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BRITISH MOSSES.

By tbe Et. Hon. Lord .Justice Fry, F.R.S., F.S.A., F.L.S.

[Continued from page 7.)

WE have seen that Nature has been practising a

piece of severe economy iu doing without the

spore and the whole machinery adapted for

the production of spores and substituting a

gemma for a spore. We shall now see her
going a step further in the same course of economy and
doing without the gemma. She will produce protonema
from the existing Moss plant without the intervention of

spore or gemma.
Fig. 15 represents a,\eQ.ioi Orthotrkhum Lijel I i, a. Moss

Fid. 15.—Leaf of Orthotrichum LyelH, after Schimper.

found both in the old and the new world, on the trunks
of trees : from this leaf, and especially from its midrib, are
seen growths of protonema, and these gradually change
into true roots, and on these roots buds are formed, which
buds develop into true JIoss plants. At x will be seen
such a protonema divided into cells by transverse walls

—

fm-ther on the walls are oblique to the line of growth, and
the growth then assumes the form of a root—and at >/ is

seen a bud destined to produce a Moss plant.

Other species of Moss produce protonema from other
parts of their structure ; sometimes from the small roots
or rhizoids, sometimes from the base or the margin of the
leaf, sometimes from the stem, and sometimes from the
calj^Jtra or veil. These modes of reproduction are referred
to in the third column in table B, under the heading
"Moss."
But Nature has not yet

tired of economy, she will

try a yet shorter circuit of

Ufe ; she will reject the pro-

tonema, as well as the spore,

and produce on the existing

Moss plant itself a bud which
shall produce a new Moss
plant. Sometimes leafy buds
are formed on the true rhi-

zoids, sometimes on the root-

like hairs which hang sus-

pended in the air and are

known as aerial rhizoids

;

sometimes bulbs are foimd

on the stem, and from these

buds and bulbs fresh Moss
plants arise. A yet more
direct mode of propagation

may exist, viz., the direct

production of a Moss plant

from a Moss plant ; whether,

in this case, a bud is first

formed or not I do not know,

though I should suspect the

affirmative. This curious

mode ofreproduction is shown
in Fig. 16, which depicts a

plant of Sphagnum cuspida-

tuiii, on the ends of the loose

leaves of which {a, a) are

seen numerous young plants

directly arising and alike in

all things but size to the

parent plant.

The last-mentioned modes
of reproduction are epitomi-

zed in the last two columns

of table B.

There is one reflection

which must almost have
forced itself on every reader

in considering this sketch of

the development of Mosses,

and of the economies of

Nature in the process. The
one object of her solicitude

is the Moss plant—whatever

else be left out, this is al-

ways present : Nature may
strike off the spore, she may
do without the gemma, she

may avoid the protonema, but do whatever she may she

f fffeij-"

1

Fig. 16.

—

Sphagnum cuspi-

dafum. aa,youn£plant9atendB
of branches. After Schimper.
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i. Spores

ii. Gemmffi .

iii. Protouemn

always produces the Moss plant, the vegetable growth with
its stem and its leaves. To the production of this all else

is subordinate
; it is the one thing needful.

On the other hand, the one thing which Nature seems
desirous to avoid is the sexual reproduction by the concur-
rence of the two organs of the archegones and the antherids.
Tills is found only in the one mode of growth ; every other
kind of reproduction by gemma, by protonema, by bud, all

of course leave out the whole sporophytic generation.
In the following table, which is far from exhaustive, I

have endeavoured to exhibit some of the modes of repro-
duction, dividing them into those cases in which it takes
place with protonema and those cases in which it takes
place without.

Table C.—Modes of Eeproduction.
A.

—

With Protonema.
in capsiile.

rLeptodontium gemmasciins.
on end of leaf } Orthotrichum j)(i!(IIa7i(hniii.

L^irhnmia Uartmalii,
on midrib Tortulo papilloso.
in axils of leaves ... Briixim.
in balls AuJacomnion.
in cups Ti(in)))iis.

from zhizoids iv''i"T'1-

from aerial rbizoids... Dtcranum wndulatum.
from terminal lejives. OTicopJiorits glaucit:^.

from base of leaf ... Fitnaria hygrometricn.
from midrib Oyfhotrichum LycUi.
from margin Buxbavmia ajihylla,
from stems ., JXcranum undulatuw.
from calyptra COTicmifi-ium jiiIioTitim.

B.

—

WitJiout Protonema.
iv. Leaf-Buds ... on rbizoids Grimmiapnlv!nata.
v. Leaf-Buds ... on .aerial rbizoids ... Dicranum imdxilatiim.
vi. Bulbs on stem Sryvm aiinotinum.
Tii. Young Plants, at ends of brancbes ... Spiiagmim cuspidatxm.

Tiu. Leaf. Branches, becominsr detached (
Cnnoiiii-fi-ium .jultoimm.

'" (.tinciiaotns aqiiattciis.
is. Booting of main ) „ .

axis j
Mninvi vnaiitatum,

Weismann's Theory.—The consideration of this table, and
of the facts which are epitomized in it, is not without its

interest in reference to Prof. Weismann's theory of the
division of the cells and the plasma of organisms into two
kinds : the germ cells and germ plasma endowed with a
natural immortality, and the somatic cells and somatic
plasma possessing no such endowment. That the Mosses
are a difficulty in the acceptance of the theory as a universal
truth, the professor liimself admits. The evidence of the
Mosses seems to amount at least to this : that in this whole
group, the highest in this line of development, where the
oophytic generation produces the principal plant, and where
there are highly specialized organs fur the production of
spores or germ cells—that in this whole group either there
is no efl'ectual separation between the two kinds of plasma,
or that the germ plasma is so mdely diffused amongst the
somatic plasma that every portion of the plant is capable
of reproducing the entire organism.

Compariso7i with Zooloyical Embn/olof/i/.—The table will

further offer us some points of comparison with animal
embryology.

In that branch of physiology, one of the most remarkable
facts is what has been called recapitulation, i.e., the sum-
mary in the life of the individual of the life of the race, so
that the development of the individual tells the development
of the race

—

e.i/., the gills of the tadpole tell us of the
descent of the Batrachians from gill-breathing animals.

So here we cannot doubt that the protonema of the
Moss tells us of the descent of the whole group of Mosses
from the AlgfE.

Another remarkable fact in animal embryology is the
co-existence in exceptional cases of the mature and the
immature form : so the asolotl retains both gills and lungs
throughout its life. In like manner some Mosses retain

' their algoid protonema throughout life.

The Phascum or Clay Moss is a conspicuous instance of

It is a Moss of

ciispi-FlG. 17.

—

Phascum
datum. <7, capsule; r,rliizoid9;

j[). persistent protonema. After
Scliimper.

this curious fact : it is depicted in Fig. 17.
a not very high organization.

The leaves grow close to the "

ground and the stem is very
short. In like manner the

sporangium (a) is almost
sessile, and is seen almost
enshrouded in the leaves,

true rootlets or rbizoids (c)

attach the plant to the ground,
and the protonema (ji) from
which the plant has arisen

survives and remains at-

tached to it during the whole
life of the plant. This
protonema often exists in

great quantity in the clay

banks or fields where the

Phascum dwells, and forms a sort of tangled mat.
Again, in zoological embryology, an attempt is often

found, to use the language of Prof. Milnes Marshall, " to

escape from the necessity of recapitulating, and to sub-

stitute for the ancestral process a more direct method."
In like manner we have already seen to how great an

extent Nature has adopted the system of short-circuiting

in the reproduction of the Mosses ; for in every mode of

reproduction, except that through sporogone and spore, a
shorter circuit is travelled. We have seen how in every

case Nature seems to leave out the sexual reproduction if

she can help it, and directs her whole attention to the
production of the vegetative organism—the Moss plant Ln

the popular sense—which she never omits.

Another point of comparison arises, but this time it is one
of contrast between the embryology of the two kingdoms.

In animals, to again quote Prof. Milnes Marshall, " re-

capitulation is not seen in all forms of development, but
only in sexual development, or at least only in development
from the egg. In the several forms of asexual development
of which budding is the most frequent and the most
familiar, there is no repetition of ancestral phases, neither

is there in cases of regeneration of lost parts."

In Mosses, on the contrary, the table last given shows
that in most of the modes of reproduction the ancestral

form, the algoid protonema, is retained and reproduced,

whereas in the growth from a sexual cell, i.e. in the

sporogone, the ancestral form entirely disappears.

Un/a7n:ation.—I now propose to describe somewhat
more in detail certain parts of the structure of a Moss.
The stem of Mosses is, as we have already seen, very

variable in size. Sometimes, as in the Phascum (Fig. 17),

the whole plant is almost sessile ; in other cases, as in

the Polytrichum (Fig. 2), it attains to a very considerable

length. In some Mosses inhabiting water, the length of

the plant reaches to feet. In our flowering plants the

stem is supportei by the presence of fibro-vascular

bundles, i.e., fibres arranged in combination with tubes

along which fluids can and do pass. But with the ex-

ception of one family, the stem of the Mosses, like all the

other parts of the plant, is constituted of cells alone, and
consequentl}' the circulation of fluid in them appears to

result entirely from the passage of fluid through the walls

of the cells. Hence their close dependence on the

presence of moisture ; hence in dry weather they fade and
droop, and with the return of moisture assume their

wonted appearance.

The exception to which I have referred exists in the

family of the Polytrichacefe, of which the genus Poly-

trichum is the foremost (Figs. 2 and 3). In that kind of

Moss the stem of the plant and the stalks that support the
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capsules are of a firm, almost woody, structure, and give

to the whole plant a different character to that of most of

the Mosses. This peculiarity of the Polytrichum has, so

to speak, enabled it to play a greater part in the world

than most Mosses. Gilbert White tells us that the

foresters of his neighbourhood made " neat little besoms

from the stalks of the rolvtriclium, common or great

golden maiden hair, which they call silkwood, and find

plenty in the bogs. When this Moss is well combed and

dressed, and divested of its outer skin, it becomes of a

beautiful bright chestnut colour, and being soft and pliant

is verv proper for the dusting of bed curtains, carpets,

hangings, ic." But long before the dwellers in Wolmer
Forest discovered this use for this Moss, it had been

known to the pre-historic dwellers in our island, and
had, it appears, been used by them to adorn themselves or

their wives (themselves most likely). Curious fringe-like

objects plaited of the stems of this Moss have been dis-

covered in a crannog, or island fort, at Lochlee, in Ayrshire,

attributed to that pre-historic period which has been called

the late Celtic period. Furthermore, it is perhaps due to

this fibrous character of the class that the earliest Moss
of which we have any record in the strata of the earth

appears to be one of the Polytrichacefe.

The roots or rhhoids of the Mosses are distinguished by

the minuteness of their growing ends, by their pliancy, and
by the presence on theu- exteriors of a balsamic or glutmous
deposit. To these points of structure they owe their

capacity to insinuate themselves into the minutest crences

of rock, to get, for instance, amongst the particles of the

oolites, and also to fix themselves in the shifting sands

of the sea-coast, and by so fixing themselves to give fixity

in return to the sand, and so tend to produce the sand-

dimes in many parts of the coast. At some parts of the

Northumbrian coast the Bncoiiiitriiiiii canesceiis may be

found buried deep in the sand, from which it can scarcely

be detached ; and in like manner the sand-dunes of Holland
and the west of France have in many places been fixed by

Mosses. The forests of firs on the North Sea and the Bay
of Biscay thus owe their place of abode to humble Mosses.

Leaves.—When we examine the" leaves of Mosses and
compare them with the more familiar forms presented to

us by the phanerogams, we find ourselves in a new world,

and the interest with which we view them is increased

when we remember that, according to the view usually

accepted, they are,' so to speak, a unique phenomenon

;

they are not the descendants of any earlier leaves nor the

ancestors of any later ones ; they appear thus once, as it

were, in the history of the vegetable kingdom, and advance

no further. They possess something of the charm which
an QTTa^ Xiyofieiiv exercises over the mind of a philologist.

We may first note what they are not. They are never

opposite, never whorled, never on leaf-stalks, never truly

veined, never lobed or compound, never furnished with

epidermis or stomata.

When we turn

to consider afiSr-

mativel)' what
Moss leaves are,

we find them in

some cases char-

acterized byan ex-

treme simplicity

of form. They
are single plates

of similar cells

without midribs,

without veins,and
without border.

The accompanying Fig. 18, representing a leaf of the

beautiful Moss, the Hookeria lucens, is an illustration of

this form of leaf, and the Figs. 19 and 20 will show more
highly magnified the

structure of the com-
ponent cells in a young
and old leaf, and the

grains of chlorophyll in

the cells. In the old

leaf a tendency will be

observed in these grains

to place themselves along

the walls of the cells

so as to produce the

effect of thickened walls.

Mosses stand in im-of

Fig. 19.—Cells of

young leaf of

Hookeria lucens,

after nature.—
A. F.

The leaves

mediate connection with the atmosphere,

absorbing moisture from it when
moist, and shrinking and shrivelling

when the air is dry. In some cases

they are characterized by a marked
difference in the form of the cells

in the different parts of the leaf.

Fio. 20.— Cells

of old leaf of

Hookeria lucens,

after nature.—
A. F.

Fig. 18.- -Leaf of Hookeria lucens, magnified,

after nature.—A. F.

and again in other cases by the imequal distribution of

chlorophyll ; in other cases we come across strange forms,

the like of which we hardly know in the phanerogams

;

such are the thick border and double rows of teeth in some
of the genus Mnium, the parallel plates in Polytrichum

;

and, stranger still, the third flange of the leaf inFissidens,

the true homology of which has proved a crux to bryologists.

A drawing of the leaf of Fissidens adiantiuides is shown
in Fig. 21^a thickened line of cells down the middle of

the leaf assumes very much the appear-

ance of a midrib, and on the right hand
side occupying the lower half of the leaf

is seen a third flange to the leaf, attached

at its upper part to the leaf in an oblique

line and after that to the vein or midrib

of the leaf, so that in that part of the

leaf there are, as it were, two sheets or

plates instead of one. Various theories

of the homology of this part of the leaf

have been suggested. By some it has been
thought to result from a vertical splitting

of the leaf; but each of the two plates

where they ai-e doubled is of an equal

thickness to the rest of the leaf. Some
have suggested that the double portion

is alone the true leaf and the rest an
outgrowth, but this seems a violent

assumption. Others, again, have suggested

that the additional lobe is a stipule

arising on the opposite side of the stem,

which has become adnate with the leaf.

Some of these suggestions carry conviction

with them.
In some cases the leaf is produced into a long thread or

beak, devoid of chlorophyll, and often with indented or
toothed edges. This structure is found chiefly in Mosses
living on stones and rocks, and in dry situations, such as
Grimmia and Eacomitrium, and the presence of these long
white threads or beaks gives a grey tmt to the whole Moss,
and in places where the Moss is predominant (as, for

instance, some parts of Dartmoor and North Wales, where
Eacomitrium abounds) a grey tint to the whole landscape.

These long hairs and prominences, especially when armed
with lateral teeth, no doubt retain the moisture which is

necessary not only for the vegetative life of the Moss, but
also for the process of reproduction by archegones and

Fig. 21.—Leaf of

Fissidens adian-
fioides, showing
a a, the third
flange. After
Schimper.
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antherids; hence it probably is that this form of leaf

prevails in Mosses living in dry situations, just as the thick

leaves of succulent plants are found iu similar situations.

The. capsule.—Oi all the organs of a Moss plant, the

capsule which produces the spores is, perhaps, the most

peculiar and characteristic. If the reader will refer back to

Figs. 1 and 2, he will see the capsules (c in Fig. 1, r( in

Fig. 2) borne on the end of the long stalks (s). The cap-

sule, as is shown in Fig. 2, is covered with a delicate veil

or calyptra, which is shown as removed at cal. This veil

is the remains of the archegone, borne up by the stalk or

seta in its upward growth. In the case of the Polytrichum,

it is covered with a thick coating of depending hairs, a cir-

cumstance which gives its name to the genus. When the

veil is removed, the capsule itself is disclosed (c in Fig. 2),

surmonuted by an operculum or lid (o), which fits on to the

top of the capsule like the lid on a box. The capsule with

the lid removed is sho^^^a at the letter <•'.

If the reader will refer back to table A, he will find that

the Acrocarpous Mosses, i.e., those which produce their

capsules at the end of the axis, are divided into Stegocarpaj

and CleistocarpsE. We are now in a position to appreciate

this distinction. In the Cleistocarpous Mosses, the

capsule is never differentiated into the two parts of the

true capsule and lid; it remains always as a closed

capsule until the walls decay or break, and so emits the

spores which it contains. Of this class, the clay Moss or

Phascum (Fig. 17) is a familiar example. As a whole,

this class is less highly organized than the Stegocarpous

Mosses— such as the Polytrichum—where the capsule,

originally a single organ, becomes differentiated into the

two parts already described, and the spores are retained in

the capsule dry and snug imtil the ripened lid falls off and

allows their escape.

In some cases, the orifice of the capsule

is formed by a smooth edge or lip ; but

in other cases this orifice is surrounded

by a, girdle of teeth of varying nmnber,

form, and colour, so that the study of

the peristome, as this girdle is called,

presents a continued variation of objects

of beauty and interest. Fig. 22 exhibits

the peristome of the beautiful little Moss
the Tetraphis peUudda, to which I have

already referred. No simpler form of

peristome can be found than this, ex-

hibiting four teeth in a single ring.

23 is part of the peristome of the Fissidcns adiinitioides

magnified, and
shows two pheno-

mena common in

peristomes, (1) the

division of the

teeth at their free

ends, and (2) the

presence of trans-

verse markings,

generally of a

darker colour than
the intervening

spaces. A tooth

thus marked is said

.^^S^TrJ'Tf^t^T^i^^ to be trabeculated,

^^-.j' .',;:'
,

'
,-'/,l^^ i-e., marked by

'"
''--''"

trabeculffi, or little

riG.23.—Part of peristome beams. Fio. 24.

oiFissidensadian/ioides, In one consider-
^<''''^^omc of

u.agn.ned. AfterSehim-
^^le family of ^^H^M^:;

^ Mosses, some of Srhimper.

Fig. 22.

Peristome of

Tetraphispel-

lucida, after

ScUimper.

Fis

Fig. 2.5.—Capsule and
peristome of Poly-
trichnm. p. peris-

tome, t. tympaTium,
after nature.— A.F.

which are very common on the tops of our walls, the teeth

are hair-like in length and delicacy, and are twisted into a

curious scroll like a lambent flame of fire. Fig. 24

represents one of these twisted peristomes from which
the genus especially characterized by it has received from

some botanists the name of Tortula.

Again, in another form, which exists in Polytrichum,

the teeth assume a very different appearance and connec-

tion. To make this intelligible I must refer to a portion

of the structure of the capsule to which I have not hitherto

referred, the columella, or little column, a central stem
which occupies the very axis of the

capsule ; this, in Polytrichum,

emerges from the mouth and ex-

pands into a tympanum or drum-
head, and the teeth arising from the

lip of the mouth join and support

this drumhead, leaving interspaces

between them something like long

narrow windows under the flat roof

of a circular tower, through which

the spores escape. Fig. 25 is a re-

presentation of this singular struc-

ture, in which //. marks the place of

the peristome or girdle of teeth

:

these are seen to be attached to U,

the tympanum, into which the column has expanded.

I have hitherto spoken of the peristome as consisting of

one girdle of teeth ; often it is double as in the great

genera Hypnum
and Bryum, and
then the teeth often

reach the number
of sixty-four. In

one foreign genus
(Dawsonia) there

are as many as four

circles of teeth.

The accompany-
ing Fig. 26 is a dia-

gram intended to

assist the reader in

gaining a general

notion of the struc-

ture of the several

parts of a capsule

with a double peri-

stome : it is a dia-

gram only of a

section of an ideal

capsule, and not a

picture or repre-

sentation of any
existing capsule.

The reader who
will carefully in-

spect it will learn

what to look for

when he first holds

a capsule in his

hands, and may get

some assistance as

regards the techni-

cal language of

bryology. He will

see the calyptra, or

veil (eal.), the re-

mains of the ori-

ginal archegone ; he will see the operculum, or lid (oper),

Fig. 26.- -Diagrammatic section of a capsule.

cfiL, calyptra ; oper., lid or operculum
;

ip., tooth of inner peristome ; op., tooth

of outer peristome ; an., annulus or ring;

col., columella ; sp., wall of the actual

spore sac ; ap., region of the aphvse.

—

A. F.
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severed from the capsule itself ; he will observe the double

peristome (i.p. and o.;).),the outer teeth consisting of a pro-

longation of the outer coat of the capsule, the inner teeth

arising ir. like manner from the wall of the inner sack or

spore case, or sporangium (sp.) ; he will observe an interspace

between these two sacks filled with cellular tissue ; he will

observe in the interior of the sporangium the cells which

become spores with the maturity of the growth ; and in

the middle of the diagram he will notice the columella or

column. At the base of the capsule he will see the region

{lip.) which, when swollen or enlarged, gives rise to the

apophyse. All these parts are subject to a great range of

variation, but this diagram may nevertheless, I hope, prove

of some assistance to those beginning the study.

The object served by the complicated structure of the

peristome is not, perhaps, very certain, but it seems to be

intended to secure the retention or exclusion of the spores

fi'om the spore sac in such conditions of the atmosphere

as will best conduce to their germination. In the

Gymnostomous Mosses {i.e., those without peristome) it is

observed that the spores sometimes germinate within the

capsule, an event which is probably adverse to the

prospects of the race. The following table will illustrate,

in a few cases selected as illustrations, the different

behaviour of the teeth of the peristome under different

hygrometric conditions, and suggests what is the probable

advantage in each case ;

—

TABLE D.
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lampblack— in short, all the various forms of char—
appeared to possess iu an eminent degree what was termed

the " principle of combustibility/' The word Curhone

was emploj^ed to denote the combustible principle contained

in the various forms of char. The principle thus named
is represented iu terms of our modern views by what is

known as a chemical element, and to this element the

name Carbo/i is given.

The phlogistic chemists made no real advance towards
explaining the reducing action of the various bodies con-

taining the principle or substance Carbon. This explana-

tion was reserved for Lavoisier, the great opponent of the

phlogistic system. Previous to the work of Lavoisier, Black
had prepared and studied the gas called "fixed air " (car-

bonic acid), which is obtained by the action of an acid on
Umestoue. Lavoisier found that the same gas is formed
when charcoal is burnt, and he fm;ther proved that iu this

process a constituent of the air (oxygen) unites with the

charcoal, the fixed air or carbonic acid formed being com-
posed of Carbon and oxygen. Lavoisier likewise proved
that in calcination the substance he termed oxygen is

abstracted from the air and combines with the metal,

forming a calx or oxide. Finally, he showed that if a calx

be heated with charcoal iu the absence of air carbonic

acid is formed, showing that the change which has taken
place consists in removing the substance oxygen from its

combination with the metal.

From this series of experiments it was evident that the

redncinij fimction of any form of char is better expressed
by saying that the substance Carbon removes the substance

oxygen than by saying that the combustible principle

Carbon imparts to a calx the principle of combustibility.

These two modes of expressing the same facts may be
represented thus

—

Calx niinm the substance Oxygen = Metal, and
Calx plus the principle of combustibility = Metal.

From the date of Lavoisier's discovery the formation of
i

carbonic acid has been invariably employed for detecting ,

the presence of the element Carbon. Carbonic acid gas is

readily recognized even in the smallest traces by the well-

known property of throwing down a sediment of chalk
when passed into lime water. Any substance which on
bm'ning forms carbonic acid contains, we say, the element

i

Carbon. The amount of carbonic acid formed, which can '

be accurately determined, supplies the best means of esti-

mating the weight of Carbon contained in any material.

If a material when completely burnt yields carbonic acid

and nothinij else then we say that the material is composed ,

wholly of the element Carbon. The pin-est wood charcoal

when completely burnt yields no gas except carbonic acid,

and no residue except a very small quantity of ash in

which can be recognized those mineral ingredients which
the plant from which the charcoal was prepared originally

derived from the soil. Wood charcoal consists therefore

almost wholly of Carbon. Any other form of char
when freed as far as possible from foreign matter (<./;., by
drying to remove moisture) possesses the same, or nearly
the same, physical constants as wood charcoal. The specific

gravity is about 1-9. The materials are amori^hous, or

devoid of crystalline form.
I

It was not long after his discovery of the composition of
'

carbonic acid that Lavoisier, in conjunction with certain

other chemists, experimented on the combustion of the
diamond. The diamond was placed in a glass vessel

containing air, and the rays of the sun were concentrated
to a focus on the diamond by means of a powerful lens.

The diamond was by this means heated sufficiently to burn
in the air of the vessel, and the gas evolved was collected

over mercury, and tested. It was found to be carbonic acid.

Soon afterwards (1796) an Enghsh chemist showed that

the amount of carbonic acid fonned by burning equal
weights of diamond and of charcoal is the same, a conclusion
which has since been repeatedly verified with the superior

accuracy of modern methods.
Both diamond and charcoal are therefore said to consist

whoUy of the element Carbon.
In the year 1800, a thhd substance was added to the

list of substances known as forms of Carbon. The mineral
plumbago, or graphite, was formerly regarded as identical

with molybdenum (a metallic sulphide), the appearance of

each being similar, and both possessing the property of

marking paper with a black streak, whence the name
graphite (ypu^o) to write). It was shown, however, by
Mackenzie, that graphite burns with formation of carbonic

acid, the amoimt formed from a given weight of the

material being the same in the case of charcoal and of

diamond. Here, then, we have a thu'd form of Carbon.

These three substances differ, in the first place, in certain

important physical characters. The specific gravities are

different, diamond standing highest in the list, and charcoal

lowest. Diamond crystallizes in the regular or cubic

system, graphite iu the hexagonal system, whilst charcoal

has no crj'stalline form or structure.

But it is not only in physical properties that the three

substances difi'er ; they differ to a certain extent also in

chemical character. The temperature at which diamond
burns is much higher than that at which the combustion
of charcoal takes place. Thus, although oxygen unites

with either substance, and iu each case forms the same
product, yet the readiness with which this combination
takes place is very different in the two cases. In other

words, the chemical relations of diamond and of charcoal,

with respect to oxygen, are by no means identical. Again,
graphite differs from either of the foregoing, in that the

combined action of nitric acid and potassium chlorate

convert it into a peculiar acid, a solid substance, known as

graphitic acid.

In spite of these marked differences, chemical as well as

physical, it is the universal practice to denominate all

three substances, diamond, graphite, and charcoal, as
" forms of the element Carbon," or aliotropic modifications

of Carbon. It must be confessed that the present phrase-

ology is not as clear as might be desired, and is constantly

a stumbling-block in the way of the tyro in chemistry.

Set a schoolboy to write an essay on " allotropy " (or the

existence of elementary substances in different "forms"),
and he will choose as his example the element Carbon.

He will begki by poiatiug out how widely different are the

substances diamond, graphite, and charcoal, and will wind
up his essay by saying that, notwithstanding these differ-

ences, " they are really the same thing—Carbon."

The source of confusion must be explained bj' reference

to the atomic theory. We possess a great mass of evidence

to show that what we observe in any chemical process is

in fact the sum total as observed on the large scale of a

number of phenomena, all precisely alike, occurring

between the itltimate particles or chemical atoms of the

substances. All the thousands of known substances are

formed by various combinations of atoms of a comparatively

small number of chemical elements. All the atoms of any
one chemical element are exactly alike, but are different

(f._</. in their mass
I
from the atom of any other element.

A substance containing more than one kind of chemical

atom is termed a compound substance or chemical

compound. A substance containing only one kind of

chemical atom is termed an elementary substance. Such
a substance is diamond ; it is formed wholly from atoms
of one kind, from Carbon atoms. Charcoal likewise is
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formed wholly of Carbon atoms. All Carbon atoms are,

we believe, alike ; but this by no means necessitates the

identity of substances composed wholly of those atoms.

We must look upon diamond and charcoal as structures

both formed of the same material (the Carbon atom), but
built up in different ways.

Regarded in this way the subject of ullutrdjii/ is easy to

understand, as easy as it is to understand, for instance,

that a certain .Jacobean house in Staffordshire is not a

Norman castle though buUt of the sandstone blocks which
once formed the feudal fortress originally standing on the

same site. Sandstone is the matter of which both the

house and the castle have been built, and in the same way
diamond, charcoal, and graphite are constructed wholly of

Carbon atoms ; but to say simply and without qualifica-

tion that diamond is Carbon, and that each of the other

two substances is Carbon, is to employ language somewhat
loosely and in a way which imdoubtedly leads to confusion.

WHAT IS AN ANT?
By E. A. Butler.

OF
late years the Ant, as everyone knows, has become
the pet of the scientific world, and, to some extent,

of the unscientific also. The fierce light of pub-
licity has been brought to bear upon these little

creatures, and upon their secret and subterranean
doings. The laws which govern their communities, their

common labours, their wars and foraging expeditions, their

individual intelhgence as manifested in their power of dis-

tinguishing their friends and detecting aliens, their vision

and perception of colour, their senses of smell and
hearing, their devotion to their young, their development
and the duration of their life—these, and other such items,

have been made the subject of observation and experiment,
and the results have been eagerly read and discussed even
in the daily press. But notwithstanding that Ants have
become so famous, and their doings have been so minutely
chronicled, there does not seem to be in the minds ot the

public generally a very distinct idea as to the identity of

the creatures themselves, or, in other woids, as to what
insects are Ants and what are not. When an entomologist
shows his collections to non-entomological friends, if he
happens to have amongst his specimens any little dark-

coloured, long-legged, wingless creatures, he is pretty sure

to hear the suggestion hazarded in an mquiring tone that

these must be Ants. Such a supposition wll, it is likely,

be quite as often wrong as right. The popular conception
of an Ant is no doubt derived from the little black or dark-

brown wingless individuals which one meets with every-

where, in our gardens and around our houses, quite as

much as in the fields, lanes, or woods. But a conception

which is formed merely by a random glance at such
minute objects in rapid motion, and seen without the help

of a magnifying glass, cannot but be vague in the extreme,
and it is not surprising, therefore, that mistakes should
frequently be made. The scientific idea of an Ant must
be a good deal broader as well as a good deal more definite

than this popular conception, and it is our purpose in this

paper to show what are the distinctive characteristics of

Ants, and how they can be distinguished from the

numerous other insects to which they bear a superficial

resemblance.

