to those often postulated
for the solar system.

One pregnant suggestion made by Lewis in
the great Struve memoir has a direct bearing on
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probable stellar distribution. He says the propor-
tion of stars showing relative motion is in all
probability much the same everywhere in space; so
that if in any particular direction this does not seem
to hold, the inference is not a change in the propor-
tion, but an increase in the average distance in that
direction, which prevents the detection of the proper
number of relative motions, the limit of the
resolving power of the telescope being directly
dependent on the distance. Lewis infers that the
earth is not in the centre of the visible universe.

Another feature brought out clearly in the Struve
memoir is the necessity, recognised long ago by
Struve himself, of accurate observations with
meridian instruments. The appeal to the Greenwich
Transit Circle observations in the case of such a
star as { Herculis brought evidence of the greatest
value to the discussion of a system of more than
two bodies, for which it was of importance to know
the order of the masses, to which relative motions
gave no clue.

We need not consider multiple systems separately.
An increasing number of so-called binaries are really
multiple systems, as we have already noted in the
case of 3 Equulei; and to this class : Hydrz, 2 Her-
culis, and many others belong, so much so that
it is quite a usual artifice to account for apparently
irregular orbital motions by the hypothesis of a
close or faint companion to one or other of the com-
ponents. The test of common ‘ proper motion,”
applied to confirm or disprove the physical connection
of a pair of stars, will not discriminate between what
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are usually understood by binary or multiple systems,
and what Proctor called “star drift,” except in cases
where the proper motion is large, as, for example,
61 Cygni, which, though recognised as a double by
Bradley, showed relative motion so little curved that
even Burnham pronounced against the existence of
physical connection. The evidence collected by
Lewis in the Struve memoir seems conclusive, how-
ever, as to the actuality of the connection, though
quite inadequate in a century and a half to determine
the orbit.

There is another class of binary stars in general
quite distinct from so-called ‘“visual” binaries.
The ““astronomy of the invisible,” whose study was
commenced by Bessel, and to which we have already
referred in connection with Sirius and other stars, is
not the only direction in which the existence of
bodies not actually seen can be inferred. The vast
extension of the field of physical research made
possible by the spectroscope, which we have already
noted in connection with stellar motions and dis-
tances, again becomes prominent. There was no
reason to suppose that » Pegasi, whose period of
about eleven years, until Hussey's recent research
into the orbit of 3 Equulei, was long considered the
shortest of any known bmary, really represented the
lowest limit in the universe. Twin suns, so far
as any evidence could possibly be adduced, might
revolve much closer together than any system that
could be separated in even the largest telescope,
and as a case in point, the ‘“demon star” of the
Arabs, Algol, was regarded as an eclipsing binary ;
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and its period, of less than #%rec days, indicated a
proximity out of all proportion with those of stars
whose revolutions are measured in years. Con-
firmation of the theory of Algol was forthcoming as
soon as the line-of-sight velocity was investigated
by Professor Vogel, showing motion alternately
towards and from the observer in a single bright
body, periodically dimmed but otherwise unaltered
in quality of light, proving that the revolution of
two bodies, one dark, suggested by Goodricke in
1783, did actually take place so nearly in the plane
passing through the earth that the bright body
‘suffered partial eclipse at each revolution. This
evidence, produced in 1889, was not the first example
of a star being proved double by the spectroscope.
Dr Henry Draper, whose work in solar spectro-
scopy has already been noted, commenced a
spectroscopic investigation of stars, cut short by his
death in 1882. But in 1886 the Draper Memorial
work was commenced at Harvard College Observa-
tory under Professor Pickering, with instruments
and funds provided by Mrs Draper, and its first
publication, which appeared in 1890, took the form
of a catalogue of the spectra of the brighter stars
in the northern hemisphere. The second Draper
catalogue was to contain the spectra of 30,000
stars in both hemispheres, the instrument used at
Harvard having been sent to Arequipa in 1889 to
secure uniformity of results. The work of measure-
ment and discussion was in the hands of a staff of
ladies under Mrs Fleming; and it was found on
comparing several spectrograms of the brighter
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component of Mizar,  Urse Majoris,! the middle
star in the ““tail ” of the Great Bear, or the “horse”
on which the ‘“waggoner” rides in charge of
Charles’ Wain, that two of them taken in 1887
and 1889 showed the K line double. Professor
Pickering announced this discovery, indicating his
conclusion that the evidence pointed to the star
being double. He entrusted Miss Antonia C.
Maury, a niece of Dr Draper, with the examina-
tion of seventy spectrograms, which showed that
the other lines in the spectrum were also affected.
It seemed then that two nearly equal bodies mutually
revolved in a plane not greatly inclined to the line
of sight, and that the doubling of the lines must
indicate velocities in opposite directions in the line
of sight; while single line spectrograms would cor-
respond to times when the motions (though still, of
course, in opposite directions) were practically across
the line of sight, betraying no measurable radial
velocity. This was the first discovered spectroscopic
binary, though the principle employed had been
suggested for investigation, though not for discovery,
by Fox Talbot in 1871. Miss Maury worked out
an apparent period of 52 days between successive
widenings, indicating a period of revolution of
104 days, but this has been reduced by Vogel in
1901 to rather under 21 days, the uncertainty being
due to an orbit far from circular.

1 Curiously enough, Mizar was also the first recognised visual double star,
having been noted at Bologna by Riccioli in 1650, and also the first photo-
graphed as such by G. P. Bond in 1857 ; moreover there is every probability

that Mizar with Alcor was the first, as it is certainly the best known, *naked
eye” double star, the names having been given by the Arabs.
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In 1889 Miss Maury detected a four-day. period
in 8 Aurigee, which thus ranks as the second dis-
covery of the new class. It has been computed by
Huggins that this binary could not have been
discovered visually, as to separate the components
would require a telescope of 8o feet aperture.

In 1890 Vogel added another, Spica, to the list,
but in this case the duplicity was betrayed, not by
the doubling of the lines, for the companion appears
to be dark, or too faint to show a spectrum, but by
their oscillation, denoting motion alternately towards
and from the earth. Both components of Castor.
appear to be spectroscopic binaries, the fainter one
announced by Bélopolsky, of Pulkova, in 1896, the
other recently by H. D. Curtis, of Lick Observatory.
In 1899 Capella, almost the brightest star in the
northern hemisphere, was simultaneously announced
by W. W. Campbell, of the Lick Observatory, and
H. F. Newall, at Cambridge, to be a spectroscopic
binary, with a period of 104 days. The components
appeared to be probably not very unequal in bright-
ness, and, the parallax being known to be sensible, it
was computed that the apparent angular distance
might be not much less than a tenth of a second of
arc, so there seemed a possibility that the star might
prove to be a connecting-link between * visual ”
and “spectroscopic” binaries, and it was carefully
scrutinised with some of the most powerful telescopes.
The Lick telescope betrayed nothing, the image
appearing quite round at all times, but the Greenwich
28-inch, having its object-glass adjusted for a different
part of the spectrum, yielded a more promising result,
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and though many of the observations published are
probably worthless, and may be ascribed to optical
or psychological causes and to want of experience
in judging of the suitability of observing conditions.
for what was practically a unique observation, yet
there is little doubt that a certain proportion of the
observations can be regarded as genuine. The
mean resulting period from several revolutions in
successive years comes out persistently between 103
and 104 days, the spectroscopic determination being
exactly 104 days, and the discordance seems to
suggest a motion of the apse line of the orbit of
Capella, of which the spectroscopic observations would
take no cognisance. No other instance is yet known
of a spectroscopic binary affording much chance of
visual confirmation, though a period of about three
years in 3 Capricorni, for instance, is a promising sign.

The number of recognised stars of the new class
is steadily increasing as the determination of velo-
cities in the line of sight reveals more and more
instances in which that velocity is variable, indicating
orbital motion. By the end of 1904 the number had
reached 140, most of them being of the same character
as Spica, the second star in point of brightness being
dark or very faint. These 140 stars, with four others
discovered after Jan. 1, 19035, are given in the first
catalogue of spectroscopic binaries issued by the Lick
Observatory in 1905. When we bear in mind that
the probably large number of binaries whose motion
is nearly at right angles to the line of sight cannot
be detected by this method, it is not difficult to see
how far from rare is the occurrence of physical pairs.




CHAPTER XXX
VARIABLE STARS

WE have noted the gradual widening of the
field of variable star observation, from the
isolated “new stars” of Hipparchus and Tycho
Brahe to the discovery of variables of long and
short periods, of Mira, of Algol, and of the anomal-
ous » Argts, and incidentally remarked on the
binary character of eclipsing variables like Algol,
indicating the spectroscope as a valuable aid in this
as in other fields of investigation. It must suffice
for the earlier period, when this branch was of very
slight importance, to note that the increase in photo-
metric accuracy realised by Argelander in preparing
the Bonn Durchmusterung, in all cases insisting on
grading not in *magnitudes” but in tenths of a
magnitude, was responsible for the quicker recog-
nition of smaller variations hitherto unnoticed, and
indirectly for the attraction of many enthusiastic
workers into a field suddenly become one of great
promise, and not requiring necessarily great optical
power. It was not until 1880 that Pickering pub-
lished a classification of variables, according as their
variation is—(1) non-periodic, (2) great and slow,
(3) irregular, (4) quick and in general small, or (5)

of an eclipse character. It has been claimed that
803
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the evidence collected by J. E. Gore of slow secular
change demands a new class, but it is doubtful if
any star in the universe can be considered as abso-
lutely invariable, and a star that shows a small
diminution of lustre in a period of many years,
sometimes of centuries, may after all turn out to be
periodic. On the other hand, others, on the ground
that “ variables ” ought to be restricted to periodic
variables, object to the inclusion even of “new stars,”
the chief members of Pickering’s first division, and
might similarly object to some members of the third
class. The truth is, that it is as usual hard to draw
the line of exclusion or even of classification.

The first class should include, besides new stars,
such as those of Hipparchus, Tycho Brahe, and
Kepler, also what are called “lost stars,” of which
there are some authentic instances. Failure to
re-observe a few stars found in old catalogues may
occasionally be explained in other ways, some being
traced to then undiscovered planets, some to ob-
servation errors, such as a wrong hour for right
ascension or mistake of ten degrees in circle read-
ing, a wrong sign for declination or other errors of
transcription ; but it does occasionally happen that
an undoubted star, such as 55 Herculis, is no longer
to be seen, and must be relegated to the * tempo-
rary” class. Tycho's Nova, for a time as bright as
Venus and visible in daylight, was the brightest of
this class; that of Kepler in 1604, estimated at its
maximum equal to Jupiter, being followed by a very
- long period without such a phenomenon. It is pro-
bable that a small star still visible marks the place

T
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of Tycho’s' Nova Cassiopeiz, 1572. A character-
istic of stars of this type is the sudden increase in
brightness, compared with the slow fading away.
The Nova of 1572 increased for about a month
from discovery, and faded for five months before
being invisible to the naked eye. That of 1604
reached its maximum in a few days, remained very
bright for a month or more, and was visible to the
naked eye for more than a year, disappearing early
in 1606. Both these, of course, appeared before
the invention of the telescope. Nova Coronz, dis-
covered by Birmingham in 1866, reached the second
magnitude very quickly, fading also rather quickly.
It was called T Coronz, according to the conven-
tion by which all variable stars discovered in a con-
stellation, unless already provided with names, are
assigned the generic name of the constellation, pre-
fixed by successive capital letters from R to Z;
after nine have been appropriated in the same con-
stellation, the same process is applied as in the case
of minor planets, except that only the same nine
letters are used, so that UY Cygni, for instance, is
the eighth of the fifth series, or the forty-fourth
name thus allotted to a variable in that constellation.
T Coronze was the first Nova examined through
the spectroscope, and the appearance presented to
Huggins was of two spectra, one similar to that of
the sun, the other superposed upon it of five bright
lines, attributed to incandescent hydrogen. Nova
Aurige, discovered early in 1892 by Rev. T. D.
Anderson, of Edinburgh, was proved to have been
visible more than a month earlier by reference to

U .
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Seep.278. the Harvard photographs; it remained visible
for a longer time, enabling continuous study of
its spectrum to be made, and even after fading
beyond the reach of all but the greatest telescopes,
brightened up to the ninth magnitude, and con-
tinued to fluctuate for about a year longer before
again fading into insignificance. . At first the
spectrum was double, as in the case of T Coronz,
and the deduction from it at first was the presence
of two bodies, one approaching the sun with a
velocity of about 500 miles per second, and the
other receding at about 250 miles per second
according to the gaseous hydrogen lines, or 150
miles according to the calcium lines. The hypo-
thesis of a grazing collision between two bodies
thus inferred has not been substantiated. After
fading, the spectrum appeared faint and continuous,
with a green “ nebular ” line, subsequently resuming
a stellar appearance. Mrs Fleming claimed five
Nova detected on Harvard photographs before the
end of the century; but the new century had not
long commenced, when the discoverer of Nova
Aurige obtained a more striking success by the
recognition of a new object in Perseus, which is
attributed generally to him, though possibly seen
earlier by a Russian student at Kiev. Two days
before discovery, it was invisible on a Harvard
photograph showing stars to the eleventh magni-
tude, but almost immediately after discovery it was
rather brighter than Capella, much brighter than
any Nova since that of Kepler, nearly 300 years
before. During its fading, it brightened regularly
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about every three days for some time, and, owing to
its having been discovered some days before its
maximum, the spectroscopic indications of its char-
acter were not at first of the normal type. It went
through the usual series of changes, 'afterwards
appearing as a planetary nebula on its way to
become an’ ordinary star again after the lapse of a
few years, taking three years to reach the tenth
magnitude. But it had one unique feature, in the
form of a nebulosity surrounding it, actually shown
on a photograph taken with the Crossley reflector
at the Lick Observatory within six weeks of its
appearance, but not noticed until some months later.
Messrs Flammarion and Antoniadi announced, six
months after the discovery of the Nova, that it
exhibited a nebulous aureole. Dr Max Wolf, at
Heidelberg, while attributing the aureole to the
peculiar character of the light, noticed on one of
his photographs a strong trace of nebulosity some
distance to the south, and suggested a photographic
test with the great American instruments. Perrine
at Lick Observatory and Ritchey at Yerkes Ob-
servatory then obtained photographs showing a
growing nebulosity in the form of a series of spirals,
apparently springing from the Nova and spreading
outwards at the rate of 11 minutes of arc in a year,
which, by comparison with the earlier Lick photo-
graph, seemed to have started some days before the
original outburst of light. As no parallax had been
detected, this involved velocity of motion so enor-
mous as to be quite incredible on the ordinary sup-
position that the nebulous matter was being ejected
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by the Nova. It was suggested by Kapteyn,
Seeliger, and others, that the nebulosity was there
all the time, but was becoming visible as the light
from the Nova reached each successive convolution,
and though the light showed no polarisation, so
that it did not seem to be reflected light, yet some
such velocity as that of light, far transcending any
imaginable motions of particles, seemed requisite to
account for the rapid growth of the nebulous
appearance. The velocity of light would suffice at
a distance corresponding to a parallax of twelve-
thousandths of a second of arc; and very careful
measures suggested a small parallax not far from
that value. We may then tentatively attribute the
phenomenon to electrical or other excitement propa-
gated outwards from the centre, with a velocity
something like that of light, rendering successive
portions visible. F. W. Very considered that actual
emission of particles by electrical repulsion, or light
pressure, might possibly take place at a sufficient
rate to explain the phenomenon, and the question
cannot be regarded as settled.

An example of the accidental factor in discovery
was afforded in the case of Nova Geminorum, 1903.
Professor Turner, director of the Oxford University
Observatory, picked up an astrographic plate put
aside as rejected. On inquiring the reason, as the
plate appeared perfectly good, he was informed
“wrong setting,” sthe usual .cause of such being an
accidental error in reading one of the setting circles
by which the observer views a wrong field, and con-
sequently picks up a wrong guiding star. Further
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inquiry, however, showed that this was not the usual
case, but that the intended guiding star had been
put out of countenance by a brighter one not far
off, which had naturally caught the observer’s eye.
But no brighter one was indicated there in the zone
catalogue, and it turned out that the guiding had
been done by means of a Nova.

The original idea that the appearance of these
‘“ temporary stars ” must- be attributed to a collision
between two more or less solid bodies, or one solid
body and a fairly condensed nebula, is gradually
being abandoned, since, of the several successive
different phases shown in the spectrum of a Nova
until it reaches the stage of a faint star again, there
is not one that necessarily denotes instability. Even
the characteristic spectrum associated with a Nova,
not reached the first day or two after discovery in
the case of Nova Persei, is seen permanently now
in the celebrated 5 Argils, and other stages belong
to well-known spectral types, of which there are
hundreds of examplés in the sky.

Of periodic - variables the number announced is
rapidly increasing, though the determination of
periods and light curves is a  slower process.
Chandler’s first catalogue of variables, appearing
about 1888, contained more than 200 stars. His
third, in 1896, contained nearly twice as many, and
as he found too little time to complete his fourth
the work has been undertaken on a much more
extensive scale by the Astronomische Gesellschaft.-
Meanwhile, however, in 1903, the Harvard pro-
visional catalogue, with supplement, included more
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than 1300: 400 were detected at Harvard alone
in 1904 from comparison of photographs, more
than half of them in the two “ Magellanic Clouds,”*
and nearly a quarter in the Orion nebula, followed
next year by more than 8co in the smaller Magel-
lanic cloud. In the same two years practically
400 variables were officially numbered as authentic.

By far the greater number of long period vari-
ables have periods of 250 to 400 days, the first
known, Mira Ceti, varying from second to tenth
magnitude in about eleven months. x Cygni varies
from 43 to 13} magnitude in 13} months, V Delphini
from 7.3 to 17.3 in 540 days. This is the widest
range of magnitude known, corresponding to an
actual brightness ratio of unity to ten thousand.
Mira, however, though its range is about eight
magnitudes, sometimes rises to a higher maximum
than usual, and sometimes sinks to a lower minimum.
This irregularity in degree seems not so strange as
it would be in the case of an eclipsing variable, for
the spectroscopic evidence goes to show that each
brightening is of the nature of a fresh outburst of
activity in the form of blazing hydrogen. There
seems no periodicity in the high maxima, unless we
accept one of 59} years suggested by P. Guthnick,
and the light does not invariably follow the usual
rule of a rise quicker than the fall in brightness.
Moreover, on one occasion the maximum was a
.month late, while minor deviations from the mean
period are not unusual. These irregularities point

1 Two detached objects, similar in appearance to the Milky Way, but
nearer to the South Pole.
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to an analogy with the sun-spot period, though
on a very much exaggerated scale.

x Cygni is even more irregular, and has also a
greater range of magnitude. Its average period
has been lengthening slowly ever since its discovery
in the seventeenth century, and is now one per cent.
longer than it was. Some of these stars show well-
marked double maxima, and some are only regular in
the fact of their alternations, no similarity showing it-
self between successive ranges of variation. s Aurigae
was supposed to be quite irregular though only
slightly variable, until in 1903 Dr Ludendorff
of Potsdam got out a period of just over twenty-
seven years, far longer than that of any other
known wvariable.  The most irregular variable
known is beyond question » Argtis (more generally
known since the sub-division of that great con-
stellation as » Carinz), to which we have alluded
before as now showing the typical spectrum of a
Nova. It is supposed to have been fainter than the
fourth magnitude in Ptolemy’s time, as he did not
record it, though others at the same altitude at
Alexandria are found in the Almagest. Halley, in
1677, at St Helena, obtained the first known
observation of it, assigning to it the fourth magni-
tude. Ten years later, and again to Lacaille in
1751, it was of the second magnitude. The varia-
tion, since more regular observations began, is
shown in the accompanying diagram, showing that
for some time, nearly ten years in fact; it was
brighter than any star in the sky except Sirius, but
has been invisible to the naked eye since 1868, and

-~
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now shows a dull red in the telescope with no
apparent variation at all.

Red stars show a large proportion of variables,
and nearly all long-period variables are red, so that
there seems some connection between the two
characteristics. A. Safarik of Prague, from five
years’ observation, 1883-1888, of a list of twenty-
two red stars, found eight variable and five more or
less dying, whose loss of light was confirmed from
previous observations. A few cases are, however,
known of red stars growing brighter and remaining
so. Of the variables of short period, generally
taken to mean those of period less than a month,
by far the greater number go through their cycle
of change in less than eight days, and a fair pro-
portion in less than one day. All of them seem
to be close binary systems revolving in the period
of variation like the eclipsing variables of the Algol
type, but the changes in Pickering’s fourth class are
not due to eclipse. They are sometimes divided
into three subordinate classes, the first, of which
8 Cephei is a type, containing stars showing no
tendency to stay at maximum or minimum, their
rise being, however, about twice as quick as their
fall in luminosity. Spectroscopic evidence suggests,
in every case tested, the presence of a dark or faint
companion, in fact all appear to be spectroscopic
binaries. A recent suggestion of Dr Meyermann
in 1905 to account for the variation of 3 Cephei is
that the orbit is eccentric, and the light change due
to a change in radiation depending on the distance.
The second sub-division, cluster variables, includes
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those hundreds noted at Harvard in the Magellanic
clouds, and very few are found outside clusters in
the open sky. They generally show periods of less
than a day, with a very sudden rise to maximum, a
much slower return, and a strong tendency to stay
at minimum. Y Lyre, discovered by A. Stanley
Wi lliams in the northern hemisphere, and S Ar= by
R. T. A. Innes in the southern, are very similar
typical cases.

In 1904 Madame Ceraski discovered a cluster-
variable in Cygnus with a computed period of only
3 hours, 12 minutes. In the previous year a period
of about 4 hours for a star in Ursa Major had been
claimed as the shortest known, only three stars
having shown variations half so quick. ¢ Gemi-
norum, the main type of the remaining sub-
division, is a spectroscopic binary discovered inde-
pendently by Bélopolsky and Campbell in 1898 ;
but though the companion is a dark body the
minimum does not occur at conjunction, and is
therefore not due to eclipse. The feature of this
class is the regularity of their rise and fall, though
one, S Antliz, one of the three referred to in the
last paragraph, having a period under eight hours,
shows a marked tendency to remain at maximum,
and so was for some time regarded as an Algol
variable. The best known variable in the group is
B Lyrz, one of several instances of a sort of double
periodicity, equal maxima being separated by alter-
nate unequal minima, suggesting that the appear-
ance may be caused similarly to that of Algol
variables, except that in this case the bodies, though

A
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unequal, are both bright, so that each alternately
occults the other. On this hypothesis Professor G.
‘W. Myers concludes that the smaller body is the
brighter, the low minimum occurring while it is
behind the larger body, the higher one when it
passes in front. He also accounts for the regularity
of the changes by assuming a gaseous constitution
for the bodies, which are supposed to revolve
almost in contact, so that by mutual attraction they
are elongated. Thus the maxima occur at times
when there is no foreshortening, whose effect as
they rotate is to cause a steady diminution of light
until conjunction. A similar case, U Pegasi,
Myers considers an example of recent investiga-
tions of Poincaré and Darwin on possible figures.
of equilibrium for revolving masses of fluid, one
of which called apioidal or bee-shaped is that of two
masses in actual contact. It is this hour-glass form
that Myers suggests for U Pegasi.

On the assumption that Myers is right these
stars might be relegated to the Algol class, as they
would owe their principal loss of light to eclipse.
Professor Newcomb suggests distinguishing between
stars whose variation depends on the direction of the
line of sight, and those independent of it. All Algol
variables would cease to be wvariables if the line of
sight were perpendicular to their orbital planes.
So also would 8 Lyre and U Pegasi, according to
Myers. It is very difficult to draw a line, especially
as the suggested explanation may not be correct.
In the case of Y Cygni, discovered by Chandler in
1886, with a period long uncertain owing to its
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commensurability with daylight, a suspected period
of 14 days being difficult to verify as alternate
minima would be invisible, ultimately showed a
variation in three days with two unequal portions of
33 bours and 39 hours respectively, indicating an
eccentric orbit not bisected by the line of sight. All
such stars as these would be certainly regarded as
Algol binaries by A. W. Roberts, of Lovedale,
South Africa, one of the leading workers in the
southern hemisphere at this branch of astronomy.
He distinguishes no less than five types of Algol
variation, one of which, R® Centauri, is almost a
model for U Pegasi, and claimed as an aptoidal
binary. It is evident that a dark component is not
universally considered essential for an Algol variable.
Roberts obtains separate curves according to the rela-
tive size and brightness of the two components.
The longest period known for an Algol binary is just

over thirty-one days, in the case of UZ Cygni, -

discovered by Mrs Fleming in 1902, which she
considers probably an apicidal system. Three
years later this discovery was followed in the same
place by that of W? Tauri, whose variation, from
approximately the seventh to the eleventh magni-
tude, is the greatest of any Algol-type star. Notwith-
standing the range, which, in a long-period binary,
increases more or less with the period, this star,
like all but two of the Algol group, goes through its
changes in less than five days, as a matter of fact in
about 2§ days. H. N. Russell of Princeton, and
A. W. Roberts, from different data found the
average density of Algol variables much less than
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that of the sun, and their spectral characteristics
also differentiate them from ordinary short-period
variables which are of the solar type. Variable
stars do not appear to be near the earth. Mira has
a proper motion' of a quarter of a second of arc
annually, but the only parallax determined by Dr
Chase makes Algol ten times as distant as Sirius,
or nearly ninety light-years away.

Like the closely allied red stars, many of which
are variable, they seem gregarious, as besides the
class of cluster-variables several are found near the
positions of various Novz, indicating that certain
regions of space are more favourable to variation.

The best known observers of variable stars in this
country are Stanley Williams, Anderson, and Gore,
the British Astronomical Association also doing
good work under the direction of Colonel Mark-
wick. - Elsewhere W. Ceraski and his wife at Moscow,
Roberts in South Africa, and a large number of
Americans have devoted themselves to the work,
including J. A.and H. M. Parkhurst, E. F. Sawyer,
and P. S. Yendell, in addition to the Harvard band
under Professor Pickering and Mrs Fleming, whose
investigations are mostly photographic. We have
already referred to S. C. Chandler’s work in forming
a catalogue, now in the hands of Dunér, Miiller,
and Hartwig. A very valuable contribution to the
subject is Father Hagen’s Atlas Stellarum Varia-
bilium, which is in constant demand among those
who do the necessary work of carrying out series of
observations of recognised variables, in order to
confirm or improve the periods and light-curves,
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The latest catalogue, the Second Harvard Cata-
logue of Variable Stars, contains 1791 variable
stars in the Magellanic clouds, and 1957 elsewhere,
showing the enormous recent progress now being
made in this subject. ‘
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CHAPTER XXXI
CLUSTERS—NEBULE-—MILKY WAY

’I‘HE history of research among clusters and

nebule is to a great extent that of improve-
ments in photography. It is impossible to dwell in
any great detail on the manifold varieties among
the thousands of objects indexed in Dreyer’s General
Catalogue of Nebule and Clusters, enlarged and
revised from that of Sir John Herschel, and contain-
ing with supplement nearly double the number of
Herschel’s five thousand, indicating the progress in
thirty years from the publication of the one in 1864
to the completion of the other with its supplement
between 1888 and 1894. The Herschels considered
nebule a distinct class; but the Earl of Rosse, in
the heyday of his great Parsonstown reflector,
resolved so many apparent nebule into clusters that
an opinion gained very general support that all
nebule could be similarly resolved. The year of
the publication of Herschel's catalogue saw the -
vindication of their older theory, for Huggins then
turned his spectroscope towards a nebula, and found
instant evidence from its bright line spectrum that
it was no group of stars but a mass of incandescent
gases, which appeared to him to be hydrogen and

nitrogen. Many other nebule gave similar results,
818
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though the line attributed by him to hydrogen and
by Lockyer to magnesium has ultimately proved
to belong to an unknown substance, to which the
name of nebulium was given, just as helium had
been assigned to the chromospheric substance
responsible for the D, line. In many nebule the
gas may be under pressure, as they show a con-
tinuous spectrum; or they may after all be more
similar to clusters, many of which also yield a con-
tinuous spectrum. Helium itself is found in some
of the nebulz. Clusters seem to suggest universes
in being, just as nebulze may be taken to represent
them in the making ; but there is a marked difference
between such a group as the Pleiades, in many ways
the most remarkable collection of stars in the sky,
and the globular cluster, of which » Centauri is an
excellent example. The Pleiades, whose rising and
setting ruled the agricultural calendar of several
distinct primitive nations, and which have been by
others taken to be the abode of the gods, and more
recently regarded as possibly the centre of the uni-
verse, the brightest star, Alcyone, being suggested
as the central sun, are certainly an irregular cluster.
Bessel’s triangulation of the group, 1829-1841, re-
peated by Gould a quarter of a century later from
a photograph by Rutherfurd, and very carefully by
Elkin at Yale in 1884-85, shows that of the fifty
brightest stars in the group, only six do not appear
physically connected with it; the rest have a
common apparent proper motion, almost entirely
due to the motion of the sun in space, and are
consequently inferred to be at a vast distance from
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the earth, so that every one of the forty odd stars
is brighter than the sun, and the brightest of them
probably 170 times as bright. Subsequent estima-
tions by Pickering and Stratonoff show that not
only the six stars above differentiated, but most of
the fainter stars also, are at an enormously greater
distance and do not belong to the system. It is
impossible to obtain a just appreciation of the con-
ditions in such a system as compared with our own,
the dimensions|being out of all proportion. Possibly
the feature best worth recording is the extraordinary
ramifications of nebulosity in which the stars seem
to be involved, the detection of which is one of the
triumphs of celestial photography.

Some faint indications of a globular form have
been claimed even for the Pleiades, but it is unmis-
takable in » Centauri; other clusters appearing
elliptical, triangular, or fan-shaped, and many groups
of the stars in clusters showing apparently closer
physical connection, in some cases like beads on a
string of nebulosity. In an area round « Centauri
less than twice that covered by the full moon, more
than six thousand stars have been photographed,
of which three quarters appear to belong to the
system, and 125 to be variable. A much smaller
cluster, 47 Toucani, shows even more stars. More-
over, as a rule the arrangement of the stars in a
cluster does not seem quite haphazard ; for instance
in some the brighter stars seem to represent crooked
spokes, while the fainter ones crowd into the centre.

It seems very possible that clusters represent
condensation from nebule. Globular clusters show
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able time to the successful search for new nebula ;
and G. Bigourdan, of the Paris Observatory, has
performed a very troublesome task in determining
accurately the positions of hundreds of these objects,
publishing a catalogue of nebule and clusters in
1899. Since 1880, when Draper photographed the
Orion nebula, many reflecting telescopes, whose
special advantages for the recording of faint nebu-
losity render them much more suitable for the pur-
pose than refractors, have been employed in similar
work. In 1883 Dr A. A. Common of Ealing ob-
tained with his large reflector a very fine photograph
of the Orion Nebula, for which he received the gold
medal of the Royal Astronomical Society. In 1885
Dr Isaac Roberts began to devote himself to the
task, and by the end of the century had published
two volumes of splendid photographs, also receiving
the gold medal. Max Wolf, at Heidelberg, and
Barnard and W. H. Pickering, in America, worked in
the same field, the former publishing in 1902 a cata-
logue of about 1500 nebule north of the Milky
Way. The most striking success was achieved by
Keeler with the Crossley reflector at the Lick
Observatory. This was the 3-foot instrument
made by Calver for Dr Common, from whom
it was purchased by Mr Crossley, a Yorkshire
merchant, who, finding the atmosphere of Halifax
quite unsuitable for so large an instrument, pre-
sented it to the Lick Observatory, where it was
for a time almost ignored, one and another find-
ing it unsuitable for various purposes. On the
appointment of J. E. Keeler to the director-
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no true nebulosity ; the Pleiades may correspond to
one intermediate stage, and various other forms to
other stages. Perhaps some day the spectroscope
may enlighten us further as to possible processes of
evolution.

