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Having in my “Story of the Stars” told of far distant suns, many of them probably with planets

revolving around them, I have in the present volume, which is a companion to the former one,

to treat of the Sun in particular—our Sun as we may call him—and the body of attendants

which own his sway by revolving round him. The attendants are the planets, commonly so

called, together with a certain number of comets. I shall deal with all these objects rather from

a descriptive and practical than from a speculative or essay point of view, and with special

reference to the convenience and opportunities of persons possessing, or having access to,

what may be called popular telescopes—telescopes say of from two to four inches of aperture,

and costing any sum between £10 and £50. There is much pleasure and profit to be got out of

telescopes of this type, always presuming that they are used by persons possessed of

patience and perseverance. It is a very great mistake, though an extremely common one, to

suppose that unless a man can command a big telescope he can do no useful work, and

derive no pleasure from his work. To all such croakers I always point as a moral the

achievements of Hermann Goldschmidt, who from an attic window at Fontenay-aux-Roses

near Paris, with a telescope of only 2½ inches aperture, discovered no fewer than 14 minor

planets.As this volume is intended for general reading, rather than for educational or technical

purposes, I have kept statistical details and numerical expressions within very narrow limits,

mere figures being always more or less unattractive.John Richard Green, in the Preface to his

book on The Making of England, writes as follows:—“I may add, in explanation of the

reappearance of a few passages ... which my readers may have seen before, that where I had

little or nothing to add or to change, I have preferred to insert a passage from previous work,

with the requisite connections and references, to the affectation of rewriting such a passage for

the mere sake of giving it an air of novelty.” I will venture to adopt this thought as my own, and

to apply it to the repetition, here and there, of ideas and phrases which are already to be found

in my Handbook of Astronomy.
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I.INTRODUCTORY STATEMENT.By the term “Solar System” it is to be understood that an

Astronomer, speaking from the standpoint of an inhabitant of the Earth, wishes to refer to that

object, the Sun, which is to him the material and visible centre of life and heat and control, and

also to those bodies dependent on the Sun which circulate round it at various distances,

deriving their light and heat from the Sun, and known as planets and comets. The statement

just made may be regarded as a general truth, but as the strictest accuracy on scientific

matters is of the utmost importance, a trivial reservation must perhaps be put upon the

foregoing broad assertion. There is some reason for thinking that possibly one of the planets

(Jupiter) possesses a little inherent light of its own which is not borrowed from the Sun; whilst

of the comets it must certainly be said that, as a rule, they shine with intrinsic, not borrowed

light. Respecting these reservations more hereafter.The planets are divided into “primary” and

“secondary.” By a “primary” planet we mean one which directly circulates round the Sun; by 8 a

“secondary” planet we mean one which in the first instance circulates round a primary planet,

and therefore only in a secondary sense circulates round the Sun. The planets are also “major”

or “minor”; this, however, is only a distinction of size.The secondary planets are usually termed

“satellites,” or, very often, in popular language, “moons,” because they own allegiance to their

respective primaries just as our Moon—the Moon—does to the Earth. But the use of the term

“moon” is inconvenient, and it is better to stick to “satellite.”There is yet another method of

classifying the planets which has its advantages. They are sometimes divided into “inferior” and

“superior.” The “inferior” planets are those which travel round the Sun in orbits which are inside

the Earth’s orbit; the “superior” planets are those whose orbits are outside the Earth.The

following is an enumeration of the major planets in the order of their distances, reckoning from

the Sun outwards:—1. Mercury.2. Venus.3. The Earth.4. Mars.5. Jupiter.6. Saturn.7. Uranus.8.

Neptune.All the above are major planets and also primary planets. In between Nos. 4 and 5

circulate the “Minor” planets, an ever-increasing body, now more than 400 in number, but all,

except one or perhaps two, invisible to the naked eye.9The “Inferior” planets it will be seen from

the above table comprise Mercury and Venus, whilst the “Superior” planets are Mars and all

those beyond.Great differences exist in the inclinations of the orbits of the different planets to

the plane of the ecliptic, a fact which is better shown by a diagram than by a table of mere

figures. The orbit of Uranus is indeed so much inclined that its motion is really retrograde

compared with the general run of the planets: and the same remark applies, though much

more forcibly, to the case of Neptune.Fig. 2.—Inclination of Planetary Orbits.The actual