One cannot pronounce off-hand of any little dark-

coloured, wingless, running insect, that it is an Ant, and,

on the other hand, many true Ants would be neither dark-

coloured nor wingless. Certain definite structural charac-

teristics, which are accomjjanied with certain well-marked

peculiarities of economy and habits, serve to distinguish

Ants from other insects. Though what we have to say in

this paper is intended only to apply to British Ants, it will

be as well at the outset to correct a possible misapprehen-
sion, and to observe that there is a well-known tribe of

insects which inhabit tropical regions, and no members of

which are natives of Britain at all, that have unfortunately

been called Ants though they are of an entirely difl'erent

nature, whereby has resulted great confusion of popular
zoological ideas. The insects in question are the so-called
" White Ants," better named Termites, whose ravages are

one of the greatest trials and annoyances of tropical

countries. These destructive insects we have, quite apart

from geographical hmitations, nothing to do with here
;

zoologically they are not Ants at all : their structure is

very different from that of the true Ants, and in many
important respects their economy and habits are also strik-

ingly dissimilar. The reader will therefore be good enough
to exclude those creatures from his thoughts, and bear in

mind that nothing that is said has any reference to them.
The insects whose characteristics we have to consider are

those which in this country are known as Ants or Emmets.
We have between twenty and thirty kinds of them in this

country, and these differ greatly in colour, ranging from
the palest yellow, through various shades of red and brown,
to deep jet black. Nevertheless there is a family likeness

about them that renders them easily recognizable when
once the distinctive points are known.
The first of these is to be found in the form of the insect.

There is a large head (see Fig. 1), which is more or less

abruptly cut off' square behind, where it is often at

its broadest. The head
contains within it the brain

and the muscles that

move the jaws, in addition

to the commencement of

the digestive tract ; and
when we remember, in

conjunction with this, the

high degree of intelligence

Ants manifest, and the

muscular strength that is

required for the hard work
the jaws have to do, in

fighting, in excavating, and
in carrying heavy weights

and unwieldy masses, often

larger than the insect it-

self, we shall see very good
reasons for the great size

of the head, and shall

naturally expect to find

it, as is reall}' the case,

Fig. 1.- AntWorker of Wood
(Formica riifa),

largest in those members of

the community which have to do most of the work,

whether mental or physical, viz. in the workers. The
head is succeeded by a hump-backed thorax, often the

narrowest part of the body, and showing very distinctly its

composition out of three distinct segments. Then follows

the abdomen , which is often extremely small in proportion

to the other parts. Now it is in the construction of this

part of the body that one of the most characteristic Ant-

features is to be found. The front part of the abdomen is

drawn out into a kind of thin stalk, which forms the con-

necting link between it and the thorax. But as this is the

case with the majority of the Hymenoptera, to which order

the Ant belongs, and gives them the narrow-waisted appear-

ance which is familiar in wasps and ichneumon flies, it is

not in the mere presence of this petiole, as it is called, that

we find the distinguishing feature, but rather in its peculiar
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one
in 0.

' knot

'

form. The petiole is raised on its ujiper surface into one

or two prominences, which have been called " nodes " or

" knots "
; the form of these, and the remarkable outline

they give to this part of the insect, can best be seen by a side

\ievf (Fig. 2). The presence of these " knots " is one of

the features by which an

i ,c Ant may be recognized

at once, and more than

that, their number will

determine to which of

our two chief families

any given specimen be-

longs. Omitting two rare

insects which represent

the family Porn'ri he, but

which are not likely to

come in the way of the

ordinary observer, and
which, for practical pur-

poses, may therefore be

disregarded here, our

British Ants are arranged

in two families, the

i"i&. 2.—Side view of bodies of (a) Fortiiicida and the
Formica rufa, (b) Myrmica rugiuo- Mi/imifida ; the former,
dis (C) Pezomachnszonat,,, «,head,

^^^^]^ contains the black
0, thorax, c, abdomen, p, petiole, with , , . ,. ,

^np " vnnt. " in A, two in ij, and none and brown species we fand

in our gardens and streets,

having only one " knot,"

and the latter, which contains the red ones, having two. The
petiole is movably jointed to the hinder part of the thorax,

and hence the abdomen as a whole can be bent about this

joint as upon a hinge. The extra joint in the petiole itself,

in the Mi/rwicida', gives still greater mobility to the tiny

oval abdomen, at the end of which is situated the sting, and
apparently gives these creatures greater freedom in the use of

that weapon than if they had only one knot. The Fonnicidcf

do not sting, and are satisfied with an abdomen which is

not' capable of quite such extended movement. Though
they^.do not actually sting, however, they are provided with

an abundant supply of poison (formic acid), which they can

eject at pleasure, and which is thus instilled into wounds
made by the mandibles. If, for example, a nest of the

great " Wood Ant," whose huge piles of sticks and frag-

ments are familiar objects in woods, be disturbed, a strong

smell resembling that of vinegar is perceived, and if the

hand be brought near the opening, the insects rear up on
their hind pairs of legs, open wide their jaws, tuck their

abdomen between the hind legs so that its extremity points

forward, and from this eject the poison with great force.

The operator's hand soon experiences a smarting sensation

resulting from the battery of formic acid brought to bear

upon it, and if it then be touched with the tip of the

tongue, a sharp sour taste will be observed. Sir .John

Lubbock states that he has experienced the effect of the

formic acid upon the hand when held at a distance of as

much as eighteen inches. If the head be held over a

disturbed nest, a little distance above it, the atmosphere is

found to be so impregnated with the fumes of the acid as

to be almost overpowering,

Amongst the ichneumon flies and allied insects, there

are to be found many species which are wmgless, and which,

as they run about on the ground, amongst dead leaves or

other rubbish, or over the>fohage of living plants, look a

good deal like Ants. They may, however, be distinguished

by an appeal to the knotted petiole test. The petiole is,

indeed to be found in such insects, as their narrow waist

at once testifies, but it has not the characteristic knots, as

a glance at the accompanying figure (Fig. 2) will show.

The insect whose body is represented in profile, and a

portrait of which is given in Fig. 8, is a parasite on spiders,

and has no connection with Ants, leading as different a life

as could possibly be imagined.

The second feature of importance in distinguishing Ants
from other insects is to be found in the antennte. These
are always of the same type. There is a little roundish
joint by which they are attached to the head in the front of

the face (Fig. 1). This is succeeded by a long slightly-

curved shaft, occupying about a third of the length of the

whole antenna ; this is called the " scape." This, again,

is succeeded by a string of small joints, the number of

which depends upon the species and the sex ; sometimes
these increase in width a little before the tip, and so

give a club-shaped appearance to this flexible part,

which, from its flexibility as contrasted with the stiffness

and rigidity of the scape, has been called the " flagellum
"

{Latin—whip), the lash, of which the scape is the

handle. Now, bees and wasps also have antennje

constructed like this, but as they are never wingless,

they are not likely to be mistaken for Ants, notwithstand-

ing their " elbowed '' antennse. A greater difficulty wiU be

felt in distinguishing winged Ants from wild bees, but here

the scale or knot on the petiole will come to the student's

assistance and settle the matter. If we look now at those

other wingless Hymenoptera which are not Auts, we see that

this antennal feature may again be used as a means of

discrimination. It is true that in such insects the second

oint of the autennse is a good deal longer than any of the

rest, and sometimes (especially in the very small species)

even as long as in the Ants. In such

cases the knotted petiole test must
be applied. But in many instances

the second jomt is not nearly so long

as in the Ants, and then the many-
jointed terminal part is not placed

at an angle to the rest, so that the

antennie do not become " elbowed"
( Fig. 3 ) . This is more evident in the

living insect than in the dead one.

The Ant's antennte are carried

pointing forwards, but with the

flagellum set at an angle to the

scape, like a human arm bent at the

elbow, and then the whole organ

and its two chief parts can be

placed in the same variety of posi-

tions as the arm which it imitates
;

the antenna; of the Pc^niiiachm

above-mentioned, and other para-

sites are not carried bent in this

way, but straight forward, and their tips are maintained in

an incessantly quivering or vibrating condition, as the insect

goes on its way. It is astonishing what difi'erences of expres-

sion can be imparted to the head by the varying positions of

the antenuiE. The importance of this is seen when we bear

in mind that an Ant's head, like that of any other insect,

is covered with a hard, unyielding skin, any movement in

which is absolutely impossible : all expression of the

emotions, therefore, must be restricted to the movement of

external parts, like the jaws and antenuse, and to the

varying positions of the head itself; in fact, nothing more
devoid of expression can be imagined than an Ant's head,

apart from the jaws and antenna- ; the fixity of the eyes

and the bloated appearance of the head itself make it look

as unmtellectual as the helmet of a diver. And yet this

expressionless object can have a strong semblance of an

air of war-like courage and bold defiance, of intelligent

appreciation and aft'ectionate sympathy, of industrious

Fig. 3. — Pezumachus
:onatiis, a parasite on
sjjiders ; not an Ant.
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effort and fussy energ}-, imparted to it, simply by varying

its position and by altering the attitude and motion of the

jaws and antenn*.
Hitherto, we have been speaking only of the wingless

forms of Ants, but these, though by far the most

numerous, by no means constitute the whole of any given

species. Every Ant exists in three forms, the male, the

female, and the worker. Both the male and the female always

have wings when first they assume the perfect form ; the

latter sex, however, retain them only till the marriage

flight is over : they then voluntarily tear them off, so

that in this sex the wings are only temporary appendages.

These winged forms are seen for so short a time during

any single season, that many people no doubt have

never noticed them at all, and find it difficult to believe

that such things exist. But even when one does see them,

which will probably take place some fine day m August or

September, it is often difficult to recognise them as having

any connection with the wingless workers with which one

is so familiar. It is clear that if two pairs of membranous
wings, one large, the other small, be supposed to be added

to a worker Ant, such an addition would of itself greatly

alter the appearance of the insect. But this is by no

means the only difference ; there is also often a striking

dissimilarity both with regard to size and colour, and the

males, which are the smaller of the two, are frequently

also much unlike their partners in colour and shape. For
example, the little yellow Ant ( Ladus tiatm), which is

abundant in many meadows and on heaths, making little

hillocks, or taking advantage of the protection of a large

stone or loose piece of rock, is yellow only in the worker
;

the male and female are both brownish black ; or again,

the little thin red Ant (Mijrmka nihni), which is common
everywhere, has a dark blackish brown male, which, in

consequence of its wings and its deep colour, would be

supposed to be a totally different insect from the worker.

or the female. It is, then, only the workers that have no
wmgs, or the females after they have mated, but then in

this latter case the stumps of the wings may still be seen,

whereas iu the workers two little rounded points alone

represent that portion of the larval structure which iu the

males and females developes into wings.

The development of wings iu the male and female Ants
has an important influence on the shape of the thorax,

which adds another means of distinguishing the latter from
workers when they haVe lost their wings. In the workers,

the three segments of the thorax are not very unequal in

size (Fig. 2 1, as each contains similar sets of muscles, viz.,

those for one pair of legs only ; but when the wings are

developed additional muscles are needed for these, and
must be accommodated m the two hinder segments ; hence

the prothorax (first segment) becomes overlapped by the

greatly enlarged mesothorax (second segment), which gives

a still more humpbacked form to the insect, and the meta-

thorax also (third segment) becomes enlarged. The
enlargement is greatest in the mesothorax, as that segment
has to carry the first pair of wings, which is by far the

larger of the two, and is the chief instrument of flight.

The wings are composed of transparent membrane, more or

less clouded with a smoky tint, and strengthened by a few

nervures, which enclose only a small number of cells.

Now the other wingless Hymenoptera with which Ants are

often confounded do not exist in these three forms ; all

examples met with will be either males or females, no
such things as workers being known, for a very good
reason, viz. :—that there is no work for them to do. The
insects do not form communities, but are, as already

mentioned, piratical in habits, each managing its own
affairs, which, in the case of the female, consist of little

more than finding a suitable host in whose body she may
deposit her eggs. These insects do not, as the Ants,

couple iu the air, and therefore never have any wings at

all. It will be impossible, then, ever to fiud such insects

in communities, or winged, in both of which respects they

are to be distinguished from Ants. It should be observed,

however, that some species, of which the females are

always wingless, have winged males.

We are now iu a position to answer our query " What
is an Ant ? " We have seen that Ants are Hymenopterous
insects, which live in communities comprising three types

of individuals, males, females, and workers ; that the two

former ones are winged and are to be met with only

at a certain season in the year, but that the latter

are never winged ; that the antennas are elbowed, and that

the abdomen is attached to the thorax by a knotted petiole.

And as they possess a poison gland and either a rudi-

mentary or fully developed sting, they are referred to that

section of the order called the ' Aculeate " (sting bearing)

Hymenoptera, which also contains bees, wasps, and some
other insects. Lastly, they constitute a compact group of

this section, to which the name HeterogjTia has been

given, iu consequence of the great size and very different

appearance of the females {(inrk : dissimilar females).

THE CANONS OF COLORADO.
[Second I'dpcr.J

By the Eev. H. N. Hutchjxsox, B.A., F.G.S.

{ContiniU'd from pnrje 11).

CEETAIX important consequences foUow from the

rules about rivers, laid down at the end of our last

paper. Thus, when rivers flow through or across

mountain chains and plateaus, they must be older

than these structural features. The elevation of a

platform across the track of a river rarely diverts it fi-om

its com'se, because as fast as the ground under the river

rises it cuts its way down through the obstruction. The
region we are now considering offers a very complete

illustration of the rules pre\iously stated. We know
that during the whole of Mesozoic time the watershed

of the Colorado was submerged. In early Cainozoic

(Lower Eocene) time it was a great freshwater lake. In

due time this lake was drained, or emptied, presumably by

the cutting down of its outlet as the country rose. By
this process the present drainage system was begun, and
every river must then have run in conformity with the

features of the surface just exposed after rising above the

waters of the lake, in which the Lower Eocene rocks were

formed. But to-day we find that surface greatly deformed

by displacements, and by erosion. The former made the
" faults ' and monoclinal flexures ; the latter carved

teiTaces out of the Eocene strata. The present courses

of the rivers are not what they would have been if

these features had then been in existence. They are

entirely independent of them. They run iu most cases

against the slopes, and against the inclinations of the

strata. They even cut through mountains and plateaus,

enter cliff's and emerge fi'om them ; they flow over the

monoclinal folds ; they cross " faults " from the upthrow

to the downthrow sides. As before stated, these facts can

only be explained on the assumption that the rivers are

older than the changes represented by all these structural

features.

Many complex operations are involved in the evolution

of the Grand Cauon, but the main factor is the erosion of

its platform, and all the others are found to be bound up
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with it. 'Sir. Powell, in bis popular narrative

of " Explorations of the Colorado Eiver," has

employed the term " base-level of erosion " to

express an idea which is of great importance in

jihysical geography. He was the first to give

it that definiteness which it formerly lacked.

The idea is this : when a smooth country lies

only a littb above sea-level, erosion takes place

at a merely nominal rate. The reason of this

is obvious, for the slopes being very slight, the

velocities, and therefore the transporting powers

of the streams are so feeble that they can do no
more than urge along the detritus brought down
from highlands round the margin of the country.

Soil formed on slopes or mounds of the expanse
is slowly carried off. The erosion is then said

to be at its " base-level," or nearly so. If any
given region of the earth remained for a long
time at the same height above the sea, it would
at last come to this state, and erosion would
practically cease. Many regions have done so

in the past, but the greater portion of the exist-

ing land of the globe has been subjected to

repeated up and down movements. Were it

not for such movements, the balance between
land and water could not be maintained. If

elevation took place at a rate faster than erosion

could keep pace with, the seas would become dry

land, and if subsidence went on everywhere
faster than deposition takes place in the seas,

the continents would disappear, and the globe

would be covered with water. Suppose any
region to have reached a base-level of erosion,

if it be depressed the sea spreads over it, and
it becomes an area of deposition. If, on the

other hand, it is elevated, new energy is im-

parted to the streams, and erosion takes place

more rapidly, because their slojies are increased,

and so their powers of corrosion and of trans-

portation become much greater. In this way
jiew topographical features are carved out and
long rapid slopes or clifl's are generated, and
we have seen that such features are vigorously

attacked on account of their height. During
the progress of the C4rand Canon, its anterior

spaces have for a time been at a " base-level of

erosion." Throughout the Quaternary, and most
of the Tertiary period, it has been rising ; and the elevation

varied from 11,000 to 18,000 feet, but the movements have
not been imiform. It appears to have alternated between
periods of activity and repose. One period of repose

jirobably occurred late in the Miocene, or early in the
I'liocene j^eriod. While it lasted the great Carboniferous

] latform (in which the chasms occur) must have been
]ilaned down to a very flat expanse, bounded of course by
tlie Terraces. But since then a general upheaval of several

thousand feet has taken place, giving a fresh impetus
to the river.

Allusion may be made here to the volcanic phenomena
of the Toroweap Valley, which rims along a " fault,"

whereby its western waU is made lower than the
eastern one. Above and beyond is the I'inkarit Plateau,

on the summit of which are a number of basaltic

cones in perfect preservation. " Very many wide and
deep floods of basaltic lava have poured over the edge of

the plateau into the lower Toroweap Valley, and upon the
great esplanade of the Canon more than 1500 feet below,

and spreading out into wide fields, have reached the brink
of the inner gorge. Pouring over its brink, the fiery

-The M; Cauoii.

cascades have shot down into the abyss, and pursued their

way many miles along the bed of the river. At one epoch
they had built up the bed of the Colorado about 400 feet,

but the river has scoured out its channel again and swept

them all away, regaining its old levels ; and is now cutting

the sandstones below. The spectacle of the lava floods

descending from the I'inkarit (plateau), as seen from
' Vulcan's Throne," is most imposing."

There are about 1'20 distinct cinder-cones on the

basaltic jJateau of the Uinkarit, and probably many more
volcanic vents. These often show a " linear arrangement "

as if they were so many vents occurring along the course

of a single fissure, but others, again, seem to be isolated

in this respect. In Fig. II. volcanic dykes are seen

(shaded dark). Then, the question arises whether they

are connected with " faults," as might seem natural

since " faults " are lines of weakness, up whicli steam and
lava might find their way. Captain Button says, if there is

any favoured direction taken by the volcanic forces, it would
seem to be along tlie upthrow of the "fault," and a few

miles from the line of dislocation. A truly wonderful

displacement forms the western boundary of the Uinkarit
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plateau. This is the great Hurricane " fault." Its full

length is not known, but this enormous fracture extends

at least 40 miles. In the southern Wiill of the Grand
Caiion it appears with a displacement of about 1500 feet,

throwing down the whole country to the west of it, and
making a great cliff. The effect is as if a table were split

across the middle and one side lifted up a foot or more.

In one place the displacement is estimated at 12,000 feet

;

this is near the Valley of the Virgin, the Eocene strata

on one side actually standing nearly 1000 feet lower than

the much older (and therefore lower) Carboniferous rocks

on the other side. Of the date at which this movement
took place we shall speak later on.

The later geological history of the region of the Colorado

plateau may now be briefly summed up. All the time when
the great denudation was going on, by which the Mesozoic

rocks overlying the platform of the Caiions were denuded
and the Terraces formed, it may be concluded that the

entire region occupied a level not much above the sea.

It was at a " base-level of erosion." The rivers and
streams no longer corroded their channels, but meandered
slowly along the Carboniferous platform, dragging their

burdens of soil along with them. This state of things was
reached about the close of the Miocene period, and it

Fig. II.—Dykes in the "Wall of tlie Grand Caiiou.

lasted a considerable time. Then a new epoch of upheaval
set in, and the work of cutting the Grand Canon began.
By this upheaval the country was hoisted up from 2000 to

3000 feet. Meanwhile a change of climate had taken
place, the supplies of aqueous vapour failed, and tlie

present dry time began, the rainfall being very slight.

So most of the old streams dried up. Such streams as
remained alive corroded their channels, but most of the
platform suflered no more destruction than it does now by
the slow waste that goes on. With this upheaval the
Hurricane " fault " was developed, although it is possible

that some slight displacement existed there already. If

so, its magnitude was increased. At the same time the
earliest volcanic outbursts took place. At length the
uplifting paused for a time. Then the volcanoes ceased to

work. The river for a time worked vigorously at the
strata below it, the upward movement of the rocks having
greatly increased both its corroding and transporting
powers. But it quickly cut down until it found a new
" base-level of erosion." Then corrosion ceased. During
this second period of comparative repose the work of
erosion was confined to the sapping of the newly-formed
cliffs of the Cailon. The chffs then began to recede away
from the river

; thus gradually was the broad avenue of the
outer chasm made. When the cliffs of this

outer chasm had receded two or three miles
away from the river, another and more active

period of upheaval set in. Once more the
forces of elevation were brought into play, and
this time the country was hoisted up more
than before. Again the river began to corrode,

or deepen, its channel. The displacements
were increased in magnitude until the present
" throw " of the " faults " was attamed. These
earth-movements affected the equilibrium
between the internal and external forces at

w^ork on the so-called crust of the earth. The
volcanoes became active again and poured out
their lava streams. It was this second uplift

that gave to the river the power to deepen its

channel until it assumed its present condition.

At present the elevating force, whatever it may
be (and this is a question not yet settled), is

inactive. Does it depend partly, as some think,

on denudation ? For it is conceivable that the
removal of a considerable thickness of rocks
from any given continental surface, may so

diminish the downward pressure, due to their

weight acting on the lower parts of the earth,

as to disturb the equilibrium, and so force on
an upward movement ; but this is only a specu-

lation. Anyhow, it seems that earth-movements
and volcanic action are in some way connected
together, for it is only during upheaval that

volcanoes are active, and they are never associ-

ated with regions where depression is going on.

The (ictirc volcanic regions of the globe at the
present day are all regions of recent elevation,

as may be seen by consulting a physical atlas.

This second upheaval was greater than
the one which preceded it, amounting pro-

bably to 3000 or 4O0O feet. The epoch at

which it took place is no doubt a recent

one, geologically. It probably began near
the close of the Pliocene period. '' At present

' The Tertiary or Cainozoic era is divided by geologists

into tliree periods. The oldest of these is the Eocene,
then follow the iliocene and Pliocene.
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no trace of movement can be detected, so it has probably
ceased.

With regard to these displacements, there is some very
interesting evidence which goes to show that these earth-
movements took place slowly—in accordance with the
" theory of uniformity " of the action of geological agents,
which may be said to be the very basis of modern geology.

already alluded to, viz., the Hnrricane '• fault." In each
case they cut through lava flows, which are evidently
pretty recent ; therefore they must be subsequent to the
time when the flows took place. Mr. Powell has shown a
connection between monoclinal flexures and "faults." They
often shade into each other, and it looks as if the bending
of the strata went on until a point was reached when the

Fig. III.—Niches or Panels in tlie Red Wall Limestoue, Gnujd Caiiou Distriet.

The old theories of sudden catastrophies and revolutions
have been superseded by the teachings of Hutton and
Lyell.

One of these displacements, known as the Toroweap
" fault," exemplifies this point very clearly ; for excepting
the dislocation itself, the " faulting "does not appear to have
been accompanied by an injury to the strata. There is no
trace of any shattering, crumbling, or smashing of the
strata. All looks as clean and sharp as if it had been cut
with a thin saw, and the smooth faces pressed neatly
together. The plane of the " fault " is nearlv vertical. A
careful study of its surroundings shows that "it is of recent !

occurrence. None of the " faults " of this region seem to
have been produced in a violent manner, but to have been
gradually developed through long stretches of time, inch
by mch, or foot by foot. Many facts go to prove the

'

modern character of this " fault," as also of the other one

tension could no longer be borne, and a split was the
result. This might aptly be illustrated by the long, sharp,
and clean fractures that take place in a sheet of ice after a
number of people have been skating on it. At first the ice
only bends, but after a time the tension becomes too great
and results in fractures.

It is not necessary to describe in any detail the rocks of
the Colorado j^lateau. Suffice it to say that the strata of
each and every age are remarkably uniform over very
large areas, especially in their lithological characters, and
were deposited very nearly horizontally. In thickness
and composition they are very persistent. The changes
are always gradual. Local deposits, formed in small areas,
are absent. They were all formed horizontally. The
limestones are in great abundance in the Carboniferous
rocks, but in the Mesozoic system limestones are rare. By
far the greater part of the series of rocks exhibited in this
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I of the Canon District. The shaded areas are covered with basalt.
The residue of lava overflows from the !X.E.

region is sandstone, in all its varieties. Sometimes it is

quartzite, sometimes common sandstone in massive beds.
Shales, however, abound in the Permian and Trias. These
pass into the marly beds of the Cretaceous and Eocene.
Thus vre see that, while the strata are remarkably uniform
in their horizontal range, they vary very much in vertical

range, producing layers that differ very much in hardness,
compactness, and solubility. Obviously the results of the
attack of erosion on all these different rocks will be very
different. These important facts have had a great in-

fluence in determining the architectm-al features of the
cUfls and their profiles.

The upper tributaries of the Colorado Eiver have then-

sources in lofty regions at a distance which are abimdantly
watered. But the main stream and its lower tributaries

flow through regions which are exceedingly dry, so that
nearly all the water flowing through the Grand Canon
comes from the highlands far away—the Uinta and the
Rocky Movmtains {see atlas). Though numbers of water-
ways open into the Canons, very few of them carry living

streams, the rest o'nly convey spasmodic floods for a few
days or hom-s when snows melt or showers and storms
prevail. The rainfall is very slight. For the region
draining laterally into the Glen and Marble Canons it

may be estimated at foiu- inches per annum ; but when
rainstorms do come theu' consequences are very striking.

The riUs and washes are thick with mud and sand, and
their waters loaded to their utmost capacity. There is

nothing to hold the earthy matters together, so that the
instant a rill is formed it is a rill of mud. Eills and
streams gather together with marvellous rapidity, plunging
furiously along. Although the rainfall on the middle and
lower levels—about 5000 feet above sea-level—is on the
whole quite small, the transporting power of such water
as runs into the river is very great ; a cubic yard of running
water in the plateau country probably carries several times
more sediment than the same quantity of water in rivers,

such as the Mississippi, that rim into the Atlantic. There are

two causes for this remarkable difference ; First, the com-
minuted d^hria of the plateaus due to " weathering " is not >

held together by vegetation , but lies loosely on the rocks
!

and slopes of loose stones (called Uduses) ; secondly,
because the slopes are always very great, and we have
already pointed out that the transporting power of streams

j

is enormously increased by an increase in the declivity,

as well as corroding power, it follows that much more
solid matter is brought down. Soil and vegetation exist

only in moist regions where a good deal of rain falls

throughout the year, and they retard the work of erosion

by forming a covering that protects the rocks below. They
also tend to store up water and so equalize the flow of
rivers and streams throughout the year, thus preventing
the rapid floods we have alluded to above. The direct

effect of increased rainfall is to increase erosion, but its

indirect effect, through soil and vegetation, is to retard it.

With regard to the slopes or gradients of the Eiver
Colorado, they vary considerably. The length of the part
we are now considering is about 21S mOes, and the average
fall 7-56 feet per mile. But it varies from 3 or 4 to 21
feet per mile. The river is still sinking its chasm in the
strata, though a great part of the river bed is over bare
rock, and wherever this is so corrosion is proceeding
rapidly. Its great cutting power is due to the large quan-
tity of sand which it carries and the high velocity due to

-steep gradients. It only remains to notice a very curious
I phenomenon in the Red "Wall Limestone, viz. the
'numerous niches or panels (see Fig. lU.). Of these there
are literally himdreds along the extent of the limestone
front, and, as far as is known, they are seen in no other
member of this series of strata. Captain Button says
he is unable to explain the cause of this persistent

phenomenon, and is very much perplexed by it. We can
only suggest that they may have been dissolved out by
the action of percolating water. It used to be thought
that the Caiious might originally have been due to gi'eat

cracks which the river has deepened and widened, but on
reviewing carefully the mass of evidence brought forward
in Captam Button's able monograph we find absolutely no
trace of e^idence for this idea. "Faults ' and cracks
could never have made such a great network of valleys.

Ecttrrs.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

A LAW IX LOGARITHMS—AX ERROR OF VEGA'S.

To the Editor of Knowledge.

Dear Sib,—It is of course widely known that the
logarithms of numbers cannot be ahrai/s calculated from
tables by means of proportional parts, and that the degree
of accuracy extends merely to a certain number of places.

But it is not, 1 think, nearly so well known that the

accuracy increases with the s(iu<ires of the numbers. Thus
suppose we are given -OOOiSIOTTo for the logarithm of

1001, and we calculate the logarithm of 1000-3 therefrom,

by means of proportional parts, the restilt will be
•0002170387 . . . ; the arithmetical mean between the

logarithm of 1000 and the logarithm of 1001. But the

real logarithm of 10005 is 0002170920 . . . ; and the

logarithm calculated by proportional parts is too small

by -OOOOOOOol ... If in the same way we calculate the

logarithm of 100005 from that of 10001 !^ we shall find the

result is too small by "00000000051 ; and so on, the error

decreasing by two zeros for every increase of one figure in

the number. The same law holds good with all inter-

mediate numbers, and 0000000054 (8 zeros) is the error

in the logarithm of 31G25 if calculated by taking the

arithmetical mean of the logarithms of 3162 and 3163.
8-162 . . . being the square-root of 10, 3102 is of com-se

a geometrical mean between 1000 and 10,000 ; and
therefore the error rightly has 8 zeros before the 51.
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Curiously this law of error was overlooked by Vega in

his splendid reprint of Vlacq's "Logarithms" to 10 places.

Wishing to facilitate the correct calculation of intermediate

logarithms to 10 places, he gave a table of what he called

" second differences," which were to be added to the

results taken by means of proportional parts. But
omitting to take notice that these -'errors "or "second
differences " decrease inversely as the tupiKres of the

numbers, his table, throughout the greater part of it,

makes the correetions greater than they should jiroperly

have been. T. B. Baerett.

THE CAUSES OF THE ICE AGE.

2o the Editor of Knowledge.