Meanwhile the nebule themselves show numerous
gradations. The first catalogue of nebulous objects,
many of them clusters beyond the resolving power
then available, was produced in 1781 by Messier,
the “ferret of comets” of Louis XV., who hoped
by providing a list of such spurious comets to save
himself some proportion of his frequent disappoint-
ments. The very names of many of the better-
known nebule—the Ring nebula in Lyra, the Crab,
the Dumb-bell, the Keyhole, the Fish Mouth, the
Spider, the America nebula in Cygnus, and the
Whirlpool Messier 51 in Canes Venatici—indicate
great diversities of apparent shape, but other
differences are more important. Nebulous stars,
surrounded by a sort of glow of nebulosity, may
be only perspective variants of stars with nebu-
lous appendages of various forms, and at least
one of Herschel's nebulous stars is really a close
spiral. Planetary nebule, whose uniform bright-
ness almost persuaded Herschel to discard them,
have generally stellar nuclei also, and one of them
betrays a sort of spiral form. In fact almost every
kind of nebula seems to hint at some stage of the
same development.

- Apart from photography, the amount of work
done in recent years is not great. Lewis Swift, a

well-known comet discoverer, devoted a consider-
X
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ship in 1898, he at once justified his election by
undertaking to work himself with the despised
instrument, over which friction had arisen, and
with rare intuition devoted it to nebular photo-
graphy with such success that in the two years left
him (he died in 1900), he not only found nebulz so
thickly strewn on his photographs that he estimated
+the number in the sky within reach of his instru-
ment at about twenty times the number already
known, inferring a total exceeding 100,000 (half
a million has since been suggested by Pro-
fessor Perrine), but also came to the conclusion
that at least half of them are spiral, and from
this produced the germ of the planetesimal
hypothesis.

This idea, to which reference has already been
made, does not concern itself with the genesis of
- nebule from protoplasmal material by condensation
of gases or collisions of meteoric dust, but
endeavours to generalise the subsequent develop-
ment of all nebulz in a manner not at variance with
a plausible history of the evolution of the solar
system from its supposed primitive nebula. Pro-
fessor F. R. Moulton starts afresh from a mathe-
matical point of view with a more or less spheroidal
nebula, rejecting as unnecessary Laplace’s assumed
high temperature, in the light of modern researches
into the mechanical production of heat and conserva-
tion of energy. Two such bodies in rotation
traversing paths approaching near to each other
will be subjected to powerful tidal effects, whose
effect will be to elongate them towards and from
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each other, and the suddenness of the strain on
bodies loosely coherent might readily cause disrup-
tion of a portion at each end of a diameter. The
relatively lower velocity of these fragments will
cause them to leave the parent body in a spiral
direction, dragging after them wisps of uncondensed
material. The continuation of this process, so long
as the bodies are near enough together, is supposed
ultimately to leave a central nebula with spiral arms
knotted at regular intervals with more condensed
masses, all rotating and gathering up the remnants
of nebulosity. The evolution from this of a globular
cluster differs only in dimensions from that suggested
by Moulton and Chamberlin for the solar system.
We cannot yet refer all the systems apparent in the
sky to stages in this hypothesis, which is sufficiently
suggestive to meet with provisional approval. It
may be that the more condensed planetary nebule
have been too solitary to conform to pattern, and
that double stars represent cases where approach has
been too near to allow of recession. It may be that
the nebulosity round Nova Persei is an imperfect
sketch, showing the spiral form in non-luminous
matter also, revealed in some way by the light
change in the central condensation. There is plenty
of scope for interesting speculation in the attempt to
harmonise every apparently unique phenomenon
with the resistless workings of a universal law.
But the hypothesis has not reached the status of
Newton’s law of gravitation, and may after all meet
the fate of his dynamical theory of light. The source
of the original energy is yet to seek, though physical
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research into the possibilities of radio-activity may
supply a clue.

The Milky Way, stretching with hardly a break
all round the heavens, though for some distance
divided into two branches, suggests an obvious
plane of reference in celestial distribution, and one
of the first theories of the universe, the “grindstone
theory” of Thomas Wright of Durham, 1750,
assumes that the condensation of stars in that
region indicates the shape of the universe, our
system being supposed to lie in the interior of a
disc-like aggregation of separate bodies, which
naturally appear more thickly strewn in the plane
of the disc. Kant’s idea involved a plurality of such
systems, regarding nebule as “island universes,”
each with its own Milky Way. :

Newcomb’s counting of stars in various regions
points to the result that the fainter the stars con-
sidered the greater is their crowding in the Milky
Way compared with the rest of the sky. Moreover,
gaseous nebule, nove, and stars of certain spectral
types, in general the more photographically bright
stars, appear more frequently in the Milky Way than
elsewhere. The conclusion that the Galactic plane
denotes the direction of greatest extension of our
universe is almost inevitable. At the same time
analysis of proper motions suggests to A. S.
Eddington at least two distinct universes, so to
* speak, moving in different directions, A similar
idea has appeared before in the guise of a sugges-
tion from Gill and Kapteyn that the brighter stars
as a whole showed rotation with regard to the

G-
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fainter ones, but it apparently broke down under
further analysis. It is difficult to reconcile our
ideas of gravitation with interlacing and yet in-
dependent motions, but suggestions have been
thrown out to the effect that such systems might
persist at different distances, so that one moved
wholly within the other in a manner analogous with
the idea of rotation of the brighter stars (still pre-
sumed in the mean to be the nearer stars). Or
again, it is hinted, the case might be met by assum-
ing for our system a position well outside the centre
of a single universe, so that a fair proportion of its
members, by virtue of their position, like planets at
inferior conjunction, would appear to be moving in
a different direction to the rest.




CHAPTER XXXII
STELLAR SPECTROSCOPY

A FULL account of the growth of stellar
spectroscopy would take us too far from the
purpose of this little book, and it is not easy to find
a suitable place to consider it as a whole. It has
been necessary to refer to spectroscopic inquiries
in connection with various problems, and to quote
such matters as spectral types, which should per-
haps have been explained in an earlier chapter.
It seems advisable to deal briefly with this matter
in a separate chapter, instead of overloading the
text with footnotes. ~We may here repeat the
elementary propositions, implied in our notices of
solar spectroscopy. A continuous spectrum infers
incandescence of a body, either solid or divided
into solid particles, or gaseous if non-transparent.
A spectrum of bright lines denotes an incandescent
gaseous transparent mass. If an incandescent body
is surrounded by a cooler gaseous atmosphere, as in
the case of the sun, we have the effect of absorption,
the continuous spectrum being crossed by dark lines
in the positions in which the surrounding gas, if
alone, would show bright lines. A gaseous mass
under pressure presents an irregular spectrum
partly bright and partly shaded. It is evident,
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therefore, that the spectroscope cannot absolutely
determine whether a body is solid or gaseous, and
it is quite probable that stars similar to the sun are
entirely gaseous, while the abnormal appearances
caused by pressure give rise to considerable uncer-
tainty in the interpretation of certain spectra, some
lines being widened symmetrically, some unsym-
metrically by being intensified at one side only,
giving an appearance of shifting, some fringed and
some suppressed altogether. Banded spectra are
attributed to the presence of compounds.

The first classification of stellar spectra was
due to Angelo Secchi in 1863, and was based
principally on the prominence of blue, yellow, or
red in the spectrum. His first and most numer-
ous type contains white or bluish-white stars,
like Sirius and Vega, showing a coloured
spectrum with broad bands of hydrogen and
fine metallic lines in the brighter stars. Type II.
consists of yellowish stars, as Capella and Arec-
turus, whose spectra resemble that of the sun.
Type III. principally of red stars, as Antares,
showing hazy bands and dark lines. Later Secchi
distinguished a fourth type, deep red stars, with a
spectrum consisting principally of a collection of
lines in the yellow and red resembling a band, with
another faint band in the blue and a bright one
in the green. These are called Carbon stars. Wolf-
Rayet stars, named from their co-discoverers at the
Paris Observatory, were later still ascribed to a fifth
type. Their spectra are composite as if a con-
tinuous spectrum had superposed on it an absorption
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and an emission spectrum, denoting glowing gas
under peculiar pressure conditions. This is one of
the types almost confined to the Milky Way.

H. C. Vogel of Potsdam, formerly of Bothkamp,
introduced sub-divisions of these classes, merging
the Wolf-Rayet stars into the second class.

Thus Ia is as described above for the first type.

Ib is similar, but the hydrogen lines are
missing.
Ic shows both hydrogen and helium lines.

This class also is more frequent in the Milky Way.
Similarly Class II. is in two divisions, the second
containing the Wolf-Rayet stars. Class II1. is also
divided according as the bands are more prominent
at the red or violet end. It will easily be inferred
what is meant by Sirian, Solar, Antarian, and
Helium stars.

A far more complete classification has been
adopted for use in the Draper Memorial Catalogue,
Miss Maury having recognised that the boundary
between one class and another was often no more
prominent than variations among stars ascribed to
~one class. This Harvard sub-division is more
minute therefore, and the number of groups is
twenty-two, each subdivided into classes. Five of
the groups belong to a helium type called Orion
stars, as most of the bright stars in that constella-
tion belong to it; they are rich in hydrogen lines,
but show also nearly a hundred others mostly not
identified with any known elements. In addition
to all these gradations are many stars assigned
to a convenient temporary class, called stars with




330 A HISTORY OF ASTRONOMY

peculiar spectra. The recognition of character-
istic spectra in the work of the Draper Catalogue
is responsible for the large number of variables,
and comparatively also of new stars, announced
from time to time by Professor Pickering and
Mrs Fleming.

But having reached this classification the next
step is to interpret it, and here, as is often the case
in partly speculative work, authorities differ. One
order of development, assuming an original nebular
condition, makes Orion or Helium stars the first
stage, as they appear to be of low density and
frequently have nebulous appendages; all seem
enveloped in helium, but they are graded by Miss
Maury, according as they show more and more
decided traces of rather denser materials, as silicon,
calcium and magnesium ; a few also disclose oxygen
absorption, but in general practically no “atmos-
phere” is present, as there is outside the sun’s
photosphere. Very little atmosphere is shown by
the next group, Sirian stars, so their spectra are
traversed by fewer lines than that of the sun; but
those of hydrogen are so conspicuous that a star
of this class, Vega, was the first to have its spectrum
photographed by Huggins in 1879, disclosing a
series of lines only completely obtained with
difficulty in the laboratory by M. A. Cornu, using
a strong spark through a tube of pure hydrogen.
This set of lines was the first to be recognised as
a series, with wave-lengths obeying some sort of
law. If from a given point outside a given straight
line, a set of other straight lines be drawn, each
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making with its neighbour the same small angle,
they will intersect the given straight line in points
whose consecutive distances increase faster and
faster away from the foot of the perpendicular from
the given point. Huggins' hydrogen series divides
the spectrum in a similar manner, and Balmer's law
published in 1885 is an empirical law approximately

representing the numerical facts. Other series .

have been found for other substances, also obeying
Balmer’s law, and in particular a second series of
hydrogen lines was picked out by Pickering in
1897 in the spectrum of ¢ Puppis, adjudged to
belong to the helium group. As this series has not
yet been produced artificially, its identification rests
on the fact that it is exactly similar to the Huggins
series, just as in the case of a point and a line, a
fresh series could be obtained by using a slightly
different angle, starting from the same perpen-
dicular.

This digression has rather taken us away from
the Sirian type, but we may note the stages of
evolution through various classes of this group by
the relatively diminishing prominence of the hydro-
gen lines and the increasing show of metallic ones.
Sirius itself shows an overwhelming preponderance
of hydrogen lines, with a few “enhanced” lines of
silicon and magnesium, and some others. The term
“ enhanced ” is applied by Lockyer to lines which
show more strongly in spark spectra than in arc
spectra obtained from the same substance.

The next type, Solar stars, show hydrogen lines
in a subordinate position compared with metallic

T T
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lines, the sun itself showing only four hydrogen
lines; and Capella, the acknowledged pattern of
solar stars, owes its extra hydrogen lines in the
violet to the companion star spectroscopically dis-
discovered by Campbell and Newall in 1899, which
belongs to a group between Sirian and solar stars,
of which Procyon is an example. The calcium
absorption is the strong feature of this class, and we
have already noted its importance in the case of the
sun, especially in regard to the prominences of the
chromosphere. The existence of the ‘““atmosphere ”
in these stars causes considerable variation from the
exact solar type in some members of the group, such
as Arcturus and especially Aldebaran.

Aldebaran, however, approximates to the group
of red, or Antarian, stars, with “banded” spectra,
remarkable for “flutings.” A fluting is a set of
lines like the Huggins series of hydrogen, but set
very close together, giving a shaded appearance.
Of the ten characteristic bands prevalent in this
group, and long chemically unknown, Professor
Fowler in 1904 identified eight as belonging to
titanium or titanium oxide. These bands signify
strong absorption, and it is this token of a dense
atmosphere that distinguishes the group, the ab-
sorption being due to nine or ten metals, of which
calcium and iron are the most prominent. About
one in seven of this class is a variable. There
is no hard and fast line to be drawn between
helium and Sirian stars, or between Sirian and
solar, so that it is generally surmised that the suc-
cessive gradations show regular stages of evolution
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obligatory on all suns. But between solar stars
and red stars the gradation is not so regular; there
are “missing links.” Moreover, Professor Hale
considers that the carbon stars of the next class do
not represent a stage beyond the Antarian, but an
alternative line of evolution for solar stars. Hale
himself, assisted by Ellerman, succeeded by 1903 in
obtaining spectrograms of carbon stars, the difficulty
caused by their weakness in photographically active
rays being at last surmounted by using specially
graded isochromatic plates for four successive sec-
tions of the spectrum, and by exposures ranging up
to twenty-four hours in duration. A feature of their
results consisted of cyanogen flutings in the blue part
of the spectrum. They show many lines widened in
sun-spots, but no enhanced lines. Itis urged against
‘Hale’s theory of the evolution of carbon stars from
solar stars that they are at a much greater distance,
and on the whole in a different direction ; since, as
we have seen, they are very uncommon outside the
Milky Way, while the opposite is the case with
solar stars. Gaseous stars show bright and dark
lines belonging to the same substances, the first of
this class, y Cassiopeiz, having been noted by Father
Secchi in 1866, and soon followed by 8 Lyrz, each
showing a few bright hydrogen lines. A curious
feature of these stars is the fact that the red C line
of hydrogen, for instance, is sometimes bright and
sometimes invisible, which, although recognised in
8 Lyra, a known variable, as being dependent on
the phase of its light curve, is quite as conspicuous
in y Cassiopeie, which is not regarded as a variable

e T



334 A HISTORY OF ASTRONOMY

in the ordinary sense. The Wolf-Rayet stars, also
gaseous, show no variability, either of light or
spectrum ; they resemble helium stars to some
extent, but their helium lines are not conspicuous,
and their affinity to the nebulz is almost as great as
to helium stars, so that they are sometimes regarded
as an intermediate stage; a fundamental difference,
however, being that the persistent bright lines in
gaseous stars are one in the blue and one in the yel-
low, while in the nebule, as we have seen, these give
place to a “nebulium” line in the green, and in
spectroscopy yellow and blue do not produce green.
In the valuable “ Atlas of Representative Stellar
Spectra,” the fruit of many years of devoted labour
by Sir William and Lady Huggins, which appeared
in 1899, a scheme of evolution is given from com-
paratively cool nebule, growing hotter by degrees
through progressive gradual condensation, so long
as they remain entirely gaseous, until 2 maximum is
reached, after which continued condensation tends
to partial solidification, the gaseous constituents
become proportionally less, the law of compensation
becomes less and less applicable, and the tempera-
ture diminishes. Some theories used to start with
an enormous temperature, but most now agree that
this is not only unnecessary, but improbable. The
chief differences between different ‘“ temperature ”
classifications are caused by the doubt as to which
class really represents the hottest stars, and which
groups belong to the cooling stage, and which to
the earlier increase of temperature. In Lockyer’s
“ Meteoritic Hypothesis,” published in book-form in
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1890, after appearing from 1887 onwards in a series
of communications to the Royal Society, the evolu-
tion was traced from nebule through seven stages
—gaseous, Antarian, imperfect solar, Sirian, true
solar, carbon, and extinct. This arrangement, sug-
gested before the distinction of helium stars as a
separate group, makes Sirian stars the hottest,
whereas Huggins’ later series actually commences
with Sirius. The plausible assumption from terres-
trial analogy that white stars are hotter than yellow
and yellow than red cannot be enforced, as the
quality of the light received from a star is almost
entirely controlled by the outer envelopes, which
are at a totally different temperature to the interior
mass. Other evidence, such as the low density of
helium stars, is far more trustworthy, and is
regarded as fixing helium stars as the first stage,
not only by Huggins, but also by F. M‘Clean, whose
survey of the spectra of the bright stars in the
northern hemisphere was supplemented by him with
an extension to the south pole, obtained with the
Victoria telescope which he presented to the Cape
Observatory in 1897.

Lockyer himself has also considerably modified
his first order of classification, and now agrees with
most other systems in assigning the highest tem-
perature to Orion stars. His latest classification
suggests y Arglis as a type of the hottest stars, the
ascending series starting with Antares, and the
descending series ending with Piscian stars (Type
19 Piscium), the former series including among
other typical steps Aldebaran, « Cygni, and Rigel,
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while the latter includes Algol, Sirius, Procyon, and
Arcturus. Gaps are, however, indicated in both.

In the case of unequal double stars, the frequency
with which the *chief” star appears to belong to
the solar, and the companion to the Sirian, type is
explained by Miss Clerke on the hypothesis that
in giant stars the greater effect of gravitation
accelerates the evolution ; so that, contrary to ex-
pectation, the primary has reached a later stage of
development than the secondary. But though there
is really no analogy with the solar system to justify
this disappointed expectation, the researches of
Lewis in the Struve Memoir already cited, tend to
contradict, not the explanation, but the actual facts,
by showing that the supposed ‘ chief” star is in
reality the secondary in many cases of the kind.

As regards the two red groups which, as we have
seen, Hale considers to represent alternative tracks
of development of solar stars, and which in Lockyer's
scheme are of quite opposite tendencies, one rising
to one solar type, while the other marks the fall
from another, there is little analogy to help us; but
the fact that in one class the flutings shade towards
the red and in the other towards the violet, would
seem to indicate that one is a case of rising, and the
other of falling, temperature, were it not for the
difficulty of accounting for the presence of compound
substances in the earlier stages of evolution.

The more recent researches of Hartmann and
Eberhard at Potsdam attribute excessive brightness
not to transcendent temperature, but to * electrical
luminescence.” This pronouncement, rejecting the
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assumption involved in the ordinary view of
“enhanced ” lines, that the spark is hotter than
the arc, is of considerable importance as emphasising
the impracticability of explaining all types on a
temperature basis only.

Dr W. E. Wilson of Daramona, ‘Ireland, is
another strong opponent of the *temperature”
classification, and recent researches of A. W. Clay-
den on the subject of cloud-spheres and photo-
spheres tend to show that similar effects can be pro-
duced by diminishing the mass instead of increasing
the temperature; so that a large hot body might
show precisely the same spectrum as a much cooler
and less massive one. Such reasoning would go far
to explain the inverted relation of brightness and

-mass of binary stars referred to by Lewis in the

Struve Memoir.

The great interest and importance of research of
this kind will be readily conceived from the most
inadequate sketch, and it is not surprising that some
of the world’s greatest telescopes should be em-
ployed upon it. The first spectroscopic star cata-
logue was published by Vogel at Potsdam in 1883,
containing over four thousand stars from one volume
of Argelander’s “Zones,” from 2° south of the
equator to 20° north of it. In the preparation of
the Draper catalogue, 1890, the instrument used
discarded the slit as unnecessary for stars, and sub-
stituted for. the cylindrical lens then used to give
width to the spectrum, an arrangement by which
the star slowly crossed the field of view in a direc-

tion parallel to the edge of the prism by which its
Y
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light was analysed. In 1899 the great Potsdam
313-inch refractor was mounted, and spectrographs
arranged for use with it. The Bruce spectrograph
in conjunction with the 4o-inch refractor of the
Yerkes Observatory, in the hands, first of Hale
and then of E. B. Frost and W. S, Adams, was at
work about the same time. Campbell’s observations
with the Mills spectrograph on the 36-inch Lick
refractor commenced earlier, in 1895, and the
southern extension under W. H. Wright with the
new Mills spectrograph despatched for two or three
years to Santiago, Chili, was installed in 1904.
Other recent installations include a spectrograph
employed by V. M. Slipher in connection with the
24-inch Lowell telescope, and an elaborate thermo.
stat to secure uniformity of temperature in the
spectroscope attached to the 24-inch Victoria tele-
scope at the Cape. With so many ardent workers
in the field it is not surprising that progress in this
comparatively new branch has been rapid. We
have noted, for example, that the discoveries of
spectroscopic binaries, commenced in 1889, reached
146 in 1905, and of these more than half were dis.
covered with the Mills spectrographs at Lick or
Santiago, 75 to be exact, the Yerkes Observatory,
which started later, claiming 44. Moreover, pro-
gress is steadily being made in the direction of
obtaining spectra of fainter stars, and side by side
with this goes on the examination in detail of the
spectrum of portions of the only star available for
this purpose, the sun, and with them both, the
necessary complement of the other branches, the
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spectroscopy of terrestrial substances in the labora-
tory. And with it all vast problems yet remain.
The more we learn the more there is behind, and
the more fully is recognised the necessity for co-
operation, to lessen the waste of time involved in
needless overlapping, to guard against the omission
of sections, to ensure that economy with efficiency
shall not be a mere parrot-cry. The principles of
the Astrographic Conference, and of the Inter-
national Solar Union, have already extended into
stellar spectroscopy, which has not yet seen its
jubilee.




CHAPTER XXXIII
CONCLUSION

HERE, then, do we stand? Small creatures
on a small planet, revolving about a not very
big sun. Swift’s often-misquoted lines—
“ So naturalists observe a flea
Hath smaller fleas that on him prey ;

And these have smaller still to bite ’em,
And so proceed ad infinitum”

—embody a rule that works equally well or badly
both ways. In the case of the fleas, the upper limit
is fairly obvious, but with the earth it is the lower
limit that is familiar. Lambert, a contemporary of
Laplace, speculated in the opposite direction, arguing
by analogy from satellites to planets, and from planets
to the sun, that our sun with other suns might be
circling round some vaster orb, which with its com-
peers might form the family of a still mightier one,
so on and on, if not ad infinitum, yet far beyond
our powers of proof. No central suns were or are
apparent, so Lambert conjectured them as possibly
non-luminous. Dark bodies do exist as we have
seen, and may be far more numerous than is usually
supposed ; they might frequently occult some dis-
tant star without our ever noticing it; their exist-

ence is sometimes suggested to account for the
840
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apparent thinning of the stars in distant space, by
those who doubt the finiteness of our universe.

But limiting our ideas to what we caz see, there
is room for much diversity of speculation.

Within this restricted region there certainly
appear to be some vast stellar systems, far exceed-
ing the dimensions of a simple binary.

Mizar, as we have seen, is a spectroscopic binary,
and also a visual binary; Alcor, the rider, moves
with it, and so apparently do all but the outermost

two of the seven stars in the ‘“ Plough.” Other

systems are equally distinct, the famous Pleiades,
for instance, and, judging from their similarity of
spectra, most of the bright stars in Orion.

It does not now seem possible to regard small
nebule as “island universes,” in Herschel’s phrase,
distant galaxies as vast as the Milky Way. They
- seem rather, since Keeler’s estimate, to represent
the dispersed material of which the stars are made,
and to which dead suns may yet return, as dust to
dust, possibly disrupted by collision with other dead
suns, after a short period of bright existence as
temporary stars. Such a theory of Nova Persei
and its nebulosity is not quite impossible, though
strongly discredited on account of the velocities
involved.

It may be urged against the theory of celestial
evolution that each stage of growth should be
equally represented, but this could not be expected
unless the stages are of equal duration, which is in
the last degree unlikely even during visibility. New
stars are uncommon, and few, even dull red stars,
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are known to have disappeared, but this may only
show the quickness of these stages compared with
the millions of years demanded for the “life” of a
star, which is by every mode of reasoning probably
but a small part of its actual existence, for most of
which it should be invisible. And in this invisibil-
ity may lie another view of the “finite ” universe.
We know from Newcomb’s careful estimate that
suns, except in recognised binary and multiple
systems, do not cluster closely. He computes that
only one is to be found on an average in every eight
units of space, his unit being a sphere whose radius
corresponds to a parallax of a second of arc, or
more than three light-years. Thus a sphere of
a diameter of some thirteen light-years® will
contain on an average one visible star. But it
has often been pointed out that any regular dis-
tribution of stars, however scanty, in znfinife space
must lead inevitably to the conclusion that some

~star must lie in every direction. It has been sug-

gested that from the distant spaces light has not yet
arrived, though on its way, but this is rather making
an assumption as to the time of starting, for which
no data are given. It seems, however, quite as
effective to treat the matter quantitatively on the
hypothesis of a short-life period.

Suppose, then, the visibility of a star to last for
one per cent. of its existence (between one shining
and the next, if we carry the evolution to its logical
continuation). It follows that, if stars lie in every
direction in space, there is only one chance in a

1 13 light-years =75,000,000,000,000 miles approximately.
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hundred that, of a possibly infinite number of stars
in a straight line, the nearest one should be shining ;
in other words, there is only one chance in a hun-
dred that a star will be seen in any particular direc-
tion. The hundred is only given for convenience
of illustration, a million would be equally probable
or improbable, as we have no data by which to
-test it. -
This illustration is not given as a serious effort to
combat the idea of a “finite” universe. It is a
practical impossibility for the mind to grasp the
conception of a universe finite or infinite. The
intention is rather to show the inherent weakness
of many abstract speculations. Some generalisa-
tions are definite and unmistakable. The visible
universe is almost symmetrically divided by the
Milky Way, where Helium and'gaseous stars and :
nebule do congregate, while other nebule are rare, 4
so that it may easily be regarded as the funda-
mental plane of the universe. We may be, as some :
maintain, practically in the centre of the space
bounded by the galaxy. Even if so, it seems the
wildest speculation to suggest with Dr Wallace that
the solar system is the only system and the earth
the only planet in that or any other system, fitted
for the abode of man. Shifted a billion® miles in
any direction, we should still be in the centre, but
it is not so certain that we are? Newcomb pro-
poses a reference to the astrographic survey when ]
completed, to decide this question. Easton, follow- 4
ing out Keeler’s pregnant suggestion, sees in its rifts

1 An English billion, 7.¢. a million millions. 2 See p. 297.
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and other irregularities evidence of spiral structure
in the galaxy itself, with the solar system eccentric-
ally placed between two successive wisps.

It is also inferred—from the fact that stars of
Secchi’s first type are twice as frequent in the
galactic zone as in the rest of the sky, while his
second and third types are evenly distributed—
that we are dealing with separate systems, hence
Pickering and others treat them separately in
regard to such problems as the determination of
the solar apex, as we have had occasion to remark
in previous chapters. It may also be that the
whole cosmic cluster is not in the shape of a grind-
stone or lens, with its greatest extension round the
plane of the galaxy. Its approximation to the
ordinary spheroidal form was suggested by Radau
twenty years ago. We cannot see stars further off
in the galaxy than elsewhere, at least so far as we
know. Stars without sensible parallax and stars on
the limit of photographic visibility are found in all
directions, and as a set-off against the preponder-
ance of stars in the galaxy is that of nebule outside
it, seeming to cluster round the points furthest from
the plane. If this be so, we may regard the Milky
Way as the equatorial zone of a rotating universe, and
explain the thronging of brighter stars there on the
analogy of the bulging equator of a rotating planet ;
or by the possible acceleration, due to increased
velocity, of the evolution of clusters from nebulz ;
or by the actual brightening of stars from the same
cause, which also may modify or codify the distribu-
tion of certain types, yet leaving many subordinate
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systems within the confines of this ‘“universal”
globe to continue their almost independent motions.
This is but speculation; none may read the riddle
clearly ; we can but “peep about,” not necessarily
“to find ourselves dishonourable graves,” nor
merely to magnify the scientific achievements of
our fellow-men, but rather to marvel at the mighty
works of a Supreme Intelligence, and to convince
ourselves of our “ colossal insignificance.”
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MENICAL DO MENTS OF THE
FAITH. With Inlrodueum nnd Notes.

Second Edition. Cr. Bvo.
Bhls fﬁ. B.). THE ‘LIFE OF WALT
MTMAN. Hlustrated. Demy Boo.

108,

Bi A H;nDEKTH OoF
i"n""\f mnotﬁnamxms. Cr. oo,

See also W.B
Blrnﬂlnzl (Ethel). See Little Books on

Blnlr {Robert). See LP.L,
Bia Li. William). THE LETTERS OF
wI

LiFe ey Freommick Tatuax. Fdited

and-

IAM BLAKE, TOGETHER WITH al

from the Original Manuscripts, with an
Introduction and Notes, by ArcuizaLp G.
B. RusseLL. Whh 12 [llustrations.

ILL ?’rm’ﬂ’ovs & THE BOOK OF
B. With a General Introduction by
g:fn:]ﬂ::i %I',I'WN;I I(‘)n?r{.vb 215. wets
.. and Little Libra
nd (B.), M.A. Libeary of

Blaxland (B.

Devoti
Bloom (J K. A. SHAKE-
SP'E&R'E S(.- RDEN. Illustrated.

J"’uf Bue. 35, 6d.; leather, 43. 6.4, met.
See also Antiguary’s Books
Blouet (Henri). See Beginner's Books,
Boardman (T. H.), M.A. See Textbooks
of Science.
Boﬁlei J. B. C ), Author of‘ France." THE
ON OF EDWARD VIL
Demy &w By Command of the
King.

B"#h@ﬁ’i&&g
Selected by J. H. Buzx,

l'romh

BD. 2. Demy 16mo.” 25, 6d.
Bona (l‘:a.rdlnln- K.hmy of Devotion.
en 63, 5 Connnnicts

rrow ((eorge, tt!

d. Ritzema. S ECTTiRAL
ZOOLOGY. Translated by R. Ains-
worTH Davis, M.A. Withiss IIustranons.
Cr Sm TMME(!'JHM g.r

EASY GREEK

su net.

.D. THE SQUL'S
Devotional Readings

B.A.
EK!ﬁlCISI t’."r 8vo. 25, See also
ju—mor Emmtnntwn Series.
Boulting (W.) TASSO AND HIS TIMES.

With 24 llu.ltrauom Demy Bve. 105. 6d.

Bo”t:l E. S.), M.A, GEOMETRY ON
MODE N LINES, Cr. Bve. as

Boult (William B.). THOMAS
GAI‘NSBOROUGH Wuh 40 Hiustra-

SIR {osau.&' RLYZ"OLDS P.RA. With

llustrations. 17 6d. ne.
Bowdeu% . M.). Tﬂﬁ IMI A‘llo‘\l OF
BUDDHA: Being Quotations from
Buddhist Literature for each Day |n the

Yearb-Fﬂﬁ}'a':ﬁm Cr. lf&&; 24 6d. i
Emm‘m M{T mﬁ:nm& Second

roton Bro.
%_le (W % LRRISTMAS AT THE ZOO.
ith Verses by W. BovLe and 24 Coloured
Pmum by H. B NEILSON. Super Royal

Brabant (P. G.), M.A. See Little Guides.
B (A. w) ROUND ABOUT WILT-
SHIRE. ith Hiustrations of which
14 are in colour by T.C.Goren. Cr. Bro. 6:.
Bradley }J- W.)

Braid (. i and Others.
GOLFERS IN THE MAKING.
Thirty-Four Famous Players. Edlted
an i,nund{mmn , by };nmw Lsa:u :
34 Portraits. DW T nel.

A Colonial Edition is alm’;nbhshod.
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Brailsford (H, N.), MACEDONIA:
ITS RACES AND ITS FUTURE,
Ilustrated. Demy 8‘09. 128, 6d. mel.