movements of the planets round the Sun are extremely 10 simple, for they do nought else but

go on, and on, and on, incessantly, always in the same direction, and almost, though not quite,

at a uniform pace, though in orbits very variously inclined to the plane of the ecliptic. But an

element of extreme complication is introduced into their apparent movements by reason of the

fact that we are obliged to study the planets from one of their own number, which is itself

always in motion.If the Earth itself were a fixture, the study of the movements of the planets

would be a comparatively easy matter, whilst to an observer on the Sun it would be a

supremely easy matter.
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always in motion.If the Earth itself were a fixture, the study of the movements of the planets

would be a comparatively easy matter, whilst to an observer on the Sun it would be a

supremely easy matter.Greatly as the planets differ among themselves in their sizes, distances

from the Sun, and physical peculiarities, they have certain things in common, and it will be well

to make this matter clear before we go into more recondite topics. For instance, not only do

they move incessantly round the Sun in the same direction at a nearly uniform pace, but the

planes of their orbits are very little inclined to the common plane of reference, the ecliptic, or to

one another.[1] The direction of motion of the planets as viewed from the north side of the

ecliptic is contrary to the motion of the hands of a watch. Their orbits, unlike the orbits of

comets, are nearly circular, that is, they are only very slightly oval. Agreeably to the principles

of what is known as the Law of Universal Gravitation, the speed with which they move in their

orbits is greatest in those parts 11 which lie nearest the Sun, and least in those parts which are

most remote from the Sun; in other words, they move quickest in Perihelion and slowest in

Aphelion.Fig. 3.—Comparative Sizes of the Major Planets.The physical peculiarities which the



planets have in common include the following points:—they are opaque bodies, and shine by

reflecting light which they receive from the Sun. Probably 12 all of them are endued with an

axial rotation, hence their inhabitants, if there are any, have the alternation of day and night,

like the inhabitants of the Earth, but the duration of their days, measured in absolute terrestrial

hours, will in most cases differ materially from the days and nights with which we are familiar.I

stated on a previous page that, owing to the circumstances in which we find ourselves on the

Earth, the apparent and real movements of the planets are widely different. It would be beyond

the scope of this little work to go into these differences in any considerable detail; suffice it then

to indicate only a few general points. In the first place, an important distinction exists between

the visible movements of the inferior and superior planets. The inferior planets, Mercury and

Venus, lying as they do within the orbit of the Earth, are much restricted in their movements, in

the sky. We can never see them except when they are more or less near to the rising (or risen)

or setting (or set) Sun. The extreme angular distance from the Sun in the sky to which Mercury

can attain is but 27°, and therefore we can never observe it otherwise than in sunlight or

twilight, for it never rises more than 1½ hours before sunrise nor sets later than 1½ hours after

sunset. Of course between these limits the planet is above the horizon all the time that the Sun

is above the horizon, but except in very large telescopes is not usually to be detected during

the day-time. These remarks regarding Mercury apply likewise in principle to Venus; only the

orbit of Venus being larger than the orbit of Mercury, and Venus itself being larger in size than

Mercury, the application of these principles 13 leads to somewhat different results. The

greatest possible distance of Venus may be 47° instead of Mercury’s 27°. Venus is therefore

somewhat more emancipated from the effects of twilight. The body of Venus being also very

much larger and brighter than the body of Mercury, it may be more often and more easily

detected in broad daylight.It follows from the foregoing statement that the inferior planets can

never be seen in those regions of the heavens which are, as it is technically called, in

“Opposition” to the Sun; that is, which are on the meridian at midnight whilst the Sun is on the

meridian in its midday splendour to places on the opposite side of the Earth. On the other

hand, the two inferior planets on stated, though rare, occasions exhibit to a terrestrial spectator

certain phenomena of great interest and importance in which no superior planet can ever take

part. I am here referring to the “Transits” of Mercury and Venus across the Sun. If these planets

and the Earth all revolved round the Sun exactly in the plane of the ecliptic, transits of these

planets would be perpetually recurring after even intervals of only a few months; but the fact

that the orbit of Mercury is inclined 7°, and that of Venus about 3½, to the ecliptic, involves

such complications that transits of Mercury only occur at unequal intervals of several years,

whilst, in extreme cases, more than a century may elapse between two successive transits of

Venus. For a transit of an inferior planet over the Sun to take place, the Earth and the planet

and the Sun must be exactly in the same straight line, reckoned both vertically and horizontally.