Sir,—I am sure that my friend Sir Eobert Ball would
not have made the charges which he has made against

Sir John Herschel and Dr. Croll without good reason,

though I am not aware of the passages on which it is

based. But his article seems to imply that the general

reasoning of both authors rests on this erroneous assump-
tion, which is certainly not the case. Both assume (as

indeed every writer on the subject must do) that each
hemisphere receives more heat during its summer than
during its winter. This is clearly implied, for instance,

in 368(( of Herschel's Outlines
; but neither he nor

Dr. Croll, I think, have anywhere attempted to compute
the relative quantities of heat which we receive during our

summer and our winter. This, however, was done in a
very complete manner by Dr. Haughton in The Trans-

actions of the Fioijal Irish Acailenuj for 1881. His figures

for the entire hemisphere agree pretty well with Sir Eobert
Ball's, but they vary with the latitude of the place.

Sir Eobert Ball is probably correct in setting down the

effects of the solar heat as equivalent to a mean elevation

of temperature of more than 300^ F. This elevation,

if distributed in the ratio of 63 to 37, would give a

mean elevation of 378° F. in summer and ^22° F. in

winter, with an annual range of 156° F. Of course,

nothing like this annual range exists, the reason

being that modifying causes (especially air-currents

and ocean-currents) come into play. Now unless it

can be shown that these modifying causes do not come
into play in the case of the secular variation arising from
changes in the eccentricity of the earth's orbit, the amount
of the secular variation must be proportionally reduced.

This, accordingly, is Dr. Haughton's conclusion. For
lat. 50° he makes the annual variation of temperature
41-2° F., and the secular variation only 3-685° F., more
than one-half of which will be represented by a summer
elevation of temperature instead of a winter depression.

Sir Eobert Ball's reference to the large variation in the

interior of continents is, I may remark, not much to the

purpose, since it is not in the interior of continents but in

islands and continental countries not far from the shore

that the traces of glaciation are most evident ; and in

Siberia, for instance, where this great annual range of

temperature exists, there is, generally speaking, no
permanent snow-cap.

But behind all this lies the further question, Is such
an unequal distribution of temperature favourable to the

production of a permanent snow-cap •? Dr. CroU's argu-

ments on this point seem to me imsatisfactory. Sir

Eobert Ball (as far as I am aware) has not argued it

at all. Sujjpose, as an extreme case, that the winter

37 per cent, of heat was distributed over 364 days
in the year, and that we then received the remaining
63 per cent, on the 365th day. Would this 63 per

cent, of the total heat be incapable of melting the
,

snow-cap produced by the 364 cold days ? I think
not. in our latitudes 63 per cent, of the total annual
heat would suffice to melt at least 50 feet of solid ice.

It would no doubt have to raise the ice from a low tem-
perature to freezing point before the melting commenced

;

but then, without a great increase in our rainfall or
snowfall, it would not have 5 feet of ice to melt instead
of 50. The snow might be more than 5 feet deep,

but it would not be equivalent in amount to more than
5 feet of ice. In fact, a given quantity of heat would, it

seems to me, produce its maximum melting effect when
brought to bear in the shortest time. Suppose the heat
received at a certain place is sufficient to maintain a

constant temperature of 30° F. If the distribution is

uniform, and the locaUty is sufficiently supplied with
moisture, there wiU be a permanent snow-cap ; but,

unless the snowfall is very large, could I not melt the

snow-cap once a year if allowed to distribute the heat as

unequally as I chose ?

This seems to me to be the most important question to

be decided. As to Dr. CroU's theory of the diversion of

the Gulf Stream, the fact that glaciation extends much
farther to the south on the American than on the European
side of the Atlantic affords pretty strong evidence that the
Gulf Stream was not diverted during the Glacial Period.

Dr. Haughton takes occasion to point out that the

secular range of temperature could not account for the

miocene coal-beds of North GrinneU Land ; but the

possibility, or impossibility, of accoimting for this and
other evidences of a former mild chmate in the Arctic

regions is regarded by Dr. CroU as a crucial test of his

theory. I remain, yours faithfully,

Dublin, Jan. 13th, 1892. . W. H. S. Monck.
[One of the difficulties to my mind in accepting the

explanation of the cause of the Glacial Epoch suggested

by Dr. Croll, and adopted by Sir Eobert Ball, is that, if

we could rely on such calculations, Mars should be per-

manently covered with snow, whereas we see its white

polar caps was and wane with the Martian summer and
winter, proving, it seems to me, that there must be very

potent modifying influences (such as the existence of a

dense atmosphere) which upset the assumption that the

mean temperatitre of a planet's sm-face may be assumed
to vary inversely as the square of the planet's distance from
the sun. Our atmosphere is probably not constant in

quantity through geologic periods. Its gases are, we know,
continually being absorbed by one set of chemical actions,

and set fi'ee by others. The one set of actions may exactly

balance the other, but if not, the atmosphere must be

growing or decreasing in amount, and this woidd pro-

foundly modify the sttrface temperature. So also would
the elevation of an ocean bed which turned aside a

tropical cm-rent such as the Gulf Stream.—A. C. Eanyakd.]

Dr. Max W^olf is continuing his photographic explora-

tions of the Milky Way. In a letter received three or four

weeks ago he informs us that several of his negatives show
the tracks of meteors which have been observed to pass

across the region photographed during the exposure. This

gives the hope that in the future rich meteor showers may
be observed photographically and the area of the heavens

from which they radiate more exactly mapped than hitherto.
* »

Prof. W. W. Payxe, of Northfield, Minnesota, and Prof,

George E. Hale, of Chicago, have published the first

number of a new astronomical journal, which gives pro-

mise of occupying a very high place in astronomical litera-

ture. Prof. Hale states that he has undertaken the work
at the instigation of his fi'iend. Prof. C. A. Young, who
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suggested to him the importauce of establishing a periodical

devoted to spectroscopy and astro-physics. He was loth

to multiply the number of astronomical journals, and it

was ultimately decided that the new periodical should be

published in conjunction with the " Sidereal Messenger,"

which now changes its name to '• Astronomy and Astro-

Physics," and will appear ten times a year under the jomt

editorship of Profs. PajTie and Hale. The subscription

will be four dollars per annum.

Notices of Boofes.

Memun/ : Its Lo<iical Iiel(itio)is (tml L'ultirdtion. By
F. W. Edridge-Greex, M.D., F.G.S. ; 2nd Edition.

(Bailliore, Tindall and Cox.) According to the author,

memory is of two classes. There is sensory memory,
dealing with the impressions received by the mind either

from the external world or from its own processes, and
motor memory, dealing with the motor impulses resulting

therefrom— a classification based on the same principle as

that of nerves into sensory and motor. Memory as a

whole he treats as a distinct and definite faculty of the

mind, having for its seat a limited portion of brain tissue ;

the sensory division he localizes in the optic tlmlami,

and the motor in the curjiorn striatu, the physiological

basis of the memory being in each case a modification of

the protoplasm of the cells of the nervous centre. Using
the term " memory " in the broadest and most general sense

of retentiveness, the faculty which is the foundation of

. all stores of knowledge and experience, he very fully and
ably illustrates its differences in kind by reference to

many of the most ordinary details of everyday life, show-

ing that he has been a close and thoughtful observer of

human nature. The idea which runs through tlie book is,

perhaps, best expressed in brief by the followmg sentence :

" The centre for sensory memory is so arranged that every

impression received through a lifetime is registered in a

definite position and order of sequence, from the first

moment of a child's life to the day of his death, and all

sensations, perceptions, and ideas received at the same
time either form component parts of one impression or

closely associated impressions." The memory, of course,

consists in the revival of these impressions. The theo-

retical part of the subject is fully elaborated in a series of

clearly written and closely reasoned chapters, which are

extremely interesting reading whether one accepts the

conclusions or not. But the book has more than a

merely academic interest, great though that may be
;

Dr, Edridge-Green is intensely practical as well, realising

as he does tbe extreme importance to its possessor, in

the complex life of to-day, of a memory which can always
be relied upon ; and he applies his priucii^les to the con-

struction of a series of rules by the observation of which the

memory may be cultivated and improved. These show a

clear appreciation of the causes of the defects which are

most commonly experienced, and though couched in some-
what technical language, they are suificiently explained

and illustrated by actual examples which are of familiar

occurrence, and there will therefore be little ditficulty in

understanding their drift, and in putting them into

practice. Like most other writers on memory, the author

has a mnemonic system of his own, of special use as an
aid in the memory of numbers ; this, if somewhat cum-
brous and troublesome, will no doubt yield good results to

those who try it with enthusiasm, though we are of opinion

that each person will generally profit most by a system
either of his own devising, or at least of his own adapta-

tion.

Handbook of the London Gcoloiikal Field Class. (George

Philip & Son.) This is a record of five years' work by tlie

above class, which, under the presidency and personal

conduct of Professor H. G. Seeley, has utilized Saturday

afternoons during the summer mouths in studying geology

at first hand. Excursions are made to localities which
can be reached by a railway ride of not more than an hour

from London ; the professor explains on the spot the

geographical and geological features of the locality visited,

and the students, in their turn, under the professor's

guidance, observe and chronicle matters of geological

interest, collect fossils, &c., and are thus put in training

which may, if they choose to follow it up, eventuate in

their becoming practical geologists. By this excellent

plan employment is found for the Saturday holiday, which
is at once recreative, health-giving, and instructive

;

habits of scientific accuracy are encouraged by the constant

appeal to Nature, which cannot but be of the highest

educational value. The handbook is compiled by members
of the class, under Professor Seeley's supervision, and in

it we have abstracts of the professor's lectures and reports,

between 80 and 90 in number, written by the students in

description of the localities visited, and illustrated with

sketches and sections from their own note-books. The
whole forms a neat little pocket volume, which will be not

merely of interest to the members of the class, but may
be usefully employed as a guide-book by any amateur

geologists who wish to study the cretaceous and tertiary

deposits of the South East of England.

THE RELATIVE BRIGHTNESS OF THE
PLANETS.

By .T. E. Gore, F.E.A.S.

THAT the planets shine with very difl'erent degrees

of brightness is a fact familiar, perhaps, to most
people. The great brilliancy of Venus, when
favourably situated as a morning or evening star,

is well known, and has frequently given rise to

the erroneous idea that a new celestial visitor had appeared

in the sky. .Jupiter, when in opposition to the Sun and
high in the heavens, as it is in some years, also forms a

brilliant object in our midnight sky, and it is closely

rivalled in lustre by the " red planet " Mars, when nearest

to the Earth, as it will be in the autumn of the present

year. The difliculty of detecting the planet Mercury with

the naked eye, owing to its proximity to the Sun, is well

known. When seen, however, under favourable condi-

tions, this planet shines with considerable brilliancy, but,

as it can only be seen at its brightest for a few days in the

morning or evening sky a little before sunrise or a little

after sunset, and then only for a comparatively few minutes

in the twilight, it generally escapes the observation of the

casual observer. The " ringed planet " Saturn usually

appears brighter than an average star of the first magni-

tude, and may be easily distinguished by its dull yellow

colour. The light of this planet is of course considerably

increased when the ring system is widely open, the bright

rings being very luminous ; but, when the rings are nearly

invisible, as they are at present, the brightness of Saturn is

much reduced. Uranus is just visible to the naked eye on

a clear night when its exact position with reference to

neighbouring stars is known, but Neptune is quite beyond

the range of unaided vision.

These differences in the relative brightness of the planets

are due to four causes : (1) The distance of a planet from

the Sun
; (2) the distance of the planet from the Earth

;

(3j the size of the planet ; and (4) the reflecting power
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of its surface, or the " albedo." Of these the first three

are easUy determined by observation, and a simple method

of computing the relative albedos of the different planets

forms the subject of the present paper.
, . , ,

The method of computation is as follows. The brightness

of two planets will varv inversely as the square of their

distance from the Sun, and dinrth/ as the size of the

planets' discs as seen from the Earth, or, makmg due cor-

rection for their crescent and gibbous forms, as the square

of their apparent diameters measured in seconds of arc.

The results of this calculation will represent the relative

brightness the two planets should have if both had the

same albedo. If, however, one of them appears brighter

than calculation indicates it implies that its reflecting

power or albedo is greater than the albedo of the other.

As the relative apparent brightness can be measm-ed

with a photometer, we have all the necessary data for cal-

culation of the relative albedos.

The albedo is generally represented as a decimal

fraction. This fraction deinotes the proportion of light

reflected compared with the amount received; the albedo

of a surface reflecting idl the light which falls upon it

would be represented by unity. Probably, however, no

such surface exists, the " albedo " of even freshly fallen

snow being less than unity.

The diflerence of albedo in the planets is in some

cases very striking. In 1878, when j\Iercury and Venus

were in the same field of view of the telescope, Nasmyth

found that Venus was at least twice as bright as Mercury.

He compared Venus to clear silver and Mercury to lead or

zinc. From photometric observations by Pickering and

ZoUner, the brightness of Venus is nearly as great as if

its surface was covered with snow, and Zolluer found that

the surface of Mercury is comparable with that of the

Moon, which has a small albedo. This difference of

surface brightness is very remarkable when we consider

that Mercury is much nearer to the Sun than Venus. If

we suppose that the siu-face of Venus is covered with a

cloudy canopy, as has been suggested, this cloudy covering

would perhaps account for the planet's great reflecting

power.
Owing to the uncertainty which exists as to the relative

apparent brightness of Venus and ]\Iercury as viewed with

the naked eve, it is not easy to compute correctly their

relative albedos. Olbers found Venus at its greatest

brilliancy 19 to 23 times as bright as Aldebarau, but

Plummer estimated it as nine times brighter than Sinus,

which would make it -56 times brighter than Aldebaran.

Mercury is perhaps about equal to Aldebaran when at its

greatest brilliancy. I compared the planet and the star in

June, 1874, in India, and found them about equal.

Assuming that when Venus is at her greatest brightness

she is distant from the Sun 66 millions of miles, and that

in this position she subtends an angle of 40 seconds of arc,

and taking the corresponding quantities for Mercury as 28

millions and 8i seconds respectively, I find that Venus

should appear about four times brighter than Mercury.

Taking Venus as 20 times brighter than Aldebaran we

have the albedo of Venus equal to five times that of

Mercm-y. Zollner found for Mercury an albedo of 0-13.

Uy calculation would, therefore, make the albedo of Venus

equal to 0-13 x 5 or 0-65. Zollner foimd 0-50. The data

used in the above computation are too uncertain to yield an

accurate result.

For the planets outside the Earth's orbit, let us take

Mars as our standard. For this planet Z5llner found an

albedo of 0-2672, or about double the albedo of Mercury.

For the minor planets we have hardly sufficient data to

enable us to compute then albedos ; these httle planets

bemg so small that the apparent diameters of their discs

cannot be accurately measured.

Comparing ]\Iars and Jupiter, we have the mean dis-

tances fi-om the Sun represented by the numbers 1-523

and 5-20. Their surfaces are therefore illuminated by

sunlight in the inverse ratio of the squares of these

numbers. That is, the solar Ulumination on Mars is to

the solar illumination on Jupiter as the square of 5-20 to

the square of 1-523, or as 27-04 to 2-32
; and the apparent

diameter of Mars at mean opposition may be taken at 18

seconds of arc, while that of Jupiter is 46 seconds. Hence

the illuminated surface of Jupiter is (f^)^ or 6-53 times

that of ilars. The relative brightness of the two planets

should therefore be ^-^^Wtj' oi" 1"78
;
that is, Mars should

be 1-78 times brighter than Jupiter. Now Pickering foimd

the stellar magnitude of Jupiter, when m opposition, to be

2-52, or about 2i magnitudes brighter than the zero of the

scale of magnitudes, and that of Mars 2-25. This

makes Jupiter 1-2823 times brighter than Mars. But we

have seen that Mars should be 1-78 times brighter than

.Jupiter. Hence Jupiter is 1-78x1-2823=2-2825 times

bricrhter than it should be had it the same albedo as Mars.

The albedo must therefore be 0-2672x2-2825= 0-609.

Zollner found an albedo of 0-72, but Bond computed that

Jupiter emits more light than it receives from the Sun

(Chambers' " Descriptive Astronomy," 3i-d edition, p. 117).

This would suggest that the planet shmes with some

inherent light of its own, a conclusion which has been also

arrived at fi-om other considerations.

In the case of Saturn the existence of the bright rings

comphcates the observations of the planet's brightness.

Pickering's photometric measures make it about equal to

a star of the first magnitude when m opposition and the

rin"S invisible. Mars is therefore 3-25 magnitudes,

or^bout 20 times brighter than Saturn. Now the

relative distances of Mars and Saturn from the Sun are

represented by the numbers 1-523 and 9-539. The squares

of these are 2-32 and 90-99, which implies that the lu-

tensitv of the solar light on Mars is 39-2 times that on

Saturn. Taking the apparent diameter of Mars at 18

seconds and that of Saturn at 19 seconds, we have the

apparent surface of Mars (Uf or f|i that of Saturn.

Mars should therefore be 39-2 x ||a, or 3o-l< times

brighter than Saturn. But it is only 27 times brighter

Hence the albedo of Saturn must be greater than that ot

Mars in the ratio of 35-17 to 27, or the albedo of Saturn

— 3.5-jj X 0-2672= (0-47). Zollner fouud 0-4981. lam
inclmed, however, to think, from my own observations,

that Saturn, when in opposition and shorn of his rings, is

slirrhtly brighter than a star of the first magnitude. If

thfs be so tiie albedo would have a somewhat higher value

than that just computed. ,.-,,, , •
, j.

Comino- now to the planet Uranus we find the highest

albedo ot- all the planets. Zollner found 0-64, or slightly

greater than that of Jupiter, but I find a stiU higher value.

The relative distances of Mars and Uranus from the Sun

are 1-523 and 19-183. The squares of these numbers are

"-32 and 367-99. Hence the intensity of the solar illumi-

nation on Mars is ^V*^, or 158-6 times that on I ranus

Taking the apparent'diameter of Uranus at 4 seconds, and

that of Mars at 18 seconds, as before, we have the area ot

the disc of Mars (y)^or 20-25 times that of Uranus.

Hence Mars should exceed Uranus m brightness 15b-bx

20-25 or 3211-65 times, if both planets had the same

albedo Now Zollner found the stellar magnitude ot

Uranus to be 5-46 ;
Pickering finds 5-56, and my own eye

observations make it about 5-4. We may thei^fore safely

assume its 'orightness at 5-5 magnitude. This gives a

difference of 7-75 stellar magnitude between Mars and
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Uranus, and implies that Mars is 1259 times brighter than
Uranus. But we have seen that Mars should be 3211-65

times brighter if the surfaces of the two planets had the

same reflecting power ; hence it follows that the albedo of

Uranus must be ~f|-l-|-, or 2-55 times greater than that

of Mars. We have, therefore, the albedo of Uranus
=0-2672 X 2-o5=0-68, or nearly equal to that of white

paper, which is 0-70.

Let us now consider the planet Neptune, for which
Zollner found an albedo of 0-46. The relative distances of

Mars and Neptune are 1-523 and 30-051. This gives the

solar illumination on Mars 389-32 times that ou Neptune.

Taking their apparent diameters at 18 seconds and 2-9

seconds respectively, we have the result that Mars should

be 11,996-6 times brighter than Neptune. Now Pickering

found the stellar magnitude of Neptune to be 7-96, which

makes Mars 10-21 magnitudes, or 12,023 times brighter

than Neptune. Hence we have the albedo of Neptune
=-iJj>A|;_6.x 0-2672=0-333, a result in striking contrast

to the albedo found above for Uranus. I think there can

be no doubt that Uranus has the highest albedo of all the

planets of the solar system. Comparing it with .Jupiter

I find, by the same method of computation, that the

albedo of Uranus = albedo of .Jupiter x 1-213. Hence
with Zollner's value of -Jupiter's albedo, 0-62, we have the

albedo of Uranus 0-75, a very high value indeed, exceeding

that of white paper, which is 0-70, and pointing strongly

to the conclusion that Uranus is in a highly heated

condition, a conclusion which seems to be partly supported

by the evidence of the spectroscope.

To further test the high albedo of Uranus, let us

compare the relative brightness of Uranus and Neptune.

According to Pro. Pickering's photometric measures,

Uranus is 5-56 magnitude and Neptune 7-96. Uranus is

therefore 2-1 magnitudes, or 9-12 times brighter than

Neptune. The relative distances of the two planets from

the Sun being 19-183 and 30-051, we have the intensity of

the solar light on Uranus 2-1515 times that on Neptune.

But the areas of the discs are as 4- to (2-9)-, or as 16 to

8-41. Hence, the brightness of Uranus should be g^'f^ X
2-4545, or 4-67 times that of Neptune. Hence it follows

that the albedo of Uranus must be fif, or 1-9528 that of

Neptune. Assuming Zollner's value of 0-46 for the albedo

of Neptune, we have the albedo of Uranus = 0-46 x 1-9528

=0-898 (!) Even with the low value of Neptune's albedo,

which I have found, viz., 0-333, the albedo of Uranus
would be 0-333 x 1-9528=0-65, a value which still makes
its albedo the highest of all the planets.

It is difficult to say what the albedo of the Earth itself

may be. Possibly it does not differ much from that of the

planet Mars. The Moon's albedo is rather low, 0-1736,

according to ZolLner. It is, however, greater than that of

Mercury, which seems to have the smallest reflecting

power of all the planets.

With reference to the satellites, those of Mars are so

small that we have no data for computing their albedos.

Prof. Pickering's estimates of their diameter were made on
the assumption that their albedos do not differ much from
that of Mars itself.

Assuming a diameter of 3400 miles for the third satellite

of Jupiter, the largest and brightest of the system, and the

mean diameter of .Jupiter itself at 87,000 miles, we have
the area of Jupiter's disc 655 times that of the satellite.

If both have the same albedo, Jupiter should therefore be

655 times brighter than the satellite. Now Pickering
finds the stellar magnitude of this satellite to be 5-24.

This makes Jupiter 7-76 magnitudes or 1271 times brighter

than the satellite. Hence the albedo of Jupiter must be
nearly twice that of the third satellite,

The diameter of Saturn's largest satellite. Titan, is

somewhat doubtful, but assuming it at 3000 miles, and its

stellar magnitude to be 9-13, as measured by Pickering,

the diameter of Saturn being 72,000 miles, I tind that the

albedo of Saturn would be 22 times of Titan. This would
make the albedo of Titan about 0-21, but owing to the

uncertainty which exists as to its diameter this result

must be considered very doubtful.

The satellites of I'ranus and Neptune are so faint that

no satisfactory results could be computed. For the satellite

of Neptune Pickering finds a stellar magnitude of 13-82,

or 5-93 magnitudes fainter than its primary. If we take

the diameter of Neptune at 36,000 miles, and assume that

its albedo is twice that of its satellite, I find that the

diameter of the satellite would be about 3300 miles.

Assuming the same albedo, the diameter would be about

2310 miles.

PERIODICAL COMETS DUE IN 1892.

By W. T. Lynx, B.A., F.E.A.S.

DR.
S. OPPENHEIM has recently published in the

Astronomi!<che Xacfiriclifni (No. 3064) the result

of an investigation of the orbit of the fourth

Comet of 1886, which was discovered by Mr. W.
R. Brooks at Phelps, N.Y., on the 22nd of May

in that year. He finds that the most probable length of

its period is 5-6 years, and as it passed its perihelion in

1886 on the 6th of June, another will be due in the

present month of January. Dr. Oppenheim thinks, how-

ever, that the Comet will not become visible unless the

perihelion passage occurs considerably later in the year

than this.

Failing this, the only known Periodical Comet due to

return in 1892 is that of Pons-Winnecke, which was
also last seen in 1886, when it was detected by Mr.

Finlay at the Cape of Good Hope on the 9th of August,

and passed its perihelion on the 16th of September.

The first certain discovery of this Comet was made by

Pons at Marseilles on the 12th of June, 1819, but it

appears probable that it was observed by Pons himself

early in February, 1808, though the observations made
on that occasion were too few and doubtful (partly on
account of the close neighbourhood of several nebulse)

to furnish the means of determining its orbit with any
accuracy. It was after the return of Pons's Comet of

1819 in 1858, when it was re-discovered by Prof.

Winnecke on the 8th of March, and passed its perihelion

on the 2ud of May, that it was recognized as taking its

place amongst the Periodical Comets, with period of

about 5-6 years. It was not, however, seen at the next

return, which must have taken place about the end of

1863, but was observed at the returns of the summer of

1869 and the early spring of 1875. At the return in 1880
it was unfavourably placed and again escaped observation,

but (as already mentioned) it was observed again in the

latter part of the summer of 1886, and will be due once

more early in the present year.

In the year 1880 the late Prof. Oppolzer, of Vienna,

made some calculations which appeared to indicate that

this Comet was imdergoing an acceleration of its period,

and he suggested that this might be due to the effect of

a resisting medium in space acting upon its motion, as

Encke had thought he had obtained decisive evidence in

the case of the Comet now always called by his name.
I3ut since the time of Encke the diminution of the periodic

time in the latter Comet has proved to be not constant, so

that the probability of the resisting medium explanation

no longer holds. And in the case of the Pons-Winnecke



38 KNOWLEDGE [February 1, 1892.

Comet, since its return in 1886, Dr. von Haerdtl, of

Vienna, has made a re-investigation of its motions and

found no evidence of any such eifect of a supposed

resistance. The suggestion, however, will give some
additional interest to observations of the Comet at its

a,pproaching return to perihelion.

THE FACE OF THE SKY FOR FEBRUARY.
By Herbert S.4dler, F.R.A.S.

THE Sun's disc, when visible, should be examined for

spots and faeula?. The following are conveniently

observable minima of some Algol-type variables

(<;/'. " Face of the Sky," for .January). U Cephei.
—February 4th, oh. 55m. p.m. ; February 9th,

5h. 34m. P.M. Algol. ^—February 2nd, 5h. 41m. p.m.
;

February 19th, lOh. 36m. p.m. ; February 22nd, 7h. 23m.
P.M. X Tauri.—February 1st, lOh. 11m. p.m. ; February
5th, 9h. 3m. p.m.; February 9th, 7h. 55m. p.m.; February
13th, 6h. 48m. p.m. ; February 17th, 5h. 40m. p.m.

Mercury is a morning star during the first portion of the

month, but owing to his great southern declination and
proximity to the Sim is very badly situated for observation.

He rises on the 1st at 6h. 46m. a.m., or 5Gm. before the

Sun, with a southern declination of 22*^ 26', and an
apparent diameter of 51", -xg^-ijths of the disc being illumi-

nated. On the 6th he rises at 6h. 52m. a.m. , or 42m. before

the Sun, with a southern declination of 21° 44', and an
apparent diameter of 6", xoV^li? of the disc being illuminated.

After this date he is too near the Siui to be visible. Venus
is an evening star, and is now becoming a conspicuous

object in the western sky. On the 1st she sets at 7h. 47m.
P.M., 3h. Im. after the Sim, with a southern declination of
7° 14', and an apparent diameter of 12|", i^/oths of the

disc being illuminated. On the 29th she sets at 9h. 15m.
P.M., with a northern declination of 7° 18', and an apparent
diameter of 14i",

tVo^'^s °^ ^-^^ disc being illuminated, and
the brightness of the planet being rather less than one-half

of what it will be at its greatest at the beginning of -June

and middle of August next. Venus is in conjunction with
.Jupiter at lOh. 14m. a.m. on the 6th, the geocentric distance

separating the limbs of the two planets being only 18^", but
the phenomenon occurs after sunrise in Europe. The two
planets, however, will present a most beautiful appearance
in the western sky in England on the evenings of the 5th
and 6th. At 7h. p.m. on the 5th Venus will be about
38' s.p. .Jupiter, and at the same hour on the next evening
she will be about 21^' «./'. .Jupiter, the field of view on
both evenings, with a low power, being a singularly jn'etty

one. During the month Venus passes from Aquarius into

Cetus, but without approaching any conspicuous star.

Mars is, for the purposes of the observer, invisible ; and as

Uranus does not rise till after midnight at the beginning
of February, we defer an ephemeris of this j)lanet until

next month.
Jupiter is still visible, close to the S.W. horizon, but he

is so rapidly approaching the Sun that our ephemeris of
him only extends over the first third of the month. On
the 1st he sets at 8h. 16m. p.m., S^h. after the Sun, with
an apparent equatorial diameter of 34J", and a southern
declination of 5° 8'. On the 10th he sets at 7h. 52m., or

2h. 49m. after sunset, with an apparent equatorial diameter
of 33f", and a southern declination of 4° 20'. The following

phenomena of the satellites occur while Jupiter is more
than 8° above, and the Sun 8° below, the horizon. On
the 1st a transit egress of the shadow of the fourth satellite

at 6h. 7m. p.m. On the 2nd a transit egress of the shadow
of the first satellite at 6h. 52m. p.m. On the 4th a reap-

pearance from occultation of the third satellite at 6h. 51m.
P.M., and its eclipse disappearance at the same instant. On
the 8th a transit egress of the second satellite at 5h. 54m.
P.M. ; while visible he describes a short du-ect path in

Aquarius.

Saturn is an evening star, rising on the 1st at 9h. p.m.,

with a northern declination of 2° 19', and an apparent
equatorial diameter of 18'6" (the major axis of the ring

system being 42'8" in diameter, and the minor 2-5"). On
the 29th he rises at 7h. p.m., with a northern declination

of 3'^ 3', and an apparent equatorial diameter of 19'1" (the

major axis of the ring system being 44" in diameter, and
the minor 1-9"). The following phenomena of the satellites

may be observed (the times are given to the nearest quarter

of an hour) ;—February 2nd, 4ih. a.m., Tethys, eclipse

disappearance. February 3rd, lOh. p.m., Dione, eclipse

disappearance. February 4th, 2h. a.m., Tethys, eclipse

disappearance. February 5th, ll^h. p.m., Tethys, eclipse

disappearance. February 8th, l|^h. a.m., shadow of Rhea
in central transit. February 9th, 0|h. a.m., shadow of

Titan m central transit ; 4h. a.m.. Titan in inferior con-

junction with centre of Saturn, 9-9" south. February 10th,

ofh. A.M., Rhea, eclipse disappearance. February 12th,

3h. A.M., Dione, eclipse disappearance. February 17th,

2|h. A.M., shadow of Rhea in central transit ; 4^h. a.m..