Brodrick (Mary)and rton (Anderson).
A CONCISE HﬁNDBOOK OF EGYP-
TIAN ARCH/EOLOGY. lilustrated. Cr.

Brooks (E. E.), B.Sc. See Textbooks of
Technology.

Brooks (E. W.). Sece Byzantine Texts,
Brown (P, H.), LL.D., Fraser Professor of
Ancient (Scottish) Hl-slq—y at the Universit;
of Edinburgh. SCOTLAND IN THE
TIME OF QUEEN MARY. Demy Bvo.

75, 6\ met.

Brown (S, E.), M.A., Camb., B.A., B.Sc.,
London ; Senior Science Master at Upping-
ham School, A PRACTICAL CHEMIS.
TRY NOTE-BOOK FOR MATRICULA-
TION AND ARMY CANDIDATES:
Easign ExpERIMENTS ON THE COMMONER
SussTaNcEs. Cr 4fo. 15 6d. atel,

Browne (Sir Thomas). See Standard
Library.

Brownell (C. L.). THE HEART OF
JAPAN. Tlustrated, Third Edition.
Cr. Boo, 65, ; also Demy Svo. 6d.

Browning (Robert). See Little Library.

Buckland (Francis T.). CURIOSITIES
OF NATURAL HISTORY. Ilustrated
by H. B. NeiLsox, Cr Bow. 35 64,

Buckton (A. M.) THE BURDEN OF
ENGELA : a Ballad-Epic. Second Edition.
Cr. 8vo. 2 G, nef.

kINGS !\YgﬁBYLON ADrama. Crown

I’:\GER HJ:.ART A Mystery Play. Fifth

dition. Cr. Bvo. 15 net.

Budge (E. A, Wallis). THE GODS OF
THE EGYPTIANS., With over 1o0
Coloured Plates and many Illustrations.
Tewo Volumes. Royal8uvo.” £3, 35, net.

Bn!s‘l(H. Mnssar.‘.) THE MOTOR YEAR
BOOK ND  AUTOMOBILISTS'
AIENUAL FOR 1906, Demey 8vo. g5, 6d,
Hely

Bllll (Pn:ll) Army Chaplalrl. GOD AND

d RS. Second Edition.
C? Brm 6.

Bulley (Miss). See Lady Dilke.
Bun an (John), THE PILGRI\{‘S PRO-
1"5": Edited, with an Introduction,
h:,' C. H. Fixrn, MA With 39 Ilustra.
tions by R. Axxing Berr. Cr. Bro. 61
See also Library of Devotion and
Standard Library.

Burch ((. J.), MLA.,, F.R.S. A MANUAL
OF FLFCTRIC.:\L SCIENCE. INus-
trated, C7, Bwo. 35

Burguséceleu) GOOPS AND HOW TO

EM. Illustrated. Swmeall sfo. 65

Burke Edmmd}. See Standard Library.

Burn D.D., Rector of Handsworth
and rebenéuy of Lichfield.

See Handbooks of Theology.

Burn (J. B.D. THE CHURCH-
WANS TREASURY O SONG.
Selected and Edited by. Feaf Bro. 35 6d.
nel. See nIso Library of Devotion.

Burnand (Sir F. C.). RECORDS AND
RE\IINISCE\CE& With a Portrait by
H. v. HErkOMER. C7. 8vo. Fourth and
Cheaper Edition. Gs.

A Colonial Edition is also published.

Burns (Robert), THE POEMS OF. Edited
by Axprew Laxcand W. A, Craicie. With
Portrait. Third Edition. Demy 8vo, gilt

e, Gs.

Burﬁalda (W. F.), MA. OLD TESTA-
MENT HISTORY TFOR USE IN
‘»CH?OLS. Second Edition. Cr. Bve
£, G,

Burton (Alfred). See LE.L.

Busseil (F. W.), D.D., Fellow and Vice
Principal of Brasenose College, Oxford,
CHRISTIAN THEOLOGY AND SO-
CIAL PROGRESS: The Bampton
Lectures for 1905, Dewey Boo 105, 6d. net.

Butler (Josu?h). See Standard Lilrary,

Caldecott (Alfred), D.D. See Handbooks
of Theology.

Calderwood (D, S.), Headmasterof the Nor-
mal School, Edin urgh. TEST CARDS

IN EUCLID AND ALGEBRA, In three
packets of 40, with Answers. 15 each. Or
in three Books, price 2d4., 2d., and 34.

| Cmbrldgu %\da [Mrs. Cress] THIRTY

YEARS 1 RALIA. Demy Bzo.
7:‘ 6(!'.

eoﬁtﬂ' See Little Library.
J ). Seec Oxford Biographies.
Careless (Jolln). See LLP.L.
Carl{ Thomas). THE FRENCH
YOLUTION. Edited by C. R. L.
Frercuer, Fellow of Magdalen College,
Oxford. Three Volumes, Cr. fvo. 185,
THE LI FE AND LETTERS OF OLIVER
C MWELL. With an Introduction
H. Firre, M.A., and Notes and
pr;endloes by Mrs. S. C. Lomas. Three
olwmes. Demy Bvo. 1Bs. net.

Carlyle(R. M. and A. J.), M. A, See Leaders
of Religion.

Channer (C. C.) and Roberts (M. E.).
LACI"MAKING IN THE MIDLANDS,
PAST AND PRESENT. With 16 full-
pagc lllustruhonq. Cr. 8wo. =25 6d.

rm S. J.). See Books on Business.

Cha terton (Thomas), Ses Standard
Library.

Chesterfield (Lord), THE LETTERS OF,
TO HIS SON. Edited, with an lmmduc:v
tion by C. STRACHEY, and Notes by A
CaLtHROP. Tiwo Volumes. Cr Svo. 1as,

Chesterton(G.K.). CHARLES DICKENS,
With two Portraitsin photogravure, Fowurth
Edition, Demy Bve. 7s. 6d. net.

A Colonial Edition is also published.

Chllde(Chaﬂu P.), B.A.,, F.R.C.S. THE
CONTROL OF A SCOURGE ; Og,
How Cmcsn 15 CuRrABLE. D:my Bzg.
75, 6d. met,
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Christian gF. W.g. THE CAROLINE
ISLANDS. With many Illustrations and
AMaps. D;myﬁw 125, 6d. net.

Cicero. See Classical Translations.
urko(F. A.), MLA. See Leaders of Reli

% ?e)lA.RA. R.W.S. AIMS
ANDI EA N ART : Eight Lectures
delivered to the Students of the Royal
Ac:dami &n.s Wlth 32 Il!unml:ans
Second Edition, '¢st Bro. 55 el

SIX LECTURES ON ;\INTING !-:r:.f
Series.  With 19 Illustrations.  Third
Edition, Large Post bvo, 34 6d. mel.

Cleather A. L.). See Wagner.

ch (4.). ‘3:: Little Guides.

Clou h (W. T.). See Junior School Books
nd Textbooks of Science.

Clouston (T. S.), M.D., C.C.D.,, F.R.S.E.,
Lecturer on Mental Diseases in_the Uni-
versity of Edinburgh, THE HYGIENE
OF MIND. th 10 Illu.ntranons Fourth

Ea’.ﬁ‘mn Dtmy 75, 6d. »
}‘ EXAMINATIOV
PAP WS 1N irEm,n. Cr. Boo. _as.
. P.), M.A. THE BOOK OF
I’SA MS wnhn(‘.‘ommemary DemyByo.

Cnlerldze(s. T.). POEMS OF. Selected
and Arranged ARTHUR SYMONS. th
a photogravure Frontispiece. JFeap. 8Bvo.

as. 6d. nel.
Colli ood (W. G.), M.A. THE LIFE
OoF fg)llh RUSKIN. With Portraits,
Sixth Edition. Cr. Bvo. 25, 6d. net.

Colllns (W'. E.), M.A. See Churchman’s

NIS U S5 E D
ATSU]:. TER PL! URIMA S(..I lU
SANE QUAM DIGNA COMMEMO-
RAT. An edmon limited to 350 copies on
handnmdert Fol w {,-a, 38, net.
Combe (Wil nm). See I
Cenrad gfom ). THE héIRRO'R OF

T&:rd&!mox Cr Svo.

Cook XA MI). M.A.,and Marclunt C. B.),
M. ACES FOR UNSEEN
I'RANSLATIO'\I Selected from Greek
and Latin Literature. Third FEdition.

Cr, 8vo. _3s. 6d.
LATIN PASSAGES FOR UNSEEN
l RANSL;\TION Third Edition. Cr.Bvo.

Coo le' s W.). THE FACTORY
SYSTEM. Svo. 2 6d,

Corelli Ahlarle)‘ THI Pa\SSII\G OF THE
GREAT QUEEN. Second Ed. Feap. 4to. 15,

A CHRISTMAS GREETING. (7. 4f0. 1s,

Corkran (Alice). See Little Books on Art.

Cotes (Everard). SIGNS AND_ POR-
TENTS IN THE FAR EAST. Wuhu
Illug:'muom. Second Edition, Demy 8ve,
5. nel,

Cotu (Rosemary). DANTE'S GARDEN.

With a Frontis ece. Second Edition.

Feap, Boo. 21, 6d.; leather, 35, 6d. net,

BIBLE FLOWERS. With a anthp{eu
and Plan, Feap. Boo, 25 Gd. mel
Cowlw (Abrlham sf.f-l ﬁmlo L.:br-ry

MS OF.

Em with an Introduction and Notes by
J. C. Baney, M.A.  Tlustrated, lncludmg
two unpubll.shed duS\gns by Wu...l..lm
BLake. Dem o5, 6d, ne

Con A Charta, LI Dre F oA Ses Litde
Eluldes, The Antiquary’s Boolu, and Ancient

ties,

Cox (Haro ?:' L AL M.P. LAND

NATIONA 1SATION YAND LAND
TAXATION. -&:wmf Edition revised,
Cr. Bro. 3s. 6d. m,

Crabbe Clenrge). 'Sce Little Libra

C?ig;e A.). A PRIMER OF B RNS.

Cﬂllk(Mrs.). See Little Library.
Crane (Capt. C. P.). See Little Guides.
Crashaw R!c ard). See Little Library.
Crawford (F. G.). Sce a\iuryC Danson.
Crofts (T. R. N.), M.A. ~See Simplified
French Texts.
Cross (J. A.), M.A. THE FAITH OF
B Fmﬁ. Bwo. 2s. 6d. wel.
Crulluhnnk(ﬁ E LOVING BAL-
D OF LO D BATEMAN. With zz
Plates, Cr. r&ma 15, 6d. net.

ﬁ J ee Wagner.
Cnn!l e( ir F. H. B.), Fellow of All Souls’
i.g xford. HE HISTORY OF
T BorR WAR.  Svith many Iflus-
trations, Plans, and Portraits. Jfn 2 vels.
QOunarto. 155 each.
Cun:rn nmo (H.H), C.B. See Connois-

Cutts . I...), 1.D. See Leadersof Religion.
Dlni 1 (G. W.), M.A. See Leaders of
Religion.

Damn( ry C.) and Crawford (F. G.).
FATHLRS IN THE FAITH. Feap.
Svo. 15 6d.

Dante. LA COMMEDIA DI DANTE.
g{hﬂ.mlun T ulcn:dued by Pacer Tovssee,

THRE ﬁURc.a'romo OF DANTE.
Translated into Spenserian Prose by C.
Gorpox WRIGHT. Wuh the Italian text.
Feap, Bpo. 25, 6d. ne

See also Paget 'I‘os nbee. Little Library,
Standard Library, and Warren-Vernon.

Darley ((.leo e), See Little L Ihmrli

D'Arc%g_ F.), M\A. A NEW TRIGOX-
OMETRY FOR BEGINNERS. With
numerous dlnémms. Cr. Bvo, _as. Gd.

Davenport ril). See Connoissenr’s

and thtla Books on Art.

l}av § Ichaﬂle’ THE PAGEANT OF

With 4o Illustrations in
Colonr by Joux l'l.n LLEVLOVE, R. 1. InTwe
Volumes. Dcm Do, 158 mel.

Davis (H. W (’\I A, ﬁllow and Tur.or
of Balliol Colle e, Am.horof Charlem:
ENGLAND NDER THE NORM NS
AND ANGEVINS: 1066-1272. WithMaps

and Illustrations. Demey Bwo. r0s. 6d. net.

| Dawson (Nelson). SecConnoisseur's Library.
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| Dunn (J. T), D.Sc., and Mundella (V. A.).
GENERALELEMENTARY SCIENCE.
With 114 Ilustrations. Second Ldition.
Cr, 8vo, 3s. 6dds

Dunstan (A. E.), B.Sc. See Junior School
ooks and Textbooksof Science.

Durham (The Earl of ). A REPORT ON
CANADA. With an Introductory Note.
Demy 8vo. 45, 6d. nel.

Dn;son (Mrs. N.). See Little Books on

Deane (A. C.). See Little leury

Dearmer (Mabel). A CHILD'S LIFE OoF
CHRIST. With 8 Tilustrations in Colour
by E. ForTEscuE-Brickpare, Large Cr.

8z0. 6s.
Delbos (Leon), THE METRIC SYSTEM. i

Cr. 8vo. 2s.

Demosthenes. AGAINST CONON AND | "
CALLICLES, Edited by F. i),\gwm Dutt(W. A.). THE NORFOLK BROADS.
SwirT, M.A. Second HEdition. [Foap With coloured I]lualraklons by Frank
Svo. 28, SOUTHGATE. C.

Dickm (Charles). See Little Library,
«, and Chesterton,

Dic I:msnn (Emily). POEMS. Cr

45,

Dickiﬂson (ﬂ. L.), M.A., Fellow of King's
Caolle; ‘%e Cambridge, THE GREEK
VIE 01" LIFE. Cr.
Bwo. =28 6d.

Dilka (Lady), Bulley Mlss). and Whitley

Miss). VOMEN'S WORK, Cr. oo

Dillnn (Edward). See Connoisseur’sLibrary
and Little Books on Art.

Ditchfield (P H.), M.A., F.5.A. THE

STORY OF OUR ENGLISH TOWNS.
w:th an Imruducuon by AuGuUsTUS
Jessorr, DD, Second Edition, Cy.Bvo. 65,

OLD ENGLISH CUSTOMS: Extant at
the Present Time, (7. 8zo. 61

EVGLISH VILLAGES. Iustrated. Second

Cr. Bvo. =zs. 6d. net.

THE PA'RI")H CLERK. With a1
Illug:;auons Demy Boo. Third Edition.
75. 6

Dixon (W. M.), M.A. A PRIMER OF
TENNYSON. Second Edition, Cr. Bvo.

25, 6.
ENGLISH POETRY FROM BLAKE TO
BROWNING, Second Edition. Cr. vo.

as, 6d
Doney (May). SONGS OF THE REAL.
Cr. Boo. 34, 6d. met.
A volume of poems.
Dnu las gflames). THE MAN IN THE
Cr, Bro. =25 6d, nels
Dowden (J.), D.D., Lord Bishop of Edin-
burgh. See Churchman's Library.
Drage(G.). Sce Books on Business.
Driver(S. R.), D.D.,D.C.L., Canon of Christ
Church, Regius Professor of Hebrew in the
University of Oxford. SERMONS ON
SUB]J FCYI‘S CONNECTED WITH THE
OLD TESTAMENT. Cr. Buo. 6s.
See also Westminster Commentaries.
Dry (Wakeling), Sec Little Guides.
Dryhurst (A. R.). See Little Books on Art.

DuBB‘H}ssnn (J. C.), M.A., See Churchman’s

Duguid (Charles). See Books on Business.

Dumas (Alexander). MY MEMOIRS.
Translated by E. M. WarLLer, With Por-
traits. Ju Six Folumes. Cr. Bvo, 65. cach,
Yolume I.

8zo.

Sixth Edition.

WILD LIFE IN EJ\‘ST ANGLIA. With
16 Ilustrations in colour by Fraxk SouTn-

GATE, R.B.A. Second Edition. Demy
8vo. 7s. 6d. nel.
See also Little Guides.
Earle (.Iolm) Bishop of Salisbury. MICRO-

COSMOGRAPHIE, or A PIECE OF
THE WORLD DISCOVERED. Fost
1hmeo. 28 nel.
Edmonds (Major J. E.). See W. B. Wood.
Edwards (Clement), M.P. RAILWAY
NATIONALIZATION. Second Edition
Revised. Crotwn Bvo. 25, 6d. nel.
Edwards (W. Douglas). See C ial
Series,
Egan (Plerce). See L.P.L.
Egerton (H. E.), M.A, A HISTORY OF
RITISH COLONIAL POLICY. New
antl Cheaper Issue. Demy Svo. 75. 6. met.
A Colonial Edition is also published.
Ellaby (C, G.). See Little Guides.
Ellerton (F. G.). SeeS. J.Stone.
wood (Thomas), THE HISTORY OF
'l.‘lil*' LIFE OF. Edited by C. G. Crumr,
M,A. Cr. 8ve. 65,
Epictetus. See Aurelius
Erasmus. A Book called in Latin EN-
CHlRIDIO"\ MILITIS CHRISTIANI,
and in English the Manual of the Christian
Knight.
From the edition printed by Wynken de
Worde, 1533. JFeap. Bve. 35 6d. mets
Falrbrother W, H.} M.A. THE PHILO-
SOPHY .

G EEN. Second
Edition. Cr. Sm. Qr.
Farrer (Reginald), HE G&R‘DFN OF
ASIA. Second Edition. Cr. 8ve.

Fea (Allan). SOME BEAUTIES OF THF,
SEVENTEENTH CENTURY. With
82 ll]usrratmns. Stcmd Edition. Demy
B0, 125 64, A

Ferrier Susan) See Little Librar

Fidler (T. Claxton), M.Inst. {i
Books on Business.

Fielding {Henr’y

HuniS.W )s BLA,

Ser

Firtll (J B.). See Little Guides.

Firt C. H.), M.A. CROMWELL'S
ARI\I : A History of the English Soldier
durin the Civil ars, the Commonwealth,
and the Protectorate, Cr Sva. 64,

See Standard Library.
See Junior Examination




8
Fltllaféw k ANNALS OF
SBU Y SCH.OOL. Hlustrated.
Pltzo Edwar 'I‘HE RUBAIVAT
OF OMJ\ YAM. Printed from

the Fifth nnd iul Edition. With a Com-
mentary by Mrs. Steruen Batsoy, and a

Bi hyof Omar by E. D. Rass. Cr.
Bzo, See also Miniature Lib
Fltzﬂﬂ'ﬂd(ﬂ. A CONCISE HAND-
BOOK IMBERS, TWINERS,
AND VALL SH RUBS. Illustrated.
Feap, Bve. 3s5. 6d. net.
Fitz k(l% A. 0.), See Ancient Cities.
Fl (w. .). M.A., D.C. » Headmaster
of the Dean Close Schoo helr.enllam.
THE STUDENT‘S PRAVER OK.

THe Text or MORNING AND E\rmmc
Praver axp Litaxv.  With an Introduc-
tion and Noles. Cr. 8vo, as. 6d.

Flux (A. W.), M.A., William Dow Professor
of Political Economy in M'Gill Universit
Montreal. ECONOMIC PRINCIPLE%.
Demy Bvo, 7: . net,

Fortescue (Mr Seel. tle Rookson Art.

Prlller I\SD M O‘DERN CAM

OR WAR AND WIRELESS
TELE GRAP N THE FAR EAST.
Illusr.rlled. Cr sv 6s.
A Colonn] Edition is also

Fraser (.l. ROUND ’FIE!E WORLD
ON A With roo 1llustrations,

U"ﬁ Edfhm Cr. Bvo. 6s.

French (W.), M.A. See Textbooks of
Science,

MESSRS. METHUEN’S CATALOGUE

THE INDUSTRIAL HISTORY OF
ENGLAND. Thirteenth Edﬂm. Re-
vised. With Maps and Plans, Cr. g

ENGLISH SOCIAL REFORHBR
Second Edition. Cr. Bvo, 2s.

See also Commercial Series and R. A.
Hnd!' ell:

.ﬂ’h THE DECLINE AND
I'ALL OF E ROMAN EMPIRE.

Ed:ud with Notes, Appendices, and Maps,
by J. B. Burv, M.A., Litt.D,, Regius Pro.
fessor of Greek at Cnmhﬂdga n Seven

Va.’smu Dem f&W Gilt top, Bs.6d. each.

rack.
MEMdIRS oF \IY LIFE AND WRIT-
INGS. Edited by G. Bmxseck Hii,
LL. Cr. Bve. 6s.
See also Standard Library.
dibson (E. C. S.), D.D., Lord Bishop of
Gloucester. See Westminster Cor mmentaries,
Handbonks of Theology, and OUxford Bio-

Glmﬂ (A. R.). See Little Books on Art.

Gl M. d Wyatt (Kate M.
Wk OF “ENer i RN
Wu:h q Illu.slr.-mons in Colour,

Demy
Gnd re! S{ Ilub!th). A BOOK OF RE.
MEMBRANCE. " Edited by. Feap. 8o.
CIOJ! D. M.A., Fell f M
Caﬁf(c‘" HordLYRS "FRﬁ*g OLA.
Fea, Bw 24,

Thir kdu‘um
VE}I_!SES TO ORDE Second Es’!ﬁou

mﬁ oo, a5, 6d.
SECOND STRINGS. Feap.

Fnud]:réilalé Ed. vs?lxli). hI')AIRIYrBAE- o e,
Use of Students. Transiated by 1. B Goldamith (Ollyer), THE VICAR OF
AlNswoRrTH I:lavrs,M A Second Edition. Feap. 3ame. With 10
Revised, Cr. Bvo, .Pl:tea in Phol vute by Tony Johannot,

. W, Chialminit
Fn%fnrd o W » M'& S“ X Secalso LP.L. nnd Standard Library.

J.), THE
COMPL(E'l)E RUGBY ;w()TB)ALLER,
THE NEW ZEALAND SYSTEM.
th an Account of the Tour of the New
anders in England. With 35 Ilustra-
tions. Demy8vo. 105, 6d. pel,
Gallichan (W, M.). Sec Little Guides,
Gambado (Geoffrey, Esq.). See L.P.L.
ﬂlgmk:ll (Mrs.). See Little Library and
Gasquet, t.he R;gll:: Rev. Abbot, 0.5.B. See

Antiquary’s B

Gwr NSH.B. ) M.A., Fellow of New College,

TTLES OF ENGLISH HIS.

'I'ORY With numerous Plans, Fowrth

Edition. Revised, with a new Chapter
including the South African War. Cr.

6d,
ﬁISTORICAL GEOGRAPHY OF THE
BR! ISH FMPIRE Second Edition.

Glbhlﬂl ﬁﬁ' BN)- Liw.D., M.A. IN.

N ENGLAND : HISTORI-

CA.L OUTLINES “’uh 5 ans. Fourth
idition. Demy Bvo. 105 6d,

Cloodrlcll Freer (A.). IN A SYR]AN
DLE, Demy tvo.
A Colonul Edn.lon is I.{so publls ed

Gorst (Rt. Hon. Sir Jnhu THE CHIL.
DREN OF THE ION. Second
Edition, .Dtmy&w 54’.

Goudge (H. L.), M.A., .Prim::pnl of Wells
Theological College. See Westminster Com-

mentaries.

Ouham {4?' Anderson). THE RURAL
S. Cr.Bve. as

0“55"‘315- S.), MLA., Lill.D PS‘: CH-
Third EJ:!IM Cr. 25, 6dl

THE SOULOF ACHRISTIAN. (.r Sw. 6s.

Gray (E. M* GERMAN PASSAGES
?Sit Ul;%'ﬁ'.gn)’ TRANSLATION, Cr
. 2. .

Gray (P, L'-f' B.Se, THE PRINCIPLES OF
l.‘l" NETISM AND ELECTRICITY:
an Elementary Text-Book. With 18z

Diagrams. Cr. 8vo, 3s. 64,

Green (G. Buckland), M.A., late Fellow

of St, John's College, Oxon. NOTES ON
GREEK AND LATIN SYNTAX. Cr.
8vo. 3s. 64"
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See Churchman's

A HISTORY
Dewey

Green (E. T.), M.A.

Library.

(iraenld%e (A. H. J.), M.A,
OF ROME: From 133-104 B.C.
8vo. 1035, G, nel,

Greenwell (Dora), See Miniature Lihmgn

Gregory (R, A.). THE VAULT OF
HEAVEN. A Popular Introduction to
Astronomy, Ilustrated, C», 8we. 25 64,

Gregory (Miss E. C.). See Library of
Devotion.

Grubb (H. C.). See Texlbooks of Technology.

Guine, ltEl..q:n L) HURRELL
FROUD! Me.mornnda and Comments.
Hustrated. Demy Bvo, 104, 64, net,

Gwynn (M. L.). A BIRTHDAY BOOK.
New and cheaper issue. Aa;-af 8vo, 5:. nelts

Haddon (A. C.), Sc.D., F EAD-
HUNTERS BLACK, WH TE, AND
BROWN., With many Illustrations and a
Map. Demy Svo. 135

Hadfield (R. A.) and Gibbins (H. de B.).
A SHORTER WORKING DAY. Cr.
8zo, 25 64l

Hall (R. N.) and Neal (W. G.). THE
ANCIENT RUINS OF RHODESIA.
Hlustrated. Second Edition, revised,
Demy 8vo. 105, 6d. ned,

Hall (R. N.). GREAT ZIMBABWE.
With pumerous Plans and Illustrations.
Second Edition. Reyal 8ve. 105 6d. mel.

Hamilton (F. J.), D.D, See Byzantine Texts.

Hammond (J. L.). CHARLES JAMES
FOX. DemyBuvo. 105 6d.

Hannay (D.). A SHORT HISTORY OF
THE ROYAL NAVY, 12001688 Illus-
trated. Demy Bvo. 75, 6d. each.

I'Iannay (James 0.). M.A., THE SPIRIT
AND ORIGIN OF CHRISTL\N
MONASTICISM. Cr. 8vo.

THE WISDOM OF THEDESERT. Feap.
8po. 35. 64\ mel.

Hnrdle(l\hrﬁn}. See Connoisseur’s Library.

Hare (A. T.), M.: 'HE CONSTRUC-
TION oF I.ARGI-,I\“DUC’I ION COILS.

With numerous Diagrams. Demy Bvo. 6s.

Harrison (Clifford). READING AND
READERS. Feap, 8vo. 25, 6d.

Harvey (Alfred), M.B. See Ancient Cities.

Hawthorne(Nathaniel). SeeLittle Library.

HEALTH, WEALTH AND WISDOM.
Cr. Bwo,  15. net.

Heath (Frank R.), See Little Guides.

Heath (Dudley). See Connoisseur's Library.

I'Ielln £Ernest}. STUDIES IN SAINT-

Translated from the French by
\-’ M. Crawrorn, Feap Bwo, 3s. 6.

Henderson (B. W.), Fellow of Exeter
College, xford.  THE LIFE AND
PRINCIPATE OF THE EMPEROR
NERO. Ilustrated. New and cheaper
fsste. Dewey Buo, 75, 6d, ned,

AT INTERVALS. JFeap Bvo.

25, 6d\. net,
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Henderson (T, F.), See Little Library and

Oxford Biographies,

Henley (W. E.), ENGLISH LYRICS.
Second Edition. Cr, 8vo. 25 6d. ned,

Henley (W, E.)and Whibley (C.) ABOOK
OF ENGLISH PROSE. Cr Brve. as. 64,
el

Henson (H. H.), B.D., Canon of Westminster,
APOS or.mc.ﬂnlrs'nwuv As Tllus-
trated by the Lpistles ol‘ St, Paul to the
Corinthians, Cr. 8o

LIGHT AND LEAVE’\T H:smmca\t. AND
Socian Sermons, € Bz, 65,

Herbert (George). See Library of Devotion.

Herbert of Cherbury (Lord). See Minia-

ture Libra

« A. 5.), B.A. ENGLISH
AND FINANCE IN THE
SEVENTEENTH CENTURY. Cr.é&ve.

25, 6d.
Hewitt (Ethel M.) A GOLDEN DIAL.
Dny Book of Prose and Verse. JFeap.

Heywood (W}r "PALIO AND PONTE:
Boo uscan Games. [lilostrated.
R al S‘m.
ee also St. Francis of Assisi.

2158, nel,
Hill (Clare). See Textbooks of Technology.
Hil! (Hanry}, B.A., Headmastt.t of ihe Bo; 5
School, Wom&slet
lEJTH AE‘RICAN SHTTHAMPTIC

l’!lnd C. l..ewls) DAYS IN CORNWALL.
With 16 1llustrations in Colour by WiLLiAM
Pascor, and 20 Photographs. C#. 8ve. 6
A Colonial Edition is also published.
Hirst (F. W.) See Books on Business,
Honre(J Douglas). ARCTIC EXPLORA-
TION. With 18 Illustrations and Maps.
Demy 8vo, 75 6d. net.
Hobhouu S_!i. T.), Fellow of C.C.C., Oxford.
TH RY OF KNOWLEDGE.
D:my 8vo. 105. 6d. met.
Hobson(.l A.), MLA. INTERNATIONAL
RA 5 A Study of Economic Principles.

Cr. 5. 6,

PROBL]:. MS OF PDVER‘L‘Y. Sixth Edition.
Cr. Bvo. 25, 6d.

THE PROBLEM OF THE UNEM-
PLOYED. Third Edition. Cr.Bvo. 25.6d.

Hod?klrl (T\y D.C.L. See Leaders of
eligion.

Hadfaon i{Mrs. W.) HOW TO IDENTIFY
OLD CHINESE PORCELAIN. Second

Edition, Post Bvo. 6s.

Hug:f 6Thomas Jefferson), SHELLEY

XFORD. With an Introduction by

R. A. STREATFEILD, Feap, Bvo. 25, sel.

Holden=Stone (G. de). Sece Books on

Business,
Holdich (Sir T. H.), K.C.LE. THE
INDIA BORDERLAND : being a
Personal Record of Twenty Years. Tllus-
trated. Demy Bvo. 108, 64, ned

A Colonial Edition i alse publlishﬁ.
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. M.A. A HISTORY

Hold
OF ENGLI(;Y-I LA V. In fm Folumes.

Vol L Bve, 104, Od. me
Holland (H. u.). Clnnn of 'St. Paul's
See Libr

Holt gw THE SECRET OF POPU-
How ao Achleve Social Success.

lm?n’! Edmon is also published.
l)lr THE CO-OPERATIVE
OVE'L E‘TT TO DAY, Feurth Edition.

25, 6d.
Hone(Nathuisl J.). See Antiquary's Books.
Hoppner. See Little Galleries.
Horace. See Classical TMMER 4t
Horsburgh(E. L. S.), M.A. WATERLO
A Namt:(\E and &-n::tsm. With Plans.
Second Edition. Cr. Bvo. 55
See also Oxford Biographies.
Horth (A, C.). See Textbooks of Technology-
Horton(R. F.),D.D. SeeLeadersof Religion.
Hnsia(Alemdur) MANCHURIA. With
ll usmuinm and a M?p. Second Edition.
. ML

A”%o!omal Edition is also published.
How F. D SIX GREAT SCHOOIr

TERS, With Portraits and Tustza.
mns. Second Edition. Dem
G. Ferrers). FI{ANCI.Z'C‘&N

l'lowatl S(A.
rn:h:.ed and arranged by. Cr.

8w
HWGII%& ). TR.\DE UN IONISM—Nl.w

Jum OLp.  Fourth Edition. .
Hudncg “’I MEMORIALS OF A
CKSHIRE PARISH. Hiustrated.

ey Bue. :5:

ned
H'?ﬁh' SR s RBW\L SOLIRTY

OFR, SCIENCE 1N THE STATE AND IN THE
Scuoof.sm With =5 nusumom Wide

M
ﬁtéi’z (c- 1%. THE PRAISE OF
AKESPEARE. English Antho-
logy. Wltb a .Preface by Sipnev Lee,

Demy 8vo. 33, 6d.
Hughes (Tho omas). ““roM BROWN'S
HOOLDAYS. With an Introduction

and Notes by Vmwow Rsunau.. Leather.