Twice in every revolution round the Sun an inferior planet is vertically 14 in the same straight

line with the Earth and the Sun; and it is said to be in “inferior conjunction” when the planet

comes between the Earth and the Sun; and in “superior conjunction” when the planet is on the

further side of the Sun, the Sun intervening between the Earth and the planet. But for all three

to be horizontally in the same straight line is quite another matter. It is the orbital inclinations of

Mercury and Venus which enable them, so to speak, to dodge an observer who is on the

lookout to see them pass exactly in front of the Sun, or to disappear behind the Sun; and so it

comes about that a favourable combination of circumstances which is rare is needed before

either of the aforesaid planets can be seen as round black spots passing in front of the Sun. A

passage of either of these planets behind the Sun could never be seen by human eye,



because of the overpowering brilliancy of the Sun’s rays, even though an Astronomer might

know by his calculations the exact moment that the planet was going to pass behind the

Sun.When an inferior planet attains its greatest angular distance from the Sun, as we see it

(which I have already stated to be about 27° in the case of Mercury and 47° in the case of

Venus), such planet is said to be at its “greatest elongation,” “east” or “west,” as the case may

be. At eastern elongation or indeed whenever the planet is east of the Sun, it is, to use a

familiar phrase, an “evening star”; on the other hand, at western elongation, or whenever it is

on the western side of the Sun, it is known as a “morning star.”If the movements of an inferior

planet are followed sufficiently long by the aid of a star map, it will be seen that sometimes it

appears to be proceeding 15 in a forward direction through the signs of the zodiac; then for a

while it will seem to stand still; then at another time it will apparently go backwards, or possess

a retrograde motion. All these peculiarities have their originating cause in the motion of the

Earth itself, for the absolute movement of the planet never varies, being always in the same

direction, that is, forwards in the order of the signs.Turning now to the superior planets, we

have to face an altogether different succession of circumstances. A superior planet is not, as it

were, chained to the Sun so as to be unable to escape beyond the limits of morning or evening

twilight; it may have any angular distance from the Sun up to 180°, reaching which point it

approaches the Sun on the opposite side, step by step, until it again comes into conjunction

with the Sun. As applied to a superior planet, the term “conjunction” means the absolute

moment when the Earth and the Sun and the planet are in the same straight line, the Sun

being in the middle. In such a case, to us on the Earth the planet is lost in the Sun’s rays, whilst

to a spectator on the planet the Earth would appear similarly lost in the Sun’s rays, as the

Earth would be at that stage of her orbit which we, speaking of our inferior planets, call

superior conjunction.For a clear comprehension of all the various matters which we have just

been speaking of, a careful study of diagrams of a geometrical character, or better still, of

models, would be necessary.Something must now be said about the phases of the planets.

Mercury and Venus, in regard to their orbital motions, stand very much on the 16 same footing

with respect to the inhabitants of the Earth as the Moon does, and accordingly both those

planets in their periodical circuits round the Sun exhibit the same succession of phases as the

Moon does. In the case, however, of the superior planets things are otherwise. Two only of

them, Mars and Jupiter, are sufficiently near the Earth to exhibit any phase at all. When they

are in quadrature (i. e., 90° from the Sun on either side) there is a slight loss of light to be

noticed along one limb. In other words, the disc of each ceases for a short time, and to a slight

extent, to be truly circular; it becomes what is known as “gibbous.” This occasional feature of

Mars may be fairly conspicuous, or, at least, noticeable; but in the case of Jupiter it will be less

obvious unless a telescope of some size is employed.If the major planets are arbitrarily ranged

in two groups, Mercury, Venus, the Earth and Mars being taken as an interior group,

comparatively near the Sun; whilst Jupiter, Saturn, Uranus and Neptune are regarded as an

exterior group, being at a great distance from the Sun, it will be found that some important

physical differences exist between the two groups.17Fig. 4.—Comparative size of the Sun as

seen from the Planets named.Of the interior planets, the Earth and Mars alone have satellites,

and between them make up a total of only three. The exterior planets, on the other hand, all

have satellites, the total number being certainly seventeen, and possibly eighteen. In detail,