Titan, eclipse disappearance. February 19th, 4|-h. a.m.,

Tethys, eclipse disappearance. February 20th, 2h. a.m.,

lapetus in inferior conjunction with the centre of the planet

;

Tethys, eclipse disappearance. February 22nd, llh. p.m.,

Tethys, eclipse disappearance. Febrftary 23rd, 2h. a.m.,

Dione, eclipse disappearance. February 24th, 8ih. p.m.,

Tethys, eclipse disappearance ; 11-1-h. p.m., shadow of Titan

in central transit on Saturn. February 25th, l|h. a.m..

Titan skirts southern limb of planet. February 26th,

3Jh. a.m., shadow of Rhea in central transit. During the

month Saturn describes a short retrograde path in Virgo,

without approaching any naked-eye star.

Neptune is still visible during the working hours of

the night, rising on the 1st at lib. 40m. a.m., with an
apparent diameter of 2-6", and a northern declination of

19° 48'. On the 29th he rises at 9h. 39m. a.m., with a

northern declination of 19° 49'. During February he is

almost stationary just north-west of « 'Tauri, and about

the middle of the month he will be observed to be about
80" «./'. a 9i magnitude star.

There are no well-marked showers of shooting stars in

February.

The Moon enters her first quarter at 9h. 39m. a.m. on
the 5th ; is full at 7h. 38m. p.m. on the 12th ; enters her

last quarter at Oh. 15m. a.m. on the 21st; and is new at

3h. 47m. A.M. on the 28th. She is in perigee at 9-2h. a.m.

on the 1st (distance from the earth 226,765 miles) ; in

apogee at 9-8h. a.m. on the 17th (distance from the earth

251,845 miles) ; and in pei'igee at ll-8h. a.m. on the 28th

(distance from the earth 223,660 miles). The greatest

western libration is at 2h. 46m. a.m. on the 9th, and the

greatest eastern at 9h. 48m. p.m. on the 23rd.

Cljcss Column.
By C. D. LococK, B.A.Oxon.

All communications for this column should be addressed

to the " Chess Editor, Knowledge Office," and posted before

the 10th of each month.

The solution of the Four-Move Problem in the January

number is necessarily withheld till its publication in the

Chess-Monthli/.
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Correct Solutions have been received from W. T.
•Hurley, Giu. Pianissimo, M. B. (Jesmond), and A. Ruther-
ford, who are to be congratulated on their success in

mastering the intricacies of this most difficult problem.
Duals, which were most abundant, of course did not count

;

otherwise even Giu. Pianissimo, whose analysis was most
exhaustive and logical, would have missed one or two
points. None of the foiir survivors have suggested an
immediate division. An attempt therefore will be made
to combine their various suggestions as far as possible, on
the chance of a separation. For this purpose the following

difficult problem is given ; and, as an additional test,

another problem has been posted (Jauuai-y '24th) to each
competitor. In this latter problem the number of moves
is not given, and duals, etc., in leading variations will each
score one point, the same being deducted for each incorrect

claim. Solutions of both problems should be sent in by
February 9th, and the analysis in each case should be
continued up to White's third moves.

A . Rutherford.—Thanks for the correction. The mistake

is explained below.

U. ir. Hiiwihtiin.—The problem was a very difficult one ;

to be beaten by it is no disgrace, though certainly imfor-

tunate.

SECOND TIE PROBLEM.
[Also from the Chcxs-Monthly Tournament.]

» ^'mm, _ < "'^^^
^^P'^

White to play, and mate La four moves.

CHESS INTELLIGENCE.

The SteLnitz-Tschigorin Chess Match in Havana began
with the year. The match goes to the player who first

wins ten games, draws not counting. Mr. Tschigorin won
the first game ; the second and third were drawn ; Mr.
Steinitz won the fourth, and, after another draw (56 moves),
the sixth in 48 moves. The first four games averaged only
31 moves each. So far the Russian player has consistently

adopted his favourite Evans Gambit, which Mr. Steinitz

has defended by 7. ... B to KKt.5 and 8. . . . Kt to KB3,
no longer apparently relying on his expensive defence Q to

B3. In the other games he has played the common or
German form of the Ruy Lopez, with the exception of the
sixth game, which was a Two Knights' Defence.

The Pittshitrg Dispatch announces a Three-Move Problem
Tournament (direct mates only). Competing positions,

with motto, solution, and sealed name and address, must
be mailed (in Europe) not later than March 1st, and
addressed to " Chess Editor, PittsLiin/ Dispiitcli, P.O. Box
468, Pittsburg, Pa,

The National Masters' Tournament of the British Chess

Association will probably be held at the British Chess Club

some time this month. The programme will be issued

shortly.

The following is one of two Consultation Games, played

on December 12th last by telephone, between the Liverpool

Chess Club and the British Chess Club, London. The
former were represented by Messrs. Burn, Dod, Rutherford,

and Wellington ; the London players being Messrs. Guest,

Hirsch, Locock, and Mundell.

AVhite. [Vienna Opening.] Black.

(B.C.C.) (Liverpool.)

1. P to K4 1. P to K4
2. Kt to QB3 2. Kt to KB3
3. P to B4 3. P to Q4
4. PxKP 4. KtxP
6. Kt to B3 (a) 5. B to K2 (h)

G. P to Q4 6. P to QB4 (c)

7. B to Q3 7. Kt to QB3
8. KtxKt 8. PxKt
9. BxP 9. KtxQP

10. B to K3 (rf) 10; B to B4 !

11. BxB (e) 11. KtxB
12. Q to K2 12. Castles

13. Castles 13. Q to Kt3
14. P to B3 14. QR to Qsq (/)
15. B to B4 15. R to Q2
16. Q to K4 16. Q to K3 (i/)

17. QR to Ksq 17. R to Ksq
18. Kt toKt5 (/() 18. BxKe(0
19. BxB 19. Kt to K2
20. BxKt 20. QRxB
21. Q to QR4 (i) 21. P to QKt3
22. R to K2 22. Q to Q4 (A)

23. R to Qsq 23. Q to Kt2
24. R to Q6 24. P to KR3
25. Q to B2 (/) 25. Q to Bsq
26. Q to Q3 26. Q to KKt5
27. R to Q8 (/;/) 27. Q to K3
28. RxR 28. RxR
29. Q to R6 («) 29. R to K2
30. P to QKt3 30. R to Q2 (o)

31. Pto KR3 31. PtoKKtl
82. Q to R4 32. P to KB4
33. K to R2 83. K to B2 (p)

34. P to KKt4 34. P x P
35. PxP 35. K to Kt2 (q)

36. Q to K4 36. Q to Q4 (r)

37. QxQ 37. RxQ
38. P to B4 ! 38. R to Q2
39. K to Kt3 39. K to Bsq
40. K to B3 40. K to K2
il. R to R2 41. K to K3
42. RxPch 42. KxP
43. R to Kt6 (s) 43. R to Q7
44. ExPch 44. K to B3
45. R to B5ch 45. K to Kt3

46. K to K4 46. R x P
47. K to Q5 47. R to QKt7 (t)

48. R to B3 48. K to Kt4

49. K toB6 49. KxP
50. R to Q3 in) 50. K to B5
51. K to Kt7' 51. K to K5
52. R to R3 52. R to QR7
53. R to Kt3 53. K to Q5

And after a few more moves the game, which had lasted

over seven hours, was given up as drawn.
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Notes.

(a) 6Q to B3 is more usually played ; Black has three

good defences in QKt to B8, or KtxKt, or P to KB4.
The London representatives selected the text move on the

ground that it had not heen much analyzed.

(h) If 5 ... B to QKt.5 White intended to reply 6. B to

Q3!, or if .5 ... B to KKto. fi. Q to K2 !, which is much
better than G. B to K2.

(f) An excellent reply, and we believe new at this stage.

If instead 6 . . . Castles, White gets the superior game
by 7. B to Q3.

(rf) This move was the subject of much discussion, some
of the players preferring lO; Castles. The simple move
Kt X Kt would have given Black an isolated Pawn in return

for their own, but was rejected as too unenterprising.

(e) If 11. Q to Q3, KtxKtch; 12. PxKt, QxQ; 13.

B X Q, B X B ; 14. P x B, Castles (QR) ; 15. K to K2, R to

Q4 ; 16. P to IvB4, KR to Qsq, with some advantage in

position.

(f) After 14 ... KtxB, 1.5. QxKt, QxP; White
recovers the Pawn by 16. KR to QKtsq. Black prepares,

instead, for doubling his Rooks on the King's file.

(//) The best way of defending the Knight, which now
threatens to escape at Q3. Q to Kt3 was not so good

;

White might win a Pawn at once by Q to R4.

(/() With a view to simplicity, as there is not much
chance of attack. B to Kt.5 instead would be met by B to

Esq, threatening P to B3.

((•) Best. If 18 ... Q to KtB ; 19. P to K6, B xKt

;

20. PxPch, QxP; 22. Q xRch, Q x Q ; 23. RxQch, K
to B2 ; 24. B x B and wins. Black's next move is also

much better than Kt to Q3, which would ultimately leave

the Knight out of play.

(j) The first of an interesting series of moves, by which
White keep their King's Pawn indkectly guarded even
against the constantly threatened ... P to B8.

{k) If P to B3, 23. P X P. Black manoeuvi-e to get their

R at K2 and the Q behmd it.

(I) Still preventmg R x P. Q to KKt4 or Q to QB4 also

have merits. Black's next move prevents Q to B5.

(»/) A hasty move, made under pressure of the time
limit. They should have played P to KR3 first, when the

Queen would have nothing better than a return to QBsq.

(n) Black threatened P to B3, but perhaps K to B2 was
a better defence.

(o) Preventing the escape of the Queen at Q3. If in-

stead 30. , . . P to B3 ; 31. PxP, QxR ; 32. PxR,
etc. After thek next move White ofiered a draw, which
was declined.

[p) K to Kt2 was probably better, vide their 35th move.
On their next move 34. ... P to B5 would of course be

answered by 35. Q to K4.

((/) Before making this move Black in their turn pro-

posed a draw, but withdrew the offer while White were
consulting.

0) If 36. ... R to KB2 ; 37. E to Q2, R to Bo ; 38.

Q to Kt7ch and draws ; but the game should be drawn any-

how. After the exchange of Queens Black cannot attack

the King's Pawn with both King and Rook.

(s) Playing now to win, but they should have been con-

tent to draw by K to K3. If then 43. . . . R to Qo ; 44.

R to R7.

(i) They might play 47. ... R to R6 (see diagram).
If then 48. E to B3, P to R4 ; 49. K to B6 ? (not so good
as K to K4 which seems to draw) ; 49. ... P to R5 : 50.

PxP! (if 50. K X P, R X Pch wins) ; 50. . . . RxR; 51.

K X P, R to B3ch ?
; 52. K to Kt5 ! (the onlv move. If

52. K to Kt7, E to B5 wins ; or if 52. K x P, K to B2
wins). White now apparently draws at least by going
straight on with the Rook's Pawn ; but Black at move 51

should have played R to QE6 ! which apparently wins, as

pointed out by Mr. Hoffer ; but it is very diificult.

(») R to QB3 would have saved a move, but the game
is easily drawn.

Position after White's 47th move.

(LITERPOOL.)

Black.

mm mm. ^^
M.„„„m. r m

s

White.

(LOIfDON.)

In the other game, which will be given next month, the

Liverpool representatives were Rev. .J. Owen, and Messrs.

Howard, Kaizer, and Cairns. The name of the latter

gentleman bears a certain telephonic resemblance to that of

Mr. Burn, hence our mistake last mouth in stating that

Mr. Burn took part in both games. We are indebted to

Mr. A. Rutherford, of Liverpool, for this information.
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IF
the reader will, now return to my table A, at the

beginning of this article, he will see that I have
given some accoimt of all the i\lusci except the

Anomalea' ; these are a somewhat heterogeneous

group of plants, of great interest to the botanist,

but with which I fear to detain my reader lest I should
disgust him with apparently dry details.

Siihiiiiixtccce.—Next in order to the Musci in my table A
will be found the Sphagnacese, or Turf or Peat Mosses,
a natural group of comparatively few species and very

marked organization. The general appearance of this

class of Mosses may be gathered from the figure of one
already given (see Fig. 16), and is well known to almost

everyone who has had any interest in a hot-house.

Vast tracts of land in this country and throughout
Northern Europe and America are covered with plants of

this group, and large tracts which are now fertile agricul-

tural land, where they have entirely ceased to grow, have
in former times been occupied by them. The bogs of

Ireland, which are mainly constituted of Turf Moss, were
computed in 1819 by the Bog Commissioners to occupy

2,830,000 acres. No Moss has probably ever, at least in

the present state of the globe, played so large a part as the

Sphagnum or Turf Moss.

Strurtiirr.—It is to the peculiar structure of the Peat
Moss that this great part on the theatre of the globe is to
be attributed.

Lcdirs.—In the young leaves the component cells are all

alike
; then by a differential growth we are presented with

large cells (sometimes of a square or rectangular shape)
surrounded by narrower cells ; then chlorophyll forms in
these narrow cells, but is absent from the square cells;
from these the contents disappear, and water or water-like

fluid occupies the whole cell ; subsequently annular and
spiral threads develop on the walls of the square cells.

The intimate structure of the leaf thus enables it to absorb
great quantities of water.
But again, the shape of the leaves is in many species

adapted to the retention of water. By a retardation of the
lateral as compared with the mesial growth, the leaf
assumes a boat shape. Often the edges of the leaves are
turned over ; the leaf thus affords means of holding water.

Figs. 27 and 28 will enable the reader to follow

...
p

'rlA

^ffV^ -
* Fig. 28.—Portion of leaf of .S>^aj»t«w.

acutifolium, highly ni.agnified ; o n.

Fig. 27.—Leaf of Sphnij- orifices opening from interior uf cells.

num acittifolium, magiii- After Schimi)er.

fietl ; s s, stem
; p, point

of the leaf. After Schim-
per.

the foregoing description. Fig. 27 shows a magnified
leaf of the Sphdiinum acutifolium—with a portion of the
adjoining stem (.v.s), of which more hereafter. The edges
of the leaf are turned over—as may be seen by looking at
the extreme point of the leaf

(
/i) where these foldings over

cease. Fig. 28 exhibits a portion of a leaf far more highly
magnified ; the large cells free from chlorophyll bounded
by the narrower cells charged with it will be at once
observed as well as the spiral threads developed on the
walls of the larger cells, a peculiarity of the leaf of this
genus which enables one to detect the presence of its

remains so long as any organic structure is retained ; and
at the points o o are seen orifices opening from the
interior of the cell and admitting water.
A reference to Fig. 10 will show that the leaves of the

Sphagnum are borne on lateral branches. These at the
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head of the plant form a

thick and often widely ex-

tended tiift; but lower

down the branches grow

out laterally from the stem,

generally in tufts of four

branches, of which, as

shown in Fig. 29, two
)

generally grow out more
^

or less horizontally, and

two are disposed in close

proximity to the stem,

round which in fact they

fall (see again Fig. 16), so

as to exert a great capillary

attraction and keep a great

mass of water in suspen-

sion even against the force

of gravity.

Yet further, as it would

seem, to add to the absorp-

tive capacity of the leaves.

Nature, in one or more

species of the Peat Moss,

has recourse to a further

expedient. Bound the base

and sides of the leaf, clus-

ters of half free cells, with

spirally marked walls, are

clustered, ready, like their

sister cells in the leaf, to

carry their full comple-

ment of water. Such a

group is shown (magnified

of course) in Fig. 80.

The stem of the Sphag-

num in like manner is

developed as a water-

carrying instrument. Its

appearance when exaui-

ined by the microscope, as shown in Fig. 27 and m
Fig. 31, is very singular, for it is surrounded not only

with large transparent cells of more ordmary shape,

but with large cells developed into the shape ot flasks,

with openmgs at then- tops. Fig. 32 will enable the reader

further to reaUze this structure. It is a highly-magnifaed

section of a quarter of a stem.

A<^ain, the mode of growth of the plant, abandonmg its

moot-ings on the soil and throwing out roots mto the water,

and growing suc-

cessively year after

year, enables it not

only to attain great

growth, but also,

when the occasion

demands, to keep

pace with the rise

of the water in

which it may be

growing, " the in- .-,

dividual thus becoming," it has been said, '' m a manner

immortal, and supplying a perpetual fund ot decomposmg

""^fT^limT^lsuits from StrmUur.-The result of these

peculiarities is that the entire plant of any species oi

Sphagnum is a perfect sponge. ^Yhen dry it is capable (as

may easily be foimd by experiment) of rapidly absorbing

moisture, and carrying it upwards through the plant
;
and

when -rowing in vast beds it acts thus on a great scale.

FlG.29.—Lateral brancliesof Sphaff-

niim ; s s, stem ; h h, liorizoutal

brandies ; pp, pendant branches.

After Seliimper.

Fi&. .30.—Cluster of cells at base of leaf of

Sphagnum acutifolium. -^ter Schimper.

Everyone who knows Scotland must know how on many

a steep moimtain-side, or on the bottom and sides of a

corge, these beds will hold up a great body of water agamst

the force of gravitv ; and again, the Irish bogs are described

as often ascending from the edges towards the interior,

sometimes bv a gradual and sometimes by a sudden

ascent, so that at times the bog is so high that it reaches

the height of the church steeples of the adjoining country,

without" any rising ground intervening.

These peculiarities in the structure

of Sphagnum have produced con-

siderable physical effects.

(1) Everyone knows the different

effects of rain falling on a land of

bare rock or sand, like the Sinaitic

desert, and on a porous soil. In the

one case it produces a fi-eshet or a

flood, that leaves no trace behind

;

in the other it is held for a while in

suspense, and only gradually passes

into the streams. The glaciers and

the Sphagnum beds of the mountains

of Europe alike act as compensation

reservoirs—receive large quantities

of moisture as it falls, and retain it

till the drier season comes, when

part of it gradually passes away •,^
but

for these reservoirs, many of the rivers

would exhibit a far greater shrinkage

in summer and autumn than is now

tllG CBjSG.

But (2) the Sphagnum beds have

become peat, and have gradually

filled up the ancient lakes and

morasses, and turned water into dry

land.' It is true that peat appears

under some circumstances to be formed by other vegetables

than Sphagnum, and in all cases it has probably some

other plants or roots growing amongst it. ^^i"-
^"-^'^^".if

tells us that in Terra del Fuego and the Chonos Archipelago

peat IS lormeu

by two phan-
erogamous
plants, of
which one at

least seems en-

dowed with an
immortality
something like

that of the

Sphagnum ;

and the x^eat

of the fens of

Lincolnshire is

formed mainly

of Hyimum
jluitans. But
Sphagnum ap-

pears to be the

main constitu-

ent of peat in

Ireland, Scot-

land and, so far as my researches have gone, in England

;

the pecuhar spiral threads of the cells of the Sphagnum

leaf being easily detected in the peat so long as it retains

traces of its org'anic origin.

Indent i-'.wvs(s.—The Peat Mosses, and the sea-shores

of mir islands and of the adjoining mainland reveal, as

is very well known, traces of ancient forests. Many parts

Pia. 31. — Stem of

Sphaffuum moUtis-

rum, magnified, sliow-

ing «H,tlie utricles or

flask-shaped cells.

After Schimper.

Fia. 32.—Magnified section of stem of Sphagnum

ciimhifoHum. s s^ stem ; «\ x, mass of spirally

threaded cells surrounding

Schimper.

.stem. After
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of England, nearly all the mainland of Scotland, the
Hebrides, the Orkneys, and the Shetlands, Ireland, _and
Denmark, the shores of both sides of the EngHsh Channel,
Normandy, Brittany, the Channel Islands, and Holland,
and the shores of Norway, all bear evidence to the presence
of these primeval forests ; and what is more, to the suc-
cessive existence of forests, each in its order Unng above
the buried remains of the earlier ones.
The following table will show the order of succession in

the diflerent species of trees in .some of the places where
this has been observed, the braces representing the co-
existence of the trees :

—

Island of Lewes.
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course of taking upon herself all the duties of matern.tj

and colonization, and labouring with her own feet and jaws

to prepare a home for, and to support her progeny till

thev are sufficiently advanced in age to take their proper

shaVe in hfe's burdens. There is scarcely sufficient direct

evidence to warrant a decision as to which course would

generally be adopted. Sir .John Lubbock invariably found

that when he introduced queens into qneenless nests they

were not accepted by the inhabitants, but were at once ,

attacked with energy. Whether this antipathy was owing
j

to a natural tendency, or was the result of the insects m
question having been long unaccustomed to the society and

rule of queens, is, however, doubtful. And since any eggs

that may be laid by workers, a circumstance that sometimes

happens, invariably produce males only, it would seem that

a nest from which females are permanently excluded must

sooner or later suffer extinction. Moreover, as showing

that adoption into a strange nest may sometimes be

the lot of the newly-hatched queen, McCook records

such a case as having come under his own observation in

America. ,

Sir John Lubbock's experiments m the direction ot

inducing females to rear their own young without help, and

so start'a new nest, were more successful. One day, in the

middle of August, 187G, he found two pairs ot thehttle red

stinging Ant, Mi/nnica nu/irwdis, flying m his garden. He

placed them quite apart from other examples of the same

species, and pro^•ided them with all needful requisites in

the shape of earth, food and water. All through the

winter they remained alive and healthy—a somewhat

unusual circumstance, as the males (Fig. 1) appear generally

is true of one kind is therefore necessarily true of

another.
.

All Ants, of whatever species, commence their lite as eggs

—these are minute oval bodies, of whitish or yellowish

colour. When laid, they have to be stowed away in suitable

chambers excavated in the nest, and must be conveyed

thither by the workers, by whom also they are carefully

guarded. In carrymg the eggs the mandibles are used, but

to minimize the difficulty of transit, and the risk of damage,

which would result from carrying such minute objects

singly, they are caused to adhere together by their sticky

surfaces, and can thus be conveyed away in batches. It is

hardly necessary to point out that what are popularly

called "Ants' eggs "—the large yellowish or cream-coloured

oval objects which one often finds lying about in great

numbers in the passages of the nest on removing the roof,

and which are used as food for pheasants, singing birds,

and fishes—are not the objects we are now speaking of, but

are the pups of the Ants, which are looked after by the

workers quite as assiduously as the true eggs. Their size

alone is sufficient to check any such misconception, and to

suggest their true character. But there are often to be

found in Ants" nests batches of minute eggs, truly so called,

which are not those of the Ants themselves, though guarded

with as much care as their own. They are little dark-

coloured objects, the eggs of aphides or plant-lice, which

are kept by some Ants as domestic animals, and of which

we shall have more to say in another paper.

From the egg is hatched, in a few weeks' time, a maggot-

like grub (Fig. 2 a), whitish and semi-transparent, and

Pjq i_—Male of Myrmica ruyinodis.

Magnified six diameters.

to die m the autumn. In this case they did not die till the

spring, just about the time when their partners laid then-

first eggs. During the course of the summer various eggs

were laid at different dates, many of which hatched in due

course, passed safely through larvahood and pupahood, and

at last reached the perfect state, coming out as workers

some thirteen or fourteen weeks after the laying of the eggs.

All attentions that they needed during this time were of

course rendered by the parent queens, who thus proved that

they had the power, if opportunity should call for its exer-

cise, of founding new colonies. Other observers, however,

experimenting with different species, have met with less

satisfactory results, and it is of course possible that what

one species can do in this respect another cannot. The

same remark applies to their whole economy; for while the

broad facts involved in their social habits are pretty much

the same in all, yet no two species are exactly identical m
habits, and one must guard against concluding that what

Fig. 2.—A. Larva.

B

B. riqui. Cocoon of Ant.

covered with short hairs ; it is plainly divided into seg-

ments, but has no legs. It is rather conical in shape,

tapering towards one end, at which is situated the mouth,

furnished with a couple of tiny hooks, which, though

suggestive of jaws, seem to be of little use as such. These

larvfB are perfectly helpless, and cannot even feed them-

selves. Here is one of the penalties attendant upon the

development of the social instinct ; the insect is never left

to itself, but has to be looked after and cared for from the

day of its entry into the world as an egg till the time of its

extrication fi-om the last skin it will ever shed. In the

case of a solitary insect, such as by far the greater number

of insects are, no such care would as a rule be taken
;
the

e»"s would be left to themselves, and the larvis would be

capable of providing their own food, or if not actually doing

so, yet of feeding themselves from a store previously

accumulated by the mother. With the hatching of the

e^cs in an Ant's nest, therefore, the duties of the workers

are enormously increased. Scores of httle mouths have

to be kept supphed with suitable food, each one several

times a day, and but a brief intermission of their attentions
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would probably be quickly attended with a fatal result.

The food is elaborated by the nurses themselves in their

o-n-n stomachs, and is supplied to the gaping mouths of

the larv;i; thi'ough their own mouths. Now as the eggs
are not all laid at one time, there are frequent hatchings
going on during the summer months, and in the same
nest there will be grubs of different ages ; these will of

course require differing quantities of food, and possibly

even food of varying quality, according to age and to the
sex of the insects that are to result from them. Hence
method has to be introduced into the management of the
commissariat, and the nurslings are divided into classes

according to their size.

But the young maggot-like Ant is a troublesome little

creature, and needs a good deal more attention than what
is involved in pro\-iding it with meals. Cleanliness is an
important element in its education, and as it cannot clean
itself, this duty also falls upon the nurses, which perform
the necessary operations with their mouth organs. Just
in the same way too the workers will clean one another,
and Sir John Lubbock found that the Ants he had marked
with spots of paint, so as to be recognizable again, had the
spots iu a little while removed by their friends, a delicate

personal attention which suggests curious ideas of etiquette.

For the attainment of the most healthy condition, a

certain degree of warmth and moisture is necessary for

the larv;e, and, as the various chambers iu the nest will

usually differ somewhat as regards these conditions, there
results the necessity of carr3'ing the babies about from
place to place. The mandibles are again called into

requisition for this purpose, and, like a cat carrying her
kittens, the nurses gently take up the grubs in their jaws,
and hurry with them along the galleries from nursery to

nursery ; if the sun shines, they will be taken to the top-

most galleries, not indeed that they may be dii-ectly

exposed to its rays, for this would apparently be injurious,

but that they may be as near to its influence as the thick-

ness of the covering stone or roof of the nest will permit.
When the weather is cloudy, or when night comes, the_v

must be carried down ; or again, let but the nest be dis-

turbed so as to admit the direct sunlight, and plenty of

pairs of eager jaws are ready at a moment's notice to seize

and hurry off below ground their fat and deshy charges,
until, in a few minutes, none are left exposed. Of course
this may be quite as much for the sake of saving the
treasures from the possible grip of the rash intruder, as to

remove them from the iutiuence of the direct sunlight.

The length of the larval life varies greatly. One of the
common red Ants {Myrniua ni:/i)Wilis) appears to be
amongst the quickest in development, and in some of Sir

John Lubbock's nests this species remamed less than a
month in the larval condition. On the other hand, some
of the larvas of the yellow Ant (Ln.-ilu.s ti((rux), viz., those
of the autumn brood, are very tardy in their progress, and
remain grubs throughout the winter, lying torpid in the
deeper parts of the nest, destined not to complete their

growth till the spring sunshine re-awakens the population
of the nest, and supphes them again with energetic and
painstaking attendants. What happens to the grub at the
close of larvahood depends upon the species ; all change
into a chrysalis, but with a remarkable difl'erence, the
reason for which is not known. Those which when fixlly

growTi have not the power of stinging, as, for example, the
common black .\nt of the garden, envelope themselves in a
silken cocoon, while those which do sting, such as the
familiar red species before mentioned, have no such covering,
but simply cast the larval skin and remain naked as pup;i>.

This rule, however, is not absolute, and Latreille discovered
that the larv.e of one of our common dark-coloured stLngless

Ants, Formica fusca (Fig. 3) sometimes spin cocoons and
sometimes do not. The pupa
of an Ant (Fig. 3B)is similar

to that of a bee, but not like

that of a moth, inasmuch as

it exhibits distinctly the out-

line of the various parts and
appendages of the future in-

sect, such as the head, legs,

antennfp, etc. But the whole
insect is covered with a thin

skin, whichhas to be removed
when it reaches maturity be-

fore it can make any use of

its perfected hmbs. In the

case of the stLngless Ants -^ ^ ^El ^-^'^ \
then, this insect, enveloped
in its thin skin, but with its

various parts more or less

distinctly revealed, is en-

closed m its silken shroud / '<^18P' \

like a mummy iu a sarcopha-

gus, the whole constituting a ^^"^- 3-—Quoeu of Form'wa fusca,

smooth oval body, with a dark ^'w"-'"? remiunts of wiugs.

dot at the end opposite that

at which the head hes (Fig. 2 C). These are the familiar so-
called " Ants' eggs " above mentioned, and thev have to
be carried about from one storey of the nest to another in
the same way as the \a.v\x. In fact, the anxiety of the
workers for the welfiire of these objects is extraordinary,
and those who have kept Ants' nests for observation have
made use of this passionate devotion to their young,
whether as larvse or pup;p, to mduce the Ants to travel ?n
such directions as may be desired for the purposes of
experiment, and the discovery of a store of larv* or pupa; in
any spot is to a worker Ant quite as strong an incentive to
exertion, and quite as important a piece of news to be
commimicated to its fellows, as it would be to come
unexpectedly upon an abundant supply of the most
delicious food.

The change to the chrysalis condition is, of course,
not effected by the larv.fi till after it has spun its cocoon,
for when once it passes into this stage it becomes more
helpless than ever before, and would, but for the assistance
of the nurses, perish where it is and iu direct consequence of
its own act of walling itself round, and so cutting itself off
from the world by a continuous and impenetrable barrier of
silk. Here, again, appears strongly the helplessness of
the individual member of the social community, as con-
trasted with the independence and power of the solitary

insect. The caterpillars of many moths, as is well known,
before turning into the chrysalis condition, surround them-
selves with a silken cocoon, which is sometimes, as in the
case of the puss-moth, of so hard a consistency as to resist

strong pressure, and to oft'er considerable opposition even
to the entrance of the point of a knife. Within this
covering lies the limbless pupa, apparently as effectually

doomed to a hfelong imprisonment as any captive thrown
into the old Bastille. And j-et, without any assistance
fi-om outside, or any means other than what its own body
supphes, the imprisoned moth first throws off its hard and
crisp pupa skin, and then works its way through the walls
of the cocoon, and after a httle pause triumphantly
proceeds, in its own unaided strength, to the business of its

new hfe. Not so the Ant, however ; for Hberty, and mdeed,
for hfe itself, it is in many cases beholden to the same
unremitting attention that has presided over its destinies
hitherto. With a degree of intelligence which is truly
remarkable, the nurses divine the right moment when the
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imprisoned and invisible Ant is ready for release. Then,

with their jaws they nibble and pinch at the loose-fitting

investment and make a neat slit down one side, and thus

open the prison doors. But even then the captive cannot

avail itself of the liberty which is thus brought within its

reach. It must be hauled out by the nurses, and stripped

of the thin skin which still enshrouds its Hmbs; those limbs

must then be helped into position, and the invalid stroked,

caressed and fondled with anteun.-e and legs till it begins

to collect its senses and become conscious of its powers.