Royal 32mo. 2s.

race 0.) THE NEW
FOREST Illustrated in colour with
Pictures by WarTer TyNpaLe and 4

go Lucw Kzur-qu:n Third Ed'.-ﬁmu.

l'luttocll (A. W.), M.A, Sce Leaders of
Rel::;lon and Library of Devotion.

Hutton (Edward), THE CITIES OF
UM B A.  With many Illustrations, of
which zo are in Colour, by A. Pisa. Second
.Ed':tmn Cr.8ve. 65,

A Colonial Edition is also published,

THE CITIES OF SPAIN. Second Edition.
With many Illustrations, “of which 24 are in
Colour, by A. W. Ruuscrox. Dewmy Boo,

75, 6d. net.

MESSRS. METHUEN'S CATALOGUE

FLORENCE AND NORTHERN TUS.
CANY. With Coloured Illustrations by
WirLiam Parkmison. Cr &-

A Colonial Edition u-hn puh

ENGLISH LOVE POEM Ed.ned with
an Introduction. Feap. 8vo. 3¢, 6d. met.

Hutton (R. H.). See Lear]eu of Religion.

(g’ M.A. THE LIFE OF
SIR THOMAS MORE. With Portraits
Second Edition. Cr. 8vo. 58

See also Leaders of Religion.

Hyde éa\. G.l GEORGE HERBERT AND
HIS TIMES. With 32 Illustrations.
Demy Bva. 1035, 6d. net.

Hyett F. A ). A SHORT HISTORY OF
FLORENCE. Demy8vo. 75 6d. wet.
Ibsen (Iﬂenrlk). BRAND. A Drama

ated by WiLLtase Wiesox, Tird

Ed'afwn Cr. Byo. 30, 6d.
e (W. R.)i M.A., Fellow and Tutor of
nﬁenrnrd C |eg= Oxford. CHRISTIAN
Y The Bampton Lectures for
1 19: 125, 6d. mef. See also
Li of votion.

Innes(A. D.), M.A. A HISTORY OI"THE

BRITISH IN INDL\ ‘With Maps and
Plans. Cr. 8ve.

ENGLAN‘D UhDER THE TUDORS.
With Maps, Demy Bve. 105 6d. el

Jackson (C. E.), B.A. See Textbooks of

Science.
Jackson (S.), M.A. See Commercial Series.
Jackson (F. Hamilton), Sece Little Guides.
Jacob (F.), M.A. See Junior Examination

Series.
James (W. H N),ARC.S ALE.E., See
Textbooks of Techno o'ﬁt
USTS, POOLS,
!m 25, 6d.

B
DQLLY'STHEATRI-
Described and Nlustrated with 24
Pictnru .‘s‘wpcrka;w.i 1610, 25.6d.
Reader of Law in the
?&oIOxd:lrd. ENGLISH LOCAL
ngVER MENT, Second Edition. Cr.

o, 25, 6d,

Jenner (Mrl. H.). See Little Baoks on Art.
Jennings (Oscar), M.D., Member of the
Biblig; Nghlcnl Society. EﬁRL\' WooD-
cuT TIALS, oonnm:;? over thirtecen
Ilu.nrlud Reproductions of Pictorial Letters
of the |Fifteenth lud Sixteenth Centuries,
Demy 4lo. a1s. nel.
Jomghpp (Al.l.lll.ltlu}. D.D. See Leaders of

R
.levonl (F. B.), M.A., Litt.D., Principal of
Bishep Hatfield’s Hall, rham. = RE-
LIGION IN EVOLUTION. Cr Bve.
3¢, 6d. net.
See also Churchman'’s Library and Hand-
books of Theology.
ohnson (M

g-ﬂwm). WILLIAM BOD-
HAM DDN AND HIS FRIENDS.
Illustrated. 8vo. 104, 6d. mel,
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Johmston (Sir H, H.), K.C.B. BRITISH
CENTRAL AFRICA. With nearly aco
THustrations and Su& Maps. Dhird Edition.
Cr. 4fo, 1B, ne

A Colonial Edmou is also published.

Jones (R. Crmlgton] M.A. POEMS
OF THE INNER LIFE. Selected by.
Thirteenth Edition. Feap.8vo. 25.6d. net.

Jones (H.). Sece Commercial Series.

Jones (H. F.). See 'szthooks of Science,

Jones (L. A. A +M.P, THE
MINERS' 'I HI COAL
MIN LS RDGULATION ACTS. Cw Bro,

CO\'I‘\'ILRCL IN WAR. Royatﬁw. 215 el

Jonson {(Ben). See Standard Librar

Juliana (LmlE') ) of Nerwich. RIEVELA-
TIONSOF DIVINE LOVE, Ediby Grace
WaRRACK. Second Bdit, Cr. Buo. 38, 6d.

Juvenal. See Classical Translations,

‘Kappa.” LET YDUTH BUT KNOW:
A Plea for Reason in Education. Cw. Bro,

3% 6. ne
(M.). SOCIALISM AND

MODERN THOUGHI‘ Second Edition.
Cr. 8vo. _25. 6d.

Keating (J. F.),D D THE AGAPE AND
THL EUCHARIST. Cr. 8vo. 35 64,

Keats(John). THE POEMS OF. “Edited
with Introduction and Notes by E. de Selin-
court, M. A. Second Edition. Dency 8vo.

Rmmis oF GOLD. Selections from the

Works of. Feap. 8vo. 33.6:!'.#:1’.

8

Kinglake (A. W.), See Little Library.
gﬁ BARRACK-ROOM

udyard)
liﬁ Theusand., Twenty-
second Edltiau. Cr. Bwea,

65,
A Colonial Edition is also published.
THE SEVEN BEAS. 63rd Thousand.
Lleventh Edition, Cr. 8ve. 65,
A Colonial Editien is also published.
THE FIVE NATIONS. 4131‘ Thousand.
Second Edition, Cr. Bva, 65,
A Colonial Fdition is aLr-oEubiisbed.
DEPARTMENTAL DIT S Sixicenih
Fidition, Cp. Bvo. 6r
A Colonial Edition is also published,
Knlﬁ t (Albert E. THE COMPLETE
ICKETER, [lllustrated.
78 Gel. met,
A Coloninl Editien is also published.
'I.(H J. €.), M.A, See Churchman's

Knowllllz (R, J.), M.A., Professor of New
Testament Execgesis at King's College,
London. See Westminster Commentaries.

Lamb (Charles and Mary), THE WORKS
OF. "Edited by E. V. Lucas. IHlustrated
In Seven Volumes. Dewy 8vo. 7s. 6d. each.

See also Little Library and E. V. Lucas.

Lambert (F. A, H.). Sce Little Guides,

Lambros (Professor). Sce Byzantine Texts.

Lane-Poole (Stanley). A HISTORY OF
EGYPT IN THE 2 IDDLE AGES. Fully
Illustrated. Cr- Bro.

Lnnﬁ?\rld Q{,F ) DLA. BALLADSOFI‘H.E

E? oems of Chivalry, Enterprise,

Demy Gvo.

See also Little Library and dard

Library.

Keble (John). THE CHRISTIAN YEAR.
Withan Introduction and Notes by W. Lock,
D,D., Warden of Keble Coll Ilustrated

by R. ALNH\GB‘PLL. Third Edition. Feap.
8va, 3r. 6d. » padded morocco, 55,
See also Llhrary of Devotion.

Kelynack (T. N.), M.D., M.R.C.P., Hon.
Sccmtary of the Society for the Stud: m'
TInebri THE DRINK PROBL
IN I MEDICO- SOCIOLOGICAL
ASPECT. Edited by. ‘With 2 Diagrams.
Demy 8o, g5, 6d. ne

Kempis (Thomas &).
OF CHRIST. With an Introduction by

DeaN Faxrar. Illustrated by C, M. GERE. |

Thivd Edition. Fcap.8vo. 3s.6d.; padded
MOYecco. 5.

Also Translated by C. Bice, D.D. C».
Bz, 35 6d.  See also Library of Devotion
and Standard Library.

megl (Bart.). THE GREEN
X, Cw Boo, 35 6d, net,
A Coloma'l Lditlon is also pu'h]l.shed.

» D.I), Assist
ant Lecturer in Dmmty in the Unwutsi of
Dublin, ST. PAUL'S SECO. Agl

THIRD EPISTLES TO THE CORIN-
THIANS., With Introduction, Dissertations
and Notes. C# 8vo. 65

Kimmins (C. W.), M.A. THE CHEMIS-
TRY OF LIFE AND HEALTH. [Illus-
trated. C# Swo.. 25, 6d.

THE IMITATION |

y. Second Edition.
'Soe Library of Devotion

?DU-KE OF DEVOX-

Biography. With = Illustra-
tions, .D:my!w. 125, 6d. net.

See also James Braid.

Le Braz (Anatole) THE LAND OF
PARDONS. Translated by Fraxces M.
Gostring.  Hlustrated in culour. Second
I:-dmeu. Dmsy 8o, 75

Leeg:u Melv e). AHISTDRY

(5’ ICE IN ENGLAND. Cr. 8vo.
.r. Gl mel,
p;{:(PucI\fal). THECOMIC ENGLISH
MMAR. Embellished with upwards
of go characteristie Illustra:mns by Joux
Luscu, Post16mo. 25, 6,

Lewes (V. B.), M.A, AIR A‘\!D WATER.
Tllustrated, Cr. Em. as.ﬁ

Lewis _(Mrs. CONCISE
HAN BOOK 01' ARDI‘.N SHREUBS.
Nlustrated, Feap, Bue. 35, 64, nel.

Lisle (Fortunée da). See Little Bookson Art.

Littlehales (H.). See An“pnrjr':'. Books.

Lock (Walter), D. D., arden of Keble
College, 5T, PAUT, THE MASTER-
BUI] DER., Seco’m!' Edition. C» 8ve.

8. G
'1‘1-1|f RIBLE AND CHRISTIAN LIFE.
2. Bvo.
See also Leadcra of Religion and Library
of Devotion.

and Standard
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12 MESSRS. METHUEN'S CATALOGUE

o5 Litde Libracy,
i ott: HE SUB-

Lodfa T

ANCE OF ng'l‘ﬂ ALLIED WITH

SCIENCE: A Catechism for Parents
and Teachers. Sixik Ed. Cr. 8vo. 25. nel.

Lofthouse (W. F.), M.A. ETHICS AND
ATOVE ENT. With a Frontispiece.

l..o Ilow ri”w. See Littl Lubm-y

th ( )a nm“ )1 e
FROM SI.-ﬁf‘F MADE MERCHAN l
TOBI}IS SON. Sixieenth Edition. Cr.8vo.

A Colonial Edition is also ‘Fubl
OLD GORGON GRAHAM. tw.i'cﬁfmn

Cr. Bpo, 65,
A Colonial Edition is also published.

Lover (Samuel). Secel. P.

E. V. L.and C. L."G. ENGLANDDAY B\’
DAY : Or, The Englishman's Handbook
Efficiency. Illuﬂmwdbmem::Monaow.
Fourth Edition. Fea

Lucas(E.V.). THE II-EO‘F CHARLKS
LAMB. With 23 Ilustrations. Thérd
Edition., Demy 8vo. 73, 6d. net.

A Colonial Fdllloﬂ is also published,

A WANDERER IN HOLLAND, With
man Illustrations, ol’whl.ch goare in Colour

unumz-r MansHALL. Seventh Edition.

6s.
& Colonnl Edition is also '3‘
A WANDERER IN LONDON. thh 16
Illustrations in Colour by NrrLsox Dawsox,
and 36 other Illustrations. Fifeh Edition.

Cr. 6.
A Colonial Edition is nls?{pu
FIRESIDE J\\'D SUNSHINE. TMrd
Edition, Fea Oy
THE OPEN ROAD : a Little Book for Way-
l'a:ers. Eleventh .ﬁdmm Feap. 8vo. 54,5

lill. IR%DLY TOWN a Little Book
for the Urbane. Third Edition. Feap.
8ve. 583 India Paper, 75. 6d.

Lucian. See Classical Translations,

Lyde (L. W.), M.A, See Commercial Series.

Lydou(Noel S.). Sce unior School Books .

Lyttelton (H ). WOMEN AND

THEIR ORK Cr. 25, 6d.
Macaul &; CRITICAL RND HIS-
TORI ES AYS, Edited by F. C. Mox-
TAGUE, M.A. Three Volumes. Cr.Bro. 185
The only edition of this book completely
annotated.
M‘Al.len (J. E. B.), M.A.  See Commercial

Muc{:ulloch (J. A.). See Churchman's

MacCun (Florence A. MARY
STUAR’I‘ With over 6o Illustrations, in-
cluding a Frunnspm in Photogravure.
Second and Cheaper Edition. Cr.8vo, 6s.

See also Lendem of Religion.

McDermott (E. R.). See Bookson Busmeas-

M‘DOWIII(A. 5.). See Oxford Bi ies.

Mac See Churchman’ a ibrary,

n (Hel'bert W.), M.A. See Anti-
quary's Books.

Mackenzie (W. Leslie), M.A., M.D.,

THE HEALTH OF THE
SCHOOL CHILD. Cr. 8vo.

Mdlle Morl (Author ST. CA ATHER-
INE OF SIENA AND HER TIMES.
With 28 Ilustrations. D Awa. g5.6d.mel.

nus (Laurie), M.A. PRIMER OF
ORDSWORTH. C». Bvo. 2s. 6d.

Mahafiy l%!‘; P.), Litt.D. A HISTORY OF
THE OF THE P'I.‘OLELIIE.S
Fully Illustrated. Cr. Buo.

Maitland (F. W.), LL.D. DWnlng_meusor
of the Laws of anhnd in the University of
Cnmbmlge. CANON LAW IN ENG-

LAND. RoyalBuve. 75 6d.
!ihlden g‘l. .), M.A. ENGLISH RE-
(..ompanmn to the History of

Cr.

Tﬁn ENGLISH ClTIErI:.h HIS RIGHTS
AND DUTIES. -S'cmbi Edition. Cr.
Svo. 1s. 6d.

See also School 'Htslones
Mnrl:lumt (E. C.). M.A., Fellow of Peter-
‘Mge A GREEK ANTHO-
OG Edition. Cr. 8v0. 33 6d.
See also A. M. C

ook,

MBH'(J E.)L[‘ VRSN, Followof St John's Col-
e%e E SCIENTIFIC
STUDY OF sEENLRv Second Edition.
IMustrated. Cr. 8po. 6s.

ﬁGRICULTU'RAL GEOLOGY Tllustrated.

Cr. Boo.
rrlntt (J. A. R.). FALKLAND AND
HIS TIMES. Wu.h 20 lllustrations,

.Dcm Bm
il:dman isalso published.
i\"l.u.rvel.l (Audrew). See Little Library.

Masefield (John). SEA LIFE IN NEL-
SO\IS IIME Illustrated. Cr. 8wo.

0§’THE SPANISH MAIN. With 22
1llustrations and a Map. Demy Bvo.

103. 6el. mel.

A SAILOR'S GARLAND. Edited and
Selected by. Cr. Bvo. 34 6d. met.

Maskell (A.). See Connomeur s Library.

Mason (A. J.), D.D, See Leaders of Religion.

M.um({leorge) THE EVOLUTION OF
PLANT LIFE: Lower Forms. Illustrated.
Cr. Bvo. 21 6d.

Masterman (C. P. G.), MA.

+» TENNYSO: AS A RELfGIOLa
TEACHER. Cr. Bwo. 6s.

Matllunn (Mrs. E. F,). COUNSELS OF

LIFE. JFeap. 8ve. 25 6d. nel.

May (Phil), THE PHIL MAY ALBUM.
Second Edition. 4fo. 15, mel,

Mellowu (Emnm S.). ASHORT STOR‘I“
0 NGLISH LITERATURE. Cr

35, 6.

Meth ( M. 8.). THE TRAGEDY
orF SOUTH. AF RICJ\. Cr. 8vo. 25 met.
Aiso Cr, Buo.

A revised a mhrged edition of the
author's ‘Peace or War in South
Africa.’
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ENGLAND'S RUIN : Discussep ix_Six-
TEEN LETTERS To THE RiogaT How.
Josepn CuamperLaiy, M.P. Seventh Edi-
tiom. Cr.Boo. 3d. n r

Miles (Eustace), M.A. LIFE AFTER

LIFE, Ok, THE THEORY OF RL[NA
CARNATION. Cr. 8z, 25 6d. net.

Millais (J. 4.). THE LIFE AND LET-
TERS OF SIR JOHN EVERETT
MILLATS, l’ms:dcntuftheko al Academy.
With many Illustrations, o E:ch 2 are m
Photng'ravure New £¢£t.fwn. Demy Bvo.

';: M
Ll tle Galler
M‘llin (G F ) l’ICTORI:‘\L GARDEN-
NG. Illustrated, Cr. 8vo. 34. 6d. net.
Millis (C. T.), M.LM.E., See Textbooks of
Technolo,
Milne s.l. .), M.A. A HISTORY OF
ROMAN EGYPT. ]?ully“!us Cr. 8vo. 6s.
Milton (John). A DAY BOOK OF.
M:;;d by R. F. Towndrow. JFeap. Svo.
3
See nlso Little Library and Standard

thrary,

Mlm:!lil'lfll. C.),M.A. Sece R. Peel.

Mitchell (P, Chalmers), M.A. OUTLINES
OF BIOLOGY, lllu.ﬂrlted. Second Fdli-
fron. Cr Bm. 65,

Mitton & ANE AUSTEN AND
HER I'lMl- With many Portraits and
Hlustrations. Second and C apcr.E.‘n‘:'ﬁm.
Cr, Bvo. 6s.

A Colonial Ed:tmn 13 also \f

Mofiat LOUISA OF
PRUSSIA. Wllh mlllustral:mns. Third
Edition. Demy 8vo. 715, 6d. net.

* Moil E’A.A See Books on Business,

Moir (| 1.).  See Little Library.

Mnllnm (Dr- Michael de), See Library of

Devol
Mone, (L Chiozzn), M.P. RICHES
N 'POVFRTY. Third Edition. Demy

Montagn(!‘!enry}_, Earl of Manchester. See
Library of Devotion.

Montaigne. A DAY BOOK OF. Edited
by C. F. Poxp. Fca;k Sw 3%, 6d. met.
ntmoren 0i B.A., LL.B.
THOMAS KFM‘PI?. HfS AGE AND
BOOK. With 22 llustrations. Second
Edition. Demy Bvo. 75.6d. nel.

Moore (H. E.). BACK TO THE LAND.
An Inquiry into Rural Depopulation, Cr.

Swvo. 2.

Moorhouse (E. Hallam). NELSON'S
LADY HAMILTON. With sr Portraits.
Second Edition. Demy Bvo. 375. 6d. net.

A Colonial Edition is'also published,

Moran(Clarence G.). See Bookson Business.

More (Sir Tllnmns). See ‘mmdaxd leﬂlt)

Morfil Oriel Coll
HIST RYO RUSSIA lgieb’\l PFTFR
THE GREAT TO ALEXANDER 1
With Mapsand Plans, C‘r 8vo.

Morich (R. J.) ate o Cliton College, See
School Examination Series,

Morris (J.I. THE MAKERS OF JAPAN,
Wuh 24 Illustrations, Demy 8vo. 124, 6d.

A Colonial Edition is also published,
Morris (J. E.). e Little Guides.
Morton (Miss Anderllm). See Miss Brod-

l\'lmlle(ﬂ C. G.), D.D., Lord Bishop of Dur-
ham. See Leudcrs of Rehgwn
Muir (M. M. son), THE
CH‘F \IIS’I‘RY OF FIRL. Illuslrated
Cr. Bvo. 2s.
Mundallagl A ). M.A. SeeJ. T. Dunn.
Munro (R D, bee Antiquary’s Dooks.
Naval Oificer (A) See 1 '1..
Neal (W, G.). See R, N. ]
Newman (Ernest), HUGO WOLF.
Denty Bvo. Gs.
Newman(George), M.D.,D.P.H.,F.R.5.E.,
Lecturer on Public 11 calth at St. Bartholo-
mew's Hospital, and Medical Officer of
Health of the Meu‘opohtan Borough of
Finsbury, INFANT MORTALITY, A
SoctaL  Prosiem.  With 16 Diagrams,
Demy Bvo. s, bd. met.
Newman (J. H.) and others, See Library
of Devotion,
Nichols (J. B, B.). See Little I.Ibnqi‘
Nicklin. (T, 1. EXAMINATION
PAPERS 1} THLC\"DIDES. Cr. Boo, 21,
Nimrod. Sm
Nor, te (G. s} THE LIFE OF
SIR W J\LTE‘R COTT. INustrated.
THE GREAT

Demy Bvo. 7s. 6d. nel.
Norregaard & W.).
SIEGE ; The Investment and Fall of Port
Arthur. Hlustrated. Demy Svo. 108 6. set.
Nnrw A. H.). NAPLES. With 25 Col-
Hlustrations by MAURICE GREIFFEN-
m\c.:w Second Edition. Cr, Bw? 6s.
Novalis. THE DlSCIPLES ATSATSAND
OTH‘F'R FRAGMENTS. Edited by Miss
ﬁ.&m. gx
oldlield (W. .l.). bﬂn of
Lincoln. A PRI‘\‘IER or RELIGION
Basep ox THE CATECHISM OF THE CHURCH
oF ENGLAND, Feap. Bvo. 2s, 6d.
Oldham (F. M.), B.A. Se! Textbooks of
Science.
Oliphant (Mrs.). See Leaders of Religion.
Oman(C. W.C.), M.A., Fellow of All Souls',
Oxford, A HISTORY OF THE ART
OF WAR. The Middle Ages, from the
Fourth to the Fourteenth Cnnlu.ry. Illus-
trated. Demy 8vo. 103, 6d. net,
Ottley (R. L.,D.D. See Handbooks of
and Leaders of Religion.
Overtm:ﬁ H.). SeeLea

ders of Religion.
Owan (Douﬁlu). on Business,
ot‘Gu sliosp:ml A HAND-
BOO NG. Third Edition.
Cr &.ro 3: 6d'

(l C.). THE SCIENCE OF

H\'G E\TR. Ilustrated. Demy 8vo. 155

Palmer(Frederick). WITIH KUROKI IN
MANCHURIA. Illostrated, Third
Edition. DemyBvo. 75 6d. met.
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Parker g’loﬂliel‘t)- A LOVER'S DIARY.
(A. K.). SMALL LESSONS GE.V

GRE& TRUTHS. Feap. 8vo. 1s.
l's l)i_ PARADISI IN SOLE
PARADISUS TERRESTRIS, OR A

GARDEN OF ALL SORTS OF PLEA-
SANT FLOWERS. Folio. 43, 3. net.
Parmenter (John). HELIO-TROPES, OR

NEW POSIES FOR SUNDIALS, 162s.

Edited by Prrcivar Laxpox. Qwarfo.
38, 6d. net.

Parmenticr (Prof. Leon). Sce Byzantine
Texts.

Parsons iﬂlu. Cleme: ‘3. G&RRICK
AND HIS CIRCLE. ith Tlustra-
trations, Second [Edition. i)xmy Bwe.

125, 6d. nef,
A Colonial Edition is also published.

MESSRS. METHUEN'S CATALOGUBE

Vor. m. Tue XVItw axp XVIIHITe
DyxasTiEs.  Fourth Edition.

Vor. m. XIXTr 1o XXXTH DyNasTms.

Vor, 1v. Tue Ecyvrr oF THE ProLemius.
J. P. Manarry, Litt.D.

YoL. v. Romax Ecver. J. G. Miuxe, M.A,

Vou. vi. EGver In -rmz ]lhnnu: Agrs.
SranLev Lane-PooLe

RELIGION AND CbNSCIENCE IN
ANCIENT EGYPT. [Illustrated. Cr.
Bro. 25, 6. X

SYRIA AND EGYPT, FROM THE TELL
ELAMARNA TABLETS. Cr. 8ve. 25, 64,

EGYPTIAN TALES. Iustrated by Tris-
rrasm EvLis, fu Two Polumes. Cr. Bro.

. 6d. eack.
EGYPTIAN DECORATIVE ART. Witk
120 Illustrations. Cr. 8wo.

£
RiTlips (W« A, See Osh hies,
Phifipotes (Edo). ?fv”nzvoﬁ“ ;

With 38 Illustrations by Pl'rmr

Pu.lctl See'[.:r:r:iyofnévli?n. . nmm .S‘ﬂ:bmg: and Cheaver Baition,

PeRe CIN T EIGHTEENTH ﬁouc AND DOWN ALONG.

CE\T'I’URY. With over 200 IlI d CLAUDE  SHEPPERSON.
Imperial Quarto. fLa, 125. 64, net. by
eealso Little Bookson Art and LP.L. Ca':g]ums: Jﬂ'

LADY MARY WORTLEY MONTAGU.
With =24 P and Til
Second Edition. Demy Bvo, . net.
A Colonial Edition ia also publ ished.

R. }(Benjamin Swi LIFE'S
QUI:.S'!‘(WNII\GS Jc,‘r Bro. g:)&l’ net,
Patterson S&l ‘3. NOTES OF AN EAST
(‘0.&5"[‘ ATURALIST. Ilustrated in

lour by F. SoUTHGATE. Second Edition.
C‘r. 8ve, €s.

NATURE IN EASTERN NORFOLK
A series of observations on the
Fishes, Mammals, Reptiles, and Sla!'k.

ceans foi that h-

Sou‘rur-nrz. Second Edition. Cr. Svo.

Pea.oock(N ). See Little Books on Art,

Peake (C. M. A.), F.R.H.S. A HAND.
BOOK OF ANNUALS AND BI'E.N-
NIALS. With 24 Illustrations, Feap. Bro.
346, 6. met,

Peel (Robert), and Minchin (H. C.), M.A,

(F SO With 100 llfmﬁtﬁ)&;us in

Co!our Cr Bwo. 61

Peel (Sidney), late Fellow of Trinity Col
Oxford, ang' S:f:rcury to the Rnt)\:a C‘?e'
mission on the Licensing Laws. PRACTI.
CAL LICENSING REFORM. Second
Edition, Cr.8vo. 15 64,

Pe?le(“;.%l.l‘llndm).%ch LL&IPN-
ess0r O L yat mmmy ege.
A TS TORY OF EoVPr raoar oo
EaruiesT Times 'no 'rms PrEsexT Day.

Fully Illustrated, J[/m six volumes. Cr.

Bwo, 6, each,

Vor. 1. Premistomic Times 1o XViTh
Dynastv. Fifth Edition.

poems.

Plarr (Victor G.), See School Histories.

Plato. See Standud Libr:

Plautus. TH PTIVI Edited, with
an lntmdunuun. Textual Motes, and a Com-
mentary, by W, Laxpsay, Fellow of
jeﬁusCoi e, Oxford, DeneyBro, 108.6d.met.
&M!!m ardlaw (J. T.), B.A., King's

e

, Cambridge. See School Examina-

tion Series,

Podmore (Frank)) MODERN SPIRI-
TUALISM. Twe Polumres. Bre.
215, net.

AHls am!aCm

([ Le}. A MODERN
LEG ONARY. C

Pollard (Alice). See Lmle ‘Books on Art,
Pollard(A. W.). OI.D PICTURE BOOKS.
Tllustrated. Bro. 75, 6d. met.
Pollurd(B!luF.)- See Lm!e Books on Art,
Fbl!ﬂck (Dl.‘dd). M.LN.A. See Books on

é .é A, F.L.§&. A TEXT.
BOOK OF A RIC’ULT’U RAL BOTANY.
lustrated. Secomd Edition. Cr. Bvo.

.7 A
Power (3. 0'Connor). THE MAKING
OF A ORAIOR Cr

Prance (G.). SecR {:m
Prescott ( l). ABOUT MUSIC, AND
WH.&T IT 1S MADE OF. (7. 8vo.

net,
pri'u (l.. L.), MLA., Fellow of Oriel Cotleg
A’ HISTORY OF ENGLISH
DOTITICAL 1CONOMY. Fomesh Edi.

Pr‘lm' Cr.m sf' A MODERN
B(EOTIA. C». Bve. 6s.

Protheroe THE DOMINION
OF MA GEOGRAPHY 1N 118 Human

Asprct. With 32 full-page Ilustrations.
Cr.Bvo. 25 e
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Pw and Rowlandson. THE MICRO-
SM OF LONDON, or Lowpox IN
i Illustrations in

MmviaTure.  With 104

colour, fn Three Volumes. Small yto.
L3, 35 mel.
ALY &s T. Quiller Couch). THE

GOLDEN POMP. A
EncrLisa Lvrics. Second Edition. Cr. 8vo.

25, 6d. net.
guevedn \’ltleglgs. See Miniatore 'Librar{.
R, and E.S. THE WOODHOUSE COR-
RESPONDENCE. Cr. 8o, 6.
A Colonial Tidition is also published.

Rackham (R. B.), M.A, See Westminster
Commentaries.

Rug\% (Lagra M.). THE WOMEN-ART-
15TS OF BOLOGNA. With 2o Illus-
trations. Demy Bve. g.r. 6d. net.

Ragg (Lonsdale). B.D., Oxon. DANTE
AND HIS ITALY. With 32 Ilustra-
tions largely from contemporary Frescoes

and Documents, Denmy 8z, 125, 6d. net.

Rahtz (F. J.), M.A., .Sc., Lecturer in
English at Merchant Venturers' Technical
College, Bristel. HIGHER ENGLISH.
Cr. 8vo. . 6d.

Randolph (B. W.), D.D. See Library of
Devotion.

Rannie (D. W.), M.A. A STUDENT'S
HIST BV OF SCOTLAND. Cr. 8vo.
3%, 6d.

Rashdall (Hastings), M.A., Fellow and
Tutor of New College, Oxford. DOC-
TRINE AND DEVELOPMENT. Cr.

8o, Gs.
Raven O D o Haa. Bee LEiL
roe v - M % ™
nd(\a(altu'). See ggmﬂl Histories.

A Real Paddy. SeeLP.L.
Reason (W.), M.A. UNIVERSITY AND
SOCIAL SETTLEMENTS. Cr. 8o

25, 6.
Redpath (H. A.), M.A. See Westminster
Commentaries.
eynolds, Sece Little Galleries.

d &l'. F.). See Simplified French Texts.

d I-{ . E.). See School Histories.
..l:_eru( .} M.A. See Simplified French

exts.

Roberts (M. E.). See C. C. Chaaner.
Robertson (FA.}. D.D., Lord Bishop of
Exeter. REGNUM DEL  The Bampton
Lectures of égo: Demy Bvo. 75, 6d. nel.
Robertson (C. Grant). M.A., Fellow of All
Souls' College, Oxford, Examiner in the
Honours School of Modern History, Oxford,
1gor-1904. SELECT STATUTES, CASES,
AND CONSTITUTIONAL DOCU-
MENTS, n66o-1832. Demy 8vo. 108

nels
Robertson (ﬁc. Grant) and Bartholomew
. G.), F.R.S.E., F.RG.S. A HIS-
TORICAL AND MODERN ATLAS OF
THE BRITISH EMPIRE. DemyQuarto,

:g;ba'. net.

Rol rtm(Ser.S.)hK.C.S.I. CHITRAL:

THE SToRY OF A Mixor Siece. Third
Edition. Nustrated, Cr.8vo. 25. 6d. net.

~
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Rﬂb,iil:ﬂll (A. W.), M.A. See Churchman's

1Dle.

Robinson (Cecilia), THE MINISTRY
OF DEACONESSES. With an Introduc-
tion by the late Archbishop of Canterbury.
Cr. 8vo. 35, 6d.

Roblnson(l'-?. S.). See Connoisseur's Library.