Jupiter has four, Saturn eight, Uranus four, and Neptune one, and perhaps two. These facts

may be regarded as an instance of the beneficence of the Creator of the Universe if we

consider that the satellites of these remoter planets are so numerous, in order that by their

numbers they may do something to make up for the small amount of light which, owing to their



distance from the Sun, their primaries receive. Then again, the average density of the first

group of planets greatly exceeds the average density of the second group in the approximate

ratio of 5 to 1. Finally, there is reason to believe that a marked difference exists in the axial

rotations of the planets forming the two groups. We do not know the precise figures for all the

exterior planets, but the knowledge which we do possess seems to imply that the average

length of the day in the case of the interior planets is about twenty-four hours, but that in the

case of the exterior planets it is no more than about ten hours. These figures can, however,

only be presented as possibly true, because observations on the rotation 18 periods of

Mercury and Venus on the one hand, and of Uranus and Neptune on the other, are attended

with so much difficulty that the recorded results are of doubtful trustworthiness. It is, however,

reasonable to presume that the actual size of the respective planets has more to do with the

matter than their distances from the Sun.I think that the foregoing summary respecting the

planets collectively embraces as many points as are likely to be of interest to the generality of

readers; we will therefore pass on to consider somewhat in detail the several constituent

members of the solar system, beginning with the Sun.CHAPTER II.THE SUN.There was once

a book published, the title of which was “The Sun, Ruler, Fire, Light and Life of the Planetary

System.” The title was by no means a bad one, for without doubt the Sun may fairly be said to

represent practically all the ideas conveyed by the designations quoted.There is certainly no

one body in creation which is so emphatically pre-eminent as the Sun. Whether or no there are

stars which are suns—centres of systems serving in their degree the purposes served by our

Sun, I need not now pause to enquire, though I think the idea is a very probable one; but of

those celestial objects with which our Earth has a direct relationship, beyond doubt the Sun is

unquestionably entitled to the foremost place. It is, as it were, the pivot on 19 which the Earth

and all the various bodies comprising the Solar System revolve in their annual progress. It is

our source of light and heat, and therefore may be called the great agent by which an Almighty

Providence wills to sustain animal and vegetable life. The consideration of all the complicated

questions which arise out of these functions of the Sun belongs to the domain of Physics

rather than that of Astronomy; still these matters are of such momentous interest that an

allusion to them must be made, for they ought not to be lost sight of by the student of

Astronomy. Half a century ago the actual state of our knowledge respecting the Sun might

without difficulty be brought within the compass of a single chapter in any book on Astronomy,

but so enormous has been the development of knowledge respecting the Sun of late years,

that it is no longer a question of getting the materials properly into one chapter, but it is a

matter of a whole volume being devoted to the Sun, or even, as in the case of Secchi, of two

large octavo volumes of 500 pages each being required to cover the whole ground

exhaustively. The reader will therefore easily understand that in the space at my disposal in this

little work nothing but a passing glimpse can possibly be obtained of this great subject. It is

great not only in regard to the vast array of purely astronomical facts which are at a writer’s

command, but also on account of the extensive ramifications which the subject has into the

domains of chemistry, photography, optics and cognate sciences. I shall therefore endeavour to

limit myself generally to what an amateur can see for himself with a small telescope, and can

readily understand, rather than attempt to say a 20 little something about everything, and fail in

the effort.The mean distance of the Earth from the Sun may be taken to be about 93 millions of

miles, and this distance is employed by Astronomers as the unit by which most other long

celestial distances are reckoned. The true diameter of the Sun is about 866,000 miles. The

surface area exceeds that of the Earth 11,946 times, and the volume is 1,305,000 times

greater. The mass or weight of the Sun is 332,000 times that of the Earth, or about 700 times



that of all the planets put together. Bulk for bulk the Sun is much lighter than the Earth: whilst a

cubic foot of the Earth on an average weighs rather more than 5 times as much as a cubic foot

of water, a cubic foot of Sun is only about 3½ times the weight of the same bulk of water. This

consideration of the comparative lightness of the Sun (though in his day the Sun was thought

to be lighter than it is now supposed to be) led Sir J. Herschel to infer that an intense heat

prevails in its interior, independent it may be of its surface heat, so to speak, of which alone we

are directly cognizant by the evidence of our senses.The Sun is a sphere, and is surrounded

by an extensive but attenuated envelope, or rather series of envelopes, which taken together

bear some analogy to the atmosphere surrounding the Earth. These envelopes, which we shall

have to consider more in detail presently, throw out rays of light and heat to the confines of the