It must then be led and guided about the nest, till it is

familiar with the details of that home in which, if its

structure fits it for that purpose, it must now take its

place as one of the great band of toilers, and show by its

deeds that the care that has been expended upon its educa-

tion has not been in vain.

Some three or four weeks will have been passed by the

Ant in this state of inactivity, during which time it has

taken no food. But when it enters on its perfect condition,

hunger will again begin to assert itself, though the food

taken will not, as heretofore, contribute to swell its bulk,

for now waste and repair will be balanced, and the Ant

has attained its full size. Amongst the workers there is

often a good deal of variation in size ; there are large ones

which are called workers major, and small ones called

workers minor, and often intermediate sizes also ; but it

must not be assumed that the minors will grow into majors
;

whatever size the worker Ant has on quitting the pupa

skin, that it retains throughout the remainder of its life.

The same applies to the males, and to the females as well,

except in so far as the development of the eggs increases

the size of the abdomen. The range of difi'erence amongst

the workers is not the same in all Ants. Take, for example,

three of our commonest species ; two of these, the yellow

Ant (Ldsiua fl(inis) and the wood Ant (Fonnicn nifa) show

great inequality in size in the workers, while the common
garden Ant (f.iisiu.s nii/rr) has them much more uniform.

The larger workers have often a proportionately larger

head, indicating larger muscles and consequently more
power in the jaws, whence it has been generally supposed

that such forms are intended to act as soldiers and do the

chief part of the fighting of the community, but pugnacity

is by no means the monopoly of these big-headed forms,

and the little workers are quite ready to do battle if

occasion requires.

Up to the point to which we have now conducted it, our

Ant has passed through a life of considerable monotony.

Its most extensive journeys have not extended over more
than a few inches of territory, and even these it has

performed by the aid of others ; its sole occupation, when
it has been doing anything more than simply lying still and

"developing," has been eating, and for this, too, it has

had to be a pensioner on the bounty of friends. It has

been from its birth an inhabitant of underground galleries

and tunnels, and has never seen the light of day, except

by accident. But now a vast change takes place ; the whole

world is before it, and if it is a worker, there awaits it a

life, extending over years it may be, full of variety and
activity, and crowded with incident and adventure. It is

here that the social insect gets the advantage of the

solitary one. The chief Itusinesses that engage the atten-

tion of the latter are provisioning and love. The former

is often uniform and prosaic enough, and even the latter,

while it may involve a certain amount of incident and
romance, is still as a rule an afi'air of such brevity that

there is hardly time for anything very striking in the way
of adventure to take place, before the adventurer is called

upon to pay the debt of Nature. But with the development

of the social instinct tliere comes an indefinite number of

new responsibilities and endless opportunities of variety,

resulting from the complexity of the life and the increased

length of it, which seems to be the necessary accompani-

ment of the higher type of existence. To the threshold

of this life of variety and incident we have now brought

our Ant, and there we must leave it for the present,

deferring till next month an account of its further

adventures.

ELEPHANTS, RECENT AND EXTINCT.
By R. Lydekker, B.A. Cantab.

ASSUREDLY of all the Mammals now inhabiting

this earth Elephants are those most justly

entitled to the epithet " antediluvian," since they
remind ns, far more vividly than any of their

modern contemporaries, of the gigantic extinct

Mammals of various kinds which flourished in that latest

epoch of geological history when man was but a compara-
tively new comer. A long acquaintance has, indeed, made
us so familiar with the appearance of Elephants that we
are too apt to forget what altogether strange and uncouth
creatures they really are. If, however, they had happened
to be included among those animals which disappeared

from the face of the earth before the historic period, and
were known to us solely by their skeletons, there can be no
doubt that they would be regarded as among the most
remarkable of Mammals. Moreover, if Elephants were
only known to us by their skeletons it would be more
than doubtful if we should ever have attained a correct

idea of their true form ; since, although the conformation

of then' jaws and teeth would clearly indicate that they

must have had some very peculiar method of feeding,

it would have required a very bold, not to say a very

imaginative man to have conceived the idea that these

creatm-es were furnished with that imique organ which
we term the trunk or proboscis.

At the present day, it need scarcely be said, there

are but two living species of Elephants, difiering remark-
ably fi'om one another not only in external characters, but

also, as we shall notice later on, in the structure of their

teeth ; these two species being respectively confined to

Africa, and to India and adjacent regions. These two
kinds of Elephants are, however, merely the last survivors

of a vast host of extinct forms, some of which were closely

related to then- living cousins ; while others differed so

maj'kedly in the structure of their teeth as to have

received the distinctive ajspellation of Mastodons, although

they are really nothing but very generalized Elephants.

These so-called Mastodons carry ns backwards to the

middle of that division of the Tertiary period of the earth's

history known as the Miocene ; but when we have reached

to that stage all below is dark as regards the Elephantine

pedigree. And it is, indeed, one of the most remarkable

circumstances in Palseontology that although we know that

Elephants belong to the great group of Hoofed or

Ungulate Mammals, of which they form a well-marked

division, yet we have practically no sort of knowledge

of the many extinct forms which we presume must
have connected them with Ungulates of a more ordinary

type.

Although the trunk and tusks of Elephants form their

most striking external features, yet it is not to these that

the naturalist looks at first when enquiring into the true

affinities and general structure of these animals, since

these come under the category of specialized and acquired

structures, which tell but little of an animal's past history ;

he looks rather to the structure of the internal skeleton,
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which is always of especial value as being that part of the

organism which is usiiall}- alone preserved in a fossil state.

Let us then first turn our attention to the skeleton of these

animals ,ofwhich we may see examples in our larger museums.
The most remarkable feature noticeable in such a skeleton

Fig. 1.—Skeleton of the Siberian Jlnmmotli. with the skin still attached to the skull

(From Jardine.J

(Fig. 1) is that the various long-bones of the limbs are placed

almost directly one above another, so as to form nearly

vertical columns of support for the body ; whereas in

ordinary Ungulates, such as a horse or an ox, these bones

are set very obliquely to one another, iloreover, as a similar

vertical position of the limb bones occurs in several old

extinct Ungulates which are known to be of extremely

primitive organization, we may take it that an Elephant's

limbs are likewise of a primitive type. We have, however,

further evidence in confirmation of this primitive structure.

Thus Elephants differ from all other living Ungulates in

having five complete toes to all their feet (Fig. 2). More-
over, whereas in other liv-

ing Ungulates (except the

little Hyrax) the bones of

the wrist are not situated

in vertical rows imme-
diately over the metacarpal
bones of the foot, but, on
the contrary, cross and
overlap one another, in

Elephants they have the

former relation, with the

single exception that the

bone marked / o\ erlaps the
Fig 2 —Bones of the left fore foot one lettered td to a certain

of an . Elephant, ^ natural
The lettered bones are those of the

extent. This difference

wrist or earpus, and the numbered '^^J ^^ illustrated by
ones the metacarpals, below which saying that if we were
are the bones of the toes.— [After to take 'a hatchet and
0^^°"') chop verticaUy upwards

between the third and fom-th toes of an Elephant's
foot there would be nothing to resist the passage of
the blade till it reached the bones of the leg, whereas
in all other Ungulates—the pig, for instance — the
blade could not pass through the wi-ist without cleaving

solid bone. Again, whereas ordinary Ungulates walk solely

on the tips of their toes, and are thus termed digitigrade,

while the bones of the toes themselves are more or less

elongated. Elephants walk on the soles of their feet in the

so-called plantigrade fashion, and have very short toe

bones. Now since all the large

extinct Ungulates of the Lower
Eocene or earliest Tertiary period

also have five-toed feet, very

similar to, but still shorter and
of even simpler structure than
those of Elephants, there can be no
doiabt as to the extremely primi-

tive plan on which the entire limbs

of the latter are constructed. As
regards, therefore, its limbs and
feet, an Elephant may be said to

be an essentially old-fashioned

animal.

If, however, wc turn to their

teeth we shall find that Elephants
are very far indeed from being of

a primitive or old-fashioned type
;

the truth being that they are, on
the contrary, very peculiar and
specialized in this respect. The
first and most obvious peculiarity

in regard to their dentition is to

be found in their tusks, which
correspond to one of the pairs of

upper front teeth in man, and
also to the single pair of such
teeth in the Rodents (rats, hares,

itc). Moreover, these teeth, like the incisors of the
Eodents, grow continuously throughout the life of the
animal, owing to the circumstance that the pulp-

cavity at their base always remains open, and has a
permanent connection with the soft structures of the
gum. In our own teeth, on the contrary, the pulp-cavity
closes at a certain period, after which there is a total

cessation of growth. These ever-growing tusks of the
Elephant, are preceded in the young animal by a pair

of small milk-tusks, with a closed pulp-cavity, which
are shed at an early period of life. In both of the
li\-lng species of Elephant the tusks are confined to the
upper jaw

; but whereas they occur in both sexes in the
African Elephant, in the Indian species large permanent
tusks are restricted to the male, and are not, indeed, invari-

ably present in all individuals of that sex. The primitive
Elephants, or Mastodons, frequently, however, had tusks
in both the upper and lower jaws ; and since these did not
generally attain the huge dimensions which they reach in
many true Elephants, it is evident that in this respect

the Mastodons departed less from the ordinary type of

Mammals, where the front teeth are not greatly larger
than the hinder ones, and those of tlie upper and lower
jaws correspond with one another in size and number.
Before leaving the subject of tusks, it may be mentioned
that the ivory of which they are composed differs from the
so-called ivory of other teeth in a manner which renders it

always easy to determine whether a reputed ivory article

is genuine. This peculiarity consists in the circumstance
that a transverse section of a tusk exhibits a series of fine,

decussating, curved lines radiating from the centre to the
circumference, and forming curvilinear lozenges at their

intersections. This pecidiar structure is in fact precisely

similar to the " engine-turning " on the back of a watch

;

and in an ivory knife-handle it should be distinctly \dsible

at the butt. {To be continued.)
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THE MOVEMENTS OF THE STARS.

By Miss A. M. Clekke.

PEOPEE motions may be described as the individual,

apparent, angular displacements of the stars. They

are small residual irregularities, becoming per-

sistently manifest year by year, or century by

century, after all the usual systematic corrections

have been applied, through which star-places of various

dates are rendered strictly comparable. And because they

are indi^-idual, they can only be ascertained by observation.

No process of reasoning is available by which, from the

known movements of nine hundred and ninety-nine stars,

the unknown movement of a thousandth star can be calcu-

lated. There may be a logic by which the feat could be

accomplished, but we are absolutely ignorant of its rules.

Proper motions are then experiential data, defying formulaic

expression, which have to be tabulated one by one— each

as a fact apart. Some thousands of them are now, with

very fair accuracy, disposable by astronomers ; and their

registration has been no trifling achievement. Yet they

are only the unshaped stones out of which the edifice of

knowledge regarding sidereal structure has to be built : or

say rather, the pile of clay collected antecedently to the

moulding and baking of bricks for that high purpose.

It is true that mere empirical acquaintance with proper

motions serves all the purposes of practical astronomy,

since it confers the power of predicting, for an indefinite

time to come, the places on the sphere of the stars they

affect. But the physical astronomer has other ends in

view. For him the " sphere " has no more reality than

the crystalline barriers fencing off one from the other the

successive heavens of the ancients ; he regards it as an

ideal canvas, upon which the signs and wonders of the sky

are pictured. His true concern is with the ocean of space,

and the voyages amid its depths of the fiery craft everywhere

furrowing them.
The direction and speed, however, of these voyages are

only in part and imperfectly indicated by telescopically

measured proper motions. No determinate results, in the

physical sense, can be elicited fi-om them until they have

first been combined with further items of information of

three several kinds. For they include, to begin with, a

common perspective element due to the translation of the

solar system. This must be eliminated as a preliminary

to assigning the " peculiar " movement due to each star

as a body traversing space on its own account. Secondly,

proper motions are angular amounts only. To render them
linear, we should be acquainted with the distances from
ourselves of the objects displ9,ced by them. Thirdly,

proper motions are the projections upon an imaginary plane

of lines of travel forming unknown angles with that plane.

Only that portion of stellar movement which lies across the

visual ray is represented in them ; they tell nothing about

the component along the visual ray.

None of these three requisites for deducing individual

real motions from proper motions is indeed entirely wanting

even now ; and all are likely to be more completely

provided in the future. A thoroughly satisfactory deter-

mination of the sun's course and velocity will evidently

before long be accomplished through the accumulation of

precisely known stellar radial movements ; and by the

same means, the missing component of proper motions

first cleared of the effects of our own interstellar journey,

can already be supplied in some cases, and will before long,

be supplied in many more. The list of measured star-

parallaxes, too, lengthens continually
;

yet here it must be

admitted that the prospect ol improvement is less assured

than elsewhere. For relative parallaxes only are given by

the methods at present in use, and doubts of the gravest

kind as to the validity of conclusions from relative to

absolute parallax are beginning to force themselves upon
astronomical attention. It is, nevertheless, consolatory to

reflect that misgivings as to the genuineness of the results

so far attained in this important branch of research are

strongest where sensibly fixed objects are in question.

Stars with appreciable proper motions detach themselves

from their background, and so afford a satisfactory criterion

for the choice of trustworthy reference-stars. Hence the

parallaxes of swift stars can rarely be wholly illusory, and
are probably, for the most part, but very slightly under-

estimated.

In the meantime, what conclusions can be derived from
the facts actually before us ? Do they provide groimd for

even a rational surmise as to the dynamical relations of

the stars '? At the threshold of the enquiry wo are startled

by the phenomena of what are called "runaway stars."

Of these, Groombridge 1830, with its thwartwise velocity

of 232 miles a second, is the classical example ; but it is

outdone by Arcturus with 375, and by p Cassiopeia with
305 miles a second ; and several stars besides ^—if the

small parallaxes attributed to them can be depended
upon— shoot through space at rates varying from 70 to

upwards of 100 miles a second. Twelve, moreover, out of

52 stars with numerically valued tangential velocities,

progress at a speed exceeding 50 mUes a second. Stars,

then, of the '• flying" description, are no great rarities.

Among them are to be found both single and compoimd
objects, enormous bodies like Arcturus, and orbs on the

modest solar scale, such as Groombridge 1830; and they

show spectra of sundry varieties. Some are probably

highly luminous in proportion to their mass, others give

little light, while exercising a strong mutual attraction.

Of the latter sort, at least, are the semi-obscure revolving

pair carried with it by o' Eridani in its particularly well

authenticated advance of 71 miles a second. The swiftest

stars cannot, accordingly, be regarded as forming a class

by themselves ; their velocities, although unaccountable,

and, by calculable gravitational power, uncontrollable, are

evidently systematic, that is, belong to the settled order of

sidereal arrangements, and have to be dealt with in any
attempt to grapple with the problem of sidereal mechanism.
No radial velocities at all comparable with the high

tangential velocities of late pretty freely disclosed, have yet

been detected. Aldebaran, with 30 miles a second of

recession fi-om the sun, bears the palm among 47 stars

spectrographically determined at Potsdam, and their

average rate comes out no more than 10'6 English miles.

But the average value of the visible component for

52 stars with ostensible parallaxes,* is 42 miles, the effects

of the solar motion being of course impartially mixed up
with both kinds of result. The tangential rate, however,
since it is measured along great circles of the sphere, sums
up motion in the two co-ordinates of right ascension and
declination, the separate value of each of which, amoimtiug
to just 30 miles a second, is the quantity properly to be con-

trasted with the figure derived from the Potsdam obser-

vations.

A striking disparity, none the less, still remains, and
suggests curious reflections ; although no great stress can
be laid upon them until it be seen whether the anomaly
giving rise to them be abolished or accentuated by further

research. Possibly it may be due to the character of the

objects examined for two different purposes. The Potsdam

* One of them is Arcturus, T\-liich can scarcely be said to liare

even au '* ostensible " parallax, since its probable error considerably

exceeds its nominal amount. The star should rather be called

indefinitely remote.
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list comprises mainly stars of the second magnitude,

which, for some unluiown reason, possess exceptionally

slow visible motions : and it excludes those faintly-luminous,

swift objects so frequently chosen as the subjects of

experiments for parallax. Hence, when spectrographic

measurements are extended to stars of the sixth and

seventh magnitudes, radial motions of hundreds of miles

a second may be brought to light. There seems no good

reason why they should not exist : for in our present

ignorance as to the dynamical relations of the stellar

crowd, we cannot with any confidence anticipate the

display by its members of preferences in the shaping of

their courses. Arcturus, then, which chances to have

nearly the whole of its tremendous speed directed ncmns

the line of sight, may prove to have opposite counterparts

in stars telescopically fixed, but rushing with scarcely less

rapid I'ml-on motions towards, or away from the earth.

The discovery, however, of such hypothetical objects will

demand perseverance or good fortune ; since no suspicion

can be raised beforehand of a peculiarity betrayed by no
visible symptom.

If indeed there were reason to believe the stars combined

into a stable system, and wheeling unanimously round a

common centre, then their tangential might be expected to

prevail very greatly over their radial velocities, as measured
from a point anywhere in the neighbourhood of tliat centre.

Thus, the planetary movements would lie nearly altogether

across the line of sight of an observer on ^lercury ; and
the movements in the Saturnian system would be similarly

related to one stationed on Mimas. But the plan of stellar

organization bears no traceable resemblance to that

followed in the planetary and Saturnian systems ; so the

argument from analogy falls to the ground. Still, it is

imoortant to recall that the postulate of approximate

equality between the average values of different components
of stellar velocity, besides being flatly contradicted by our

present, certainly most imperfect, experience, really involves

some kind of theory, or negation of a theory, regarding

sidereal construction.

This postulate has lately served for the foundation of

an attempt to solve the problem of mean stellar distance.

Dr. Kleiber (A.str. Xnclt., Xo. 3037) laid it down as a

principle not likely to be disputed, that, in a sufficient

number of casually distributed velocities, the sum of

movement projected in any given diiection cannot differ

very appreciably from the sum of movement projected in

any other ; and proceeded to compare the radial speed of

22 stars measured by Professor \'ogel with their proper

motions as determined by Dr. Auwers. The sum of these

last proved to be, in right ascension 4-83" (after due
multiplication' by the cosine of the declination), in declina-

tion 5'5f"; while the sum of the corresponding end-on
movements was 363 kilometres per second. Hence, taking

an arc of 4-83" to stand for so many kilometres as result

from multiplying 363 by the number of seconds in a year

(31,556,929), the mean parallax of the 22 stars comes out
0'065", implying a light journey of 50 years ; the proper

movements in declination giving similarly a parallax of

O'07-l" (light journey=44 years). The mean magnitude
of the stars made the subjects of this interesting, if not

entirely conviucmg, experiment is 1'8
; so that its upshot is

in plausible agreement with Dr. Elkin's directly measured
mean parallax of 0-089" for 10 stars of the first magnitude.

Tlie real significance of stellar movements has yet to be

penetrated. Setting aside the accordant impress stamped
upon them by the sun's onward march, they seem almost

purely erratic. Certainly they obey no obvious stream of

tendency. They are executed indifferently in all planes,

and show no methodical graduation of velocities. They

disregard the lie of the Milky Way, and refuse to allow a
• rotation-component ' with reference to it to be elicited

from them. Shall we then give ear to a "counsel of

despair," and assert that the "mighty maze'' is "without a

plan"? This would surely be rash ; despair always is rash.

Millenniums indeed are but as moments in the development

of the harmonizing idea which we expect to lay hold of and

apprehend in the course of a few generations of ephemeral

existence. But that such an idea is present— that the

stars do not cruise at random and rudderless, drifting at

the mercy of wind and tide, so to speak, through space—

a

very little consideration suffices to show.

The case, on a general view, seems to stand thus. The
recorded observations of stellar movements all, or nearly

all—for radial measurements are independent of distance

—

refer to stars comparatively near the sun. These are

promiscuously distributed throughout the vast region

enclosed by the annulus of the Milky Way, yet after a

maimer not wholly irrespective of its structure. They
show, on the contrary, decided condensation towards the

plane of that stupendous collection, and form with it,

undoubtedly, one highly complex aggregation. No aggre-

gation of moving bodies can, however, continue to exist

apart from their subjection to some governing law. " Bees

in a swarm, ' for instance—to adopt Professor Young's

chosen example—would very quickly cease from that con-

dition imless maintained in it by an efficacious " clustering

power." Their courses must be more or less pendulous, if

not centrally deflected. A few seconds of persistent flight

along straight hues would bring about the disintegration of

the little community. And so, just because the sidereal

aggregation is a fundamental reality, and not the casual

product of an eternal and meaningless flux of things, star-

movements must he controlled by some primary and

overmastering force, acting vmiformly, universally, and

irresistibly. Did they truly possess the lawless and in-

subordinate character sometimes imputed to them, we
should be compelled to regard the constellated suns of our

midnight skies as mere adventurers from the void brought

into temporary companionship within the circuit of the

galaxy, and obeying only King Arthur's law of hfe

—

" From till" gri'.it deep to the great deep they go."

But this is simply incredible.

[.\ general aggregation of the brighter stars towards

the zone of the Milky Way has long been recognized. Dr.

Gould has carefully studied the symmetry in the arrange-

ment of the brighter stars, and points out (in the I'rano-

iiuiriii Ai-(i,')iUna, p. 301), that the brighter stars are more

uniformly distributed with respect to the medial plane of

the zone of great stars (described in the article on the

Pleiades cluster in Knowledge for May, 1891) than with

respect to the medial plane of the Milky Way. The zone

of large stars follows a great circle round the heavens,

making an angle of about 20° with the medial plane of

the MUky Way.
It does not follow, from the general symmetry in the

arrangement of the brighter stars which is observable, that

all the brighter stars belong to the Galactic system, or that

they are coimected with the great zone above referred to.

A third or even a half of their number may be distributed

at random over the sphere. The chance distribution of a

certain number of stars would not obliterate any symmetry

that might be evident in the arrangement of the stars of

the Galactic cluster.

Some twelve years ago Professor Simon Newcomb showed

that stars ha%dng a velocity in space of 25 miles a second

could not be controlled by the gravitation of the J\Iilky Way
system, and that such swift stars could not therefore be
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permanently associated with it. The assumptions made

use of by Professor Simon Newcomb are probably far too

liberal (see Old xml Xeir Axtrimuwi/, part XII. )• Our own

sun and even stars having a velocity of 15 miles a second

must probably be assumed not to belong to the Galactic

system. It is a curious fact that stars with the solar type

of spectrum have on the average large proper motions

compared with stars giving the Sirian type of spectrum.

and that Sirian stars cluster thickly towards the Milky

Way and the great star zone—while Solar stars seem to be

much more iiTegularly distributed. It points to the con-

clusion that the Galactic system is a cluster of Sirian stars

associated with nebula; through which the sun happens at

present to be passing.—A. C. Ranyard.]

THE MOON'S ATMOSPHERE.
By A. C. Eanyakd.

IF
the Moon had a copious atmosphere at all like our

own the parts of the Moon near its limb or outer

smooth edge woiild appear reddish and decidedly less

bright than the central portions, for the limb of the

Mo'on would be seen through a great depth of the

lunar atmosphere, and the hght of the limb would be
i

reduced just as the light of our sun is reduced at rising or

setting as compared with the light of the mid-day sun. But

the limb of the Moon is not in the least dimmed or hazy.

In fact, it is always one of the brightest parts of the Moon's

disc, and is very sharply defined, as will be seen by examin-

ing the plate pubhshed with this number, which is made
;

from one of the beautiful photographs of the Moon taken

by the Brothers Henry, and if the Moon's atmosphere were

at all like our own we should expect to see a sensible zone

of twilight along the Moon's rough edge, but the shadows

between the illuminated mountain tops appear on the

photographs and to the eye perfectly black. There is no

recognizable refraction when the Moon comes between us
;

and a more distant object, such as the sun, during an

eclipse, when we should expect an atmosphere to cause a
|

very evident distortion of the sun's limb where the Moon
cuts it, and there is no recognizable prolongation of the

j

cups of the thin solar crescent into a narrow ring of light

such as was observable round Venus just before it entered

upon the sun's limb.

But several observers of partial eclipses of the sun have

described a band or shade on the sun just outside the

Moon's limb. It cannot amount to a very notable

darkening of the sun's disc, for all observers do not notice

it ; some have looked for it and have not been able to

detect anything of the kind. On the other hand, many
photographs of the partial phases show a bright band on

the sun's surface running along the outside of the dark

Moon's disc. This brighter band on partial-phase eclipse

photographs was at first thought to be due to an eS'ect of

contrast, but its actual existence as a band of denser

photographic action on photographs taken during the

eclipse of August 7, 1869, in America, was demonstrated

by Dr. Edward Curtis, who showed that the photographic

action produced by the sun's light was denser close to the

Moon's limb than at a little distance from the limb ; so

that printed dots placed behind the negatives were hidden

by the brighter band adjacent to the Moon's limb, while

they could be distinctly seen through the photograph of

the sun's disc at a little greater distance from the Moon's

limb.

Photograpliic plates often show differences of brightness

of different parts of the sun's disc which are not recog-

nizable by the eye ; thus a not too much exposed photo-

graph of the whole sun's disc generally appears much
fainter towards the limb, while the eye hardly notices the

greater brightness of the sun's central parts as compared

with those near the edge of the disc. A band of incrfiiseil

density might, it is suggested, be caused in an over-exposed

photograph by a part of the sun's disc being dimmed

down^'by a lunar atmosphere, so that the well-known

reversing action (which after a certain limit of exposure

begins to take efl'ect) goes further on the brighter regions

of the sun's disc, away from the lunar limb, than on

the region close to the lunar limb.

The earth's shadow through which the Moon passes

during a lunar eclipse is always found to have a slightly

greatei- diameter than the geometrical shadow calculated

from the known diameters of the sun and earth. The

excess of the diameter of the observed shadow region over

the calculated diameter of the g6ometrical_ shadow is

generally put down at about one-sixtieth, that is, the earth

casts a shadow as if its atmosphere to a height of about

66 miles above the sea-level acted as an opaque rind or

covering through which the sun's light cannot pass

without°having its intensity materially diminished.

The Earlof Kosse and Dr. Boeddicker, in their account

of observations of the Moon's radiant heat* observed during

a total lunar eclipse, came to a somewhat similar conclusion

with regard to the heat-absorbing power of the earth's

atmosphere, which they believe is recognizable with their

great H-foot telescope and apparatus to a height of not less

than 190 miles above the earth's surface.

The measures of the diameter of the shadow of the

earth through which the Moon passes during a lunar eclipse

are necessarily very indefinite, but we may probably

assume that the Moon has not an atmosphere which

corresponds in light-absorbing properties to the earth's

atmosphere at a height of 50 miles above the sea-

level, that is (according to the law of decrease of

density stated in the article on the Earth's Atmosphere in

Knowledge for November last), the Moon probably has not

an atmosphere which is ^hoi,^ P^i't as dense as oui-

own atmosphere at the sea-level. But our atmosphere, li

it were transferred to the Moon, would only be about one-

sixth as dense at the Moon's surface as it is at the

earth's surface, for gravity at the Moon's surface

is only about one sixth as intense as terrestrial gravity at

the earth's surface, and though the atmosphere would

continue to support about 30 inches of mercury at tlie

lunar surface, both the mercury and the atmosphere would

have their weight reduced to one sixth of their terrestrial

weights. Consequently the atmosphere at the lunar

surface being compressed by only one sixth of the weight

which it is compressed by here would occupy six times

the volume it occupies here, and it would be one sixth

as dense as the atmosphere at the earth's surface,

and neglecting dift'erences of temperature, the whole lunar

atmosphere would extend six times as high as the earth s

atmosphere-so that if, in pursuance of the reasoning of

1 the article m the November number, we assume that the

earth's atmosphere does not extend to a height ot 2oO

miles above the earth's surface, the lunar atmosphere

I

would not extend to a height of 1500 miles above the

lunar surface. ^^ , , ^ . ,.

Let us now follow the Moon backwards m time

i according to Prof. Geo. Darwin's
_

assumption, until it

approached Roche's limit, where it would be torn to

pieces by the tide produced in it by the earth s attrac-

tion and broken up into a rmg, say (assummg the

* Published in tlio Scientific Transactions of tlie Royal Dublin

SocietT, 1891.
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earth and Moon to have their present diameters and
to be homogeneous bodies* when the Moon was at a

distance of 10.000 miles from the earth's centre.

Until Roche's limit was approached the summits of the
terrestrial and lunar atmospheres would be widel,y separated
by a gulf of more than rSOOO miles, and unless one or both
bodies were very hot, and the heights of their atmospheres
were greatly raised by temperature, we cannot suppose
that there would be any intermixture of the atmos-
pheres and consequent drafting of gas from one body to

•the other. If, however, they were both in a sun-like

condition and their atmospheres or coronas intermixed,
we should have an exchange of gaseous matter going on.

If they were both about the same temperature, the
smaller body having the least gravitating power, would
have the highest atmosphere, and a transfer of gaseous
matter would go on from the smaller body to the larger

body. If, however, the smaller body cooled first and the
larger remained in the sun-like condition, we might have a

transfer of gaseous matter from the larger to the smaller
body, owing to a condensation of vapour on the side of

the smaller body remote from the larger. Such exchanges
may possibly account for the different density of the earth

and the iloou,' and also, as I have suggested in another
place, for the different colours , of binary stars, and the
curious fact that the smaller star of a binary is apparently
always bluer than the larger star.

STELLAR SPKCTRA.
To the Editor of Knowledge.