Rochefoucauld (La). _See Little lem?‘

Rodwell (G.), B.A. NEW TESTAM NT
GREEK. A Course for Beginners, With
a Preface by Waurer Locg, D.D,, Warden
of Keble College. Feap. Bvg. a8, 6,

Roe(Fred). OLD OAK FURNITURE, With
many [lustrations by the Author, including
afrontispiece in colour. Demy Bvo. 104 6.
nets

Roﬁer_s (A. G. L.), M.A, See Books on

usiness.

Romney, See Little Galleries.

Roscoe (E. 5.). See Little Guides.

Rose (Edward). THE ROSE READER.
Illustrated. Cr Bwo. 2s. 6d. Alio in 4
Parts, Parts I. and If. 6d. eack; Pari
IIl Bd.; Bart IV, 10d,

Rowntree (Joshua), THE IMPERIAL
DRUG TRADE. A RE-STATEMENT OF
THE Opium  QUESTION.  Second and
Cheaper Edition. Cr, Bvo. a5 mels

Rﬁde-Smlth (N G.). THE PILLOW

O0K: A CGarsgzr oF Manvy Meoops.
Second Edition. Cr.Bvo. 45.6d. net.
Ruble (A. E.), D.D. See Junior School

Books.

Russell (W. Clark). THE LIFE OF
ADMIRAL LORD COLLINGWOOD.
With Hlustrations by F. Brancwyx.
Fourth Edition. Cr.Buo. 61

Sainsbury (Hari on), M.D., F.R.C.P.
PRINCIPIA THERAPEUTICA.
Demy Bvo.  gs. 6. nef.

St, Anselm. Libra

St. Augustine. See Library of Devotion.

St, Bernard., See Library of Devotion.

Sales (St. Francis de). See Library of
Devotion.

St., Cyres (Viscount). See Oxford Bio-

graphles.
St. Francis of Assisi. THE LITTLE
FLOWERS OF THE GLORIOUS
MESSER ST. FRANCIS AND HIS
FRIARS. Newly translated by WrLLiam
Hevwoop. With an Introduction h}r A.
G. F. HoweLL, and 4o Illustrations from
Ttalian Painters. Demy8ve. ss. mef.
See also Standard Library and Library of
Devotion.
‘Saki’ (H. Munro), REGINALD, Second
Fdition. Feap. Bro. 25, 6d. el.
Salmon (A, L.). SeeLittle Guides,
Sargeaunt 1SJ.), M.A. ALS OF
WESTMINSTER SCHOOL. Illustrated.
Demy Buo.
Sathas (C.).

of Devation.

75, 6.

See Byzantine Texts,

Schmitt (John). See Byzantine Texts.

Scottl;!\. L. WINSTON SPENCER
CHURCHILL. With Portraits and 1us-
trations. Cr. 8vo. 35, 6d.

Scudamore (Cyril). See Little Guaides.
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, M.A. THE MECHANICS
a\lL LIFE, lliustrated. Cr. 8vo,

Edmund TOMMY SMITH'S
Hiustrated by G. W. Orb.
Lightk Edition. Feap. 8ve. 24, 6d.
chool Edition, 15, 6d.
TOMMY SMITH'S OTHER ANIMALS.
With 12 Illustrations by Atmus‘r.\ GuesT.
Second Edition. Fe 25. 6,
NLCDOTES OF

Ol'

25, 6d.
Selou
ANIMALS,

Settle liJ. 53

SOLDIERS. Cvr. Bvo. 3s. 6d. nel
Shakespeare (Willlam).
THE UR FOLIOS, 1623; 16325 1664 ;

1685, Each £4, 45. nef,or a l:ompfete set,
£12, 138, met.

Folios 3 and 4 are ready.

Folio 2 is nearly ready.

Ard: Standard Lib d |
Juaréo Shal T B | South (EWiiton), }.4.

g Litle Quario S
°&"). VICTORIAN POETS. Cr.

<Gould,

Shlrp Cu:il). See 5. Barin,
ittle Books on

I::rp Mrs. E. J\.). See

Shedlock g. THE PIANOFORTE
SONATA. Cr. Sm

savosge)

‘ Endymion,’ etc,
Didot, 1B21. 2. met,
(H. E.), M.A. Seec 5. Baring-

1 (Arthur), M.A, LIFE IN WEST
Third Edition. Cr. 8vo,

as, 6d.

Shipl ry B, AN ENGLISH
CHURCH “TISTORY " FOR - CHILD:
REN. A.D.597-1066. With a Preface
lhe Biahop

o?gz-:bmlm With Maps aiﬁ

Hlustra; 7. Bvo. es. 6d. nel.

S!cllol (Wn.lm). DISRAELI A Study
in Personality and ldeas. ‘With 3 Portraits.
Demy Bvo. _125. 6d.

ASONAH an Elegy
ohn Keats, Author of
isa. From the typesof

Sherwell
LON

See also Oxford BID Elnes.
Sime (J.), See l..mle
Simonson (G. A. FRANCESCO
GUARDI. With 41 Plates. Jmperial

4to.  La, 25, met.
Skcl:hley (R. E. D.). See Little Books on

Skiptnn (H. P. K.). See Little Books on

rt.
Slldm (Dous %’ SICILY: The New
Vinter R ith over 200 Tllustrations.
.S‘rmdFdaﬁm Cr, Bve,
van), M.A. IHK{J\RI‘H An
Illustrated.

lntm&umon to Physlograph}
Cr. 8vo. 2. 6d.
Smallwood (M. 0.). See Little Books on
Smed!qy " BE.). Seel.
8 3 'I'HE WEALTH or
NATI NS, Edited with an Introduction
and numerous Notes b}' Epwin CANNAR,
o Two volumes. DemyBvo, s11, net.
Smith (Horace and James),
Library,

See Little

MESSRS. METHUEN'S CATALOGUE

Smith (H. Bom, MA. A NEW
JUNIOR ARI'F elE'!JC- Crown 8vo.
25, With Answers, 25, 6.

Smltll (R. Mudie THOUGHTS FOR
TH DAY idited by  Feap. Bvo.

63'

Smltll (anel] C.). See W. Wordsworth,

Smith (John Ilom as). A BOOK FOR
A RAINY DA r, Recollections of the
Events of the \’:ars 1766-1833. Edited by
Wirrrep WiitTes,  Ilusirated. Fide
Demey Bro. 125. 6d. nel.

Snell (F. J.). A BOOK OF EXMOOR.
Ilustrated. Cr. 8

Snowden(C. E.). A HAND\" DIGEST OF
BRITISH HISTORY. Demy Bro. 45. 6d.

Sophocles. See Classical Translations.

Sornet (L. A.). See Junior School Books.

See Junior School

Boo!

Snuthey (R.). ENGLISH SEAMEN.
Edited by Davip Haxxay.
Vol. 1. (Howard, Clifford, Hawkins,
Drnke, Cawndlsb). ‘Second Edition. Cr.

\"ol.. 1. (Richard Hawkins, va:lle.

Essex, and Raleigh). Cr. Boo. 6s,
See also Standard Library,

Spence (C. H.), M.A. See School Examina-
tion Series,

Spicer (A. D.). THE PAPER TRADE,
With Maps and Diagrams. Demy Evo.
124, 6d. met,

que_r (W. A.), M.A, See Leaders of

ligion,

Sulf.% {Bd mbe). THE GUILDS OF
F ENCE. Iustrated. Second Edition.
RoyalBvo. 16s. net.

Stanbridge (J. W.), B.D. See Library of

Devotion.

‘Stancliffe.” GOLF DO'S AND DONT'S.

Second Edition. Feap, Bvo. 15

Stead (W. J.). See D. Gallaher.

Stedman (A. M, M.), M.A,

INITIALATINA : Easy Lessons on Elemen-
uu'y cc:deuce Ninth Edition. Feap.

I"IRSI' I.ATIN LESSONS. Tenth Edi-

tion, Cr Bve, as.

FIRST LATIN READER. With Notes
ndapmi to the Shorter Latin Primer and
on:nlmbry Sixth Editionrevised. 18mo.

5. 6.
EﬁSY SELECTIONS FROM C/HESAR.
The Helvetian War, Zhird Edition.

1Bmeo, 15,
EASY SELECTIONS FROM LIVY, The
Ki s of Rome. 18mo. Second Edition.

EASY LATIN PASSAGES FOR UNSEEN
TRANSLATION.  Eleventh 1. Feap.

Svo. 15 6d.

EXEMPLA LATINA.  First Exercises
in Latin Accidence. With Vocabulary.
Third Edition. Cr.8vo. 15
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EASY LATIN EXERCISES ON THE
YNTAX OF THE SHORTER AND
REVISDD LATIN PRIMER.
Vocabulary. Kleventh and Cheaper Edition,
nmx!!m. Cr. Boo. 15, 6d. Owiginal
Fdition. 6d, Kgv, 35
THE L. A'l I'\T COMPOUND QENTLVCIL -
Rules and Exercises, Second Edition,
Cr, 8wo. 1s. 6d. With Vocabulary, as
NOTANDA QUAKDAM : Miscellaneous
Latin lixercises on Common Rules and
Idioms. JFowrth Edition, Feap, Buo,
15. 64. ‘With Vocabulary, 2s. Key, 25

nel

LATIN VOCABULARIES FOR REFPE-
TITION : Arranged according to Subjects,
Fourteenth Edition. Feap. v, 15, 6d.

A VOCABULARY OF LATIN IDIOMS,
1Bmo.  Second Edition. 1s.

STEPS TO GREEK. Third Edition, ve-
wised, 18mo. IS

A SHORTER GRELK PRIMER. Second
Edition. Cr, Bva.

EASYGREEK PASS.&(‘E% FOR UNSEEN
TRANSLATION. ;-awm Edition, re
vised. Feap. Bro, 1s.

GREEK VOCABULARIES FOR RE-
PETITION. Arranged accordmg w Sub-
jects. Fourth Fdition. Feap, Bvo. 15 6d.

GREEK TESTAMENT S]-’LLC‘TIONS.
For the use of Scl With Introduc-
tion, Notes, and Vocabulary. Fowrth
Edition. Fcap. Bvo. 25.6d.

STEI-‘S '10 FRENCH. Eighth Edition,

FIRS'I‘ FRENCH LF SSONS. Seventh Edi.

fio;
EASY FR FRJ:.\CH mssnc;r-‘s FOR UN.
Fiom, rm e,
B s e X ERCISES ON ELE-
MENTARY SYNTAX. With Vocabu-
Cr». Bwo, 25 6d.

Iary’ Fourth Edition,
Kev. 35 nel.

FRE\ICH VOCABULARIES FOR RE-
PETITION : Arranged according to Sub-
jects. Thirteenth Edition. Feap. Bvo. 15,

See also School Examination Series.

Steel (A{. Elliott), M.A.,, F.C.S. THE
WO OF SCIENCE. With 14
Hlustrations. Second Edition. Cr, Bvo, 25, 6d.

See also Scheol Examination Series,

Stephenson (C.), of the Technical Collei‘e,
Bradford, and Suddards (F.) of
Yorkshire Collegze, Leeds, ORNAMIN-
TAL DESIGN FOR WOVEN FABRICS,

Illusgaled. Demy 8vo.  Thivd Edition.

75, 6,

Stephenson (1), M.A. THE CHIEF
TRUTHS OF THE CHRISTIAN

FAIJ.II. Cr fwo, 38 B,
Sterne (Laurence). See Liltle Library.
Sterry (W.), M.A, ANNALS OF ETON
COLLEGE. Mustrated, Demy Bvo. 75, 6d,
Steuart (Katherine)) BY ALLAN
WATER. Second Edition. Cr, Bva. Gs.
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Stevenson (R.L.) THE LETIERS OF
ROBERT LOUIS STEVT-.NSO‘\T TO
HIS FAMILY AND FRIENDS.
Selected and Edited by Sm\sv CoLvix,
Third Edition. Cr. 8wve. 7125,

Lipgary Eptrion. Demy 8vo. 2 vels, 25s.net.
A Colonial Edition is dhn published.
VAILIMA LETTERS, With an Etched
Portrait !:(y Winniam Stranc. Fgih

Lidition, Cr, Bvo, Buckram. &s.
A Colonial Edition is also published.

THRE LIFE OF R, L, STEVENSON.
G. Balfour,

Stevenson (M. L). TROM SARANAC
TO THE MARQUESAS, Being Letters
written by “Mrs. 1 I S‘mvxnwv during
1882-8, Cp Bro, 65, el

LE l“] ERS FROM SAMDA 18g1-95. Hdited
and arranged by M. C. Barrouk. With
many Illustrations, Second Edition Cr
8vo,  Gs. met.

Stoddart (Anna M.). See Oxford Bio-
graphies.

Stokes (]F. G.), B.A. HOURS WITH
RABELAIS. From the translation of Sir
T, Unguuart and P. A, Morreux. With
a Portrait in Photogravure, (. 8o, 35 64.
el

Stone (S. J.). POEMS AND HYMNS.
With a Memoir by F. G. ELLEETON,
M.A, With Portrait. C». 8ze. 6s.

Storr (Vernon F.), M.A.,, Lecturer in
the Philosophy of Rehgwn in Cambridge
University ; l‘yxarmnmg Chaplain to the
Archbishop of Canterbury; formerly Fellow
of University College, Oxford. DEVELOP-
h‘.ll:.'\iT AND DIVINE PURPOSE Cr-
Bro. 55 mel.

Straker (F.). See Books on Business,

S‘t%etna (A. W.), D.D. Sce Churchman's

Streatfeild (R. A.). MODERN MUSIC
AND MUSICIANS. With 24 Illustra-
tions. Second Edition. DemyBvo. 7s. 6d.

net,
Stroud (H.), D.Sc., M.A, See Textbooks of
cience,

See

Strutt SJns THE SPORTS AND
PASTIME OF THE PEOPLE OF
ENGLAND. Illustrated by many engrav-

mzs. Revised by J. CarLEs Cox, LL.D.,
S.A. Quarto. 215 net,

Stl.lm“l. S‘;’ng{l. Donald). THE STRUGGLE
SIA. With aMap. C». 8zo. 6s.

.Sturcll{P.).. Staff Instructor to the Surre

Coun%ctaunul. MANUAL TRAININ
ING (WOODWORK). Its Prin-
ciples and Application, with Solutions to
Examination Quesuuns, 18ga-19ag, Ortho-
%aphlc, Isometric and Oblique Projection.
ul; 5o Plates and 140 Figures, Jfoolscap.

Suddards (F.S). See CI Stephcnson.

l.lrta

Sym (I i M A, 'I'HF' FRENCH
R]‘é-:fo UTION. Second Edition, Cr. 8vo.
25, 6d.
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Synqmm(ﬂ. M.), M.A,, M.D. SeeAncient

Tll:ltl-ts. AGRICOLA. With Introduction
Notes, hlap. etc., by R. F, Davis, M.A.,

Fead. 8v
GERM;\VIA B Feap,
See also Classical Translations,
Tl.lllc W.). HOWARD LETTERS AND
MEMORIES. Demy 8vo. 105, 6d. net.
Tauler (J.). Sce lerm:.y ol"Devol_mn.
Taylor (A. E.). THE ELL\IILNTS or
IETAPHYSICS. Dem 105, 6. siet.
Twlm’(l’.ﬂ‘}, M.A. See ommml.'llSerles.
‘I'aylor( . A.). Sce Oxford I.hngr }1
I:lr( ohrl W.). THE COM NG OF
l’i" AINTS : lmgmauan and Studies
in Earl Church History and Tradition.
With zﬁ{llustmuons. Dem{&w 73, 6. net.
Taylor (T, A., Fellow of Gonville
Cmus Co !e e, Cambridge. A CON-
STITUTIONAL ~ AND  POLITICAL
HISTORY OF ROML. Cr. 8vo. % £, Gl
Teml{:lnn (Alfr Lord). THE EARLY
Edited, with Notes and
an Introductm. by J. CHurrox CoLLins,

M.A, Cr.
IN MRMORI;\\{. MA.UD, AND THE

the same Editor,

PRINCESS. Edited by J. Cuvrron

Corriws, M.A. Cr. Bpo.” 65 See also
T 1"“l(“c.li's) ‘See Oxford Biographi

e .~ See Ox iographies,
T.Ilm Sl:e Lzﬁe Library.
Tlleobald( V.). LA, SECT LIFE,

lllustralter] .S‘ccm Ea‘:’r.r’n Revised. Cr.

\V)‘ See Little Guides.
). DAILY STRENGTH
DS. Thirteenth Edi.
ﬁox Mm’mm :ﬁma 25, 64. net. Alsoan
edition in superior binding, 6s.
Toanpldu( « W.), FLR.H.S. See Little

Townle g..ud{ Susan). MY CHINESE
OTE- With 16 Ilustrations and
2 M:ps. Thivd Edition. Demy Bvo. 101,

bee (Paget). M.A.,, D.Litt. Seec
xford Biogra:
Trench( ubert). DEIRDRE WEDDED
AND OTHER POEMS. Cr.B8ve. 51
An cpisode of Thirty hours delivered by
the three voices. It deals with the love of
Deirdre for Naris and is founded on a Gaelic
Version of the Tragical Tale of the Sons of

Usnach.
Trwel an (G. M. )u Fellow GFTrml College,
grldg(e. ENG lE ﬁﬁ
STUARTS With ’\Iaps aru:l Plans. Second

Edition. e
Troutbeek @ H See Tittle Gutdes.
Ty!ell; (]E. . B.A., F.C.S5, See Junior

00,

Sl
Tyrrg;l-ﬁlll (Prluus). See Little Books

on Art.
Vardon Lﬂuryﬂ. THE COMPLETE
GOL lustrated. Eighth Edition.
Demy Bvo. 108, 6d. net.
A Colonial Edition is also published.

MESSRS. METHUEN’S CATALOGUE

Vnug eu.ry). See Lm!a U'Imlry

ﬁ:’r .F THE OYAL STJARTS

CARDINAL,
DUKE OF YORK. - With 2o iustrations
Second Edition. Demy Bvo. 105, 64, nel.

THE NAPLES RIVERIA. With 25 Ilus-
trations in Colour by MAURICE GREIFFEN-
HAGEN. Cr, Boa. A

A Colonial .L:lltmn is also published.

Vuegelln (A h M See Junior Examina-
tion

Wmidell Col. L. A.), LL.D.,C.B. LHASA
rNh > 'S MIYS'] !'.:_{Il-,b th:"Record
of the Expedition of 1go3-1 ith 155
Hllustrations and :‘:&. - ahrd
Cheaper Edition. Demy

Wade (G. W.), D.D, OLD TFS%‘A\ILN1
HISTORY. With Maps. Fourth Edition.

Cr. Bvo,

w er (Ril:hnrd). MUSIC DRAMAS:
lnl.erpretaﬂnm, em y:ng Wagner's own
explanations. z CLEATHER and

In Four Vofunm Feap 8vo.

B. Crump,
af
VorL. 1.—Tne Rix6 oF THR NIRELUNG.
Third Edition.

Vor. i.—Pagsirar, Louexcriv, and
Tlll HoLy GraiL,
1. —TrisTaAn AND IsoLpr,
Wall J. C.). DEVILS. Hlustrated by the
Aut ot and from photographs. .Dax Svo,
net, Sec also Anmh
Walters (H. B.). See Little Books on Art
and Classics of Art.
Walton (F. W.;. See School Histories.
Walton (lzaac) and Cotton (Charles
Elee LP.L., Standard Library, and Little

Warren-Vernon (Hon. William
READINGS ON THE INFER 0 OF
DANTE, based on the Commentary of
Bsavn uTO DA InorA and otherauthorities,
With an Introduction by the Rev, Dr.

Moore. In Two Volumes. Secomd En':

fion, entirely re-written, Cr. 8 I-f‘
Waterhouse (Mrs. Alireéﬁ THE

SIMPLE-H ttle omllles to

Womenin Caumry Places. Second Edition.
Smeall Pott 8vo. 2; nel,

See also Lutla
Weatherhea C LA. EXAMINA
'110N PAPERS IN HORACE. Cr.8vo.

See { unior Examination Series,
Webber (F. C.). See Textbooks of Techno-

Wedl‘ é‘.l.‘ ibald), M.A. AN INTRO.
ION TO THE HlSTORY OF

MOD'F RN EUROPE. Cr. 8vo.
Wells (S!dnexﬂ +) See Textbooksof Sclem:t.

Wells(J.), M. s Fellowand Tuter of Wadham
Calle, ze. ORD AND OX l’ORD
TAFE Thond Adbtion. Corton

A SHORT HISTORY OF ROME: Sevadh
Edition. With 3 Maps. Cr. 8vo. 34 6d.
See also Little Guides,
Wheldon(F. W.). A LITTLE BEROTHER
TO THE BIRDS. With 15 Illustrations,
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7 ot'whlr.h are by A. H, BuckLAKD. Zarge

Cr. Bvo.
Whlble (C) " Gee W. E. Henley.
Whlbley (L.), M.A., Fellow of Pembroke
College, Cdmbnd%e. GREEK OLIGAR-
CHIES : THEIR ORGANISATION
AND CHARACTER. C»r. 8o,
Whitaker (G. H.), M.A. See Churchman's

Bible.

White {(]ilbcﬂ) THE NATURAL
HISTORY OF SELBORNE. Edited by
L. C. Miare, F.R.S,, assisted by W. WARDE
FowLer, M.A, C». Boo. 65,

See also Standard Library.

Whitfield (E. E.). See Commercial Serics.

Whitehead (A. W.). GASPARD DE
COLIGNY. INustrated. Demy Svo.
1as, 6. el

Whiteley (R. Lloyd), F.I.C., Principal of
the Municipal Science School, West Hrom-
wich. AN ELEMENTARY TEXT-
BOOK OF INORGANICCHEMISTRY.
Cr. 8o, 25, 6.

Whitley Miss). See Lady Dilke,

W['Il .). _See John Thomas Smith.

Ke A. G.), B.Sc, See Books on Business.

Wil o orce (Wilfrid). Sec Little Books

on

Wilda(()scar). DE PROFL‘I\DIS. Ninth

Edition. Cr. 8vo
A Colonial Edition is a}so

THE DUCHESS OF PADU.
125. 6d. net.

POEMS. DemyBoo. 125 6d. net.

INTENTIONS. Demy Boo. 125, 6d. nel.

bc‘\é.OMh, AND OI‘.FLER PLAYS., Demy
0. 125,

L ADY \V[VD[‘JRMERES FAN.

125, 6d.

A WO\[AN OF ND IMPORTANCE.
Denty Bro. 125,

AN IULAL I{USBAND. Demy 8o,

125, 6d. #

THE IMPOR’I’ANCE OF BE!NG EAR-
NEST. Dzmy Buo. 125, 6d. %

A HOUSE OF POMEGRANA'l ES and
THE HAPPY PRINCE. Demy Bro.

T2k 6. nel.

LORD ARTHUR SAVILE'S CRIME anc
OTHER PROSE PIECES, Demy Luvo.
125, 6, sel,

Wilkins (W. H.), B.A, THE ALIEN
INVASION, Cr. 8v0. =f. Gd.

Williams (A.). PETROL PETER: or
Pretry Stories and Funny Pictures. Tlus-
lraled in Colour by A. W. MirLs, Demy

dfo. 35 6d. mel.

\Villlamson (M. G.). See Ancient Cities.

Williamson (W.). THE BRI L
G‘\RDI:.\'ER. Tustrated.  Demy 8ve.

o5, 6.
Willismsun (W.), B.A. See Junior Ex-
:unm:znun Series, Junior School Books, and
PBeginner's Books.
Wlllsl‘m (Beckles)) LORD STRATH-
A: the Story of his Life. Illustrated.
Boo. 7s. 64
lonial Edition is also published.

6s.

ublished.
Demy 8vo.

Demy

Dem
A
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Wilmot«Buxton (E. M.). MAKERS OF
EURQPE, Cr, 8vo. Seventh Ed. 35 6d.
A Text-book of European History for
Middle Forms.
THE ANCIENT WORLD. With Maps and
1llustrations. Cr.8po. 35 6d.
See also Beginner's Books.
Wilson( Bishop.) See Library of Devotion.
Wilson (A. J.). See Books on Business.
Wilson (H. A.). See Books on Business.
er!son (J. A.). See Simplified French

Wilton (Richard), M.A. LYRA PAS-
TORALIS : Songs of \alme, Church, and
Home, FoifBro. 25 6

Winbolt (S. E.), M.A. hXhRC!SES IN
LATIN ACCIDENCE, C# 8vo. 71s. 6d,

LATIN HEXAMETER VERSE: An Aid
to Lompnsmun. Cr. 8Bvo. 35, 6d. Ky,

Wlndle (B. C. A.), F.R.§., F.5. A, See Anti-
quary's  Books, Tittle Guides, Ancient
ities, and School Histories.

Wlnteri:o ham (Canon), M.A., B.Sc.,
J.B. See Churchman's L1hrar r,
Wood (Sir Evelyn), F.M., V.C.,, G.C.B,,

G.C. %i G. FROM MIDSHIP\I AN TO
FIELD-MARSHAL. With 24 Illustra-
tions and Maps. Two Volumes. Fourih
Edition, Demy Bvo. 255, net.

A Colonial Edition is also published.
Wood (J. A. See Texthooks of

Technology.
Wood (J. H ckory} DAN LENO. Illus-
trated, Third Edition. Cr.EBvo. 6s.

A Colonial Edition is also published,
Wood (W. Birkbeck), M.A., Iale Scholar of
Worcester College, Oxford, Znd Edmonds
(Major J. E.), R.E., Q.-M.G. A
HISTORY O THE CIVIL WAR IN

THE UNITED STATFS. With an
Intr tion by H. SER WILKINSON.
With 24 M-lps and Plans. Demy Bve.
128, 6, #

\Vordswortll (Christopher).
quary's Books.

Wordsworth (W.,), POEMS BY. Selected
by StorForn A. Brooke. With 4o Illus-
trations by Eomuxp H. New. With a
Trontispiece in Photogravure.  Demy Buo.
75, G sied

A Lo'lumsﬂ Tdition is also published.
Wordsworth (W.) and Coleridge (S. T.).

See Little Library.

See Anti-

Wri%ht (Artl!l.lr}, D. D., Fellow of Queen's
. I.}h:gt: Cambridge. ' See Churchman’s
JAbrary.

Wright (C. Gordon). See Dante.

Wright (J. C.). TO-DAY. Demy 16mo.
15, 6d. net.

Wright (Sophie). GERMAN VOCABU-
I. RIES: FOR REPETITION. Feap. 8vo

\\-’rong (George M.), Professor of History

| in the University of Torento. THE
| EARL cgg KELGIN. Illustrated. Demy
78 6d.

8o
I A Culonul Ednmn is also published.
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Wiyatt (Kate M.). See M. R. Gloag.
Wylde (A, B.), MODERN ABYS%IN IA.
ith a Map and a Portrait. Demy Svo.

158, Mel,

A Colonial Edition is also published.
Wyndham (Rt. Hon. George). M.P. THE

OEMS  OF WILLIAM SHAKE.

SPEARE. With an Introduction and

Notes, Demy Bvo. Buckram, gilt top.

105, 6d.
Wz\snn (R.)and Prance (G.). THE LAND
F THE BLACK MOUNTAIN, Being
a Description of Montenegro. With 4o
Tllustrations, Cr. 8ve.  2s. 64\ net

MESSRS. METHUEN’S CATALOGUE

Rl‘ﬂg}fd and Enlarged Edition. Cr. Bvo.

3%

Youlg (Filson)), THE COMPLETE
MOTORIST. With 238 Illustrations.
Sixth Edition. Demy 8vo. 125. Gd. nel.

A Colonial Edition is also published.

THE JOY OF THE ROAD: An Apprecia-
tion o:' the Motor Car. Swall Demy Evo,
55, nel.

Younq_}'l‘. M.). THE AMERICAN
COTTON INDUSTRY: A Swdy of
Work and Workers. Cr.8ve. Cloth, 25.6d. ;

paper boards, 15, 6d.
Zimmern (Antonin). WHAT DO WE

Yeats (W. B.). A BOOK OF IRISH KENOW CONCERNING ELECTRI-
VERSE. Selected from Modern Writers. /| CITY? ZFcap. Boo. 1s. 6d. et
Ancient Cities
General Editor, B. C. A, WINDLE, D.Se., F.R.S.
Cr. 8zo. 4s. 6d. net.
Curster. By B. C. A. Windle, D.Sc. F.R.S. | LixcoLy. By E., Mansel Sympson, M.A.,
Illustraled{y E. H. New. M.D. Illustrated by E. H. New.
Surewssury. ~ By T. Auden, M.A., F.S.A, | Bristo. By Alfred Harvey. Illustrated
Tllustrated. by E. H. New.
Caxrersury. By J. C. Cox; LL.D., F.S.A. | Dusuis. By S. A. O, Fitzpatrick, Ilustrated
HMlustrated, by W. C. Green.
Epmvoure. By M. G, Williamson, M.A.
Ilustrated by ﬁcrbert Railton.

The Antiquary's Books
General Editor, ]. CHARLES COX, LL.D., F.S.A,

Demy 8vo.

Excuisu Moxastic Lire. By the Right
Rev. Abbot Gasquet, O.8.B.  Illustrated.
Thivd Edition.

Remains or THE PreEmstomic Ace 1n
Excraxp. By B. C. A. Windle, D.Sc.,
F.R.8 With numerous Illustrations and
Plans.

Oup Service Books or THE Excrisw
CHurc. By Christopher Wordsworth,
M.A., and "Hen Littlehales, With
Coloured and other [llustrations.

Cevtic AkT. By g. Romilly Allen, F.S.A,
With numerous Illustrations and Plans.

Arcumorooy  anp  Faise AwTtiguiries.
By R. Munro, LL.D. Tllustrated.

Surines o Brrrisu Samts, By J. C. Wall,

‘With numerous Hlustrations and Plans.

75, 6d. net.

Tue Rovar Forests oF ExcLasp, By J
Cox, LL.D., F.5.A. Illustrated.
Tue Maxor axp Manomiar Recornps.
By Nathaniel J. Hone. Tllustrated.
Excuisn Sears. By J. Harvey B
Hiustrated.

Tue Domespay Ixqguest. By Adolphus
Ballard, B.A,, LL.B. With 27 Hllustrations.

Tue Brasses or EsGLAND. Heroert
W. Macklin, M.A. With many Hlustrations.
Second Edition.

Parisn_Lire 1 Meptevar Excranp, By
the Right Rev. Abbott Gasquet, O.5,E.
With many Hlustrations. Second Edition.

loom,

Tur BeLrs or Excrasp, By Canon J. J.
Raven, I).D., F.5.A. With Ilustrations.
Second Edition.

The Arden Shakespeare

Demy 8wo.

25, 6d. net eack wolume.

General Editor, W. J. CRAIG.

An edition of Shakespeare in single Plays.

Edited with a full Introduction, Textual

Notes, and a Commentary at the foot of the page.

Hamrer. Edited by Edward Dowden.
Romeo aNp Juner., Edited by
Dowden.

King Lear. Edited by W. J. Craig.
uLivs Camsar, Edited by M. Macmillan,
ue TeEmpesT. Edited by K!onton Luce,
[Continued
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ARDEN SHAKESPEARE—confinued.

Orneiro. FEdited by H. C. Hart. Tue Mercuast or VeEnice. Edited by
Trrus Axpronicus. Edited by H. B. Bail- C. Knox Pooler.
on. T £ rESsibA. Edi by K.
CvmeeLing, Edited by Edward Dowden. R]%[:;:;to;t‘n E i Ao
T’;{E %Ef{":ﬂw'ws oF Winnsor. Edited by Axgorw AxD CrEopaTRA. Edited by R. H.
Rl = ) . ase.
= I‘é‘_"éﬁﬁ'{‘,};}',‘aﬁ_'“"? Drizan.. Edited by Love's Lapour's Lost. Edited by H. C
Kimng Henry V. Hdited by H. A, Tivans, Haut.
Arr's WeLL Tiar lixns Weer., Edited by | Tug Two GENTLEMAN OF Verona, R,
W. 0. Brigstocke. Warwick Bond. :
Tue Taving oF Tue SHxew. Edited by | PEricLis, Edited by K. Deighton.
R. Warwick Bond. Tug Comepy oF Exrors, Edited by H.
Triow o ATHERS. Edited by K. Deighton. Cuningham. )
MEASURE Fok MEASURE. Edited by H. C. | King Ricnarp ur  Edited by A. H.
Hart. Thompson.
TweLrrs Nicnt. Edited by Moreton Luce. | King Jons. Edited by Ivor B. John.