Solar System, though as to the conditions and circumstances under which that light and heat

are generated we are entirely ignorant. Of the potency of the Sun’s rays we can form but a

feeble conception, 21 for the amount received by the Earth is, it has been calculated, but one

2300-millionth of the whole. Our annual share would, it is supposed, be sufficient to melt a

layer of ice spread uniformly over the Earth to a depth of 100 feet, or to heat an ocean of fresh

water 60 feet deep from freezing point to boiling point. The illuminating power of the Sun has to

be expressed in language of similar profundity. Thus it has been calculated to equal that which

would be afforded by 5563 wax candles concentrated at a distance of one foot from the

observer. Again, it has been concluded that no fewer than half a million of full moons shining all

at once would be required to make up a mass of light equal to that of the Sun. I present all

these conclusions to the reader as they are furnished by various physicists who have

investigated such matters, but it is rather uncertain as to how much reliance can safely be

placed on such calculations in detail.22Fig. 5.—Ordinary Sun-spot, June 22, 1885.To an

amateur possessed of a small telescope, the Sun offers (when the weather is above the

English average of recent years) a very great and constant variety of matters for studious

scrutiny in its so-called “spots.” To the naked eye, or even on a hasty telescopic glance, the Sun

presents the appearance of a uniform disc of yellowish white colour, though often a little

attention will soon result in the discovery of a few, or it may be many, little black, or blackish

patches, scattered here and there over the disc seemingly without order or method. We shall

presently find out, however, that this last-named suggestion is wholly inaccurate. Though

commonly called “spots,” these dark appearances are not simple spots, as the word might

imply, for around the rather black patch which constitutes generally the main feature of the spot

there is almost invariably a fringe of paler tint; whilst within the confines of the black patch

which first catches the eye there is often a nucleus or inner portion of far more intense depth of

shade. The innermost and darkest portion being termed the nucleus, the ordinary black portion

is known as umbra, whilst the encompassing fringe is the penumbra. It is not always the case

that each individual umbra has a penumbra all to itself, for several spots are occasionally

included in one common penumbra. And it may further be remarked that cases of an umbra

without a penumbra and the contrary are on record, though these may be termed exceptional,

often having relation to material organic changes either just commencing or just coming to a

conclusion. A marked contrast subsists in all cases between the luminosity of the penumbra

and that of the general surface of the Sun contiguous. Towards its exterior edge the penumbra

is usually darker than at its inner edge, where it comes in contact with the umbra. The outline

of the penumbra is usually very irregular, 23 but the umbra, especially in the larger spots, is

often of regular form (comparatively speaking of course) and the nucleus (or nuclei) of the

umbra still more noticeably partakes of a compactness of outline.Spots are for the most part

confined to a zone extending 35° or so on each side of the solar equator; and they are neither



permanent in their form nor stationary in their position. In their want of permanence, they are

subject, apparently, to no definite laws, for they frequently appear and disappear with great

suddenness.Their motions are evidently of a two-fold nature; the Sun itself rotates on its axis,

and the spots collectively participate in this movement of rotation; but over and above this it

has been conclusively proved that sometimes a spot has a proper motion of translation of its

own independently of the motion which it has in consequence of the Sun’s axial rotation.

Curiously enough, spots are very rare immediately under the Sun’s equator. It is in the zone

extending from 8° to 20° North or South, as the case may be, that they are most abundant; or,

to be more precise still, their favourite latitude seems to be 17° or 18°. They are often more

numerous and of a greater general size in the northern hemisphere, to which it may be added

that the zone between 11° and 15° North is particularly noted for large and enduring spots. A

gregarious tendency is often very obvious, and where the groups are very straggling an

imaginary line joining the extreme ends of the group will generally be found more or less

parallel to the solar equator; and not only so, but extending a long way, or sometimes almost

entirely, across the whole of the visible disc. 24 With respect to the foregoing matters Sir John