Sir,—In Knowledge for June, 1891, Mr. Maimder
annoimced, for I believe the first time, a principle as to

the relative brightness of stars with different spectra,

which seems destined to bear very important fruits in

Astronomy. I have lately compared the stars treated of

by him with the Draper Catalogue of the Harvard
University, with the result of removing most of the

anomalies in his table, save that of the extraordinary

brilliaucy of -/ Leonis. Four stars with spectra of the

first type (Sirians) in Mr. Maunder's list, have a relative

brightness of less than iO. These are O S 4, relative

brightness 1--18, J Caucri, relative brightness 2-90,

i; Coronte BoreaUs, relative brightness 1-40, and //.- Bootis,

relative brightness 2-74. Mr. Gore (whose figures Mr.
Maunder follows) seems to have imder-rated the magnitude
of the first of these ^tars. Its photographic magnitude is

6-46 according to the Draper Catalogue, if I am right in

my identification, and I find that even with Sirian stars the

photographic magnitude is usually less than the photometric.

Taking its magnitude at 6-46 its relative brightness is

;r53 instead of 1-48. Otherwise it is not in the Cata-
logue, g Cancri, according to the Draper Catalogue, has a

spectrum of the Solar not the Sirian type, and the

same remark applies to tj Coron.'P Borealis. a- Bootis

is not in the catalogue at all. The star with a spectrum
of the first type is p Bootis, a brighter star which is situated

near the binary pair, and I suspect that it was the spectrum
of this star that Mr. tiorc inserted in his table. 4-00 thus
seems to be the minimum of relative brightness for a Sirian

star, if indeed any of them sink so low, while there are only

five solar stars in Mr. Maunder's table (besides y Leonis)

which rise so high. The brightest of these is it Cephei
11"07, the spectrum of which is marked with a ? in the
Draper Catalogue, and from a note it appears that on
special examination the spectrum was considered to be of

the thiiil type. That stars of this type should be relatively

* The earth's deiisitv being taken as unitv the Jloon's density
is 0-613.

brighter than those of the second type (Solar stars) is no
doubt an unexpected result, but it is confirmed by the next
case, 36 Andromed* 0-28, whose spectrum is. also referred

to the third type in the Draper Catalogue, r Ophiuchi
7"35 is the brightest of the remainder, Doberck's orbit beiug
adopted. As difl'erent computers have difi'ered considerably
with regard to the period of this star, I think the orbit

would be worth re-computing, including recent measure-
ments. The relative brightness of the remaining two is

under o-QO. I may note that several stars classed by Mr.
Gore and Mr. Maunder as Sirian, appear as Solar stars

(spectrum F or E ) in the Draper Catalogue. Their spectra

seem to lie on the border-land, and Pickering gives a wider
extension to the second type of spectra than to the first.

But these stars confirm the general conclusion drawn by
Mr. Maunder, for their relative brightness is in all cases

below the Sirian average and above the Solar average.

Their intermediate position is thus established.

I remain, your obedient Servant,

January 6th, 1892. W. H. S. Monck.

P.S.—I find that I was in error in stating that the

photographic magnitudes are usually less than the photo-

metric in the case of stars with spectra of the first type.

With the brighter stars they are almost invariably less,

but with the fainter stars they are often greater. It is,

in fact, clear that the two scales do not proceed on a

common basis.
' W. H. S. M.

THE IXHEREXT LIGHT OF JUPITER.

To the Eilitor of Knowxedge.

Sir,—Among the " other considerations " referred to by
i\Ir. Gore in his very interesting article (on page 3G), whence

the self-luminosity of Jupiter may be inferred, perhaps I may
be allowed to recall those derivable from an observation of

mv own made in 1880, of which the details will be found

on page 47 of vol. XLI. of the R.A.S. Monthlij y<diees. On
the occasion to which I refer the shadow of Satellite II.

was distinctly of a chocolate colour ; and the only feasible

explanation that I could find of this phenomenon was, that

the portion of the planet upon which the shadow was pro-

jected must have been red-hot. If we were to illuminate a

whitewashed wall by light from a lamp or lantern trans-

mitted through a red glass, obviously tbe wall would

appear red. If now, we Hooded it with the electric

hght, this would wholly overpower the more feeble illumi-

nation, and the wall would appear white. It is evident,

though, that any object interposed between the electric

light" and the wall would cut off the more brilliant form of

illumination, leaving the feebler one to assert itself ; and

that hence shadows would appear not black but red. I

may add that Mr. Campbell, F.R.A.S., observed this brown

shadow of Jupiter's second satellite at Barnet, simul-

taneously with my own observation of it in Sussex.

I am, faithfully yours.

Forest Lodge, ]\Iaresfield, Susses, Willlwi Noble

February 2nd, 1892.

[The intensity of the inherent light of Jupiter must be

small as compared with the brightness of the sun's

light at the distance of Jupiter, for the satellites are

entirely lost to our view when they plunge into the shadow

of Jupiter. If their brightness were reduced only eight

stellar magnitudes when they plunged into the shadow of

the planet they would still easily be visible in large tele-

scopes. For the third satellite, which is the brightest, is

usually estimated as equivalent in brightness to a star of

the sixth magnitude. Therefore, we may assert that the

illumination derived from the whole disc of Jupiter (which

subtends an angle of nearly 19°, as seen from the nearest
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To tJic Eilitiir of Knowledge.

SiK,—Having, duriug the past six years, devoted my
Observatory to the investigation of the light curves of
variable stars, I venture to draw the attention of your
readers to the following phenomena which I have not "seen
noticed elsewhere, except in the ease of the Nova Aurigw,
which was described in The Timn, 3rd inst., as "slightly
fuzzy " when first observed :—

•

I have given below extracts from my note book with
regard to three stars, and have, with my assistant, Mr.
(irover, frequently observed

—

(rt) A remarkably well-defined, almost planetary, disc.
{h) A well-defined star, surrounded by a more or less

dense, ruddy atmosphere.
(c) A large, woolly, ill-defined image, resembling a small

but bright planetary nebula.

((/) At minimum, in place of the variable, a slight bluish
nebulosity.

I do not consider that I have a sufficient series of
observations on which to base any theory, but trust that
other observers may be induced to take up what appears to
me to be an important field of enquiry. The telescope in
use is an achromatic of Gj inches aperture.

Yours faithfully,

Eousdon Observatory, Devon, C'uthbekt E. Peek.
February 17th, 1892.

T. Cassiopeia. 1889, April 29tli. 7-9 mag. Very red, surroundctl
hy a ruddy haze in striking contrast to t)ie clear white of No. 6
(another star in the field). September 10th. TV mag. Verv red.
A well-defined star shining through a ruddy haze ("a" niglit;
mooidight). September 18th. 7-9 mag. Very red and hazy, ("a"*

satellite) is not one fifteen-hundredth part as great as their
solar illumination, or the illumination derived from the
sun, which subtends an angle of less than 6' as seen from
the distance of .Jupiter's satellites, must be more than
1.500 times as great as that derived from the intrinsic

luminosity of the planet. I am therefore inclined to think
that C'apt. Noble's observation must isrobably be explained
as due to contrast or some other physiological cause. I
have been frequently struck by the amount of colour
visible on the disc of Jupiter as seen in an 18-inch silver-

ou-glass reflector. To my eye the body of .Jupiter shows
warm tints of red, canary colour, and blue, which are
very noticeable directly the attention is directed to the
colouring.— A. C. Ranyard.]

[Having been kindly favoured by the editor with an
opportunity of reading the above note, I would merely say
that the tints of which he speaks on .Jupiter have their
ultimate origin in sunlight, as much as the red colour of a
holly berry or the yellow of a primrose has ; and that,
hence, such tints would be wholly invisible were the sun-
light cut ofl" from the surface emitting them by the shadow
of a satellite. I perhaps might have added to my original
.letter, that, during the visibility of the chocolate-coloured
shadow of Satellite II., that of Satellite I. was seen on
another part of the planet's disc, like a small circular spot
of the blackest ink. The fact that Mr. Campbell simul-
taneously saw (absolutely independently) the shadow of
the second satellite of the same colour as I did, surely
negatives any subjective cause of the phenomenon. A
physiological cause must, so to speak, be idiosyncratic.

—

AV. Noble. 1

S'7 mag. A large ill-

9'5 mag. Very red, and

night). 1890, March 9th. 9 9 mag. . Very deep red, ill-defined.
(' a " night.) October 16th. <i'6 mag. Large and ill-defined,

("a" night.)

R. Cassiopeia;. 1886, September 17tli.

defined deep red star. 1887, February 16tli

not so shar|ily defined as the other stars in the field. March l:jtl

87 mag. Very red. Cannot bo focussed clear and sharp. September
19th. 7(5 mag. There is great ditllculty in getting a good image.
Tlie star seems as if snrrounded by a dense atmosphere. October
24.th. 72 mag. With power 136 it seems surrounded by an
atmosphere, or as if shining through fog. 1889, March 11th.
96 mag. Very hazy ami ill-defined as if shining through ruddy
mist. Other stars sharp. .July 21st. S'O mag. Exti'craely deep
ruddy. lU-defiued and liazy, quite unlike siu'roundiug stars.
('• ^ " niglit-)

S. Ilerculis. 1891, September 27th. 1.3 inag. A very minute
point. October 14th. No star visible witli powers 80 or s'-t. With
1.32 a faint nebulosity is suspected in the place of the variable ; on
slightly swaying the telescope a bluisli nebulosity is certainly seen.
October 28th. The nebulosity is best seen with power 136". The
minute stars near the place of the vai-iable .are well seen, clear and
sharp as usual. November 25th. Tlie variable has reappeared as
a minute but sharply-defined star.

* Note.—Tlie letter " a " means a night of excellent definition.
Other stars with regard to which similar remarks appear in my note-
book, S. Cassiopeia?, &. Tauri, R. Aurigte, V. Cancri, E. Ursa; Majoris,
S. Ursfe Majoris, K. Camelopardi, R. Bootis, S. Corona>, R. Aq'uila'
S. Cephei.

^

[It is difficult to conceive of physical changes taking place

rapidly on the vast scale indicated by Mr. Peek and Mr.
Cxrover's observations. Possibly the blue nebulous haze
or corona round these variable stars may only become
visible to us when their light is small—as the variable star

increases inbrightness it seems possible that the light of

the star diffused in our own atmosphere may blot out or

eclipse the faint light of the nebula surrounding the
variable.

During a total eclipse the light of the solar corona
becomes visible through the illuminated atmospheric veil

for the last few minutes before the " totality." If we could
suppose our sun to be a variable star, and its light to be
diminished till it eijuallcd that of the thin crescent of

photosphere left visible a few minutes before totality, we
should see the sinr under ordinary daylight conditions as

surrounded by the corona, but as the light of the solar disc

increased, the corona would be hidden by the solar light,

difi'used by our atmosphere, without any change neces-

sarily taking place in the brightness of the corona.

—

A. C. Ranyabd.]

THE CAUSE OF THK ICE AGE.

To the Editor of Knowledge.

Sir,—Since my letter on the cause of the Ice Age I have
seen Sir E. Ball's book on the subject, in which he cites

the passage (from 368c- of the Outlines) on which he relies

as establishing Herschel's inaccuracy. It is, no doubt,

carelessly worded, and goes some way towards justifying

the criticism, but I think the context shows that it was at

worst a slip of the pen. Sir John Herschel first gives the

usual explanation of the seasons, in which it is obviously

implied that each hemisphere receives less heat during its

winter than during its summer ; then he proceeds (S68ri),

" Let us now consider how these phenomena are woiHjied

by the ellipticity of the earth's orbit," &e. ; and in con-

sidering the modification, he does not again refer to this

unequal distribution of heat. In 368r, however, he says

that at the period of greatest eccentricity if the perihelion

took place at midwinter (for the northern hemisphere) " the

state of the two hemispheres would be strongly contrasted.

In the northern we should have a short but very mild

winter with a long but very cool summer, i.e., an approach

to perpetual spring ; while the southern hemisphere would
be inconvenienced and might be rendered uninhabitable by
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the fierce extremes caused by concentrating half the

annual supply of heat into a summer of very short

duration, and spreading the other half over a long and
dreary winter, kc." The language is, no doubt, incautious,

but I think Sir -John Herschel should be reasonably under-

stood as speaking of half the supply of heat received, not

by each hemisphere, but by the earth as a whole. Other-

wise there would be no such contrast. Whether called

winter or summer, each hemisphere would have a short

hot season and a long cold one—each hemisphere recei\"ing

one-half of its heat in 166 days and the other half in 199.

Moreover, the equable distribution—" the approach to

perpetual spring
"'—would occur when the eccentricity was

not at a maximum but at a minimum, and if the orbit

became circular there would be no seasons at all.

At all events, the erroneous statement forms no part of

Herschel's general theory, which proceeds on the as-

sumption that each hemisphere receives less heat during

its winter than during its summer, owing to the obliquity

of the ecliptic ; and I cannot find that the inaccurate

language which I have cited misled CroU.

10th February, 1892. W. H. S. Monck.

A CrEIOUSLT ERRONEOUS STATEMENT.

To the Editor of Knowledge.

Sir,—In your -January number Sir Robert Ball attributes

to Sir .John Herschel a statement about the solar heat

received by the earth, " to the effect that the heat was
equally distributed, so that fifty parts were received in

summer and fifty parts in winter." He says besides, that
" Croll and other writers adopted Herschel's mistake as a

scientific verity, and reared on this untrustworthy founda-

tion no small superstructure of figures and arguments."

These grave charges against Sir John Herschel and Dr.

Croll pre\4ously appeared, perhaps notwithstanding some
friendly remonstrance, in a Uttle book published by Sir

Eobert Ball vmder the title of The Cause <if an Ice Aije,

where we are told (twice upon one page, 89) that this

amazing assertion of equality has often been made ; although

the book itself (page 128) speaks of ""the familiar difference

between the mean temperature of summer and that of

winter," adding that we may well be surprised ' when we
notice that the contrast in warmth between the two seasons

is not a much larger one than our experience has shown it

to be."

Yet Sir Eobert Ball is so sure this mistake was actuaUy

made by Sir John Herschel, and often accepted by others,

that its correction seems to be given (chapter vi.) as the

principal reason why his book has been written.

In Herschel's Outlines (Articles 336, 337), a few pages

before the passage cited by Sir Robert Ball in proof of his

charge, that illustrious astronomer says (referring to a

diagram in which A is the vernal equinox. B the summer
solstice, C the autumnal equinox, and D the winter solstice),

" Whenever, then, the sun remains more than twelve

hours above the horizon of any place, and less beneath, the

general temperatm-e of that place wiU be above the average
;

when the reverse, below. As the earth, then, moves from

A to B, the days growing longer, and the nights shorter, in

the northern hemisphere, the temperature of every part of

that hemisphere increases, and we pass from spring to

summer ; while at the same time the reverse obtains in

the southern hemisphere. As the earth passes from B to

C, the days and nights again approach to equality—^^the

excess of temperature in the northern hemisphere above

the mean state grows less, as well as its defect in the

southern ; and at the autumnal equinox C the mean state

round again to A, all the same phenomena, it is obvious,

must again occur, but reversed—it being now winter in

the northern, and summer in the southern hemisphere.

All this is exactly consonant to observed fact. Tha con-

tinual day within the polar circles in summer, and night in

winter, the general increase of temperature and length of

day as the sun approaches the elevated pole, and the

reversal of the seasons in the northern and southern

hemispheres, are all facts too well known to require further

comment."
The law of the distribution of heat, which, according to

Sir Eobert Ball's book (p. 118), had escaped the attention

of Herschel, is here stated, not with mathematical accuracy,

because it was thought too well known to need more
elucidation, but with quite imquestionable clearness.

The paragraph from Herschel's Outlines, quoted and

corrected in The Cause of an Ice Ai/e, does not appear in the

earlier editions ; it seems to have been printed for the first

time in the fifth. In the fourth edition, published in 18.51,

Article 368 was as follows :

—

"
( 368.) The elliptic formof the earth's orbithas but a very

trifling share in producing the variation of temperature

corresponding to the difi'erence of seasons. This assertion

may at first sight seem incompatible with what we know
of the laws of the communication of heat from a luminary

placed at a variable distance. Heat, Uke light, being

equally dispersed fi-om the sun in all directions, and being

spread over the surface of a sphere continually enlarging

as we recede from the centre, must, of course, diminish in

intensity according to the inverse proportion of the surface

of the sphere over which it is spread ; that is, in the inverse

proportion of the square of the distance. But we have

seen (art. 350) that this is also the proportion in which

the amjular velociti/ of the earth about the sun varies.

Hence it appears, that the momentary supply of heat

received by the earth from the sun varies in the exact

proportion of the angular velocity, i.e. of the mometitary

increase of hnKjitude : and from this it follows, that equal

amounts of heat are received from the sun in passing over

equal angles roimd it, in whatever part of the elUpse those

angles may be situated. Let, then, S represent the stm
;

A Q M P the

earth's orbit ; A
its nearest point

to the sun, or,

as it is called,

the perihelion of

its orbit ; M the

farthest, or the

ajihelion ; and
therefore A S ^I

the a.ris of the

ellipse. Now,
suppose the orbit

dmded into two
segments by a

straight line
P S Q, drawn
through the sun,

and anyhow
situated as to

direction ; then, if we suppose the earth to circulate in the

direction PAQM P, it will have passed over 180° of longitude

in moving from P to Q, and as many in moving from Q to P.

It appears, therefore, fi'om what has been shown, that the

supplies of heat received from the sun will be equal m the

two segments, in whatever direction the line P S Q be

drawn. They will, indeed, be described in unequal times
;

that in which the perihelion A hes in a shorter, and the
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otlier in a longer, in proportion to their unequal area : but

the gi-eater proximity of the sun in the smaller segment com-

pensates exactly for its more rapid description, and thus an

equilibrium of heat is. as it were, maintained. Were it not

for this, the excentricity of the orbit would materially

influence the transition of seasons. The fluctuation of

distance amounts to nearly J^fth of its mean quantity,

and, consequently, the fluctuation in the sun's direct

heating power to double this, or j'jth of the whole.

Now, the perihelion of the orbit is situated nearly at the

place of the northern winter solstice ; so that, were it not

for the compensation we have just described, the effect

would be to exaggerate the difference of summer and
winter in the southern hemisphere, and to moderate it in

the northern ; thus producing a more violent alternation

of climate in the one hemisphere, and an approach to

perpetual spring in the other. As it is, however, no such

inequality subsists, but an equal and impartial distribution

of heat and light is accorded to both."

In the fifth edition, published in 1858, this Article was
replaced by the three following :

—

'• (868 ».) Let us next consider how these phft-nomena are

modified by the ellipticity of the earth's orbit and the

position of its longer axis with respect to the hue of the

solstices. This ellipticity (art, 850) is about one sixtieth of

the mean distance, so that the sun, at its greatest proximity

is about one thirtieth of its mean distance nearer us than

when most remote. Since light and heat are equally dispersed

from the sun in all directions, and are spread, in diverging,

over the surface of a sjihere enlarging as they recede from the

center, they must diminish in intensity according to the in-

verse proportion of the surfaces over which they are spread,

/.(". in the inverse ratio of the squares of the distances. Hence
the hemisphere opposed to the sun will receive in a given

time, when nearest, two thirtieths or one fifteenth more

heat and light than when most remote, as may be shown by

an easy calculation. Now, the sun's longitude when at its

least distance from the earth (at which time it is said to be

in perigee and the earth in its perihelion) is at present 280'^

28' in which position it is on tlie 1st of January, or eleven

days after the time of the winter solstice of the northern

hemisphere ; or, which is the same thing, the summer
solstice of the southern (art. 864), while on the other hand
the sun is most remote (in apogee or the earth in its

aphelion), when in longitude 100° 28' or on the 2nd of July,

/.(•. eleven days after the epoch of the northern summer or

southern winter solstice. We shall suppose, however, for

simplicity of explanation, the perigee and apogee to be

coincident with the solstice. At and about the southern

summer solstice then, the whole earth is receiving per dieiii

the greatest amount of heat that it can receive, and of this

the southern hemisphere receives the larger share, because

its pole and the whole region within the antarctic circle is

in perpetual sunshine, while the corresponding northern

regions lie in shadow. On the other hand, at and about the

northern summer solstice, although it is true that the reverse

conditions as to the regions illuminated prevail, yet the

whole earth is then receiving jjcr dirm less heat owing to

the sun's remoteness : so that on the whole //' tin- sctitious

irere of equal dwettion, or in other words, if the angular

movement of the earth in its elliptic orbit were uniform,

the southern hemisphere would receive more heat per

annum than the northern, and would consequently have a

warmer mean temperature.
" (868 h.) Such, however, is not the case. The amjidar

velocity of the earth in its orbit, as we have seen (art. 350),

is not uniform, but varies m the inverse ratio of the square of

the sun's distance, that is, in the same precise ratio as his

heating power. The momentary supply of heat then

received by the earth in every point of its orbit varies

exactly as the momentary increase of its longitude, from
which it obviously foUows, that equal amounts of heat are

received from the sun in passing over equal angles round
it, in whatever part of the ellipse those angles may be

situated. Supposing the orbit, then, to be divided into two
segments by any straight line drawn through the sun,

since equal angles in longitude (180^) are described on
either side of this line, the amount of heat received will

be equal. In passing then from either equinox to the other,

the whole earth receives equal amount of heat, the inequality

in the intensities of solar radiation in the two intervals

being precisely compensated by the opposite inequality in

the duration of the intervals themselves ; which amounts
to about 7 3 days, by which the northern spring and summer
are together longer than the southern. For these intervals

are to each other in the proportion of the two imequal

segments of the whole ellipse into which the Une of the

equinoxes divides it (see art. 353j.
" (868 c.) In what regards the comfort of a cUmate and

the character of its vegetation, the intensity of a summer
is more naturally estimated by the temperature of its hottest

day, and that of a winter by its sharpest frosts, than by the

mere durations of those seasons and their total amount of

heat. Supposmg the excentricity of the earth's orbit were
very much greater than it actually is ; the position of its

perihelion remaining the same ; it is evident that the

characters of the seasons in the two hemispheres would be

strongly contrasted. In the northern, we should have a

short but very mild winter, with a long but very cool

summer

—

i.e. an approach to perpetual spring ; while the

southern hemisphere would be inconvenienced and might
be rendered uninhabitable by the fierce extremes caused by
concentrating half the annual supply of heat into a summer
of very short duration and spreading the other half over a

long and dreary ^^•inter, sharpened to an intolerable

intensity of fi'ost when at its climax by the much greater

remoteness of the sun."

Now, it is quite clear that Sir Eobert Ball's suggestion

attributing the origin of the mis-statement to Sir J.

Herschel's having hastily confused two very distinct

things, can by no means have been correct ; because the

remarkable proposition mentioned on page 120 of The
( 'ause I if an Ice A(je was stated very clearly in the

paragraph of the Outlines next preceding that which
Sir E. Ball incriminates ; and there Sir John Herschel

was dealing with actual fact, whereas in the subsequent
paragraph he was considering a supposititious case.

Surely it is more reasonable to suppose that he used the

word luilf (with extraordinary lack of his usual carefulness),

instead of part, to import mere division, without regard to

quantity. This use of the word cannot possibly be defended,

but the most careful writers are liable to similar slips ; and
it seems inconceivable that he could have meant to represent

the heat received by either hemisphere during the year as

equally divided between summer and winter, imder any
circumstances whatever. He includes heat and light as

subject to the same law of difl'usion, and who could possibly

think or say that the summer and winter light could ever

be equal "?

We need not look far for inaccuracies somewhat analo-

gous. The quotation from Sir Eobert Ball, first above cited,

reads as if he accused Herschel of formally teaching the

aUeged equality to be the normal or constant state of

matters, but his indictment can hardly be meant to go so

far as that. His book speaks of the mistake as an
inadvertence (page 185).

Again, on page 27 of Tlie Cause nf an Ice Aye, he says,
" We have learned that one hemisphere was once covered
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I

CAMPHIRE AND CAMPHOR.
By J. Ch. Sa^-er, F.L.S.

N the l-4th verse of the 1st chapter of the Song
of Solomon we find :

" My beloved is unto me as a
cluster of Camphire in the vineyards of Engedi."
At first sight the meaning of this verse is obscure.
The word translated " Camphire " is certainly not

with ice," but this cannot mean, although it appears to say,

that the ice-cap ever reached the equator in either hemi-
sphere. Suppose that someone, reading it literally, were to

maintain this to be the author's belief, would not Sir

Robert Ball be entitled to call the assertion monstrous '?

Two pages before, he had spoken of "the simny regions

which seem never to have been invaded by the desolation

of an Ice Age "
; afterwards he twice mentions a huge

sheet of ice over "a large part of" one or the other

hemisphere ; and, in the concluding chapter, speaks of the

great ice-sheet as invading central Europe as far as Saxony,
covering the greater jDart of Great Britain, submerging
Canada, and burying much of that tract which now forms

the Eastern States of North America. All these passages

are just as incompatible with belief in an ice-cap extendmg
to the equator, as the whole tenor of Sir .Tohn Herschel's

teaching is with alleging the equality of summer and
winter mean temperatm-e.

There was once some difference between the teaching of

Sir .John Herschel and that of Sir Robert Ball about the

astronomical theory of the Ice Age, but comparison of the

articles above quoted from the fourth and fifth editions of

Herschel's (hitlims will show that the author deliberately

withdrew his earlier contention that the eccentricity of the

earth's orbit did not materially affect the transition of

seasons. The statement in the later editions seems to

anticipate Dr. CroU's and Sir Robert Ball's theory, that

ice-ages can happen only when, the eccentricity being at or

near its maximum, the line of equinoxes is perpendicular

to the major axis of the earth's orbit, or nearly so.

Strangely enough, Dr. CroU, who is supposed to have
submissively adopted Herschel's teaching, appears to have
been unaware of this change, although it was made seven-

teen years before the publication of CUiiiutf uikI Time : for in

his introduction to that book, and also in its first appendix,

he quotes and criticises article 368, as it appeared in the

earlier editions of the (lutlint's.

It is necessary to mention only two passages in Climate

(i)ul Time, in order to prove that Dr. CroU was not one of

those who have asserted the heat received from the sun
during summer to be equal to that received during winter.

On page 55 he says that change in the eccentricity of the

earth's orbit may afi'ect climate by increasing or diminish-

ing the dift'erence between summer and winter temperature
;

thus showing his knowledge of the familiar fact tliat some
difi'erence does, ayd always must, exist. And on page 87
he twice uses the relation of 7 to 4 in dealing with this

difi'erence : applying it in the first instance to the proportion

between summer and winter sunshine in the latitude of

Edinburgh, and in the second to the proportion between
winter and summer nights in either hemisphere. Is not

the ratio of 7 to 4 sufficiently near that of Sir Robert Ball's

63 to 37, for the purpose of protecting Dr. CroU from the

imputation of having carelessly adopted the error, inadver-

tently suggested by a statement which there is some reason

for belie\"iug that he had never seen ?

Your obedient servant,

Newcastle upon Tyne, B. Noble.
17th Februarv, 1K92.

intended to convey to the mind any idea of the substance
we now know as Camphor ; Solomon was very happy in

his choice of similes, and such a comparison would have
been absurd. In the original of this poem or love-

song, written about 1000 years b.c, the word translated

Camphire is Cuphei-im, the Egyptian equivalent of which
is Hennah. In Egypt, on one of the nights before a
wedding, " Hennah " is applied with linen bandages to the
hands and feet of the bride untU the next morning, when
they appear of that rosy red which Egyptians believe to be
love's proper hue. This night, in the order of the marriage
ceremonials, is called " the night of the Hennah." The
word " cluster,'' found in the text, no doubt refers to the
flowers of this plant, which are of a golden j'ellow and are

borne in clusters ; they are remarkably fragrant whether
fresh or dry, and were much esteemed by women in the
East, especiaUy the .Jewish women, who carried bouquets
of them in their bosoms and twined them into crowns for

their heads.

This Hennah is Pliny's " Cyprus of Egypt," and the
women of Eg\-pt and other Eastern countries stain not
only the palms of their hands and the soles of their feet

with a paste of Hennah leaves, but also the tips of the
fingers, the nails and the kuuckles, from which custom
probably arises the designation of Aurora as " rosy," or
" I'osy-fingered " (poJoJaKTuAo? ijios).

A considerable business is done in the leaves of the
Hennah, which are collected in the green state and dried

in the sun. The leaves are then coarsely powdered and
beaten up with Catechu, and the freshly made paste is laid

on at bed-time and renewed in the morning ; it leaves a
peculiar reddish-orange stain, ruddy, and somewhat simUar
to the colour of red ochre, though hardly so deep, which
lasts on the skin and nails for some three or fom- weeks,
until removed by renewed growth. This colouration is

much admired by Mussulmans in India and many Eastern
countries.

On moistening the dried leaves a slight odour is per-

ceptible; their taste is bitter and faintly aromatic, owing to

an essential oil and tannin contained in them. A medica-
ment prepared fi-om them is employed by the Arabs in the
treatment of wounds of all kinds, causing the skin to grow
over and healing them very quickly ; these eft'ects are

probably due to some exciting action of the essential oil

and the astringent properties of the tannin. They use this

remedy priucipally on horses, to heal wounds or sores

caused by friction of the harness or otherwise on a journey.
Haviug stopped for a rest and imsaddled, they will apply
a plaister to it and continue their march without more
thought of the wound, which, if it does not heal, at least

does not extend by fi'iction, and causes less suffering to the
horse. They also employ it as a means of preventing the
opening of old wounds where the hair has not grown over
the scar. It closes and hardens the tissues—in fact, tans
the skin. For similar reasons, the Arabs who can afford

to indulge in the sport of gazelle hunting will give their

horses a foot-bath of Hennah, especially if the animals are
young, or have not taken exercise for some time. There
may be some analogy to this in the custom prevaUing
amongst Arabian women of staining the palms of their

hands and the soles of their feet—it may render the skin

less tender.