The Beginner's Books
Edited by W. WILLIAMSON, B.A,
Easy Frencu Ruvmes. By Henri Blouet, Bwo, Without Answers, 15. With Answers,
Second Edition, Ilustrated. Feap. Svo. 15 15, 3d.
Easy DicrarTion anp Semiing. By W.

Easy STories froy Excrisa History, By i : i ,
E. M. Wilmot-Buxton, Author of ‘ Makers ;?Ezlilla?;sou, B.A.' Fifth Edition. Feap.

of Europe,’ Second Edition. Cr.8vo. 15 | o’ Fiasy Porrry Boox. Selected and

Easy Exercisgs v AmiTHMETIC.  Arranged arranged by W. Williamson, B.A., Author
by W. S, Beard, Second Edition. IFeap. of * Dictation Passages.’” Cr. Bva. 15

Books on Business
Cr. 8wo. 2s5. 6d. net.
Ports AND Docks. By Douglas Owen. Tue Avromosice Impustry. By G. de H.
Rainwavs., By E. R. McDermott. Stone,
THE STock Exchance. By Chas. Duguid, | Minine AxD MiNinG INVESTMENTS. By
Secand Fedition 5 ‘A, Moil."
Tue DBusingss of Insurance. By A. J. | Tup Business or Apvertising, By Clarence
Wilson. G, Moran, Barrister-at-Law, Illustrated,

Tur Kurerrical Inpusrey @ Licuming, | Trape Ustons. By G. Drage, 3
TrAcTION, AND PowEr. By A. G. Whyte, | Civir, ExcineEring. By T. Claxton Fidler,
B.5c. M.Inst. C.E. Illustrated,

Tue SawpuiLpinG Inpustey: Its Histor}:l Tue Iron TrapE oF GrReEAT BriTain. By

Science, Practice, and Finance. By Daw J. Stephen Jeans, Hlustrated.

Pollock, M.LN.A. Moxorories, TRUsTS, AND KARTELLS, By
Tae Moxev Maxker. By F. Straker. F. W. Hirst.
Tue Busivess Sipe of AcmicurTure, By | THe CorroN InousteRY axp Trape. By
A. G. L. Rogers, M.A. Prof. 5. J. Chapman, Dean of the Faculty
Law 18 Business. By H. A. Wilson. of C e in the University of Man-
Tue BrREWING INDUSTRY. y Julian L. chester. Illustrated.

Baker, F.1.C., F.C.S.

Byzantine Texts
Edited by J. B, BURY, M.A,, Litt. D,
A series of texts of Byzantine Historians, edited by English and foreign scholars.

ZACHARIAK 0F MITviEsE, Translated by F. | Tur Historv or Pserius, Edited by C.
J. Hamilton, D.D., and E. W. Brooks. Sathas., Demy 8vo. 134, nel.
Demy Bvo. 128, 6d. net, Ecruesis Curowica. KEdited by Professor
. Lambros. Demy 800. 75 Gd. nel.
Evacmus. Edited by Léon Parmentier and | Tue CurosicLE oF MoreA. Edited by John
M. Bidez. Demy 8vo. 105 6d. net. Schmitt. Dewy8vo. 155, nel.
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The Churchman’s Bible
General Editor, J. H. BURN, B.D,, F.R.S.E.
Fieap, 8vo. 15, 6d. net cach.

A series of Expositions on the Books of the Bible, which will be of service to the
general reader in the practical and devotional study of the Sacred Text.

Each Book is provided with a full and clear ntroductory Section, in which is
stated what is known or conjectured respecting the date and occasion of the com-
position of the Book, and any other particulars that may help to elucidate its meaning
as a whole, The Exposition is divided into sections of a convenient length, corre-
sponding as far as possible with the divisions of the Church Lectionary. The
Translation of the Authorised Version is printed in full, such corrections as are
ceemed necessary being placed in footnotes,

Tue EristiE OF ST, PAUL THE APosTLE TO Isatan. Edited by W. E. Barnes, D.D., 7o
THE GALATIANS, Edited by A. W, Robin- Volumes, With Map, 2s. mef each.
son, M.A.  Second Edition. THe ErisTLE or ST. PAUL THE APOSTLE TO

EccLisiastes. Edited by A. W. Streane, H': Eruestans., Edited by G. H. Whitaker,
e THE Gosrel Accompixe To Sv. Mark.

THE ErisTLE OF ST, PAUL THE ArosSTLE TO i 2 isson, M.A. 2s. 6d.
THE PuiLipians, Edited by C. R, D. E:\-IM £33, D by Mo Ao ipete

Biggs, D.D. Second Edition. S7. PAul’s EMSTLES T0 THE COLOSSIANS
Tue ErisTLe oF ST. James. Edited by AND PriLemox, Edited by H. J.C. Knight,
H. W. Fulford M.A, M.A. 25 met.

The Churchman’s Library
General Editor, J. H. BURN, B.D., F.R.S.E.

Crown 8vo. 35, 6d. eack.

Tue BEGINNINGS oF ExGLIsSH CHRISTIANITY. Some New TesTAMENT ProBLEMS. By
By W. E. Collins, M.A. With Map. Arthur Wright, D.D. 6s.

Tue Kingpom or Heaven Here Axp Hene. | Tue CHURCHMAN'S INTRODUCTION ToO THE
‘I\{;:"'thg Canon Winterbotham, M.A., [ ~ oy TrsTAMENT. By A. M. Mackay, B.A.
., LL.B,

Tue Workmansuir or THE Praver Boox : | THE Cuurch or Curist. By E. T. Green,
Its Lit and Liturgical Aspects. By J. | M.A. 65
Dowden, D.D. Second Edition. ComparaTive Tueorogy. By J. A. Mac-
EvoLution. By F. B. Jevons, M.A., Lit.D, Culloch. 6s.

Classical Translations
Edited by H. F. FOX, M.A., Fellow and Tutor of Brasenose College, Oxford.
Crown Syo.

A series of Translations from the Greek and Latin Classics, distinguished by literary
excellence as well as by scholarly aceuracy.

ZEscuvius—Ag Choepl s Eu- | Horace—The Odes and Epodes. Translated
menides. Translated by Lewis Campbell, by A. D. Godley, M.A. 2s,
LL.D. s Lucian—Six Dialogues (Nigrinus, Icaro-Me-
Cicrro—De Omtore I.  Translated by E. N. nippus, The Cock, The Ship, The Parasite,
P. Moor, M.A. 32, 64, ’I'Ee Lover of Falsehood) gfrﬂmialcd by 5.
Cicero—Select Orations (Pro Milone, Pro T. Irwin, M.A. 3 6d.
Mureno, Philippic 1r., in Catilinam). Trans- Sornoctes—Electraand Ajax. Translated by
lated by H. E. B Blakiston, M.A. ss. % D. A, Morshead, M.A. s, 64,
Cicero—De Natura Deorum. ‘Translated by | Tacitus—Agricola and Germanin. Trans-
F. Brooks, M.A.  3s. 6d. lated by R. B. Townshend. 2s. 64,
Cicero—De Officiis. Translated by G. B. | ThE SaATIRES oF Juvexar, Translated by
iner, MLA. 25, 6d. 5. G. Owen. 25, 6d
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Classics of Art
Edited by Dr. J. H. W, LAING
Tue Art oF THE GrEExs. By H. B. Walters. | VELazouez, Dy A. de Beruete. With g4
With 112 Plates and 18 Illustrations in the Plates. Wide Royal Bvo. 105 6d. net,
Text. Wide RoyalBve. 125 6d. nel.
Commercial Series
Edited by H. pE B. GIBBINS, Litt.D,, M.A.
Crown 8zo,

CommErciAL EpucaTioN 18 THEORY AND
Pracrice. By E. E. Whitfield, MLA. 55
An introduction to Methuen's Commercial
ries ing the question of C inl
Education fully from both the point of view
of the teacher and of the parent.
BriTisH CoMMERCE AND COLONIES FROM
Evizasern 10 Vicroria. By H. de B.
Gibbins, Litt. D., M.A. Third Edition. 25,

A Priver or Busixess. By S. Jackson,
M.A. Third Edition. 15 6d.

ComMERCIAL AmITHMETIC. By F. G. Taylor,

A, Fourth Edition. 1s. 6d.

FrexcH ComMmERCIAL CORRRSPONDENCE. By
S. E. Bally, With Vocabulary. Thivd
Edition, as.

GrrMAN CoMMERCIAL CORRESPONDENCE. By
S. E. Bally. With Vocabulary. Secomd

CoMMeERCIAL ExaminaTioN Parers. By H. Edition. 25 6d.
de B. Gibbins, Litt.D., M.A. 15 64. A Frrxcu CommerciAL Rraper. By S. E.
Ture Ecoxoxics or CoMMERCE, By H. de Bally. With Vocabulary, Second Edition. 25.
B. Gibbins, Litt.D., M.A, Second Edition. | Precis WriTinG axp Orrice CORRESPOND-
15, 6d. Encr. By E. E. Whitfield, M.A. Secoma
A Germayn CommerciaL READER. By S. E. Edition. as.
Bally. With Vocabulary. 2r. A Guibe To PrOF NS AND B
A CoMMERCIAL GEOGRAPHY OF THE BriTisn By H. Jones. 1s. 6d.

Empire. By L. W. Lyde, M.A. Sirth | Tue PriscirLesoF Book-keepinG By Dovbre
Edition. 25, Ewtrv. By J. E. B. M'Allen, MLA. 25
A Commercia. Geocrarny orF ForeigN | Commercial Law. By W. Douglas Edwards,
NaTions, By F. C. Boon, B.A, 25 Si dition. as.

The Connoisseur's Library
Wide Royal 8vo. 25s. net.

A sumptuous series of 20 books on art, written by experts for collectors, superbl

illustrated in photogravure, collotype, and colour.

duly treated. The first volumes are—

MgizzoTinTts. By Cyril Davenport. With 4o
Plates in Photogravure. L

Porcevaiy. By Edward Dillon. With 19
Plates in Colour, 20 in Collotype, and 5in
Photogravure,

Muviaruges. By Dudley Heath. With o
Plates in Colour, 15 in Collotype, and 15 in
Photogravure, y

Ivories. By A. Maskell. With 8o Plates in
Collotype and Photogravure. .

Excuisi Furxiture. By F. S. Robinson.
With 160 Plau:s'_in CJoI‘pjyge and one in

he technical side of the art is

Euroreas Examers, By Henry H. Cunyng-
hame, C.B. With % Plates in Collotype
and Half-tone and 4 Plates in Colour.

GorpsyiTus’ Axp SiLversyiTus' Work., By
Nelson Dawson. With many Plates in
Collotype and a Frontispiece in Photo.
gravure.

Excuisn Corourep Booxs. By Martin
Hardie. With 28 Illustrations in Colour
and Collotype.

Grass. By Edward Dillon. With 37 Ilus.
trations in Collotype and 12 in Colour.

The Library of Devotion
With Introductions and (where necessary) Notes.
Small Pott 8vo, cloth, 2s. ; leather, 25. 6d. net.

Twr Cox¥Essions or ST. AuusTiNg. Edited | Tur Lwiration or Cumist. Edited by C.

. Bigg, D.D. Edition.
TE CHRISTIAN YEAR.

Lock, D.D. ZThird Edition.

by C. Fifth

Bigg, D.D. Fouwrth Edition.

Edited by Walter | A Boox or Devotions. Edited by J. W.

Stanbridge, B.D. Second Edition
[Continued,
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Tur Linrarvy oF DevoTion—continued.

Lyra Inxocextivm. Edited by Walter
Lock, D.D.

A Serious Calt To A Devour anp Houy
g‘glx. Edited by C. Bigg, D.D. Fourth

£

Tue Temrre. Edited by E. C. S. Gibson,
D.D. Second Edition.

A Guine 1o Etesntry. Edited by J. W.
Stanbridge, B.D. .

Tre Psatms ofF Davio. Edited by B. W.
Randolph, D.D. ‘

Lvra ArosToLica., By Cardinal Newman
and others, Edited by Canon Scott Holland
and Canon H. C. Beeching, M.A.

Tue Invgr Wav. By J. Tauler. Edited by
A. W. Hutton, ML A. E

THe THouGHTs OF Pascat. Edited by C.

S. Jerram, MNLA.
Ox THE Love oF Gon, By St. Francis de
Sales. Edited by W. J. !gnox-Liule, M.A.

A Manvar or NSOLATION FROM THE
SamTs anp Fatuers. Edited by J. H.
Burn, B.D.

'l'uﬁ..“f.xc; or Songs. Edited by B. Blaxland,

Tur Drvotions or St. Axsery. Edited by
C. C. J. Webb, MLA,

Grack ApounpiNG. By John Bunyan, Edited
by S. C. Freer, M.A,

Bisnor Wiisox's Sacra PrivaTa. Edited
by A. E

MESSRS. METHUEN’S CATALOGUE

LyrAa Sacra: A Book of Sacred Verse,
Edited by H. C. Beeching, M.A., Canon of
Westminster,

A Day Booxk ¥rosM THE SATNTS AND FATHERS.
Edited by J. H. Burn, B,D,

Heaventy Wispos. A Selection from the
English Mystics. Edited by E. C. .

LiGHT, Lirg, and Love. A Selection from the
German Mystics. Edited byW.R.Inge,M.A.

Ax Istropuction To THE Devour LiFe.
By St. Francis de Sales. Translated and
Edited by T. Barns, M. A,

MancuesTER AL Monpo: a Contemplation
of Death and Immortality. B{vﬂuuy
Montagu, Earl of Manchester. “With an
Introduction by Elizabeth Wuterhouse,'
Editor of * A Little Book of Life and Death.

Tue Littie Frowers or THE GLokious
Messgr ST. FRANCIS AND OF Mis
Friars. Done into English by W. H
wood. With an Introduction by A. G.
Ferrers Howell.

Tue Sririrvar Guior, which Disentan‘ﬁlu
the Soul and brings it by the Inward Way
to the Fruition of Perfect Conte::lplmion,
and the Rich Treasure of Internal Peace.
Written bX Dr. Michaelde Molinos, Priest.
Translated from the Italian copy, printed at
Venice, 1685, Ediledwil!l.anp{mroduuion
? Kathleen Lyttelton. With a Preface by

anon Scott Holland,

The Illustrated Pocket Library of Plain and Coloured Books
Feap 8vo.  3s. 6d. net eack volume.

A series, in small form, of some of the famous illustrated books of fiction and
general literature, These are faithfully reprinted from the first or best editions
without introduction or notes. The Illustrations are chiefly in colour,

COLOURED BOOKS

Oup Corouren Books. By George Paston,
With 16 Coloured Plates. Feap. 8vo. 2. nef,

TaeLire axo DeaTi OF JoHN MyTTON,
By Nimrod. With 18" Coloured Plates b{
Hymry Alken and T. J. Rawlins. Fours)
Edition. %

Tue Lire oF A SporTsMaAN. By Nimrod.
With 35 Coloured Plates by Heary Alken.

Haxprey Cross. By R. S. Surtees. With
17 Coloured Plates and 100 Woodcuts in the
Text by John Leech, Second Editioy,

Mr. Sronce’s Seorting Tour. By R, S.
Surtees. With I'} Coloured Plates and go
Woodcuts in the Text by John Leech.

Jorrocks' JaunTs anp JoLuimies., By R, S.
Surtees. With 15 Coloured Plates by H.
Alken. Second Fdition.

This volume is reprinted from the ex-
tremely rare and costly edition of 1843, which
contains Alken's very fine _illustrations
instead of the usual ones by Phiz.

Asg Masmma. R. S. Surtees. With 13
Coloured Plates and g0 Woodcuts in the
Text by John Leech.

TrE AxaLvsts oF THE Huxting Fiewn. By
R. S. Surtees. With ? Coloured Plates b
Henry Alken, and 43 Illustrations on Wood,.r

Tur Tour or DR. SYNTAX IN SEARCH OF
THE Picruresque. By William Combe.
With 30 Coloured Plates by T. Rowlandson.

Tue Tour or DocTor SYNTAX IN SEArcH
or ConsoLation. By William Combe.
With 24 Coloured Plates by T. Rowlandson.

Tue Tumn Toukr oF Docror SvNTAx v
SEArcH oF A Wire, By William Combe,
With 24 Coloured Plates by T. Rowlandson.

Twue Histrory or Jonsny Quak Gexus: the
Lictle !"uundlinf of the late Dr. Syntax.
By the Author of * The Three Tours.” With
24 Coloured Plates by Rowlandson,

Tue Excrisn Daxce oF Death, from the

of T. Rowlandson, with Metrical
Ilustrations the Author of *Doctor
Syntax." Two Volumes.
This book contains 76 Coloured Plates.

THEDAxcror LiFe: A Poem. By the Author
of ¥ tor Syntax.,' Illustrated with 26
Coloured Engravings by T. Rowlandson.

[(Continned
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ILLusTRATED PockET LiBRARY OF PLAIN AND CoLoureD Books—continued.

Lire v Lonpon: or, the Day and Night
Scenes of Jerry Hawthorn, Esq., and his
Elegant Friend, Corinthian Tom. By
Pierce Egan. With 36 Coloured Plates by
I. R. and G. Cruikshank, With numerous
Designs on Wood.

Rear Live iy Loxpoxn: or, the Rambles
and Adventures of Bob Tz\!{yho, Isq., and
his Cousin, The Hon. Tom Dashall. By an
Amateur (Plerce Egan). With 31 Coloured
Plates by Alken and Rowlandson, etc.
Tave Folumes,

Tue Lire oF AN Acror. By Pierce Egan,
‘With 27 Coloured Plates by Theodore Lane,
and several Designs on Wood.

The Vicar or WakerieLp, By Oliver Gold-
smith, With 24 Coloured Plates by T\ Row-
landson.

Tue MiniTary ADVENTURES OF JOHNNY
Newcome, Byan Officer, With 15 Coloured
Plates by T. Rowlandson.

THe NationaL Srorts oF GREAT BriTAIN,
With Descriitions and 5: Coloured Plates
by Henry Alken,

This book is completely different from the
large folio edition of * National Sports’ by
1pe_lsame artist, and none of the plates arc
similar.

PLAIN

Tue Grave: A Poem. By Robert Blair.
Ilustrated by 12 Eichings executed by Louis
Schiavonetti from the original Inventions of
William Blake. Withan Engraved Title Page
and a Portrait of Blake hy%?l’hiilipe. R.A.

The illustrations are reproduced in photo-
graviire.

ILLusTraTIONS oF THE Boox or Jos. In-
vented and engraved by William Elake.

These famous IHustrations—21 in number
—arereproduced i.l‘-‘x"?hmogravure.

fEszor's Fanres, ith 380 Woodcuts by
Thomas Bewick.

Winpsor CastLE. By W. Harrison Ainsworth,
With 22 Plates and 87 Woodcuts in the Text
by George Cruikshank.

Twr ADVvENTURES OF A Post CArramn. By
A Naval Officer. With 24 Coloured Plates
by Mr. Williams.

Gamoxia 2 or, the Art of Preserving Game
and an Improved Method of making Planta-
tions and Covers, explained and illustrated
by Lawrence Rawstorne, Esq.  With 15
Coloured Plates by T. Rawlins.

Ax Acapemy ror Grown Horsemex @ Con-
taining the completest Instructions for
Walking, Trotting, Cantering, Galloping,
Stumbling, and Tumbling. Ilustrated with

a7 Coloured Plates, and adorned with a

ortrait of the Author. By Geoffrey

Gambado, Esq.

Rear Live 1y IRELAND, or, the Day and
Night Scenes of Brian Boru, Esq., and his
Elegant Friend, Sir Shawn 05'?) gherty.
Iy a Real Paddy. With 19 Coloured Plates
by Heath, Marks, etc.

Tue ADVENTURES OF Jounny NEWCOME 1N
T Navy. DBy Allred Burton. With 16
Coloured Plates by T. Rowlandson.

Tue OLp Excrisw Squire: A Poem. By
ohn Careless, sq. With 20 Coloured
lates after the style of T'. Rowland=on.

BOOKS

Tue Towsrr or Loxpox, By W. Harrison
Ainsworth., With 4o Plates and 58 Woodcuts
in the Text by George Cruikshank.

Frang FamrLecu. By F. E, Smedley. With
30 Plates by George Cruikshank.

Haxov Axov. By Samuel Lover. With 24
Hlustrations by the Author.

THe ComrLEAT ANGLER. By Izaak Walton
and Charles Cotton. With 14 Plates and 77
Woodcuts in the Text.

This volume is reproduced from the beauti-
ful edition of John Major of 182, y

Tue Pickwick PArErs. By Charles Dickens.
With the 43 Illustrations by Seymour and
Phiz, the two Buss Plates, and the 32 Con-
temporary Onwhyn Plates,

Junior Examination Series

Edited by A, M. M. STEDMAN, M.A, Feap. 8vo.

Junior Frewcu ExammwaTion Pavers, By
F. Jacob, M.A. Second Kdition.

Junior Latin Examinarion Parers. By C,
G. Botting, B.A. Fourih Edition.
Junior Excrisn ExaminaTion Parers.
W. Williamson, B.A.

Junior AriTHMETIC ExaMiNATION PAPERS.
By W. 5. Beard, Third Edition.

1%

Juntor Grerk Examivarion Parers. By T,
C. Weatherhead, M, A,

Junior GENERAL INFORMATION KXAMINA-
TioN Parers. By W. 8. Beard,

By | A Key 7o THE ABovE. 35, 6d. set.

Jumior Grooraruvy Examivartion Parers,
By W. G. Baker, M.A.

Jusior Arcesra Examinarion Papers. By | Junior German ExamiNaTion PArers. By

S. W. Finn, M.A,

A, Voegelin, M. A,
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Junior School-Books
Edited by O. D. INSKIP, LL.D., and W, WILLIAMSON, B.A,

A Crass.Boox or DictaTion Passaces. By
W. Williamson, B.A. Twelfth Edition.
Cr. Bve. 1s. 6d.

Tue GosreL ACCORDING TO ST. MATTHEW.
Edited by E. Wilton South, M.A. With
Three Maps. Cr.8v0. 1s. 64,

Ta:Gosm:.AoooamNGTo‘iT Mark., Edited
C{A. Rulz? D.D. With Three Maps.

15,

A Juxior Encrisn Graumaz, By W. W:!!nm
son, B, A. With numerous fur
and anal s, and nchnpl:eron

Third d'x.fmu Cr. 8vo.
A Jusior CHEMISTRY. ByE.A.T I¢r BA "
With 78 Hiustrations. hirvd
tion, Cr. . B
Tur ACTS OF THE Arm‘rusa. Edited by

A. E. Rubie, D.D. Cr. Bvo. as.

A Juxior an{cn Grammar. By L. A.

ELBN.BN'N\IW EXPERIMENTAL SCIENCE. PHY-
sics by W, T. Clough, A.R.C.S. CHEMisSTRY
by A. E. Dunstan, B.Sc. With z Plates and
154 glm p) Edition. Cr.8vo.
25,
UNIOR Gmus'rlw By Noel 5. Lydon.
With 276 Diagrams. Fowrik Edition. Cr.

24,

ELEMENTARY EXPERIMENTAL
By A. E. Dunstan, B.Sc. With 4 Plates and
109 Diagrams. Secomd Edition. Cr.8vo. 2s.

A Jusior FreEwch Prose. By R. R. N.

M.A. Second Edition. Cr.8ve. as.

Tur GosPEL ACCORDING 10 ST. Luxe. With
an Introduction and Notes by William
Williamson, B.A. With Three Maps. Cr.

Edited by

A

CHEMISTRY,

8vo. es.
Tue Fmst Boox or Kines,

A. E. Rusig, D.D. With Maps., C». Svo.

ornet and M, J. Acatos, Cr, Bvo, 2. 25,
Leaders of Religion
Edited by H. C. BEECHING, M.A., Canon of Westminster, Witk Portraits.

Carpinat Newsaxn, By R, H, Hutton. WiLLIAM Lwn. By W. H. Hutton, M.A.
Yous WesLey. By J. H. Overton, M.A, Third Edition,

Biswor WiLsErrorce, By G. W. Daniell, | Jous Kxox. ByF.MacCunn. Second Edition.

AL oy Howe. F. Horton, D.D,

CARDI AL Masssea; By k. W, Hatti, DL A. | Daatior stk By Br A Cladke B A

Cuances Stmeon. By H.C. G. Mafule, D.D.
Joun Kesie. By Walter Lock

I'omas CuaLmErs. By Mrs, 61- Inm
Laxceror Axorewks. By R. L. Ouley,
D.D. Second Edition.

m:us-rtsx or Caxtexevry. By E. L.
Cutts, D.

Gmmn Fox, THE QUAKER, By’.l‘ Hodgl:m,
A Third Kdition.
{_oas Doxxe. By An
nosas CRANMER. A‘; Muon. D D.
Biswor Latimer. By R

J. Carlyle, M.A.
Biswor BuTLeEr. By W. A, Spwmr, M.A.

Little Books on Art

With many Illustrations.

A series of monographs in mlmature. comaimnfa the
sub ect under treatment and rejecting minute ds

25, 6d. net.

complete outline of the
These books are produced

Demy 16mo.

the greatest care, Each volume consists of about 200 pages, and contains from
30 to 40 illustrations, including a frontispiece in photogravure.

Greex Art, H, B, Walters,
BOOKPLATES. B, Almack,
Revnowps. J. Su:ne. Second Edition.
Romuey. George Paston
GREUZE AND Botu:nta ‘Eliza F. Pollard.
Vanpyck. M, G. Smallwood.
Tunnm Frances Tyrrell-Gill.
Jessie Allen

rmn. H. P. K. Skipton.

Hovsein, Mrs, G. Fortéscue.

Thivd Edition.| Warrs. R. E, D, Sketchley.

LeignTton, Alice Corkran,
\"ln.mquuz Wilfrid Wilberforce and A. R,

Gilbert,
Coror. Alice Pb'lhrd and E:hel Birnstingl,
A. R. Dryhurst

RApHAEL,

MiLLeT.  Netta Peacock,
ILLvsusaTes MSS. J. W. Bradley.
Curist 1v AxT. Mrs, Henry Jenner,

JeweLLErY., Cyril Davenport.
[Continned.
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LitTLr Books on ART—continued.

Burne-Jowes, Fortunée de Lisle, Secomd
Edition.

REMBRANDT. Mrs. E. A, Sharp.

Cravpe. Edward Dillon,
THe ARTS m&ljmmu. Edward Dillon,
EnAMELS. rs. Nelson Dawson.

The Little Galleries
Demy 16mo. 25, 6d. wel,

A series of little books containing examples of the best work of the great painters.
Each volume contains 2o plates in photogravure, together with a short outline of the
life and work of the master to whom the book is devoted.

A Lrrrie GALLERY OF REVNOLDS. A Lirtee Galnery oF MinLais.
A LitrLE GALLERY OF ROMNEY. A Larrie GarLery of Ewncrisa PowTs,
A Littie GaLLEry oF Horener.

The Little Guides
With many Illustrations by E. H, NEW and other artists, and from photographs,
Small Pott 8vo, cloth, 2s. 6d, net.; leather, 35. 6d. nel.

Messrs. METHUEN are publishing a small series of books under the general title
of THE LITTLE GUIDES., The main features of these books are (1) a handy and
charming form, {2) artistic Illustrations by E. H. New and others, (l? good plans
and maps, (4) an adequate but compact presentation of everything that is interest-
ing in the natural features, history, archaology, and architecture of the town or
district treated.

CaMBRIDGE AxD 175 Corieces. By A. Herrrorpsmire. By H. W. Tompkins,
Hamilton Thomg S ! Edition, | FRH.
OXFORD AND 1TS COLLEGES. By J. Wells, | Tue Isie or Wicnt. By G. Clinch.
M.A. Seventh Edition, Kent. By G. Clinch.
S, PaUL'S CATHEDRAL. By George Clinch. | Kerrv. By C, P.
WesrMiNsTER Apnev. By G. E. Trontbeck. | Miopresex, By fohn B. Firth.
—— NORTHAMPT By Wakeling Dry.
Tur Excriss Lakes. By F. G. Brabant, M.A. | Norrork. By W. A. Dutt.
Tueg MaLveEry Couwtey. By B. C. A. | OxrorpsuiRk. By F. G. Brabant, M.A.
Windle, D.Sc., F.R.5. | SurFoLk. By W. A. Dutt,
SHAKESFEARE'S CountiY. By B, C. Al | Surrev. ByF. A. H. Lambert.
Windle, D.S¢., F.R.5. Second Edition. Sussex, By F. G. Brabant, M.A,  Second

Edition.
BuckiscHaMmsuigs. By E. S, Roscoe. Tug East Rimxc or Youksurze. By ] E.
Cugsuire. By W. M, Gallichan. orris.
CORNWALL, f;y A. L. Salmon. TueNorTa Ripine oF Yorksuire. By J. E.
Duﬁuasvsmnm By J. Charles Cox, LL.D., Morris. 2
Devon. By S. Baring-Gould. Brrrrany. By S, Baring-Gould.
DoxseT. lyy Frank R. Heath. Normawov, By C. Scudamore.
HamesEire. By J. Charles Cox, LL.D., | Rome By C. G. Ellaby.
F.S.A. | SiciLy. By F. Hamilton Jackson,
The Little Library

With Introductions, Notes, and Photogravure Frontispieces.
Small Pott 8vo. FEdch Volume, cloth, 15. 6d. net ; leather, 25. 6d. net.
Anon. ENGLISH LYRICS, A LITTLE | NORTHANGER ABBEY. Edited by E. V.
BOOK O

F. UCAs.
Austen (Jane). PRIDE AND PRE]JU- Bacon (Francis). THE ESSAYS OF LORD
DICE. EditedbyE. V. Lucas. Twoe Fols. BACON. Edited by Enwarp WRIGHT.

[Continned.
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THE Litrir Linrarv—continued.

Barham (R. H. 'I‘HE INGOLDSRBY
LEGEN DS. d by J. B. Arvav.
Two Volumes.

Barnett (Mrs. P. A.). A LITTLE BOOK
OF ENGLISH PROSE.

Beckford (William), THE HISTORY

OF THE CALIPH VATHEK. Ldited
by E. Dexisox Ross,

Blake (William)., SELECTIONS FROM
WILLIAM BLAKE. Edited by M.
PeruGIN,

Bnrrow (Georg LAVENGRO. Edited

by F. HR‘-DI?.S Roome.  Ttvo V ‘olumes.

THE ROMANY RYE. Edited by Jomx
Samrson.

Bmwnlng Robert). SELECTIONS
FRO '"HE EARLY POEMS OF
ROBE‘R'I‘ BROWNING. lidited by W,
Have Griermn, M.A,

Cannlng ((leor ). SELEC'I‘IONS FROM

AC OBIN : with Georcr
Cnawmr s ad tional Poems. Edited by
L: O\rn SANDERS.

E_' I'lll!.ll‘lv) THE ESSAYS OF
A LEY. Edited by H, C.