Herschel remarked:—“These circumstances ... point evidently to physical peculiarities in

certain parts of the Sun’s body more favourable than in others to the production of the spots,

on the one hand; and on the other, to a general influence of its rotation on its axis as a

determining cause in their distribution and arrangement, and would appear indicative of a

system of movements in the fluids which constitute its luminous surface; bearing no remote

analogy to our trade-winds—from whatever cause arising.” More often than not when a main

spot has a train of minor spots as followers that train will be found extending eastwards from

the east side of the spot, rather than in any other direction.Spots remain visible for very diverse

lengths of time, from the extreme of a few minutes up to a few months; but a few days up to,

say, one month, may, in a general way, be suggested as their ordinary limits of endurance. As

the Sun rotates on its axis in 25¼ days, and as the spots may be said to be, practically

speaking, fixed or nearly so with respect to the Sun’s body, no spot can remain continuously

visible for more than about 12½ days, being half the duration of the Sun’s axial rotation.With

regard to their size, spots vary as much as they do in their duration. The majority of them are

telescopic, that is, are only visible with the aid of a telescope; but instances are not uncommon

of spots sufficiently large to be visible to the naked eye. The ancients knew nothing about the

physical constitution of the Sun, and their few allusions to the subject were mere guesses of

the wildest character. They were, 25 however, able to notice now and then that when the Sun

was near the horizon certain black spots could sometimes be distinguished with the naked eye,

but they took these for planets in conjunction with the Sun, or phenomena of unknown origin.

Earliest in point of date of those who have left on record accounts of naked eye sun-spots are

undoubtedly the Chinese. In a species of Cyclopædia ascribed to a certain Ma-touan-lin

(whose records of comets have been of the greatest possible use to astronomers), we find an

account of 45 sun-spots seen during a period of 904 years, from 301 A. D. to 1205 A. D. In

order to convey an idea of the relative size of the spots, the observers compared them to eggs,

dates, plums, etc., as the case might be. The observations often extended over several days;

some indeed to as many as ten consecutive days, and there seem no grounds for doubting the

authenticity of the observations thus handed down to us. A few stray observations of sun-spots

were recorded in Europe before the invention of the telescope. Adelmus, a Benedictine monk,

makes mention of a black spot on the Sun on March 17, 807. It is also stated that such a spot

was seen by Averröes in 1161. Kepler himself seems to have unconsciously once seen a spot

on the Sun with the naked eye, though he supposed he was looking at a transit of the planet



Mercury. None of these early observers have told us the way in which they made their

observations, but the smallest of boys who has any claim to scientific knowledge is aware of

the fact, that by the use of so simple an expedient as a piece of glass blackened with smoke,

spots which are of sufficient size can be seen with the naked eye. Before telescopes came 26

into use it was customary to receive the solar rays in a dark chamber through a little circular

hole cut in a shutter. It was thus that J. Fabricius succeeded in December 1610 in seeing a

considerable spot and following its movement sufficiently well to enable him to determine

roughly the period of the Sun’s rotation.The spots may often be easily observed with

telescopes of small dimensions, taking care, however, to place in front of the eye-piece a piece

of strongly-coloured glass. For this purpose glasses of various colours are used, but none so

good as dark green or dark neutral tint. It is not altogether easy to say positively how large a

spot must be for it to be visible with the naked eye, or an opera glass, but probably it may be

taken generally that no spot of lesser diameter than 1 2 of arc can be so seen. This

measurement must be deemed to apply to that central portion of a normal spot already

mentioned as being what is called the nucleus, because penumbræ may be more than 1 2 in

diameter without being visible to the naked eye, for the reason that their shading is so much

less pronounced than the shading of umbræ. Very large and conspicuous spots are

comparatively rare, though during the years 1893 and 1894 there were an unusual number of

such spots. It often happens that a conspicuous group is the result of the merging or joining up

of several smaller groups. In such cases a group may extend over an area on the Sun 3 2 or 4 2 of

arc in length by 2 2 or 3 2 in breadth. The largest spot on record seems to have been one seen on

September 30, 1858, the length of which in one direction amounted to more than 140,000

miles.The observation of spots on the Sun by projecting 27 them on to a white paper screen

with the aid of a telescope is a method so convenient and so exact as to deserve a detailed

description, the more so as it is so little used. Let there be made in the shutter of a darkened

room a hole so much larger than the diameter of the telescope to be used as will allow a

certain amount of play to the telescope tube, backwards and forwards, up and down, and from

right to left. Direct the telescope to the Sun and draw out the eye-piece to such a distance from

the object-glass as that the image projected on a white screen held behind may be sharply

defined at its edges. If there are any spots on the Sun at the time they will then be seen clearly

exhibited on the screen. An image obtained in this way is reversed as compared with the image

seen by looking at the Sun through a telescope directly. If therefore the telescope is armed with

the ordinary astronomical eye-piece, which inverts, then the projection will be direct, that is to

say, on the screen the N. S. E. and W. points will correspond with the same terrestrial points.