This shrub, being known to the Arabs as " Henne-al-
hennah," appears to be a native of Arabia. It has been
cultivated from its earliest times, and is now very common
thi'oughout India, Cabul, and Persia, as weU as along the
coast of the Mediterranean. Botanically, it is now known
to us as the Lawsvnia inermis of LLnmeus. It flowers and
seeds most of the year, and is much used for hedges,
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growing readily from cuttings. It has been introduced
into the West Indies, and is there Icnown as Jamaica
Mignonette. The perfume of the flowers is rather that of

a mixture of rose and mignonette. Acids destroy the dye
yielded by the leaves, but alkalies and infusions of

astringent plants deepen it ; although this juice stains

the epidermis, it does not communicate any colour to

cloth.

The name of the white crystalline substance com-
monly known as Camphor is derived from the Arabic
word " Kafur,"' which in its turn was derived from
the Sanskrit word " Kapura," signifying (c/iffc, or a pure
substance.

The old English name for Camphor was spelt Cidiiphiiy,

and as the translators of the Bible may have been un-
acquainted with the botany and natural history of the
plant Heuuah, they may have confounded the Hebrew
word " Copherim," or " Kopher," with the Arabic word
" Kafur." This is pure surmise, but evidently the word
" Hennah " should be substituted for the word "Camphire"
in the Song of Solomon. Moreover, there is no record
of the substance Kiifiir, or Kiipura, being known in

Solomon's day.

Camphor is first mentioned by Arabian writers in the
sixth century. It is mentioned by Actios, of Amida, in

Mesopotamia, according to whom Kaphura is a rare and
wonderful medicine. It is again mentioned, together with
musk, amber, and santal wood, among the treasures taken
in the year G3C, by the Kalif Omar, at the plundering of
the Sassanides Palace, in Madain, on the Tigris, and is

subsequently noticed as a costly gift, often presented by
Indian princes to high Chinese officials. This Camphor
came from the land known as Kaisur, the present Sumatra.

Ishak Ibu Amrun, an Arabian physician, who lived

towards the close of the ninth century, states that the best

Camphor was produced in Fausur, a locality which was
^•isited by Marco Polo in the thirteenth century, who
mentions that the Kaisur Camphor was then marketable
at its weight in gold.

From various sources of information it may be concluded
that Camphor, as it was first known, was the variety which
exists ready formed in the pith cavities of the trunk of the
Dryobandloji.-i catiijiJioivi, a magnificent tree growing in

Borneo, Sumatra, and Labua. In the forests of Sumatra
these trees attain an immense size, often being found of

6 or 7 feet in diameter. They do not aU contain Camphor,
many of them containing an oil, which is supposed to be
the first stage of the formation of the drug, and would
develop mto Camphor were the tree left immolested.
Both oil and Camjihor are found in the heart of the tree,

not occupying the whole length of the pith cavity, but
often in spaces of a foot or a foot and a half in length, at

intervals. The method of extracting the oil is merely by
making a deep incision with a Malay axe, about 14 or 18
feet from the ground, till near the heart, when a narrower
incision is made, and the oil, if any in the tree, gushes out,

and is received in bamboos or other utensils. In this

manner a party proceeds through the woods, wounding
the Camphor trees till they attain their object. From a
tree containing both oil and Camphor, 2 gallons of the
former and 3 lbs. of the latter may sometimes be obtained,
but hundreds of trees may be mutilated before Camphor is

discovered, as the natives have no certain means of
ascertaining if the tree produces either the one or the
other. When Camphor is found, the tree is felled and cut
into juaks of a few feet long ; these are then split, and the
Camphor is found in the heart, occupying a space in
circumference of the thickness of a man's arm. The
quantity varies from 3 to 15 lbs., and rarely as much as

20 lbs. are obtained. Some trees when felled are not
found to contain any at all. The Camphor thus found
is called Tintanj, and by reason of the small quantity, it

commands a high price—from 3.5 to 70 shillings a pound,
according to quality. It does not find a market in Europe
at all, but is used to some extent on the spot as
incense, especially in the observation of funeral rites and
embalming the bodies of the dead, and is exported to

China, Japan, and other places in Eastern Asia, for similar

purposes. It is heavier than Laurel Camphor, and sinks

in water.

The date at which the Chinese discovered the production
of Camphor from the Launis camplwra is unknown. This
is called Laurel Camphor, or "Common" Camphor. It

was brought into Europe by the Arabians about the
twelfth century, which is proved by the mention made of it

by the Abbess Hildegard (" St. Hildegardis Opera omnia,"
1145, published in Paris 1855) who called it Ganphora.
Garcia de Orta, writing in 1563, states that the Chinese is

the only Camphor imported into Europe ; that of Borneo
and Sumatra, being a hundred times more valuable, is

retained by the Orientals for their own use. Kiimpfer
(strange coincidence of names), who visited Japan 1690-92
and made a drawing of the Japanese Camphor tree under
the name of Laurus ninipltorifera, expressly declares that

the tree dift'ers entirely from the Camphor-yielding tree of

the Malay Archipelago. He further states that the
Borneo Camphor is one of the most precious articles of

merchandise imported into Holland from Japaii. This
Camphor was refined in Japan by a process long kept

secret.

The common Camphor tree, Launm rniiiphorn, is dis-

tributed throughout the eastern provinces of Central

China, on the Island of Hainan, and very extensively in

Formosa. It also occurs as a forest-tree on the islands

Kiushiu and Shikoku of South Japan, its growth being
much more vigorous there than in the more northern
districts. The Camphor of European commerce is pro-

duced almost exclusively from the Camphor laurels of

Formosa and Japan.

The large and increasing quantities of this drug
consumed. in all civilized countries make the question of

its continued production and regular supply a matter of

considerable importance. It is a well-known fact that the

distillation of the crude Camphor from the wood is con-

ducted in a primitive careless way, which causes great

waste. The Camphor laurels of Formosa are gradually

being destroyed under the careless system employed by the

Chinese gatherers. In fact they have been entirely

exterminated along the sea-board, and the wood is now
obtained in the forests along the frontier, between the

settlements of the Cliinese and the inland mountainous
regions still occupied by the aboriginal population. The
Camphor-gatherers are hence continually exposed to the

assaults of the natives, which interrupt the profitable

prosecution of this industry. No attempts are made to

cultivate laurels to take the place of those destroyed, and
a sufficient quantity of the drug is only obtained by
constant encroachments upon the territory of the Formo-
sans, destroying the trees still further into the interior at

every new move.
The method of extracting the Camphor is as follows :

—

The trees are felled and the small branches chopped up

;

these, with the chips and twigs, are alone used, the heavy
wood being abandoned. A long trough, made of a hollow

tree, and coated with clay, is placed over eight or ten

hearth fires, and is half filled with water. Boards,

perforated with holes, are put across the trough, and above

each hole is a jar filled with chips of the wood, with
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earthenware pots inverted above them, the joints being

made tight by hemp and clay. The water in the trough

is heated to boiling, and the steam passing through the

holes saturates the chips, causing the Camphor to sublime

and condense in crystals in the inverted pots above.

The Camphor thus obtained is sent into the interior of

the island, to Tasmin, the principal port, packed in baskets

covered with cloths and large leaves. On arrival, it is re-

packed in tubs or lead-lined cases for export by Chinese

vessels to Hong Kong, Shanghai or Canton, the loss by

evaporation while in transit from the place of its production

being very large. A yellow oil exudes from the packages

of this crude Camphor, locally known as " Oil of Camphor,"
and is used medicinally. The Formosa Camphor, which

sometimes goes by the name of " Chinese Camphor,"
occasionally arrives in India in a semi-fluid state, owing to

the addition of water before shipment.

The Japan Camphor used to be extracted, according to

Kiimpfer (the authority above referred to), by boiling the

wood with water in an iron kettle, and condensing the

vapour in an earthenware dome, closed at the top with

rice-straw-. The modern practice is to distil the wood with

water in an iron retort fitted with a wooden dome, fi-om

which the vapours are led through a bamboo tube to the

cooling apparatus. This consists of a wooden box,

contaLnLng seven transverse compartments, and is enclosed

in a second bos through which water is allowed to flow ; the

vapours are conducted through all the compartments
in succession by means of holes placed alternately at

either end of the dividing walls. The Japan Camphor
arrives dry ; it is lighter in colour, and somewhat
jiinkish. It arrives in double tubs (one within the other)

without metal lining ; hence it is sometimes called

" tub-Camphor."
The European process of refining Camphor was long kept

a secret, and towards the end of the seventeenth century the

entire Camphor of Europe had to be sent to Holland to be

sublimed. A monopoly was also held for some time in

Venice, but at the present day Camphor refining is largely

accomplished in England, Holland, Hamburg, Paris, New
York and Philadelphia. Before describing the correct

European method, it may be well to describe the fi-audulent

method adopted in India, the artful peculiarity of which is

to get as much interstitial water as possible into the

Camphor cake. The vessel used is a tinned cylindrical

copper drum, one end of which is removable ; into this is

put 14 parts of crude Camphor, and 2^ parts of water ; the

cover is then luted with clay, and the drum being placed

upon a small furnace made of clay is also luted to the top

of the furnace. In Bombay, four of such furnaces are

built together, so that the tops form a square platform.

The sublimation is completed in about three hours ;
during

the process, the drums are constantly irrigated wuth cold

water. Camphor sublimed in this way is not stored, but

distributed at once to the store-keepers before it has had

time to lose weight by drying. It is sold at the same price

as the crude article, the refiner's profit being derived from

the introduction of water. The same practice seems to be

followed at Delhi, and at a few other cities in India.

In Europe, it is usually refined by mixing it with lime,

charcoal, or iron filings, and subliming the mixture in

large glass vessels ; cakes weighing eight to twelve pounds

being thus obtained.

The process adopted in Philadelphia is densed in such

a way as to obtain the sublimate in the form of a finely

powdered snowy mass, to accomplish which, about one-

tenth per cent, of water is added to the crude material. The
apparatus consists of a flat iron chamber, capable of holding

about 200 lbs., connected by means of an iron tube with a

condensing chamber eight feet long, four feet wide, and
four feet high. This chamber is constructed of enamelled

briciis set in Portland cement, forming an arched roof and
floor of the same material. After an operation the apparatus

is allowed to remain undisturbed over night, to become
sufficiently cool. On removal of the sublimate, it is

compressed into moulds by hydi-aulic pressure of

2500 lbs. to the square inch, and the finished product

obtained in small cakes, highly compressed, and weighing

one ounce.

Camphor forms a tough crystalline mass of characteristic

taste and odour, and can only be powdered when it is

moistened with alcohol or some other solvent. It dissolves

in 1300 parts of water at 20" C, and at 12° C. in 0-8 parts

of alcohol of sp. gr. 0-80G. It is readily soluble in ether,

acetone, chloroforrn, benzine, and other hydro-carbons

;

also in glacial acetic acid and in carbon disulphide. It

melts at 175° C, and boils at 204° C, but volatizes very

rapidly at the ordinary temperature and sublimes, when
kept in close vessels, in lustrous hexagonal crystals which

frequently form splendid stars.

Camphor oil is used for mixing with fine lac varnishes,

rendering them less liable to crack. It is a powerful

antiseptic and disinfectant, and covers the smell of mineral

oils.

,THE FACE OF THE SKY FOR MARCH.

By Herbert Sadler, F.E.A.S.

SUN-SPOTS are rapidly increasing in number and size,

a group being distinctly Ndsible to the naked eye at

the time of writing these lines. The following are

conveniently observable minima of some Algol-type

variables {</. " Face of the Sky," for February).

Algol.—March 10th, nine minutes after midnight ; March

13th, 8h. 58m. p.m. S Caucri.—March 16th, llh. 46m.

P.M. The student will, of course, keep a watch on Nova

AurigfE, at present about the fifth magnitude, the place of

which for 1892 is 5h. 25m. 3s.-|-30° 21'. Its spectrum

seems to resemble in some particulars those shown by

Novffi 1866 and 1876.

Mercury is in superior conjunction with the Sun on the

6th, and after that he rapidly improves in position, setting

on the 16th at 7h. Im. p.m., 56m. after the Sun, with an

apparent diameter of oh", and a northern declination of

2^ 15', ja^a^ths of the disc being illuminated. On the 21st

he sets at 7h. 38m. p.m., or Ih. 24m. after the Sun, with

an apparent diameter of 6", and a northern declination of

6= 53', i^Vytlis of the disc being illuminated. On the 26th

he sets at 8h. 9m. p.m., or Ih. 47m. after sunset, with an

apparent diameter of 6i", and a northern declination of

10° 56', TTjLths of the disc being illuminated. On the 31st,

when he is at his greatest eastern elongation (18° 54'), he

sets at 8h. 28m. p.m., or just upon two hours after the Sun,

with an apparent diameter of 7^", and a northern declina-

tion of 13° 58'. The student may be reminded that

Mercm-y is at his greatest brilliancy about ten days or a

fortnight before his greatest eastern elongation, notwith-

standing that at his greatest eastern elongation he sets

considerably later in the evening. While visible, Mercury

describes a direct path through Pisces to the borders of

Aries.

Venus is now becoming a very bright object in the

evening sky. She sets on the 1st at 9h. 18m. p.m., with a

northern declination of 7° 52', and an apparent diameter

of lli", I'tfotlis of the disc being illuminated. On the 21st

she sets at lOh. 18m. p.m., with a northern declination of

17° 8', and an apparent diameter of 16J", jfyoths of the



58 KNOWLEDGE [March 1, 1892.

disc being illuminated, and her brightness being about one-

half of what it will be at the beginning of June. On the
31st she sets at lOh. 48m. p.m., with a northern declination

of 20^ 53', and an ap^jarent diameter of 17|", xy^tts of the
disc being illuminated. In the early evening of the 28 th

an 8i magnitude star will be situated very near the planet.

During the month she passes from Pisces, through Aries,

into Taurus. Mars is invisible, and Jupiter is in conjunc-
tion with the Sun on the 21st.

Saturn is well-placed for observation, being in opposition
to the Sun on the IGth, at a distance from the earth of

about 787J milhon miles. He rises on the 1st at 6h. 55m.
P.M., with a northern declination of 3° 5', and an apparent
equatorial diameter of 19-2" (the major axis of the ring
system being 44-1" in diameter, and the minor 1-9"). On
the 81st he rises at 4h. 45m. p.m., with a northern
declination of 4° 2', and an apparent equatorial diameter of
19-2" (the major axis of the ring system being 44-1" in

diameter, and the minor 1-1"). The following phenomena
of the satellites may be observed (the times are given to

the nearest quarter of an hour). March 3rd, 8jh. p.m.,

Ehea, eclipse disappearance. March 4th, 3fh. a.m., Titan,
eclipse disappearance. March 5th, Ofh. a.m., Dione,
eclipse disappearance. March 6th, 4ih. a.m., Tethys,
eclipse disappearance. March 9th, 14h. a.m., Tethys,
eclipse disappearance ; 6 p.m., lapetus, at greatest W.
elongation. March 10th, llh. p.m., Tethys, eclipse

disappearance. March 11th, lOJ^h. p.m., shadow of Titan
in central transit. March 12th, 8xh. p.m., Tethys, eclipse

disappearance

March 18th,

March 22ud,

March 26th,

disappearance,

reappearance,

reappearance,

reappearance.

; 9h. p.m., Rhea, eclipse

8|h. p.m., Dione, eclipse

l^h. A.M., Ehea, eclipse

4jh. A.M., Tethys, eclipse

March 27th, l^h. a.m., Dione, eclipse reappearance ; 9|h
P.M., shadow of Titan in central transit. March 28th,

li-h. A.M., Tethys, eclipse reappearance. March 29th, 7h.

P.M., Dione, eclipse reappearance ; lOfh. p.m., Tethys,
eclipse reappearance. March 31st, 2|h. a.m., Rhea,
eclipse reappearance ; 8Jh. p.m., Tethys, eclipse re-

appearance. At lOh. P.M. on the 17th, a 9th magnitude
star will be about 1|' north of the planet. During March
Saturn describes a short retrograde path in Virgo, without
approaching any naked-eye star.

Uranus is eommg into a good position for observation,

rising on the 1st at lOh. 37m. p.m., with a southern decli-

nation of 13^ 0', and an apparent diameter of 3-7". On the

31st he rises at 8h. 34m. p.m., with a southern declination

of 12° 43'. He will be so favourably placed for observation
during March, never being more than 30' from the 4i mag-
nitude star A Virginis, that the student should endeavour to

pick the planet up with the naked eye or an opera glass.

His occultation by the Moon is mentioned below. A map
of the path of Uranus is given in the Eiii/lis/i Mechanic for

February 12th. Neptune is still \'isible, rising on the 1st

at 9h. 43m. a.m., with a northern declination of 19° 50',

and an apparent diameter of 2i". On the 31st he sets at

llh. 36m. P.M., with a northern declination of 19° 56'.

He describes a short direct path to the N.W. of e Tauri.

There are no very well-marked showers of shooting stars

in March. The zodiacal light should be looked for over the

western horizon on every moonless evening.

The Moon enters her first quarter at 7h. 15m. p.m. on
the 5th ; is full at Oh. 55m. p.m. on the 13th ; enters her
last quarter at 5h. 16m. p.m. on the 21st ; and is new at

Ih. 18m. P.M. on the 28th. She is in apogee at 9-7h. p.m.

on the 15th (distance from the earth 252,300 miles); and
in perigee at lOh. p.m. on the 28th (distance from the

earth 221,960 miles). The greatest western libration is at

quanJOm. a.m, on the 7th, and the greatest eastern at

8h. 14m. A.M. on the 23rd. The planet Uranus, equal to a

5 J magnitude star, will be occulted at Oh. 30m. a.m. on the
17th, at an angle of 112°, reckoned as in double star obser-

vation, ?'.i'., from the true N. point in the direction N.E.S.W.,
and will reappear at Ih. 46m. a.m., at an angle of 318°.

Cfttss Column.
By C. D. LocooK, B.A.Oxon.

All communications for this column should be addressed

to the " Chess Editor, Knoidedye Ojficc," and posted before

the 10th of each month.

The solution of the February problem is withheld for the

same reason as in the case of the previous problem.

CoKEECT Solutions have been received from Giuoco
Pianissimo, W. T. Hurley, and A. Rutherford. Of the MS.
Problem, solutions in three moves from W. T. Hurley, A.

Rutherford, and M. B. (Jesmond) : the latter not quite

complete.

R. G. Hail/ {Mrlh(iunie).—Jn the variation you mention
the Queen mates at QEsq. This is probably the leading

variation, and no doubt you will have seen the mate before

this.

Alpha.—The move you rejected is, strange to say, the

correct key-move, though rather strong-looking. In reply

to the move you suggest. Black must not play 1. . . P x Kt,

or 1. . . . P to B3 ; but he may play apparently almost
anything else. Certainly there is not much pleasure in

finding more than one solution to any problem.

^f. B. {Jfsmond).—In the three-move problem you
omitted the important defences, Q to Kt6 (compelling

Q to Kt4ch) and P to K5. Also the defence E to Kt3, in

which a slight variation in the mating method occurs.

After 1. ... KxP, Kt to B5 is a triple continuation. In
position A there is a dual on the third move—after 1. . .

P becomes a Kt, etc.

PROBLEM.
[From Kwiland.—Composer unknown.]

Bl/ACE.

^ v///^/y.

White to play, and mate in three moves.

KNOWLEDGE" SOLUTION TOURNEY.

This contest has at length been decided. It will be
seen from the list of correct solutions that, of the four
surviving competitors, two only proved equal to the
double task set last month. These two were Mr. A.
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Rutherford, of Liverpool, and Jlr. W. T. Hurley, of

Rochester. Giuoeo Pianissimo, besides solving the Foiir-

move problem, found two solutions in four moves to the

MS. problem. But as the problem was solvable in three

moves, these solutions could not count. He was thus,

strange to say, defeated by his own suggestion, that the

number of moves should not be stated. This paradoxical

result occm-red also in the case of Mr. Hurley. The
scoring of duals was his own suggestion and the sole cause

of his defeat, as the following score will show :

—

Solutions^A. Rutherford, 16 ; W. T. Hurley, 16.

DimU—A. Rutherford, 12 ; W. T. Hurley, 5.

Other Variiitioiis—A. Rutherford, 3 ; W. T. Hurley, 4.

Mr. Rutherford, of the Liverpool Chess Club, thiis comes
out the winner of the Knowledge Prize, and considering

the quality of the opposition, must be congratulated on a

really fine performance. Messrs. Hurley, Gin. Pianissimo

and M. B. (.Jesmoud), also deserve congratulation, not

unmingled with condolence, on the excellent fight they

made. This award remains open for one week.

CHESS INTELLIGENCE.

1. Kt to KB3
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(q) Apart, perhaps, from their 28th move, the Liverpool

players conducted their attack in the finest possible style.

Black, perhaps, missed their chance at the 18th move, but

afterwards could not have done more than they did. They
could only wait to be crushed.

Position after Black's 27th move.

Black.

I, I :i^: W
U pi

^

if M^H

White.

Cliess Endinip. By E. Feeeboeough. (Messrs. Kegau
Paul & Co.)—This work is a valuable addition to chess

literature. Previously to its publication, the only modern
treatise on end-games in the English language was that of

Horwitz, comprising a collection of positions by Kling and
Horwitz. These, however beautiful as problems or semi-

problems, were for the most part hardly genuine end-games,

the positions being unlikely to occur in actual play. The
student was therefore driven to rely on the work of Herr
Berger, the great German authority on endings ; but at the

same time he must have felt the want of something written

in his native tongue, and (shall we say ?) a little shorter.

This want has been supplied by Mr. Freeborough, who,
while of course largely indebted to the above-mentioned
treatises, has succeeded in avoiding the defects of both.

The book contains about 550 diagrams, of which the

respectable proportion of 140 are devoted to King and
Pawn Endings—by far the most important in our opinion.

These are rightly placed first, in their natural position, not

relegated to the end, as in Berger's work. The book, as

far as we have examined it, is singularly free from misprints,

the bane of Horwitz's work. We have noticed, however,
two or three, and give them below, together with some
suggested amplifications :

—

No. 10.—Note 1. "If 2. ... P to Kt4ch ; 3.

Add here, " And if then 3. . . . P to E4 ; 4. . .

as in No. 14." In the same note, after the

K to Kt3."

. K to Kt2,

words " If

otherwise to KtS," a variation might be given : cf/., 2. . . .

P to Kt4 ; 3. K to Kt3, P to B5 ^4. K to Kt4, P'to R4ch
;

5. K to B3, and wins.

No. 15.—Here there is an error of some kind. The note

implies that Black (with the move) wins by P to B4ch
;

White however wins by K to 113.

No. 26.—" White wins through being able to advance his

Pawn one or two squares " : i.e., erni without the mure.

With the move he wins apart from this privilege by

P to KtS.

No. 31.—Black should have played 3. ... P to Kt5, and
drawn.

No. 34.—Add perhaps, If 1. ... K to Q2 ; 2. P to BG.

No. 40.—Should be carried out further, the position, as

Mr. Freeborough leaves it, being very instructive, and the

win for Black not too obvious.

Position after Black's third move.

White now plays 4. K to E(!. Black now wins as

follows : 4. . . . KxP; (K to Q5 only draws. For K to

B5 see a.) 5. P to KtS (if 5. K to Kt7, P to B4 !). 5. . . .

K to B5 ! ; 6. K to E4, K to B4 ; 7. K to E5 !, P to B3 !

;

8. P X P, K X P and wins.

(a.) The following attempt to win would result in loss.

After 4. K to EG, K to B5 ? ; 6. P to KtS, K to KtS ;

6. P to K5 !, K to B4 ; 7. K to Kt7, K to K3 ; 8. K to B8,
and wins.

No. 43, last note. Here, too,

be continued : c//., " For if 3. .

and if then both sides queen a

Queen in three moves. Again,

K to K4, K to B2 ; 5. K to Q5,

the analysis might well

. Pto KtS ; 4. KtoQS;
Pawn, White wins the

if 3. ... K to K3 ; 4.

&c.

No. 130.—Here, too, an error has crept in to the last

note. 3. ... P to Kt3 loses for Black by 4. P to KE4,
P to Kt4 ; S. Px P, K to Bsq ; 6. P to Kt6 and wins.

No. 148.—In this position a mate in three moves appears

to have been overlooked.

No. 394.—The diagram is incorrect. White can mate
in 07W move.

It is hoped that the above notes may be of some slight

value to readers of the work, or even to the editor of it

himself in the not unlikely event of future editions. It

need only be said, in conclusion, that the arrangement of

the whole book is lucid, the diagrams abundant and well-

placed, and the printing both accurate and excellent.
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BRITISH MOSSES.

By the Rt. Hon. Lord .Justice Fey, F.R.S., F.S.A., F.L.S.

{Co7ititiued from page 43.)

BUT,
it will be said, assuming that

this may be the case with one
ijrowth of forest, how about the

successive destruction of suc-

cessive forests ? The answer
is, I believe, to be found in the curious

change which peat undergoes, and which
converts it from a substance highly

absorbent of water into one impervious
to it.

The section exposed by a peat-cutting

in, I beheve, almost all cases exhibits

two kinds of peat, the one known vari-

ously as red peat—or red bog, or fibrous

bog, or in Somersetshire as white tui-f

—

which lies at the top, and the other a

black peat, which lies at the bottom.
The red peat retains visible traces of the

Sphagnum of which it is mainly com-
posed, and is highly absorbent of mois-
ture ; whilst the black peat has lost all,

or nearly all, traces of the minute struc-

ture of the cells, and is not only unabsor-
bent of moisture, but is impervious to it.

In fact, it constitutes an insoluble substance which is said

to be scarcely subject to decay, so that it is used in Holland

for the foundations of houses, and is found unchanged after

ages, and when the buildings have fallen into decay. It is

even said to have remained unchanged after three months'

boiling in a steam-engine boiler. The broad difference

between these two kinds of peat may easily be ascertained

by anyone who wiU, as I have done, subject the two kinds

to the action of water.

In Fig. 33 wUl be found a section of a peal bog, copied

from an engraving in the thh-d Report of the Commissioners

on Irish Bogs (" Parliamentary Papers," 1813-4), and
exhibiting the remains of three forests anterior to the

vegetation growing on the surface of the bog. The history

of the formation wiU be, I beheve, much as follows :

—

(1) We must get a watertight bottom. In the section

given it is said to consist of limestone gravel, but this

probably had, at least in its lower part, got consohdated

into a pan by the infiltration of insoluble iron oxides,

themselves often due to decaying vegetable matter, or it

rested on a subsoil of stiff clay. The necessity of this

watertight bottom is well shown by the fact that in places

in the Irish bogs where a piure limestone subsoU occurs the

bog becomes shallow and dry.

(2) On this Limestone gravel a forest arose and flourished

for a considerable period, untU the natm-al drainage of

the area was stopped, whether by the choking up of the

com-se of the effluent stream, or from the aggregation of

vegetable matter, or from the fall in the course of nature

of the trunks of the trees themselves. Everyone who will

consider how much care our rivers require in order to

make them flow with regularity to the sea—who thinks,

for instance, of the works in the Thames valley, or in the

upper valleys of the Rhine—wUl see how often and how
easily, in a country in the condition of nature, stagnant

waters will arise. In the morass thus formed the Sphagnum
has grown, years after years, and if it has not destroyed

the old trees it has prevented the growth of young ones.

The stools of the trees buried in the antiseptic waters of

the Sphagnum pools have been preserved, whilst the fallen

trunks have, except when preserved by the like circum-

stance, rotted, and added their remains to the peat which
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tlie Sphagnum has been producing. It has been observed
in several places in Scotland, that the under side of fallen

trees which would be protected from decay by the tannin

of the Sphagnum is preserved, whilst the upper side has
decayed or rotted away. Year by year the process of decay
on the lower parts of the Sphagnum went on until the

water grew shallower and at last disappeared, leaving the

original morass choked and filled up by the Sphagnum and
the plants which it has nourished. On the top of this soil

have grown first the heath and bog shrubs which first

succeed the Sphagnum, and in time, as the soil has grown
more solid, forest trees. This is our second forest. This
first peat deposit, or the lower part of it at all events,

having been turned into the black peat impervious to water,
plays the same part in the second stage that the clay or
pan did in the first stage. Agam, the drainage of this

second level got stopped, and the forest bottom loaded with
stagnant water, the home of the Sphagnum ; together, the
water and the Sphagnum killed the forest trees, which
share the fate of their predecessors. The same history is

gone through again—the Sphagnum filling up the morass
and turning the water into dry land until it supports the
third forest.

Dt'caij of the Mosa.—Tliere comes, however, in many
cases a time when this process is arrested ; the artificial

drainage of the soil, or the physical position of the area,

prevents the re-formation of a morass, and the Sphagnum
dies away. So in many parts, if not universally, in

Sedgmoor, in Somerset, it is almost impossible to gather
a bit of Sphagnum, and the peat is well known to the turf

diggers not to be reproduced. Here the regulated drainage
of the level maintains the surface in the condition of
meadows or agricultural land. But in many cases,

especially on mountain sides or tops, when the Sphagnum
has died, and the peat undergone its last change into black
earth, a process of decay sets in under the influence of air

and water. The water lies in holes or " hags," or flows in

sluggish streams, wearmg away the dead peat ; and the
surface of the soil is broken and uneven , small patches of
green surface ^^ith a rough growth of sedge or grass being
surrounded by wider spaces of black earth. Such is, or

was some years ago, the condition of the peat on the top
of Kinder Scout in Derbyshire

; on the parts of Dartmoor
aroimd Cranmere Port ; and such also it is described to be
on many of the Lowland hills of Scotland.

Sedijmuor.—In some cases the Peat Mosses have been
originally arms of the sea, and the peat has only grown
after the exclusion of the salt water. Such appears to be
the history of Sedgmoor, the great plain of Central Somerset.
Northward it is bounded by the Mendips ; eastward lies

Glastonbury with its Tor or hill ; westward the Bristol

Channel. The plain is intersected by the low line of the
Pouldon Hills, once a long level-backed island or pro-
montory in the estuary and afterwards in the morass ; and
the way in which the villages lie and the moor is appor-
tioned between them suggests that the Pouldon Hills and
some other spots which slightly rise above the level of the
Moss were the original seats of population. Originally
this whole area appears to have been open to the Bristol
Channel, of which it formed a bay or recess. The Burtle
beds are a marine deposit well seen at the slight elevation
on which the village of Burtle stands, which have been
traced in various places along the borders of the moor and
indicate the old line of beach. A curious confirmation of
this geological fact is aflbrded by the presence—the one on
Shapwick Heath, and the otlier near Glastonbury—of two
plants (the Utuiicx maritimus and the Viciu lutca) which
are sliore plants, but which have until recently maintained
their places as remains of the ancient marine flora, show-

ing the retreat of the sea. The Vicia hitea has, I believe,

recently succumbed in this intei'esting locality to the

British collector. The description of Glastonbury as the

Isle of Avalon, and the account of the bringing of the

body of King Arthur from Tintagel to its resting-place

at Glastonbury, are confirmations from tradition of the

same fact.