\Iwcnw

Crabbe (George). 'EFLECTIONS FROM
GEORGE RABBE. Edited by A. C.
Crllkgﬂn.). OHN HALIFAX,
I AN. Edited by Anng

Ma'mssou Two Folumes.
Crashaw (Richard), THE EN(“LISH
POEMS OF RICHARD CRASHAW,

Edited by Epwarp Hurron,

Dante (Allzhleri). THE INFERNO oF
DANTT ranslated H. F. Canv.
Edmd by Pacer Tovapee, M. A., D. Lm

THE PURGATORIO OF DANTE Trans-
lated by H. F. Carv. Edited by Pacer
Tovsnee, M.A., D.Liu,

THE PaRﬁDISO OF DANTE Trans-
lated by H. F. Cnv Ed.nad by Pacer
Tow Nuu, M.A, D.

lhrla ﬁe). SELECTIONS FROM

5 OF GEORGE DARLEY.
Edmd y A, STREATFEILD,

Deane (A. C.). A LITTLE BOOK OF
LIG T VERSE.

Dickens (Charles). CHRISTMAS BOOKS,
Tawo Volumes.,

Ferrier (Susan). MARRIAGE. Fdited

by A. Goobrick - Freer and Lorp
IDpEsLEGH. Tiwo Folumes.
THE INHERITANCE. Thwo Polumes.

MESSRS. METHUEN'S CATALOGUE

Keats (John). POEMS. With an Intro-
duction by L. Binvox, and Notes by J.
MasEFIELD,

Kinglake (A. W.). EOTHEN. Withan
Introduction and \!on:s. Second Edition.

Lamb (Charles LIA, AND THE

l.mker P.). LO"IDO\' L\"RICS Edited
FY ). GopLey, M.A. A reprint of the
ustE
ellow (H. W.).
P OM  LONGFELLOW. Edited by
Marvell g\nd THE POEMS OF
ANDR
Miltnn John THE MINOR POEMS
HN MILTON. Edited by H. C.
Moir(D. M.). .\IA\‘SIE WAUCH. Edited
by T. F. Hexpersox,
RVGL!SH SONNETS.
THE MAXIMS OF
Dean Stasnors. Edited by G.
PowELL.
ESSES. Edited by A, D; GobLRy,
Sterue l..mre EdJ ASFNTIMENT&L

T

}EAS'IS ESSA ] OF ELIA. Edited by

dition,
SELECTIONS

L. M, !‘.MTHPLIL

MARVELL. Edited by E.

WriGHT,

Bmm':c. M.A. Canon of Westminster.
Nichols (J. B. B.). A LITTLE BOOK OF
Roc

]l;yA ROCH‘F?‘GCA ULD. lrnnslnscd
Smltll(llilnrmnnd.lnuu:l. REJECTED

V. Pavl.

Ten -mn: EARLY
M8 FaLkRED LORD TENNY.
50‘{\7. Edited by J. CrurTox Corrins,

M.A.

IN MF’\IOR.'IA.\[ Edited by H. C.
BEECHING,

THE PRINJCESS. Edited by Evizarern
WoRDSWORTH.

MAUD. Edited by ELizaneTH WORDSWORTS.
Thackeray(W.M.). VANITY FAIR.
Edited by 8. Gwvnn.  Three Volumes,
PENDENNIS. Edited by S. Gwynx,

Three Volumtes.
ESMOND. Edited by S. Gwysy,
CHRISTMAS BOCIK.g. Editedby S. Gwynx,
Yaughan ﬂeng THE POEMS OF
HENRY AN. Edited by Enwarp
Hu'r'rox.
Walton ‘3. THE COMPLEAT
A\‘GLE Edited by J. Buckaxs.
Wauﬂmnu Mrs. Alired). A LITTLE
BOOK OF LIFE AND R:\TH. Edited
by. Tenth Edition.
on Japanese Paper. Leather. £,
net.

Gaskell (Mrs.). CRANFORD. «dited W.). SELECTIONS FR
E. V. Lucas.)- Second Edition. e \VORDS\V&RT}I Edited by Nougﬂ
letlwrne(Natllulel). THESCARLET . SmiTi.
LETTER. Edited by Percy DEARMER. | Wordsworth (W.) and Coleridge (S. T.
Henderson (T. F.). A LITTLE BOOK | = LYRICAL BALLADS. Ed iied by Gao
OF SCOTTISH VERSE. Sampson,
. . .
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The Little Quarto Shakespeare
Edited by W. J. CRAIG. With Introductions and Notes

Pott 16mo. In 40 Volumes. Leather, price 1s. net eack volume.
Makogany Revolving Book Case. 10s. net.

Miniature Library
Reprints in miniature of a few interesting books which have qualities of
humanity, devotion, or literary genius.

Eurnrasor: A Dialogue on Youth. By | Tug Lire or Epwarp, Loko Hexsert or
Ed FitzGerald. From the edition pub- |  CuErAURY. Written by himself. From the
lished by W. Pickering in 1851, Demy edition printed at Strawberry Hill in the
samo.  Leather, 25. net. year 1764.  Demy 32mo. Leather, 25 nel.

Poroxius: or Wise Saws and Modern In-| Tue Visions oF Dos Francisco Queveno
stances. By Edward FitzGerald. From ViLLEGAS, Knight of the Order of St
the edition published by W. Pickering in James. Made English hﬁ R.L. From the
1852, Demy 3amo.  Leather, 2s. net. edition printed for H, Herringman, 1665,

Tue RupAivAT or Omar Kumavvim. By Leather. as. nel. =

FitzGerald. From the 1st edition | Porms. By Dora Greenwell. From the edi.
of 1859, Third Edition. Leather, 1. nel., | * “tion of 1848. Leather, 25. nel.

Oxford Biographies
Feap. 8vo. Each volume, cloth, 2s. 6d. net; leather, 3s. 6d. net.

DasTE ALicHiers. By Paget Toynbee, M.A., | Rosear Burss, By T. F. Henderson

D.Litt. With 32 Illustrations. Secomd| _ With 12 Ilustrations.

Edition, :Clmﬂum. By A. 5. M'Dowall. With 12
SavonarorA. By E. L. S. Horsburgh, M.A. Tlustrations.

With 12 Ilustrations. Second Edition. ST, Fraxcis o Assist. By Anna M. Stod-
Jous Howakn., By E. C.S, Gibson, D.D., | _dart. With 16 Illustrations.

Bishop of Gloucester, With 12 Illustrations. | CAxxivG, By W. Alison Phillips. With 12
Tenxysox. By A. C. Bessow, ML.A. With|  [llustrations.

9 Tllustrations. 3 BeacossrigLp. By Walter Sichel. With 12
Warter Rateige. By L A, Taylor. With Tilustrations.

12 Illustrations. = | Goerne. By H, G. Atkins. With 12 IHlus-
Erasmus, By E. F. H. Capey. With 12| trations.

llustrations. | FExeLox, By Viscount St Cyres. With
Tug Yousc Pretexper. By C. 5. Terry. 12 Illustrations.

With 12 1llustrations. }

School Examination Series
Edited by A. M. M. STEDMAN, M.A. Cr. 8vo. 25 6d.

Frexcn Examinarion Paress. lzy A M. Kev (Third Edifion) issued as above

M. Stedman, M.A.  Fourteenth dition. 65, net.

asﬁg‘;’:‘:ﬁg t:,%zm"m"_’d m‘:;; HisTorv A¥D GEOGRAPHY EXAMINATION

t the Publishers. FyA Bdifion. | EA'ERS. By C. H.Spence,M.A. Second

Crown Bro. 6. met. Edition.
LaTiN Exasination Parers, By A. M. M. | Puvsics ExamixaTion Parers. By R. E.
Stedman, M. A, Thirteenth Edition. Steel, M.A,, F.C.

Kev (Sixth Edition) issued as above. | Guupgar,  KnowLEpGE  EXAMINATION

. mel.
Gngf:“f E’““ﬁ“ﬁ‘:’"ﬁ}-?ﬁ'ﬂ,-n‘“" M. M. 5?;3”&;;.-?3,.“‘ M. M. Stedman, M.A.
tedman, . i oK. o .
K’é:.r (Third Edition) issued as above. ?;K,:\'r (Fourth Edition) issued as above.
. net. i 3
GerMAn Exammsation Parers. By R. J. | Exasuxarion Parens iv Excrisy History,
Morich  Séxth Edition. By J. Tait Plowden-Wardlaw, B.A.
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School Histories

{llustrated.

A Scuoor HisToRY OF WARWICKSHIRE. By
B. Windle, D.Sc., F.R.S,

A Scioor History or Somerser. By
Walter Raymond.
Schoor Historv oF LANCASHIRE. by
V. E. es.

Crown Svo.

A Scoor History or MibpLEsEX.

1s5. 6d.

A Sceoor Historv or Surrev. By H. E.
Malden, M.A.

By V.

G. Plarr and F. W. Walton.

Texthooks of Science
Edited by G. F. GOODCHILD, M.A., B.Sc,, and G. R, MILLS, M.A.

Pracricar Meciaxics. By Sidney H, Wells,
Thivd Edition. Cr.8vo. 36 6d.

Practicar Puvsics. By H. Stroud, D.Se.,

A. Cr Bvo. 4s. 6d.

PracTicat Cuesnstey. Part 1. By W.
French, M.A. Cv. 8vo. Fourth Edition.

15, 6. Partm. W. French, M.A., and

T. H. Boardman, M.A. Cr. 8ve. 1s. 64,

Tecu¥icAL ARITHMETIC AND GEOMETRY.
By C. T. Millis, M.LM.E. Cr. Bwo.
35. 6d.

Exasmrres 1% Puysics. By C. E. Jackson,
B.A. Cr.8vo. as. 6d.

Prant Lire, Studies in Garden and School.
gy Horace F. Jones, rég.s. With 320
ia,

ams, Cr. Bvo.

Tue ComrLeTe Scnoot.” CugsusTrv. By F.
Oldbam, B.A. Tllustrated. Cr. Baw,

AN _Orcaxic CHEMISTRY FOR ScHooOLs AND
Tecumicar Ixsmirures. By A. E. Dunstan,

_ B.Sc.(Lond.), F.C.S. IHustrated. C». 38w

EremesTARY Scirnce Fok Pume TEACHERS.
Puysics Secrion. lig W. T. Clough,
A.R.C.S. (Lond.), F.C.S. Cuesustry
Secrion. By A. E. Dunstan, B.Se, (Lond.),
F.C.S. With 2 Plates and 10 Diagrams.
Cr. Bvo. 25,

Methuen's Simplified French Texts
Edited by T. R. N. CROFTS, M.A.
One Shilling each.

L.}élsc?“ p'usk Turire. Adapted by T. R.
ABDALLAH. A'dipted by J. A. Wilson.

La Crnansow pe RoLAsp, Adapted by H.
Rieu, M.

Megworres pe Cabicioy, Adapted by J. F.
Rhoades,

Methuen’s Standard Library
In Sixpenny Volumes.
THE Staxparp Lisrary is a new series of volumes containing the great classics of the

world, and particularly the finest works of En

works

series ma

glish literature. All the great masters will be
or in selections. i

It is the ambition of the publishers to

P d, cither in comp g
place the best books of the Anglo-Saxon race within the reach of m¥ reader, so that the

t something of the diversity and splendour of our

nglish tongue. The

eh.nrmr.en’sﬁns of THE STANDARD LIBRARY are four i—1. SOUNDNESS OF TEXT. 2. CHEAPNESS,
3. CLEARNESS OF Tvre. 4. StmrriciTy, The books are well l‘:ﬁmﬁd on _good paper at a

price which on the whale is without parallel in the history of pu
tains from 100 to :thmges. and is issued in paper covers, Crown
ng

cloth gilt at One
or as Treble Volumes,

Tue MepitaTions or Marcus AURELIUS.
e translation is by R. Graves.

SEMSE AND SENsiBiLiTy. By Jane Austen,

Essavs axp CounsiBrs and Tur New
i Lord

ATLanTis. By Francis Bacon,
Verulam.

Revigio Mepict and Usy Bumian, By
ir T Browne. The text has been
collated by A, R. Waller,

net. In a few cases long books are issued as

lishing. Each volume con-
Bvo, at Sixpence net, or in
ouble Volumes

Tre PiLGrim's ProGress, By John Bunyan,

RerLucTioNns O THE FrENxCH REVOLUTION.
B¥ Edmund Burke.

Tue Poems axp Soncs or RoserT Busns.

e ble Volumk %

HE ANALOGY oF RBLIGION, NATURAL AND

REVEALRD, ﬁlulcr, LD,

Tue Poems of Tuosmas CHaTTERTON, In2

volumes,
Vol. 1.—Miscellaneous Poems.
[Continued.




GENERAL LITERATURE

METHUEN'S STANDARD LiBRARY—confinued.
Vol. 11.—The Rowley Poems.

Tue New Lire axp Sossers. By Dante.

Translated into English by D. G. atti,

Tom Jones. By Henry Fielding, Treble Vol

CranrForD. By Mrs, Gaskell.

Tus History oF THE DECLINE AnD FALL OF
THE Roman EMpire, By Edward Gibbon.
In 7 double volumes.

The Text and Notes have been revised by
. B. Bury, Litt.D., but the Appendices of
the more expensive edition are not given.

Tue Vicar or WAKEFIELD. By Oliver

Goldsmith.

Tue PoEMs ANDPLAVS OF OLIVER GOLDSMITH.

Tre Works or BEx Jonsox.

Vou. 1.—The Case is Altered. Ewvery Man
in His Humour. Every Man out of His

Humour. £
Vol. 1. —Cynthia’s Revels ; The Poetaster.
Thetext has been collated by H. C. Hart.

Tus Poems oF Joun Kears. Double volume,
The Text has been collated by E. de
Selincourt,

On tue ImiraTion oF CHrist. By Thomas
a Kempis,

The translation is by €. Bigg, DD.,
Canon of Christ Church.

A Semiovs Cari 1o A DeEvour anp Houv
Lire. By William Law.

Parapisg Lost. By John Milton.

ExoxoKLASTES AND THE TeEnure or Kincs

AND MacisTRATES. By John Milton.

UToria anp Poems. By Sir Thomas Mare.

Tue RerunLic or Prato. ted by
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Sydenham and Taylor. Double Volume,

e translation been revised by
W. H. D. Rouse.

Tue Lirree Frowems orF 5t. Francs.
Translated by W. Heywood.
Tue Works or WiLLiam SeakesrEare.  In
10 volumes.
Vou. 1.—The Tempest ; The Two Gentlemen
of Verona ; The Merry Wives of Windsor ;
Measure for Measure; The Comedy of

Errors,

Vour.11.—Much Ado About Nothing ; Love's
Labour's Lost; A Midsummer Night's
Dream ; The Merchant of Venice; As You
Like It,

Vor.. 1i1.—The Taming of the Shrew ; All's
Well that Ends Weil; Twelith Night ; The
Winter's Tale.

Vol. iv.—The Life and Death of King John
I'he Tragedy of King Richard the Second ;
The First Part of King Henry 1v. ; The
Second Part of King Henry 1v.

Vol. vo—The Life of King Henry v. ; The
T'irst Part of King Henry vi. ; The Second
Part of King Henry vi.

Vol, vi.—The Third Part of King Henry
vl ; The Tragedy of King Richard 1. ;
The Famous History of the Life of King
Henry viin.

Tue Porss oF PERCY ByssHe SHELLEY. In 4
volumes.

Vol. 1.—Alastor ; The Dxmon of the World ;
The Revolt of Islam, etc.
The Text has been revised by C. D. Locock.

Tue Lire or NEusox. By Robert Southey.

THe NATURAL HISTORY AND ANTIQUITIES OF
Seiporne. By Gilbert White.

Texthooks of Technology
Edited by G, F. GOODCHILD, M. A., B.Sc., and G. R. MILLS, M.A,

Fully Hllustrated.

How To Mage A Dress. By J. A. E, Wood.
Fowrth Edition. Cr, Bvo. 1s. 6d.

CARPENTRY AND Joinegy. By F. C. Webber.
Fifth Edition. Cr 8Bve, 3s. 6d.

MiLinery, THEORETICAL aAxD PRACTICAL.
By Clarc Hill. Third Edition, Cr. 8ve.

25.
Ax InTRODUCTION TO THE STUDY OF TEX-
TiLe DEsiGy. By Aldred F. Barker. Dewmty

8z0.  7s. 6.

BuiLpers' Quantimes. By H. C. Grubb.
C». Bvo. 4. 6d.

REvoussk MeTaL Work, By A. C. Horth.
Cr. Bvo, 25 6d.

Erecriie Ligut Axvp Power: An Intro-
duction to the Study of Electrical Engineer-
ing. {IE E. Prooks, B.Sc. (Lond.)

Second Master and Instructor of Physics

and Electrical Engineering, Leicester

Technical School, and W. H, N. James,

A.R.C.S., A.LLE.E., Assistant Instructor
of Electrical Engineering, lesler
Municipal Technical School. Cr, 81w, 45. 6.

ENGINEERING WoORKsHOP PracTicE. By

5 Allen, Lecturer on Eogineering,
Municipal Technical Institute, Coventry.
With many Diagrams. Cr. Brvo. 24

Handbooks of Theology

Edited by R, L. OTTLEY, D.D., Professor of Pastoral Theology at Oxford,
and Canon of Christ Church, Oxford.

The series is intended, in part, to furnish the clergy and teachers or students of
Theology with trustworthy Textbooks, adequately representing the present position
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of the questions dealt with; in part, to make accessible to the reading public an
accurate and concise statement of facts and principles in all questions bearing on
Theology and Religion,

Tue XXXIX. ArTicLEs oF THE CHUxcH or | Ax InTropucTion To Tue HisTORY oF THE
Excrasp,  Edited by E. C. S. Gibson, Creeps. By A. E. Burmn, .D.D Demy
II}D- vagi and Cheaper éﬁﬁh‘m in ome| Bvo. 10% 6d.

olume. lemey Buo. 128, 6d. 4

An_InTroDUCTION TO THE HISTORY OF T"fugﬁ;m:f °£y§’"'-'r':l'°c” ]t",w%;'f"ﬁ'ﬁ’

Revigiow. By F. B. Jevons. M.A.
Litt,D. T&Erdgdia'm. Deiny 8vo. sot. 6, Demy 8vo. 105, 6d.

Tie DocTRINE OF THE INcarsaTion. By R.| A History or EArLY CHrisTIAN DOCTRINE.
tley, D.D. Second and Cheaper| By ]. F. Bethunc-Baker, MA. Demy 8vo.
Edition.” Demy 8vo. 115, 6d. 108, 6d.

The Westminster Commentaries

General Editor, WALTER LOCK, D.D., Warden of Keble College,
Dean Ireland’s Professor of Exegesis in the University of Oxford.

The object of each commentary is _Primarily exegetical, to interpret the author’s
meaning to the present generation. The edifors will not deal, except very subor-
dinately, with questions of textual criticism or philology: but, taking the English
text in the Revised Version as their basis, they will try to combine a hearty accept-
ance of critical principles with loyalty to the Catholic Faith,

Tue Book or Gexesis, Edited with Intro-| Tue FixsT EpISTLE oF PAUL THE APOSTLE
duction and Notes by 5. R. Driver, D.D. T0 THE ComintHIANs, Edited by H. L.
Sixth Edition DemyBvo. 108 6d. Goudge, M.A. Deniy Bvo, 6s.

Tug Boox or Jon. Edited by E. C. S. Gibson, | THE ErisTLE OF StT. James. Edited with In-
D.D, Second Edition. Demy 8vo, 6s. troduction and Notes by R. J. Knowling,

Tue Acts oF THE APosTLES. Edited by R. D.D. Demy Buo, 6s.

B. Rackham, M.A. Demy Bvo. Third|Tue Book of Ezexigr. Edited H. A. Red-
Edition. 105, 6d, path, M.A., D.Litt. Demy 8vo. 105, 6d.

Parr II.—FicTION

Adderley (Hon. and Rev. James), Author I CASTING OF NETS. Tswelfth Edition, Cr.
of *‘Stephen Remarx.” BEHOLD THE Bpo. 6,
DAYS COME. Second Edition. Cr.Bvo. | DONNA DIANA. A New Edition. Cr.

. 6. 8ve. 65,
Alg:.msl E. Maria). SUSANNAH AND LOJE'S PROXY., A New Edition. Cr.8vo.

ONE OTHER. Fourth Editien. Cr.! E
8zo. 63, : Baring-Gould (S.). ARMINELL. Fi#k
THE BLUNDER OF AN INNOCENT. Edition. Cr. Bvo. 6s,

Second Edition. Cr. Bvo. 63, | URITH. Fifth Edition. Cr.8vo. 65
CAPRICIOUS CAROLINE. Second Edi- | IN THE ROAR OF THE SKA. Seventh

tign. Cr. Bvo. 6s. Edition. Cr.8ve. 6s.
L%VEE AN?: LOUISA. Second Edition. C!'}:EAP JACK ZITA. Fowrth Edition.
. Bvo, 65, v, Boo, fs.
PETER, A PARASITE, Cr.B8vo. 6s. " MARGERY OF QUETHER. Third
THE BROWN EYES OF MARY. Third Edition, Cr. Bro, 3
Edition. Cr. Bvo. 6s, THE QUEEN OF LOVE, Fifth Edition.
I KNOW A MAIDEN. Thkird Editiom Cr, Bvo. 6s.
AC%UETTA. Thivd Edition. Cr.8ve. 6s.

Cr. Bvo. 6.
Anlte‘y s{-". _Author of "Vice Versl' A  § ALONE. Fifth Edition, Cr,8vo. 6s.
BAYA FROM BENGAL. Illustrated N(s)ghﬂ. Dlustrated. Fowrth Edition. Cr.

By BerwarD ParTrIDGE. Thivd Edition. 0. 65,

7 Boo, 31, 6. THE BROOM-SQUIRE. Illustrated.

Bart (Rlclﬂrd). A ROMAN MYSTERY, Fg‘u Editicn. Cr. Bvo. 6s.

kivd Edition. Cr.Bvo. 6s DARTMOOR IDYLLS. Cr. Svo. 65,

THE PASSPORT. Fowrth Edition. Cr.| THE .. PENNYCOMEQUICKS, Thivd
8w 65. Edition. Cr. 8ve. 6s.

TEMPTATION. Fourth Edition. Cr.Bve. | GUAVYAS THE TINNER. Tustrated.
65, Second Edition. Cr. 8vo. 6s.
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BLADYS OF THE STEWPONEY. Illus-
trated. Second Edition. Cr. Bue. 6s.
PABO THE PRIEST. Cr. 8zo. 6s.
WINEFRED. Illustrated. Second Edition.
Cr. 8po. 6s.
ROYAL GEORGIE, Ilustrated, C», Bvo. 65.
MISS QUILLET. Illustrated. Cr 8vo. 6s.
CHRIS OF ALL SORTS. Cr. Bvo. 6s.
IN DEWISLAND, Second Edition. Cr.

8vo. Gs.
LITTLE TU'PENNY. A New Edition. 6d.
See also Shilling Novels.
Barnett (Edith A.), A WILDERNESS
WINNER. Second Edition. Cr. Bye, 65,
Barr (James), MUG HING THROUGH
A WILDERNE! . Cr. Bwo.
N THE MIDST OF
5. Tah'm' Edition. Cr. Bvo. 6s
THE STRONG ARM. Second Edition.

Cr. Bvo. 6s.
THE MUTABLE MANY. Thivd Edition.

Cr. Bue. 63,
THE COUNTESS TEKLA Fourth
Edition. Cr. 8vo.
TI'éE &.ADY ELECTRA Second Edition.
va,
THE TEMPESTUOUS PETTICOAT.
Hlustrated, Thivd Edition. Er‘ . 6s.
See also Shilling Novels and 5. Crane,
Boghla (Harold THE wVEN'IURFS
'SPARROW. Cr. Buo. 6s.
Be]lﬂc(Hi]alre). EMMANUELBURDEN,
RCHANT. With 36 Ilustrations by
G. K. CHESTERTON. Second Edition.
Cr. Boo.  6s.
Benson(E. F.) DODO. Fifteenth Edition.

Gr. Bre. 65
THE CAPSINA. Second Edition. Cr. Bvo.

See also Shilling Novels.
Benson (Margaret), SUBJECT TO
VANITY. Cr. 8ve. 35 Gd.

Bretherton (Ralph), THE MILL. Cr
Bvo. 6s.

Burton (J. Bloundelle). THE FATE
OF VALSEC. Cr. 8vo. 6s.
See also Shilling Novels.
Capes {Bernard). Author of ‘The Lake of
ine.’ EXTRAORDINARY CON-
FEthONSOF DIANAPLEASE, Third
Edition. Cr.Bve. 65
AY OF IT/ \]-\". Fourth Ed. Cr.Buvo. 6s.
.BVFS A\'D FISHES. Second Edition.

A gOGUE ‘5 TRAGEDY. Second Edition.
# 90. O,
Charlton (Randall). MAVE. Second Edi-
tion. Cr. Spo.
Chean} (Weatherb, THE TRAGEDY
GREA EMERALD. Cr.

Svo,
THE MYSTERY OF A BUNGALOW.
Second Edition, Cr, 8uvo. 6.
See also Shilling Novels,
001'01!] Marie). ROMANCE OF TWO
8 5: 5. Tweniy-Seventh Edition. Cr.
W. .

VENDETTA. Tuwenty-Fifth Edition. Cr.
e, o
THELMA. Thirty-Sixth Edition. Cr.Bvo.

65,
ARDATH: THE STORY OF A DEAD
SELF .Smxtcmﬂ& Edition. Cr.8vo. 65
THE SOUL OF LILITH. Fourteenth Edi-
fion, Cr. Buo.
WORMWOOD. Fﬁunﬁl‘.‘d. Cr.Bvo. 6s.
BARABBAS: A DREAM OF THE
WORLD'S TRAGE.DY. Forty-secend
Edition. Cr. 8v
THE SORR%WS DF SA‘I'A‘N. Fifty-second
Edition.
THE MASTER CHRISTIAN‘ Tenth
E.-!:fwn. Cr. 8o
MPORAL PO\VF’R A STUDY IN
SUPREMACY. 150th Thousand, Cr.

65,
GOD’S GOOD MAN: A SIMPFLE LOVE
STORY. Fleventh Edition. Cr.8vo. 65
THI MIGHTY ATOM, Twenty-sicth Edi-
tion. Cr. Bovo. 6s,
BOY : a Sketch. Nindh Edition. Cr. Bvo. 6s.
CAMEOQS Taweifth Edition. Cr.Bvo. 65,
Cﬂtbl (Mn Everard). See Sara Jeannette

Cotterell Constance). THE VIRGIN
AND E SCALES. Hlustrated. Second
Ed:!fom Cr. 8vo, 6s.

Crane gtephen) and Barr (Robert).
THE O'RUDDY. C»Bwo. 6s

Crockett (S. R.), Author of * The Raiders,’
ete, LOCHINVAR. Illustrated. Third

Edition. Cr. 8vo. 6s.

THE STANDARD BEARER. Cr. Bwo. 6s.

Crol:er &B. THE OLD CANTON-

Cr. Svn 5.

]OH.&NNA. Second Edition. Cr. Bve, 6s.

IHCE sI;I:PPY VALLEY. Third Edition.

». Bvo.
A NINE D\YS' WO'\I‘DFR- Third

Editi Crs

PEGGY OF THE BRRTO\'S. Sixth
Edition, Cr, 8vo. 65,

ANGEL. Fourth Ed’x’ifon. Cr. 8va, 65,

A STA l.‘E SECRE‘I Third Edition, Cr.
Bua.

Crouble(hhry). DISCIPLES. Cr, Buo. 68,

Dawsnn (A. DANIEL WHYTE,

Decanes (Mary) "THE OTHER PAWN.
». Bop, G6s.
Doﬁle (A. Conan), Author of *Sherlock
olmes,' ‘The White Company,’ etc,
ROUND THE RED LAMP. Zenth
Edition. Cr. Bpo. 6.9.
(Mzs, Everard

D (Sara J
Cotes). THOSE I)ELIGHTFUL
A.MI‘.RIC*\I\ S. Mustrated. Third Edition.
Cr, See also Shilling Novels,
Findlml‘(-l H ). THE GREEN GRAVES
C‘? . OWRLE, Fifth  Edition.
¥ Wﬂ

THE LA.DDER TO THE STARS. Second
Edition. Cr.8ve. 65

See also Shilling Novels.
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Fin Mary). A NARROW WAY.
Third Eéibn % Cr. Bovo..
r&:nf Edition.

THE ROSE OF JOY.

Cr. Bvo. 6s.
A BLIND BIRD'S NEST. With 8 Ill.us-
trations. Second Editien. Cr. Bvo. 6s.

See also Shilling Novels,
tzpatrick (K.) THE WEANS AT
RUWALLA&\L ) Ilustrated. Second Edi.
tien, Cr, Bvo. 6s.

Fram:ls (M. E.). STEPPI\!G WEST-
. Second Edition. Cr. Bro.
Frmr(ﬁiu Hl;ﬁlgl), Author of * The S:o!en

Em KING OF THE

SWi R.D
IN THE SHADOW OF THE LORD.
Third Edition. Crowsn 8vo. 6s.
Fuller=Maitland fEIln), Author of * The
Day Book of Bethia Hardacre." BLANCHE
ESMEAD. Second Edition. Cr.B8vo, 6s.
CGiates (Eleanor), Author of * The B"’TX \?-
2‘( nsl’ram; Girl." THE PLOW-WO
». Boe. Gs.

A lhmof ‘ Lady Bab
HOLY (M.ATRIG%NI\". dx'fu?n

MADE OF MONEY Cr. 8vo. 6s.
THE BRIDGE OF LIFE. C»r. 8ve. 6s,
THE IMPROBABLE IDYL..
Edition. Cr. Bvo. 6s.
See also Shilling Novels.

Gissi (Gur ).,_Aut!wr of L

ll\e ubil ee. el.c.
LL d. Cr. Bvo. 6s.

THE CROWN 0[-‘ LIH:.. Cr. Bvo. 6s.

Gleig (Charles). BUNTER'S CRUISE.
Illustrated. Cr. 8vo, 3s. 6d.

Hamilton (M.), Author of *Cut Laurels.
THE FIRST CLAIM. Second Edition.
Cr. Bvo. 6s.

Harraden (Beatrice)) IN VARYING
MOODS., Kourteenth Edition, Cr, 8o, 6.

HlLDr\ STRAFFORD and THE REMIT-
E MAN. Twelfth Edition. Cr.

'l.'HE SCHOLARS DAUGHTER. Fourth
Edition. Cr. Bve. 6s.

Third

x Demmb In

nces Forbes Robertson).

THE BRUTE. Cr.

Herbertsou nes G.), PATIENCE
DRAN . Cr b >

Hichens (Robert,, THE PROPHET OF

LEY SQUARE. Second Edition.

C

TOVGUI-‘S OF CONSCIENCE. Third
Edition. Cr.8ve. 6s.

FELIX., Fifth Edition. Cr. Bve.

THE WOMAN WITH THE FAN “Sixth
Edition. Cr, Bvo. 6s.

BYEWAYS, Cr. Bre. 61,

TH.E GAR.DEN OF&ALLA!{ Fifteenth

r. 8o,
THE BLACK SPANIEL., C» 8vo. 6s.

THEQEM\QING or
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THE CALL OF THE BJLOOD. Seventh
Edition, Cr. Bvo. 6s.

!ﬂge (Antllom%. THE GOD IN THE
AR, Ten dition. Cr. Bve. 65
ACCHANGE OF AIR. Sixth Edition.
A MAN OF MARK. Fifih Ed. Cr. Bvo. 6.
THE CHRONICLES OF COUNT AN-
TONIO. Sixth Edition. C‘r Bm 6s.
PHROSO. Ilustrated by H. R. MIiLLAR.

SM‘!.& Edition. Cr. 8Bvo. ﬁl.
SIM N DALE, Illustul.ed. Seventh Edition.

». Bvo,
THE KING'S MIRROR. Fourth Edition.

Cr. Buo. 6s.