Under such circumstances the spots will be seen to enter the Sun’s disc on the E. side and to

go off on the W. side. The contrary condition of things would arise if a Galilean telescope or a

terrestrial telescope of any kind were made use of. These instruments erect the image, and

therefore will give by projection a reversed image, in which we shall see the spots moving

apparently in a direction contrary to their true direction.If the reader has grasped the broad

general outlines now given respecting the Sun and its spots he will perhaps be interested to

learn a few further details, but these must be presented in a 28 somewhat disjointed fashion,

because the multitude of facts on record concerning sun-spots are so great as to render a

methodical treatment of them extremely difficult within the limits here imposed on me. These

matters have been gone into in a very exhaustive way by Secchi in his great treatise on the

Sun, and in what follows I have made much use of his observations.Let us look a little further

into the laws regulating the movement of the spots. If it is not a question of seeing a spot spring

into view, but of watching one already in existence, we shall, in general, see such a spot



appear on the Eastern limb of the Sun just after having turned the corner, so to speak. The

spots traverse the Sun’s disc in lines which are apparently oblique with reference to the diurnal

movement and the plane of the ecliptic, and after about 13 days they will disappear at the

Western limb if they have not done so before by reason of physical changes in their condition.

It is not uncommon for a spot after remaining invisible for 13 days on the other side of the Sun,

so to speak, to reappear on the Eastern limb and make a second passage across the Sun;

sometimes a third, and indeed sometimes even a fourth, passage may be observed, but more

generally they change their form and vanish altogether either before passing off the visible

disc, or whilst they are on the opposite side as viewed from the Earth.29Fig. 6.—Change of

Form in Sun-spots owing to the Sun’s rotation.When several spots appear simultaneously, they

describe in the same period of time similar paths which are sensibly parallel to one another

although they may be in very different latitudes. The conclusion from this is inevitable, that

spots are not bodies independent of the Sun, as satellites would be, but that they are

connected with the Sun’s surface, and are affected by its movement of rotation. If we make

every day for a few days in succession a drawing of the Sun’s disc with any spots that are

visible duly marked thereon, we shall see that their apparent progress is rapid near the centre

of the Sun, but slow near either limb. These differences, however, are apparent and not real, for

their movement appears to us to take place along a plane surface, whilst in reality it takes

place along a circle parallel to the solar equator. The spots in approaching the Sun’s W. limb, if

they happen to seem somewhat circular in form when near the centre, first become 30 oval,

and then seem to contract almost into mere lines. These changes are simple effects of

perspective, and are to be explained in the same manner as the apparent decrease in the size

of many of the spots is often explicable. But this condition of things proves, however, that the

spots belong to the actual surface of the Sun, for, on a contrary supposition, we should have to

regard them as circular bodies greatly flattened like lozenges, and this would be contrary to all

we know of the forms affected by the heavenly bodies. Of course besides the apparent

changes of form just alluded to as the effect of perspective, it is abundantly certain that solar

spots often undergo very real changes of form, not only from day to day, but in the course of a

few hours. Several spots will often become amalgamated into one, and it was ephemeral

changes of this character which hindered generally the early observers from determining with

precision the duration of the Sun’s rotation.

Alan U. Kennington, “Popular astronomy in 1895. Surprisingly accurate. Still a useful first

introduction.. I have the original 1895 edition of this tiny book "
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" by George Frederick Chambers (1841-1915), published by George Newnes Ltd., London.

This was one of a series of books called "The library of useful stories" by the same publisher

around about the last decade of the 19th century. Dimensions: W=4in, H=6in.The preview of

the 
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shows the 1909 American edition published by S.S. McClure Co., New York, which seems

to be otherwise more or less the same as the tiny dark blue 1895 hardback edition which I

have on my desk as I type. The most obvious difference is that the original landscape-format

engraving of Saturn on March 4, 1884 on page 2 has been replaced by a portrait-format

engraving where Saturn is more tilted towards the Earth. Presumably a later "image" has been

used!The original 1895 edition has 202 pages, whereas the 1909 edition in the aforementioned

Amazon preview has about 189 pages, the difference being due to the page size. The titles of

the 13 chapters and one appendix are the same. The 1895 edition has the following page

counts.1. Introductory statement (12 pages)2. The Sun (42 pages)3. Mercury (3 pages)4.

Venus (9 pages)5. The Earth (21 pages)6. The Moon (12 pages)7. Mars (11 pages)8. The

minor planets (5 pages)9. Jupiter (8 pages)10. Saturn (16 pages)11. Uranus (6 pages)12.

Neptune (8 pages)13. Comets (33 pages)The first chapter gives the inclinations of the 8

planets relative to their orbits in a very nice diagram, Figure 2.Chapter 2 contains this little

conversation starter."The illuminating power of the Sun [....] has been calculated to equal that

which would be afforded by 5563 wax candles concentrated at a distance of one foot from the

observer. Again, it has been concluded that no fewer than half a million of full moons shining all

at once would be required to make up a mass of light equal to that of the Sun. I present all

these conclusions to the reader as they are furnished by various physicists who have

investigated such matters, but it is rather uncertain as to how much reliance can safely be

placed on such calculations in detail."This kind of circumspect language is unsurprising from

such a "Barrister-at-Law of the Inner Temple" as Chambers was.There is much fascinating

historical background in this book, including various quotations from the classics such as Virgil

and Homer. In the chapter on Mars, there are some interesting observations regarding snow

on Mars in various seasons. There is a description of the observations by Schiaparelli of canals

on Mars in 1877 and 1894. The author emphasizes that these canals are produced naturally,

not by an "artificial agency".All in all, there are not many things to poke fun at in this book. It's

fairly accurate in most things. Of course, there was no Pluto at that time. But otherwise, this

book is as up-to-date as many books published 50 years later. Unfortunately there are no

photos. Only some rather rough engravings.”



James Dickson, “Science is not sentimental. I can't fault the book for its content. Obviously,

being written around 100 years ago, new discoveries and all manner of workings of our Solar

System have been unveiled, but as a well written introduction to our Solar System, as well as

what drives us to learn about it, our lust for discovery, the practice of science, to explain and

unravel the mysteries of the Universe at large, this is a great book.So, given that the book is

obviously somewhat outdated, it does not feel out of date. By which I mean the language would

not be out of place in the modern day and the approach to reason and scientific analysis from

a number of observers studies over the years is highly commendable, perhaps even something

that many modern writers may not so strictly adhere to, while admitting as much to what it

doesn't know as to what it does.While this is a very good book with exceptions, the main

downside is in the physical product itself. The production is pretty cheap, and while I appreciate

that such classic reprints will obviously lose some quality in the process of restoration and

reproduction, I can't help but feel Amazon (who print this edition) have extensive funds to make

a better product than that on offer. The plasticy cover just looks and feels cheap and tacky,

though I found the binding quite sturdy. The print is really quite large, akin to what might be

found in a young children's book, and it's printed on some quite shockingly white paper that

can feel a little blinding, especially in bright light. (I should say I have no problems with my

vision). This isn't to put you off but just make you aware that you shouldn't be expecting the

usual tactile comforts, aesthetic pleasure, and even the smell of a good book.This is a

wonderful read as an insight to the learnings of the past and how far we've come. Pluto was

not a planet to feature in this book (it was unknown at the time), and it's strange to think that it

has been a Planet and then not a Planet in time for this reprint. Hopefully 
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     will be just as enjoyable and with any luck a better quality print.”

Mr. A. D. Steele-leith, “So to critique this could be like critiqiing a work of shakespeare (not that

i like .... I bought this book because it inspired my hero, Sir Patrick Moore. What can i say, it

inspired the legend himself into astronomy. So to critique this could be like critiqiing a work of

shakespeare (not that i like his work!). Trying to find the others in the series. but rare as hens

teeth now i imagine.”

celia, “Patrick moores first inspirational book. God bless you Patrick Moore for opening up this

precious subject and making it easier for the average person to undersatnd,you mentioned on

the tv how this book inspired you, and now it is inspiring me and many others.”

The book by George F. Chambers has a rating of 5 out of 4.8. 4 people have provided

feedback.
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