UISANTE. Fowrth Edition. Cr.Bve. 6s.
THE DOLLY DIALOGUES. Cr. Bro. 6s.
A SERVANT OF THE PUBLIC. Illus-

trated. Fourth Edition. Cr. 8vo. 6s.
Hope (Graham), Author of * A Cardinal and

his Conscience,’ etc., etc. THE LADY

OF LYTE. Second Edition. Cr.8vo. 65
Housman (Clemence), THE LIFE OF

SIRAGLOVALE DEGALIS. Cr. 8ve. 6s.
Hyne (C. J. Cutcliife), Author of 'f'.\]:l.mn

Kettle." MR. HORROCKS, PURSER.

Fourtk Edition. Cr. Bvo. 6s.

PRINCE RUPERT, THE BUCCA‘NI",ER.

Dlustrated. Third Edition. Cr. oo,

Jacobs (W, W.). MANY CARGOP‘S

Trwenty-Ninth Edition. Cr. 8vo. 35 6d.
SEA URCHI\IS. Fourteenth Edition.. Cr.

A MASTER OF CRAFT. Illustrated
Seventh Edition. Cr. 8vo, 38 6d.
1llustrated. Sirdh

LIGHT FREIGHTS,
Edition. Cr. Bro. 64
THI?. SKéPPI-,R ] Wﬁ%})l\(‘; Eightk Edi.
DIALSTO\'E L\%&. Nlustrated. Sevenslt
Ldition, Cr. 8vo. 35 6d.
ODD CRAFT. [Illustrated. Sevemth Edi-
tion. Cr. Bvo. . 6.
AT SUNWICH PORT.
Seventhk Edition. Cr.8ve. 35
James (Henry). THE SOFT SIDE. Second
Edition, Cr, Bva.
Cr. 8vo. 61,

THE BETTER SORT,
THE A\IBASSADDRS Second KEdition.
Third FEdition.

Cr.

THI‘. (OLDEN BOWL.
Cr, Bvw. 65,

Keays (H.
EATETH
8vo. G

Illustrated.
. 6d.

A. Mitchell). HE THAT
BREAD WITH ME. OC»r

aughan), THE 'FOR'I‘UNF‘;
E LANDRAYS, Cr. Swo,
l..a E;l‘llm. Emily). WITH F.S‘E'Rx
IN IR Cr. Bvo, 6s.
See also Sh:llmg Novels,
Le Queux (W.). THE HUNCHBACK OF
‘STM NSTER. Third Edition. Cr.

THE aI.'::I.,OSJI'.I.'! BOOK. Third Edition.
vo

Kester 151
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THE VALLEY OF THE SHADOW.
Tllustrated, hird Edition, Cr. Bvo, 6s.
BhHI’ﬂJ THE THRONE. Third Editien.

Cr,

Lavett-Yeau (S.). ORRAIN. Second
Ldition. Cr, Svo. Gs.

London (Jack), Author of ‘ The Call of the
Wild,' “The Sea Wolf," etc. WHITE
FANG. Fourth Editiom. Cr.Bvo. 6s.

Lucas(E. V.). LISTENER'S LURE: An
Oblique Narration. Croum Sve.  fourtk
Lditien. Cr. Buo. A

Lyall (Edna). DERRICK VAUGHAN,
NOVELIST. 42nd Thowsand. Cr. 8ve.

35, 6d.
M'Cnrthy (Justin H.), Author of * If I were
Kin THE LADY OF LOYALTY
%SE. Nlustrated, Third Edition. Cr.

'J.'HE DR\"'.-‘\D. Second Edition. Cr.8vo. 6s.

Macdonald (Ronald). TI{E SEA MAID.
Second Edition. Cr. 8 65,

A HUMAN TRINITY Sﬂ‘om:' Edition.
Cr, Bro. B,

Mm:naughtnn (S.). THE FORTUNE OF
EHRI Té‘\”\ MACNAB. Fourth Edition.

7. Bvo.

Malet (Lucas). COLONEL ENDERBY'S
WIFE. Fourth Edition. Cr. Bvo. 65,
A COUNSEL OF P]:.RFECTION. New

Fdition. Cr, Svo.
THL \\-’Af‘ES OF SIN. Fifteenth Edition.

THE CARISSI'\IA. Fourthk Edition. Cr.

THE GATELESS BARRIER. Fourth Edi-
tion. Cr. Bvo, 65
THE HISTORY OF SIR RICHARD
CALMADY. Seventh Edition. Cr,8vo. 6s.
See also Books for Boys and Girls.
Mann(Mrs. M. E.). OLIVIA'SSUMMER.
Second Edition. Cr.Bvo. 6s.
T ESTATE. A New ZEdition.

Cr. Boo. 6a
THE PARISH OF HILBY, A New Editiosn.

Cr. 8va. 63,

THE P! &R]‘iH NURSE. ZFourtk Edition.
Cr. Boo.

GRAN'MA'S JANE. Cr. 8ve. 65

MRS, PETER HOWARID, C#. 8vo, G5,

A WINTER'S TALE. A New Edition.

C». 8vo.  Gs.
ONE ANOTHER'S BURDENS. A New
Edition. Cr.8vo. 6s.
OQE AT HONEYPOT. Third Fd. Cr.
See also Books for Boys and Girls.
E FLF IQI]'.MORIFS O1' RONALD LOVE.
7. 0T,
THE EGLAMORE PORTRAITS, Yhird
Edition. Cr. Bvo. 65,
Marriott (Charles), Author of ‘The
Column GENEVRA. Second Edition,

M,arsh (Richard). THE TWICKENHAM

RAGE. Second Edition. Cr.8vo. 6s.

THE MAR UIS OF PUTNEY. Second
Edition. Cr.8vo. 6s.

A DUEL. Cr Buo.

IN THE SERVICE OI‘ LOVE. Third
Edition. Cr. 8vo. 6s.

See also Shlll“’g Novels.

Mason (A. B. Auther of ‘The Four
Feathers,” ete. LEMENTINA. Hlus-
trated. Second Edition. Cr, Bve. 6,

Mnther! (Heleu) Author of *Comin’ thro'
the 6 NEY. Fourth Edition.

Cr. 8

Gi{ﬁli| F OF GRIFFITHSCOURT. Cr. Bvo.
5,

THE FERRYMAN, Second Edition. Cr.

Bwo, 65,

TALLY-HOI Fourth Edition. Cr.8vo. 6s.

Maxwell (W. B.), Author of ‘The Ragged
tl_fmmgcr "‘IE"F. Eighth Edition.

7. 8§

THE RAGGED MESSENGER. Third
Edition. Cr. Bvo, 65

FABULOUS FANCIES. Cr. 8vo.

THE GU‘\RDFD FLAME. Smﬂk Edi-

Cr.
TH'E CDUNTE.SS OF MAYBURY. Fourth

Editr Cr. 6.

oDnD L]LN("'].HS "y vo

Meade (L. T.). DRIFT. S;cona? Edition.
Cr. 8ve. 65

RESURGAM. Cr Boo. Gs.

VICTORY. C» 8vo. Gs.

See also Books for Boys and Girls.

Melton (R.). CAESARS WIFE, Second
Kidition. Cr. Buvo. Gs.

Meredith (Ellis), HEART OF MY
HEART. Cr. Byvo. 65

Miller (Esﬂler). LIVING LIES. Second
Fdition. Cr. Bpo. 6s.

*Miss Molly® (T he Author of) THL’
GREAT REECONCILER. C# 8vo,

Mitford (Bertram). THE SIGN OF THE
SPIDER. llustrated. Sivth Edition.

Cr. 8vo. 35. 6d.

IN THE WHIRL OF THE RISING.
Third Edition, Cr. 8vo. 65,

THI RED DERELICT. Second Edition.
Cr, Bve. 6.

Montresor (F. F.), Author of ‘Into the
Highways and Hedg s THE ALIJIEN.
Third Edition, Cr.3zvo,

Morrison (Arthur). TAL B.S OF MEAN
STREETS. Seventh Edition. Cr.8uo. 63,

A%HILI) OF THE JAGO. Mtk Edition
7. Bro,

TO LO\D{ﬁ)SN' TOWN. Second Edition

Cr.

CUNNING MURRELL. Cr 8v0. 65

THE HOLE INT llh WALL., Fowurth Fdi-
tion.  Cr. Buo,

DIVERS \’ANITII',S Cr. 8vo.  6s.

Nesbit &E.). Mrs. E. Bland). THE RED
HOUSE. Illustrated. Fowrtk Edition
Cr. 8vo.

See also Shilling Novels.

Norris (W. E.), HARRY AND URSULA.
Second Fdition, Cr Bve. 65

Olllvnut (Alired). OWD BOE, THE
GREY DOG OF KENMUIR. = Ninth
Edition. Cr.8ve. 65.
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6s.
Oxenham (Jol Authy r ‘Barbe of
Grand B:y(ou. EA%IE?! oF a\rVEBS.

THE CAra e THE“":‘)E?EM b2
Edition, 6s. el

Cr.
PROFIT AND LOSS. With a Frontispiece
yho?m by HaroLp Corrixc.
Faurﬂ r'aa. Cr. Bvo. 6.
THE LON OAD. With a Frontispiece
Hmm CorrING, Third Edition.

y 6.
Pain {g:rryt)? LINDLEY KAYS. Third

i lbﬁl‘ﬁ- PIERRL AND HIS
BEOPLE., Sixth Edition. Cr. 8ve. 6s.
MRS. FALCHION. Fifth Edition. Cr.8uvo.

THE TRANSLATION OF A SAVAGE.

kivd Edition. Cr, Buo,

THE TRAIL OF THE SWORD
trated. Nimth Edition. Cr.8vo. 63,
WHEN VALMOND CAME TO PONTIAC :
he Story of a Napoleon. Fith

Edition. Cr. Bve.

AN ADV‘ENTURER OF THE NORTH.
The Last Adventures of ‘Pretty Pierre.’
Third Edition, Cr, Bva.

THE SEATS OF THE MIGHTY
trated. 1{‘??«3!& Edition, Cr. Bvo.

THE BATTLE OF THE STRONG: a
Romance of Two K:ngdoms. Illustrated.
F h Edition, Cr. Bvo.

?OMP

INus-

Il!us-

THE FOOTSTI:.P‘;
E. Tlustrated. Third
:mm C'r

Gr,
I CROWN THEK KING With Ilustra.
tluna by Frank Dadd and A. Forrestier.

ﬁ:}“ Eden). L?ING&PROPHE'IS
CHILDREN OF THI!. MIST. Fifth Edi-

tion. Cr,

THE HUMAN BO\'. With a Frontispiece.
Fourth Edition, Cr, Brro,

SONS OF THE MORI\ ING, Second
Edition, Cr. 8vo.

THE RIVER, ﬂ:rdE dition. Cr. 8vo.

THE AHERICAN PRISONER. !foxﬂ&
Edition. Cr. Bvo. 6s.

TI‘E‘F SE CRGET \VOMAN Fourth Edition,

KNOCK AT A VENTURE. Witha 'Fromu
Third Edition. Cr.Bre, 6s.
Tlglt PORTREE\’ E. Fourth Edition, Cr.

8,
T}éE POACHER S WIFE. Second Edition.
‘;ee nlm Shdhng Novels.
Pickthall uke). SATD THE
E‘ISHERM&N Sixth Edition. Cr. 8ve,

BRENDLE. Second Edition, Cr.B8vo. 6,
THE HEUSE OF ISL\AM. Third Edi-

MESSRS. METHUEN'S CATALOGUE

% uthor of * Dead Man's Rock.' THE
HITE WOLF.  Second Edition. Cr.

THCE Ma\Yg)‘R OF TROY. Fourth Edition.
MERRY GARDEN‘S;AND OTHER

STORIES, C». 6o
Rawson (Maud Stepne'yl. Author of ‘A
‘Lady of lhe “The bourer's

ResTNTE i
ENCHANTED
GARD).-’,N Cr. Boo.

Sy. {um?. " THE WOOING OF
vecond Edition, Cr. 8vo.
Pett). Ié(:;a"l JROPERTY.

econd Edition. Cr. 8vo. 6s.
A CS'ON Ol' THE STATE. Second Edition.

oo,
A BREB.&KER OF LAWS. A New Edition.
MRS. G.ALgR'S BUS!NESS Hlustrated.
Second Edition. Cr.
SECRGE’TARY TO BAY!\L. M P. Cr. 8vo.
THE WICKHA\‘ISES Fourth Edition.

Robe D.), THE HEART 01"
THE ARICILNT WOOD Cr. 8vo, ﬁ’
(W. lark). MY DANISH
sSwW EE‘I‘HEA RT Hlustrated. Fiftk
Edition.

Cr. Bvo.
HIS ISLAND PRINCLSS.
Second Edition. Cr. 6ve. 6s.
ABANDONED. Second Edition, Cr, Svo. 6s.
ee also Books for Boys and Girls.
Se;fe:nt (Adeline). BARBARA'S
6s.

THE PROGRLSS OF RACHAEL. C»

8ve.
THE MYSTERV OF THIS MOAT. Second
Edition. Cr, 8

THE COMING OF THL RANDOLPHS.
Cr. Bvo, 6s.

See also Shilling Novels.
Shannon. (W.F. THE MESS DECK.
Cr. Bvo. 35, m’
See also Shilling Novels.
Shelle.v(Bertha). ENDERBY, Third Ed.

.sltl;wlck (Mn Alfred), Author of 'C

thia's Way.! THE KINSMAN. Wit

Illustrations by C. E. Brock. Third £d.
Cr. Bro. 6s.

Sonnichsen (Albeﬂ). DFFP-&F.A VAGA-
BONDS. Cr. Bvo

Hlustrated.

). THE HA'PENNY

MIL%O(NAIm ~ Boo. 35, 6d.

Urgquhart (M.é, A TRA.GI' D\' IN COM-
MONP. Second Ed. Cr, 8vo. 6s.

Walneman (Paul). THE SONG OF THE
FOREST. Cr.Buvo. 6s
See also Shilling Novels,

w.:u (E. C.). THE ANCIENT LAND.

ARK: A Kentucky Romance. Cr. 8we
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Watson (H, B. Marriott). ALARUMS
AND EXCURSIONS. .Cr. Bow.
CAC?T%IN FORTUNE. Third Eaition.
r, Bvo, 6.
TWISTED EGLANTINE. With 8 Illus-
trations by Frang Craic. Third Edition.

Cr. Bvo. 6s.
THE HIGH TOBY. With a Frontispiece.
Third Edition. C#. 8vo.
A MIDSUMMER DAYS DREAM.
Third Edition. Crown 8vo. 6s.
See also Shilling Novels.
Well! (I’!- d.). THE SEA LADY. Cr.

We an(Stnnley), Author of “A Gentleman
‘rance.’ UNDER THE RED ROBE.
Wlth Illustrations by R. C. WoobDviLLE
Tuentieth Edition. Cr Buvo. 61.
White (.Stcwart E.), Authorof ¢ The Blazed
Trail. NJUROR'S HOUSE, A
Fomance of thc Free Trail. Second Edition.

Cy, oo, 65

White (Perc % THE SYSTEM, Zhird
Eaditi 7. Boo. 6.

TI‘TC? PATIEI\T MAN. Second Edition.

Witliame (Marsery) THE BAR. Cr

Bwe. Gs.
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Willlamson (M.rs. C. N.); Author of * The
Barnstormers." THE ADVENTURE
OF PRINCESS SYLVIA. Second Edi-

7, Bvo. 6.
THE \VOMAN ‘WHO DARED. Cr. oo, 65
THE SEA COULD TELL. Second Edition.

Cr. Bvo, 6s.
THE CASTLE OF THE SHADOWS.

Third Edition. Cr. 8ve. 6s.

PAPA. C»r. Bvo. 6s.

Williamson (C. N. and A. BM.). THE
LIGHTNING CONDUCTOR : Being the
Romance of a Motor Car. Il.l.u.straled.
Sixéeenth Edition. Cr. Bpo. 6Gs.

THI‘. PRINCESS PASSES. Ilustrated,

rfeth Edition. Cr. Eve.

MY FRUEND THE CHAUFFEUR. With
16 Illustrauons. Eighth FEditien. Cr.

THE CA'R OF DESTINY AND ITS
ERRAND IN SPAIN. Third Edition.
Illustrated.

LADY BETTY ACROSS THF WATER,
Siwih Edition, Cr. Bvo.
W{(lhrda ( olf). Author ol' “Uriah the
ittite.’ PATHWAY OF THE
PIO‘NEER (Neu';
Edition. Cr.Bvo. 63,

Autres). Fourth

Methuen's Shilling Novels
Cr. 8wo. Cloth, 1s5. net.

Author of ' Miss Molly. THE GREAT
RECONCILER.

Bnl{tlagr (Andrew). VENGEANCE IS

TO ARMS.

Barin

Gnuld('s.). MRS. CURGENVEN
OF CUR VEN,

DOMITIA.

THE FROBISHERS.

CHRIS OF ALL SORTS.

DARTMOOR IDYLLS.

Barlow (Jane), Author of ‘lIrish Idylls'
FROM THE EAST UNTO HE

WEST
A CREEL OF IRISH STORIES.
THE FOUNDING OF FORTUNES.
THE LAND OF THE SHAMROCK.

THE VICTORS.
Bartram (George). THIRTEEN EVEN.

IN
Beagon (E. F.), Author of ‘Deodo.' THE
Bowles SE] Stewart) A STRETCH OFF

Barr (Robert).

Brooke (Eumm THE POET'S CHILD.
Bullock (Shan F.). THE BARRYS.
THE CHARMER

THE S UIRFE'\L

THE RED LEAGUERS.

Burton (J. Bloundelle). THE CLASH
OF ARMS.

DENOUNCED.

FORTUNE'S MY FOE.

A BRANDED NAME.

caBes (Bernard). AT A WINTER'S
IRE

Clle[c. (Weatherby). THE BAPTIST

THE BRANDED PRINCE.
THE FOUNDERED GALLEON.

OHN
{HE MYSTERY OF A BUNGALOW.
Clifford %‘lll?‘f. W. K.). A FLASH OF

SUM
A CHANGE OF FACE.

Cobb, Thmu.
Go‘ll!n% Har 3 THE DOCTOR
HE ']

LI
Corufo;d (L Cope}. ‘SONS OF ADVER-

Cotta.rell ‘Constance), THE VIRGIN
ND THE SCALE

Cmne }%Staphen) WOUNDS IN THE
(C. B.). THE ROMANCE OF

mum FOLD ?IIE:ANOR)'. THE SIN O
cKinson v HE F
NoELs, (Evebm

Dickson (Harris). THE BLACK WOLF'S
BREED.

Dugcau (S;n_ra J.). THE FQOLIN THE

A vovéscr.' OF CONSOLATION.
trated.

Embree (C. F.). A HEART OF FLAME.

lustrsted.

Fenn (G. Manville). AN ELECTRIC

SPARK.
A DOUBLE KNOT

Tllus-
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Findlater (Jane H.). A DAUGHTER OF
STRIFE.
Fitzstephen (G.).

KIND.
Fletcher J. S.). DAVID MARCH.
LUCAN
Forrest E.). 'I‘HE SWORD OF

Francis (M. E.). MISS ERIN,
Gallon (Tom)., RICKERBY'S FOLLY.

Gernl'd

HAVE NE
THE CONQUEST OF LONDON.
THE SUPREME CRIM

Gilchrist (R. Murray). WIL‘LOWBRAKE
Olmi\ggi (Ernest), THE DESPATCH

R .
THE KLOOF BRIDE.
THE INCA'S TREASURE,

Gordon (Julien). MRS. CLYDE,

WORLD'S PEO

doss (C. F.). THE REDEMPTION OF
DAVID CORSON.

Gr E. M'Queen). MY STEWARD-
e MQueen)

Hales (A. G.). JAIR THE APOSTATE.

!'lql%l\il:oa(urd Ernest). MARY HAMIL-

Harrison (Mrs, Burton). A PRINCESS
OF THE HILLS., [Illustrated.

Hooper (I.). THE SINGER OF MARLY.

ltoll’sgg Blglerwn). THE MISS]S‘HPI‘I

'!m' ‘}.‘Mﬂ- Caffyn). ANNE MAULE-

.Iegmn lEdgnr]. THE KEEPERS OF

Keary (C.F.). THE JOURNALIST.
Kell; ; orenca Finch), WITH HOOPS

MORE KIN THAN

Langbrid
ﬁ VﬁLIEI:. OF !NHERITE&NCL.J'
leler\!l (Annie). A WOMAN OF SENTI.

Lorime Nomni JOSIAH'S WIFE,

Lush (Clurlu K.). THE AUTOCRATS.

Macdonell (Anne), THE STORY OF
TERESA.

Mmi:{rath (Harold).

Mackie (Pauline Bradford). THE VOICE

IN THE DESERT.

Marsh (Richard). THE SEEN AND
THE UNSEEN.

GARNERED.

A METAMORPHOSIS.

MARVELS AND MYSTERIES,

BOTH SIDES OF THE VEIL.

M.g'nil (J. W.). THE CYNIC AND THE
REN.,

Meade (L. T.). RESURGAM.

Monkhouse (Allan). LOVE IN A LIFE.

Moore gﬂhur}. THE KNIGHT PUNC-
TILIOUS,

(gorothu). THINGS THAT |

THE PUPPET |
! Swm(se
N CI

ISMH. Bland). THE LITER-

ARV &
1& « B.), AN OCTAVE.
MATT EW AUSTIN.
THE DESPO'I‘I LADY.
TIHE LADY'S WALK.

Sll£ ROBERT g-l‘;'OSR UNE.

HE TWO M
Pcndered (M. L., AN ENGLISHMAN.
A MIXED MAR.

P&gn (Mrs. Frank).
Phillpotts (Eden). THE STRIKING
HOURS,

FANCY FREE.
Pryce (Richard). TIME AND THE

AN.
Rﬂndlll (John). AUNT BETHIA'S
BUTTON.

Rlﬂmmd (Walter). FORTUNE'S DAR.

Runer (Olive Pratt). ROSALEA
Rhys (Grace). THE DIVERTED VIL.

Rlcker{inRh}. OUT OF THE CYPRESS
SWAMP.

Roberton(M. H.). AGALLANTQUAKER.
Russell, (W. Clark). ABANDONED.
SuEFF;E (Marshall), ROSE A CHAR-

Adeline). ACCUSED AND

BARBARA'S MONEY.
THE ENTHUSIAST.
A GREAT LADY.
THE LOVE THAT OVERCAME.

THE MASTER OF BEECHWOOD.
UNDER SUSPICION.

THE YELLOW DIAMOND

THE MYSTERY OF THE MOAT.

THE PROGRESS OF RACHAEL.
Shannon (W. F.), JIM TWELVES,
Stl?lﬂl?("-“ (R. N.). AN ENEMY OF THE

Strain (E, H.). ELMSLIE'S DRAG NET.
Stringer (Arthur). THE SILVER POPPY,
Stuart {Eambl. CHRISTALLA.

A Wi FORTY.

OMAN O
Sutherland IDnchm of). ONE HOUR
LOVE GROWN COLD.,

AND THE NEXT.
Swan (Annie).
I‘l’ﬂlll). SORDON.

SIRE

[ Tnnauern{{(!ﬂrs. B. M.). THE ROYAL

Thomgson(\lmu}. SPINNERS OF

ﬁlu)lém;d-'l‘au\?ton (Mrs. E.W.). SILENT

I.

Upward (Allen). ATHELSTANE FORD.

Waineman (Paul), A HEROINE FROM
FINLAND.

BY A FINNISH LAKE.
., THESKIRTS

AN
*Zack.’ TALES OF DUNSTABLE WEI R.
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Books for Boys and CGirls
Illustrated. Crown 8vo, 35. 64.

Tue Gerring WeLL oF Dororny. By Mrs.
W. K. Clifford. Second Edition.

Oxiv A Guarp-Room Doc. By Edith E.
Cauthell.

Tae Doctor oF THE Juuier. By Harmry
Collingwood.

LirriE Prrier. By Lucas Malet.  Second
Edition.

MasTER ROCKAFELLAR'S Vovace., By W.
Clark Russell, 7Third Edition.

Tus SzckET oF Mapamz pE MonLue. By
the Author of * Mdlle, Mori.”

Syp Beutox : Or, the Boy who would not go
to Sea. By G. Manville Fenn.

Tue Rep Graxce. By Mrs, Molesworth.

A GirL oF THE ProrLE. By L. T. Meade.
Second Edition.

Hersy Girsy. By L, T. Meade. 2. 64

Tue Honourasre Miss. By L. T. Meade.
Second Hdition.

THERE WAS ONCE A PrincE, By Mrs. M. K,
Mann.

Wien Arworb comes Home, By Mrs. M. E.
Mann.

The Novels of Alexandre Dumas

Price 6d. Double Volumes, 1s.

AcTE.

ThE ADYENTURES OF CAPTAIN PAMPHILE,

AMAURY.

Tre Birp or FATE,

Tue Brack Tuwr.

Tue CAsTLE oF FPPSTEIN.

CaTeEriKE Brum.

CECILE.

Tue Carvarier D'HarmenTAL.  Double
volume.

Cuicor THE JESTER, Being the first part of
The Lady of Monsoreau,

CoNSCIENCE.

THE CoxvicT's Sox.

TuE CorsicaN BrorrErRs; and OTHO THE
ARCHER.

Crop-EargED JACQUOT.

Tue Fexcing MASTER.

FERNAKDE.

GapriEL. LAMBERT.

(3EORGES.

‘e Great MassacrE. Being the first part of
(ueen Margot.

Hengr pe NAvARRE. Being the second part
of Queen Margot.

Hevkne pe Cuaverny, Being the first part
of the Regent's Daughter,

LoulsE DE La VaLuikrg, Being the first
art of THE VicoMTr DE BRAGELONNE.
ouble Volume.

MalTae Apam.

Tue Max 15 THE IroN Mask. Being
the second part of Tug VicomTe DE
BrAaGELONNE. Double volume.

Tur MourH oF HELL.

Nanon, Double volume,

Pavrinegi Pascar Bruno; and BonTEKOE,

Pire La RUINE.

Tur PriNCE oF THIEVES.

Tue REMINISCENCES OF ANTONY,

Ronix Hoov.

Tue SNowsaLL and SULTANETTA.

SYLVANDIRE.

TALES OF THE SUPERNATURAL.

Tur Turer MuskeTeers. With a long
Introduction by Andrew Lang. Double
volume,

TwenTy YEARs AFTER. Double volume.

Tie WiLp Duck SHOOTER.

Tue Worr-LEADERK.

Methuen’s Sixpenny Books

Albanesi (E. M,). LOVEAND LOUISA.
Austen (Jane), PRIDE AND PRE-
JUDICE,
gmt (Richard). A ROMAN MYSTERY.
ar (Andrew). BY STROKE OF
SWORD.

Baring-Gould (S.). FURZE BLOOM.
CHEAP JACK ZITA.
KITTY ALONE.

URITH.

THE BROOM SQUIRE.

1IN THE ROAR OF THE SEA.

NOEMI

A BOOK OF FAIRY TALES. Tllustrated.
LITTLE TU'PENNY.

THE FROBISHERS.

WINEFRED.
JENNIE BAXTER,

(Robert).
OURNALIST.
IN THE MIDST OF ALARMS,
THE COUNTESS TEKLA,

THE MUTABLE MANY.

Benson (E. F.). DODO,

Bronté (Charlotte). SHIRLEY.
Brjrrnxl (C. L.). THE HEART OF
Burton (J. Bloundelle). ACROSS THE

SALT SEAS.

Caffyn (Mrs)., CTota’). ANNE MAULE-
Capes Bernard). THE LAKE OF

INE,
Clifford (Mrs. W. K., A FLASH OF
SUMMER,
MRS, KEITH'S CRIME,
Connell (F. Norreys), THE NIGGER

KNIGHTS
A BUSINESS IN

Corbett (Julian).
GREAT WATERS.

Croker (Mrs. B. M.). PEGGY OF THE

A STATE SECRET.




40 MESSRS. METHUEN'S CATALOGUE
ANGEL. o w.). CLEMENTINA.
OHANNA. &‘
ante &.Mi hierl),. THE VISION OF | GRIFF O GRIFFITHSCOURT
DANTE (Cary). SAMS SWEETHEART
A?b{" ). ROUND THE RED | Meade l\‘l.rs. L. T.). DRIFT
i (Bertram). THE SIGN OF THE
uncan. ). A VOYAGE SPIDER.
OF CONSOL. A Montresor (F. F.). THE ALIEN.
THOSE DI:LIGKTFUL AMERICANS, Mnore(Arthllr}. HE GAY DECEIVERS.
rtllur]. THE HOLE IN

EIIFo't (George). THE MILL ON THE

LOSS.
Findlater (Jane H.). THE GREEN
GRAVES OF BALGOW
Tom). RI CKERBY S FOLLY.
Mﬁs.gNCRA\IF RD.

Geﬁnﬂi (Dorothea). HO'LY MATRI-

THE CONQUEST OF LONDON.
MADE OF MONEY.
Gissing (George). THE TOWN TRAVEL.

THE CROWN OF LIFE
Glanville I}ENG“). THE INCA S
R E.

TREAS'
THE KLOOF BRID
Gleig (Charles). BUNTFR S CRUISE,
Grimm (The Brothers). GRIMM'S
I-'.MRY "ALES. [Ilustrated.

l‘log:! !Eo?g. A MAN OF MARK.

THE CHRO\”CLES OF COUNT
A’NIT ON

ROSO0.
THIZ DOLLY DIALOGUE.
H"‘E)“ E. W.). DEAD MEN TELL

lnﬂ'ahul . I-I.). THE THRONE OF

Le eux g. THE HUNCHBACK OF

I.aevett-Ymts (S. IC.). THE TRAITOR'S
WAY

‘} THE TRUE HIS.

TOR OF OSHUA DAVIDSON.

Lyall (Edna). RRICK VAUGHAN
ucas). H‘E GA'RI SSIMA.

et
A coénsm. ﬁf RFECTION.
Ma}:llo E.). MRS. PETER
A TOST ESTATE
THE CEDAR STAR.
ONE ANOTHER'S BURDENS.
. .. MISER HOAD-

TR A Enon

I':} PI:.TER SIMPLE.,
A PAI

sh Ru-.n.—u). THE TWICKENHAM
PR RAGE:

THE Gonnnss.

THE Jos 4

A METAMORPHOSIS.

THI:. W'
N&lIIII.EE.). THE RED HOUSE,
Norri E. ). S GRACE.
GILES INGIL

THE CR EDIT OF THE COUNTY.
LORD LEON.

MATTHEW AUSTIN‘.

CLA‘R!SSA FURIOS

Sllg ROBE!RT g.FTHE LADY S WALK.

THE PRO:
Op Iletln (B. Pll.ll!.lm). MASTER OF

i' THE POMP OF THE
LAVILETT

WHEN VALMOND CAME TO PDVTI AC,
THE TRAIL OF THE SWi
I THE FOOTSTEPS

OF ONE.
}JﬁﬁO?mWN Ed Enli K‘N% HUMAN BOY.
CHI DREZSI OF THE MIST.
Ris T\;’IEPG“!‘FE]I%‘{YOOETHESTATE
e(W. \

czom;r. A‘ND THE GENER
Runen (W. Clark). A MARRIAGE AT

ABANDONED,

MY DANISH SWEETHEART.

Sercemat (Adebiny THY MASTER OF
“HEeCHWoon

BARBARA'S MONEY.

THE YELLOW DIAMOND.

THE LOVE 'I'HA'I‘ OVERCAME,
Surtees (R. S.). HANDLEY CROSS.

Hlnstrated.
SPONGE'S SPORTING TOUR,
Ilustrated,
ASK MAMMA, Illusmted

\fdenfne ;gb‘hj . 8.). VELDT AND

GE
‘Walford g\l.rl L. B.). MR. SMITH.
COUSI

THE BABV'S GRANDMOTHE

Wal iﬂanenl Lew). BE‘\I-HUR
THE FA

Watson Slil. B. Marriot). THE ADVEN-
TU ERS.

eekes (A. B.). PRISONERS OF WAR,

W ells (H. G.). THESTOLEN BACILLUS.

White (Percy). A PASSIONKTE
PILGRIM.Y
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