Then a change came over the district, apparently by the

formation of barriers of sand or mud along what is now
the shore of the Bristol Channel, and along the sides of

the overflowing rivers, and in that way the sea-water was
shut out, and a depressed region left with a mud surface

;

on this there arose a forest of oak, ash, and yew, then the

water stagnated, and in it the Sphagnum grew, and
gradually filled it up, killing the growth of trees on the

surface of the land, but leaving, down to historic times,

spaces of fresh water from which the Abbots of Glaston-

bury formed their great fishing lake at Meare, by the side

of which they erected the beautiful manor house and fish

house which still remain. When the Romans occupied

this part of England, they not only used the Burtle beds

for plastic clay, but used the peat in their kilns, and the

remains of the road which they constructed across the moor
are now found some six feet below the present surface.

In like manner, a pathway exists across part of the moor
near Westhay consisting of slabs of birch, and perhaps alder

laid crosswise, so as to form a kind of corduroy road.

This has been found in one place at a depth of seven, at

another of two feet only beneath the surface. The road

bears the name of the Abbot's path, or way, and it may
well, I think, have been a way by which the monks of

Glastonbury passed from their abbey by way of Meare to

Burtle, where they appear to have had a chapel which they

served. Now, as I have already said, the system of

drainage is so complete that the peat, when once cut, is

not reproduced (though the lower soil is said to have a

remarkable power of expansion and rises often to the old

level), and the Sphagnum is to be found rarely, if at all,

on many parts of the moor.

To the intimate structure of the Turf Moss are thus to be

attributed great results iu the history of the world. To
look at our own island alone, but for it the primeval
forests that once covered the land might still be standing

;

but for it large tracts of land would still be lake and mere
;

but for it every freshet in a Highland river would be a
flood ; without it we should have had no Mosses on the

confines of England and Scotland, and where would have
bejn the border warfare and the border minstrelsy '? where
the Moss hags in which the hunted Covenanters sought
for shelter and freedom of worship ? To come southward,

by force of its growth, the broad meadows of Somerset
have been built up, and the dark waters on which the

mysterious barge bore the dead Arthur from Tintagel to

Avalon have been turned into the green pastures of Glas-

tonbury and Meare and the battle-field of Sedgmoor.
Hepaticece. If my reader will once again refer to table

A, he will see that the Hepaticeas, the lowest group of

Mosses, when that word is used in its wider signification,

yet remain for some little notice. I am afraid that most
p)eople slight them greatly, and feel little inclination to

examine them ; and yet they possess a beauty of their

own—a great diversity of form, and points of great interest

and importance to the botanist.

Popularly these little plants would probably be considered

Mosses, and it may be hard to say whether or no they

deserve the name, and so botanists use two Latin woi'ds

for the one English one, and allow them to be Muscines,
though not Musci.

In the springtime, anyone who carefully looks may find.
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in woods or on shaded banks, little plants, in such forms
as those shown in Figs. 34, 35, and 86. These show two

^5
Figs. 34, 35, 36.

—

Jungermannia. ar, archegones;
«, sporangium. After nature.—A.F.

species of Jimgermannia—of the family .Jungermanniaceie
of my table A. The genus bears a somewhat uncouth
name, and one wishes it had a pleasanter one than this,

which was bestowed upon it in honour of a worthy German
botanist. It has been said that the names of the Mexican
kings before the conquest rob them of the fame which
their merits deserve ; and so long as these little plants

bear this name, I see no hope that they should ever attain

popularity.

That these httle plants have great

sp hkeness to ordinary Mosses must be
c ,..-•' conceded, but the student who looks

at them attentively will soon see some-
thing diflerent about their general
appearance. This is partly due to the
pecuhar way in which the leaves are
inserted—the lines of attachment of

the leaves to the stem generally forming
an angle like a V. But other drSer-

ences will be apparent from the figures.

The sporangium, as in the Mosses,
takes its rise from an archegone. In
the Mosses this organ is concealed in

modified leaves, and is generally speak-
ing not easy to detect. In these
Jungermanniaceffi the archegones form
conspicuous green organs (ar) in which.
in the earher stages, the dark-coloured
sporangia appear to rest (Fig. 36, s).

They are subsequently raised on a
seta or stalk, generally of a perfectly
white cellular structure. The spor-
angium is not di-s-ided into capsule
and lid, but opens as shown in Fig. 37,
by the springing backward of the four
leaves which constitute it, and emits
large quantities of spores [sp), inter-

spersed with very curious structures,
known as elaters [el). These elaters,

with some attached spores, are seen
more highly magnified in Fig. 38.
The elaters are endless threads, twisted
into spirals, and when liberated the
spirals rapidly twist and twirl about,
and in so doing, aid in dispersing the
spores. The spectacle of an opening
sporangium of a Jungermannia is a
very interesting one.

It is remarkable that in the true Mosses, with their
much more highly organized capsules and spore cases,
these elaters have disappeared.

If the patience of my reader hold out, I will ask him,
for the last time, to refer back to my table A, where he
will find that last of all in the series come the Marchantiaca,
so named fi-om the best known species of the group, the
MarchantM polymorpha, a plant so remarkable and so

/

iHG. 37.—Part of a

Junkerman nia,mag-
nified ; ar, arche-
gone ; se, seta or
stalk; cap, capsule of

four leaves opening
and emitting sp,

spores and el, ela-

ters. After nature.

—A.F.

Fig. 38.—Spore,* and elaters of Jungennaiinia
magnified. ^jB, spores; e/, elaters. After nature— A.F.

worthy of full consideration, that I fear that if I embarked
on it I should weary my reader beyond endm-ance, so I
leave it, at least for the present.

Distribution in -i

Time.—It win be
interesting now
to enquii-e how ^P
long the present

Moss flora of

England has
existed. How far

back can wecarry
our knowledge of

the existence on
the world's sur-

face of these deli-

cate organisms "?

It is evident that

they have had but a small chance of leaving evidence of their
existence as fossil remains, because whilst the strong,
aluiost wiry, vessels of the ferns have a great power of
resisting decay and so gettingpreserved, the delicate cellular
structure of the Mosses offers Httle or no resistance
to that process. Hence it is that the fossil remains
of Mosses are not very numerous, or for the most
part very ancient. Yet we have some materials to answer
the enquiry. Three ancient collections of Mosses enable
us to throw some Ught upon it. In an interglacial bed
near Crofthead, in Renfrewshire, eleven species of Moss
were discovered, and with one possible exception all are
well-defined British species of the present day. If we take
Mr. Wallace's chronology, and hold that 80,000 years have
passed since the Glacial epoch disappeared, and 200,000
yeai-3 since the Glacial epoch was at its maximum, we may
perhaps give from 100,000 to 150,000 years for the age of
this Uttle collection. Out of the eleven Mosses discovered,
seven belong to the genus Hypuum, or the famOy
Hypnaceae. This collection, then, is evidence, so far as it

goes, (1) that the existing Moss flora is as old as the inter-
glacial epoch

; (2) that the Hypnaeefe were as dominant
then as now; and (3) that the specific forms have remained
constant since that epoch.

Another collection of fourteen Mosses has been dis-

covered in a drift in the Clyde valley above the Bovilder
drift, and tends to confirm the previous conclusions ; as aU
the species are existing, all now inhabit the valley of the
Clyde, and the Hypnaces are still predominant," though
not in so great a proportion as in the Renfi-ewshire bed.
A third collection has been found at Hoxne, in Suffolk,

in a lacustrine deposit, probably resting in a hollow in the
boulder clay. Together with phanerogams of an arctic habit,
have been found the remains of ten Mosses, which are
described by Mr. Mitten as looking "like a lot of bits
drifted down a mountain stream." They are all still

dwellers in our island, and exhibit, like the other collec-
tions, a preponderance of the family of Hj-pnace*.

But we can give some evidence of more ancient date.
Heer inferred the existence of the Mosses in the Liassic
period from the presence of remains of a group of small
Coleoptera, the existing members of which now live amongst
Mosses—an inference which seems not very strong. But
recently the remains of a Moss have been found in the
carboniferous strata at Commentry, in France. It appears
to be closely allied to the extant Polytrichum, the mDst
highly-developed genus of Mosses ; so that we have here
a phenomenon like that which occurs in reference to the
Equisetacie and Lycopodiaceae, viz., that the earhest fossil

species known belong to very highly-developed forms of
the group.
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Distribiitimi in Spttc.—If we turn, now, from the dis-

tribution of this family in tim3 to its distribution in

space, we shall observe some curious phenomeni. Of our

English Mosses same are of almost world-wide distribution

;

some are found here and in spots far removed from our

shores ; some are believed to be peculiar to our island.

One observation should be borne in mind in considering

the following statemsnt, viz., tlut Mosses are often small

and inconspicuous plants ; that they are often neglected

where flowering plants have been collected and studied ; and
that consequently the statements as to their non-existence

must always be accepted with this proviso, that they may
mean the non-existence or the non-discovery, or non-

observation of the plant in question.

Of our Mosses I have said that some are cosmopolitan

in their extension. Our common Funaria hijfirometrica,

our Bnrtramia potii ifonii is, and, amongst the Hepaticas, our

Marchantia are a few amongst many that are denizens

alike of the Old and of the New World. Of the New Zealarid

Mosses about one-fifth are British, or at least European,

species ; of the Tasmanian Mosses about one-third.

But whilst there are instances of this wide dispersion,

there are instances too of the opposite kind. Amongst the

British Mosses and Hepatic:* (as we learn from Mr. Wallace

on the authority of Mr. Mitten) seventeen Mosses and
nine Hepatic;* are said to be peculiar to the British Islands,

and of these, three genera of Mosses and three of

Hepaticfe are also non-European {i.r., not known on the

CoQtinent of Europe). The three non-European genera

of Mosses have their greatest development in the Andes
;

the three non-European genera of Hepatic:* have their

greatest development in the temperate regions of the

southern hemisphere. Let me take one of the Mosses of

which the genus is non-European—Streptopogon. This

genus is thus distributed : Seven species in the Andes ;

one in the Himalayas ; three in the south temperate zone
;

one in Sussex. Take, again, one of the Hepatic:*, Aero-

bolhiis : its species are confined to New Zealand and the

adjoining islands, with one species in Ireland.

Tliere are other noteworthy but isolated facts about the

distribution of Mosses to which I may here refer : one is,

that the great boulders of the plains of the centre of

Germany are fouud to bear alpine species of Moss as if

brought from some distant or elevated region ; is this due

to the actual transport of the boulders on which they live

or to the retreat of the northern flora in the tail of

the ice as it retreated northward as the glacial period

disappeared ? In any event it reminds one of the scattered

patches of alpine gentians, which are to be found in the

great stretch of moorland south of the Danube, and
between that river and the Tyrolese Alps.

I have reason, furthermore, to believe that if the Mosses
of some parts of the south-west of England were worked
out carefully, northern forms would be found to prevail in

a way which would require, if possible, some explanation.

The facility with which the wind can carry the small

spores of the Mosses probably accounts in some cases for

the wide distribution of the organisms. The very small

area occupied by some species suggests great susceptibility

to local surroundings.

ConclKsion.—I can cordially recommend the study of the

Mosses to any, old or young, who really love Nature : I have
found in it a great source of pleasure during the last few years.

The tops of walls, the banks of lanes, the slopes of woods,
the mountain passes, each inhabited by diS'erent classes of

Mosses, are as distinct iu their vegetation as the oak or

elm or beech counties of England, or the pine-clad slopes

or the birch groves of the Alps. A square foot, in some
situations, will contain a large number of species of

different forms and mades of growth. Toe lon^ arms of

the Hypnum miy stretah along the ground, whilst the

Tortulas raise their spires of rich brown from out rosettes

of verdant leaves, ani th3 Bryums with th3ir penlant cap-

sule? vie with them in beiuty. On? stone or bit of boggy

lani miy ha a study in colours—greens, browns, reds, greys,

and gold—wh'.ch my p3n would fail to describe. A will-

top may show
" A stubble Sill, or a c-inebra'ie ; a mirsU
Of bulruA whiteniQg ia the sua."

Another miy present a mimic forest, built up of varied fjrms,

as different from one another as were the huge vegetables

of the Coil period from our trees. In a word, I find myself,

whenever iu the cjuutry, surrounded by a world of beauty

and interest which I only dimly perceived before I entered on

the study, though I have never, I hope, been entirely un-

observant of thiigs around me. More than ever I can

say—
" In siiiiU p.'oportioni we just be.iuties see.

And in short m3.i3ures life invy perfect be."

" But how shall I begin the study?" some miy siy.

Gather the first moss you come across, examine it with the

naked eye, and then with a microscope, and you will have

made some advance. If the British Museum ba accessible

to you, go to the Botanical Department and examine the

colleotioa beautifully arranged and exposed in one of the

rooms upstairs. But books—you must have books to aid

you, and therefore I will suggest a few. Bagnall's " Hand-
book of Mosses " will, I believe, be found a very useful

first book, and is very iuexpensive. " The Handbook
of Cryptogamic Botany," by Bennett and Murray, will be a

very good one with which to begin the study of the

organization of the Mosses. Berkeley's " Handbook of

British Mosses " m:iy serve as the second book on classifi-

cation. Wilson's " Bryologia Britannica " is a more
advanced book of the same description, and difiicult to get.

Dr. Braithwaite's " British Moss Flora," which is in course

of publication, is a more elaborately illustrated and ex-

pensive book. Two works of Schimper's—" Eecherches

sur les Mousses" and " Entwickelungsgeschichte der

Torfmoose "—are admirable, and his " Synopsis Muscorum
Europaeorum " is very helpful, especially for finding

European species not found in Britain. The work of old

DiUenius (" Historia Muscorum "), though of course out

of date, is very delightful, and contains many excellent

plates, worthy of study even in the present day.

One pleasant dutv remains to be performed. Figures

4, 5, 6, 0, 10, 11, 15, 17, 21, '22, 23, 24 have been copied

from Schimper's " Kecherches sur les Mousses "
; Figures

IG, 27, 28, 29, 30, 31, 32, from the same author's
" Eutwickelungsgeschichie der Torfmoose" ; Figures 7, 8,

from Berkeley's " Handbook." For permission to use

these sets of figures I beg to thank respectively Messrs.

Freutel and Wfitz, Mr. Sohweizerbart, and Messrs. LoveU
Reeve and Co. ; nor can I omit to add my thanks to my
daughter, Agnes Fry, from whose drawings, partly origuial

and partly copies, most of the fo -egoing illustrations have
been taken.

ELEPHANTS, RECENT AND EXTINCT.
By R. Lydekkee, B.A. Cantab.

{Continued from pai/e 47.)

WE turn now to the grinding or molar teeth,

which present far more remarkable peculiar-

ities, and of which a brief account was given
iu the article on "Teeth and their Variations,"
already published in Knowledge. So peculiar,

indeed, and unique are the structure and mode of succession
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of the molar teeth of Elephants, that they are often very

imperfectly understood, even by those who have spent half

thek lives among these animals. For instance, we find

Fig. 3.—Last or Sixth Upper Molar Tootli of a

Mastodon ; half natural size.

the veteran Elephant hunter, Sir S. Baker, in his " Wild
Beasts and their Ways," making the statement in regard

to Elephants that " both the Indian and African varieties

have only four teeth," whereas, as a matter of fact, every

Elephant has, during its whole life, six molars on each side

of both the upper and lower jaws. Instead, however, of

Fig. 4.—Molar teeth of Indian (a) and African (i) Elephant.

In a the anterior hali is worn, and the remainder unworn.

Much reduced. After Owen.

all these teeth being in use at one and the same time, as

are those of a cow or a horse, in existing Elephants there

are never more than portions of two teeth in use at any
one time, although, in the extinct Mastodons, portions of

three may co-exist. In all Elephants, the more anterior of

these six teeth are smaller and of simpler structure than
the hinder ones, and the whole series is protruded in an
arc of a circle from back to front, the larger hind teeth

being pushed up and gradually coming into use as the

small anterior ones are worn away and finally discarded.

The hinder ones of these teeth (Fig. 4) are so large that

while the front portion is being worn away the back is still

bedded in the gum. In the earlier Elephants, or Mastodons,

these molar teeth are composed of a series of relatively low

and widely separated transverse ridges, more or less com-
pletely divided into inner and outer moieties, and with

large open valleys between them. Moreover, in all the

teeth, except the last, these ridges do not exceed four in

number, although in the sixth tooth (Fig. 3) they may be

as many as five or six. It was explained in the article on

teeth how such a molar tooth might have been derived from

the ordinary type of tooth presented to us by the molars of

the pig, in which the crown carries four columns, severally

placed at its corners. When a tooth like the one repre-

sented in Fig. 3 became worn down by use, the enamel
coating each of the columns would be cut thi-ough, so as

to expose a series of more or less trefoil-shaped surfaces of

ivory, each surrounded by a ring of the hard enamel. And
it will be obvious that a tooth thus constructed of

alternations of substances of dili'erent degrees of hardness

would act as an efficient mill-stone. Elephants do not

appear, however, to have been by any means satisfied with

this comparatively simple kind of tooth, for as we pass

upwards in the geological scale we find that there has been

a gradual increasing complexity in the structure of the molar

teeth of these animals, this being due to a graduated

increase in the height of their transverse ridges, accompanied

by an increase in the number of the ridires themselves.

There is, indeed, an almost perfect structural gradation,

now known to exist between the Mastodon tooth, repre-

sented in Fig. 8, to the teeth of true Elephants shown in

Fig. 4. Both the latter examples are in a somewhat worn

condition, but it will be readily seen that the lozenge-

shaped surfaces of ivory, surrounded by enamel, in the

tooth of the African Elephant, correspond to the transverse

ridges of the Mastodon's tooth. In the true Elephants,

however, the open valleys between these ridges (which

have now assumed the" form of tall, thin, and nearly

parallel lamina:') Lave been completely filled up by a third

constituent of the tooth, known as the cement. The

grinding surface of the tooth of such an Elephant con-

sequently consists of a solid mass, made up of alternating

vertical transverse layers of various substances, arranged

in the order of cement, enamel, ivory, enamel, cement;

and since each of these constituents differs in hardness, it

will be obvious that the millstone-like apparatus is now of

a far more efficient type than it was in the Mastodon.

Moreover, as the crowns of the molars of the true

Elephants are very much taller than are those of the

Mastodons, it is evident that they will require a longer

period of time before they become worn away, and that

they will therefore allow a longer life to their owner.

Even, however, among true Elephants there is a con-

siderable amount of difl'erence in regard to the number

and narrowness of the component plates of their molar

teeth, and it will be seen from Fig. 4, that in this respect

the African Elephant departs far less widely from the

Mastodon than does its Indian cousin. Since the food of

the latter consists to a large extent of boughs and twigs,

while that of the former is composed more of juicy leaves,

fruits, and roots, the necessity of a more complicated
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masticating apparatus in the one than in the other is

apparent.

In modern Elephants, the six molar teeth on either side

of each jaw are all that are ever developed. This is,

however, hy no means the case with some of the earlier

Elephants," and with most of the Mastodons. In these

animals, when the second and third molars became worn

out. they were succeeded vertically by much smaller teeth,

from which we learn that the first three molars of the

modern Elephants really correspond to the milk-teeth of

other j\Iammals, which, as we all know, are succeeded

vertically by some of the teeth of the permanent series.
'^

This succession of the teeth shows us, therefore, another

point in which Mastodons tend to connect modem
Elephants with ordinary Ungulates.

We mi'^ht go further and enter upon the consideration

of some of the structural peculiarities presented by the

soft parts of Elephants. Enough has, however, been

stated to show that while these animals have preserved

a very ancient type of structure in their limbs, they

have acquired a very special modification in the structure

and mode of succession of their teeth. And it is highly

probable that it is owing to this particular specialization

that Elephants have survived to our own day, while all

the other plantigrade and five-toed primitive Ungulates

have completely passed away ; while it is almost certain

that it is this feature alone which has enabled them to

attain the gigantic bulk which forms one of their most

striking features. In regard to their evolution perhaps no

group shows more clearly than that of the Elephants how
exceedingly important is the study of fossils to elucidate

the relations of existing animals. Had we only the two
living species of Elephants to deal with, we should never

have had the least inkling of the manner in which

they were related to other Ungulates, imperfect as our

knowledge of the relationship still is. Moreover, from

the distribution of these two species, it would have been

naturally inferred that Elephants were creatures suited

solely to tropical or sub-tropical climates. The discovery

of frozen carcases of the Mammoth— a species closely

relatedto the Indian Elephant—in the Siberian "tundras"
shows, however, that this animal ( Fig. 1 ) was suited to dwell

in at least comparatively cold regions, although it is probable

that the climate of Siberia was formerly not so rigorous

as it is at present. To withstand the cold of these

northern regions the Mammoth was protected by a coat

of long reddish hair, beneath which was a shorter covering

partaking more of the nature of wool. Along the borders

of the Arctic Ocean for hundreds of miles Mammoth
remains are met with in incredible quantities ; and it is

still one of the puzzles of geology to account adequately

and satisfactorily for the maimer in which these creatures

perished, and how their bodies were buried beneath the

frozen soil before decomposition had begun its work, for it

is hai'dly possible to believe that they lived in a climate so

rigorous that their bodies would have been frozen on the

surface of the ground immediately after death.

Another rude shock to our common ideas of Elephantine

nature is afforded by the extinct Elephants of Malta,

which show us that gigantic size is not a necessary

concomitant of the group ; and that when the area in

which a species dwelt was small, the size of the species

itself was proportionately reduced. These little Maltese

Elephants were very closely allied to the living African

species, but whereas " .Jumbo " attained eleven feet in

height, and wild specimens of the African Elephant may
be still larger, the smallest of the Maltese species was

* See article on " Teeth and their Variations."

scarcely taller than a donkey. So small, indeed, are the

bones and teeth of this species exhibited in the Natural

History Museum, that it is sometimes difficult to convince

people that they really belonged to Elephants at all.

As regards their distribution. Elephants and Mastodons
formerly roamed over the whole world with the exception

of Australia ; true Elephants ranging over the whole of

the Northern Hemisphere, while Mastodons extended as

far south in the New World as the confines of Patagonia.

It is in the north-east of India, Burma, and the islands of

the Malayan region that the fossil Elephants connecting the

living species with the Mastodons are alone found ; and it

is thus probable that from these regions the true Elephants
migrated westward into Europe and Africa, while the

Mammoth in later times crossed from Asia into Alaska by

way of Behring Straits. That the Mammoth, which ranged

from the Arctic regions to the Alps and Pyrenees, was a

contemporary of the primeval hunters of Europe is now a

well-established fact, but it appears that throughout the

Old World Mastodons had utterly died out before the

advent of man. In the New World, however, the con-

tinuity between the old and the new fauna was more fully

sustained, the Missouri Mastodon having survived well

into the human period, so that we have in this survival a

good instance of the vast changes that have taken place in

the fauna of the globe within what we may metaphorically

call the memory of man.

THEORIES OF GLACIER-MOTION.

By the Kev. H. N. Hutchinson, B.A., F.G.S.

THEEE are few subjects in physical geology which
have excited more interest than that of the motion
of Glaciers. Ice is a very peculiar substance

;

and some of its properties appear so contradictory

to others, that scientific men of high attainments
have been greatly puzzled by its behaviour as manifested
in Glaciers. Hence when we come to consider how, or

why, Glaciers flow down their valleys, we find a great
diversity of opinion. Readers of Knowledge may there-

fore be glad to have a brief account of the different theories

of Glacier-motion which have from time to time been
brought forward, together with some indication as to their

relative merits.

First, with regard to the origin of the ice itself; most of

our readers will be aware that Glaciers are fed by the snow-
fields above them. So it may almost be said that a
Glacier is snow at one end and ice at the other. How
then does the change from snow to ice take place '?

Pressure, as every school-boy knows, will convert a handful
of newly-fallen snow into a hard mass, and if the pressure

be continued, the hardened snow will become ice. It is

partly this property of snow which makes a Glacier, or

ice-river possible. When snow has accumulated to a

considerable depth, its own weight squeezes down its

lower strata ; and the underlying portions of snow are

finally compacted together until they become true ice.

But another cause is at work helping to bring about the

same result. By day, when the sun shines upon the snow,
or warm air passes over its surface, the surface-layer

gets partially melted, the water thus formed trickles down
into other snow below, and there solidifying, when night

comes and a fall in temperature takes place becomes
part of the great mass of ice. Summer and winter

act in the same way as day and night, so that much
of the winter's snow gets melted and turned to ice. Thus,
partly by thawing and freezing, and partly by pressure
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(but chiefly by the latter) the snow of the higher regions

becomes the ice of the Glacier.

It might be supposed that such an apparently hard and
brittle substance as ice would refuse to move downhill,

and hence it is by no means easy at first to understand
how ice can flow down valleys as it does. The mean daily

rate of movement of the Meide (rltKr (in the centre) during

the summer months, is as much as 20 to 27 inches. The
question is—how is such a flow to be accoimted for ?

In the different theories of Glacier-motion that have
from time to time been brought forward, some account for

the flow solely by gravitation, ignoring the fact that ice is

not a truly rigid body ; others introduce melting, or melting

and freezing ; and one brought forward by .1. D. Forbes
attributes the river-like flow of the ice to a plastic power
in the ice itself, as if it were a viscous or semi-viscous sub-

stance. These theories may be briefly indicated as

follows :

—

1. The celebrated Ik' Saussun', a pioneer in Alpine work,

whose book, " Travels in the Alps," is full of original

observations, conceived that the weight of the ice might
be sufScient to urge it down the slope of a valley if the

sliding motion were aided by water flowing at the bottom.

He regarded a Glacier as a rigid mass capable of sliding

down an inclined plane just as any solid body might—for

instance, as a slate when loosened slides down the roof of

a house. There are many objections to this simple

theory ; one is that there ought to be accelerated motion,

which there is not. Besides, De Saussure was ignorant of

certain important facts, to be noticed presently. So we
may dismiss this theory.

2. Hopkins' Thfory.—Mr. Hopkins, a well-known Cam-
bridge mathematical coach, who applied his knowledge to

several important geological problems, put forward a theory

which may be described as follows : He contended that a

Glacier can move along a very slight slope solely by gravi-

tation, owing to the constant dissolution of ice in contact

with rock below, and the number of separate fragments

into which the Glacier is divided by fissures, so that fi-ee-

dom of motion is imparted to its several parts, somewhat
resembling that of an imperfect fluid. His argument was
supported by a number of ingenious experiments. He
found that ice will move down a very slight slope, even a

slope that the eye could not perceive. This theory was
very similar to tliat of De Saussure, only he added to it

the idea of a Glacier being broken by frequent fissures into

separate pieces. It is needless to say that this theory is

out of harmony with the facts.

3. Charpenticr substituted for De Saussure's sliding

theory an ingenious explanation, which may be called " the

Dilatation Theory." The most solid ice is always permeable

to water, and penetrated by innumerable fissures and

capillary tubes, often extremely minute. These imbibe

water (due to melting) by day, which freezes during the

night, and, of course, expands in the act of congelation.

This was supposed to cause a distension of the whole mass,

tending to propel the Glacier in the direction of least

resistance, namely, forwards. Mr. Hopkins opposed this

theory in several able papers. He contended that the

distension—if it existed—would tend to act upwards, and

increase the thickness of the Glacier, rather than down-

wards, or in other words, down the valley.

This theory has been demolished in several ways. In

the first place, coloured fluids have been injected to see

whether the said capillary tubes existed ; but they have

never been detected. Again, a Glacier should, on this

theory, move faster about the time of sunset, when the

freezing of the water must be greatest. But this is

not the case.

4. Mozelei/'s Theorij of F.xpanaion and Co)itriictton.—Canon
Mozeley noticed that the lead on some parts of the roof

of Bristol Cathedral kept gradually crawling downwards,
tearing up its fastenings in the act. This fact seemed
very remarkable, until he explained it by showing that

during the day (the temperature being higher) expansion
took place, while during the night contraction took place.

Both these would take place chiefly in the direction of
least resistance, namely, downwards. He then applied

this explanation to the downward movement of Glaciers.

This theory was ingenious, but like the others, fails to

explain all the facts.

5. Prof. J(()»c.s' Thompson's Tlicory accounts for Glacier-

motion in the following manner ;—The freezing point of

water is affected by pressure, and relaxation of pressure will

cause the water at the bottom of a Glacier to freeze, and a

renewal of the pressure will cause it to thaw. His idea is

that the pressure due to the weight of a Glacier thaws the

ice at the bottom, and that this thawing enables the Glacier

to glide downwards (by diminishing friction). Then the

relaxation of pressure that follows the down-sliding causes

renewed freezing until once more the Glacier's own weight
brings about another melting. This theory is also un-

satisfactory.

6. CroU'sMoh'cuhirifi'ltiwj Theonj.—This ingenious theory

by the late author of "Climate and Time," is rather too

subtle. Briefly, he supposed that theice is melted molecule by
molecule, each molecule becoming, for a time, changed into

the liquid state, and while liquid descending ; thus a flow

of heat was supposed to take place through the whole

mass. This is how he accounted for the apparent viscosity

of ice in Glaciers.

There are now only two theories left, each of which has

powerful advocates now. Some think both are true. The
first is

—

7. Tijnilairs Recjidation Thconj.—Prof. Tyndall believes

that a Glacier bends sharp turns by splitting up and
freezing together again. His theory is based on Faraday's

well-known discovery of regelation, a principle by which

when two pieces of melting ice are brought into contact,

they will freeze together. The principle of viscosity, so

admirably worked out by Forbes, he considers, will only

account for a part of the facts. He admits that ice behaves

as if it were a viscous substance when it is subjected to

pi-essure alone, but when tension comes into play, he thinks

the analogy with a viscous body ceases. His object is to

reconcile the apparent brittleness of ice (for it is decidedly

brittle in small blocks) with its power of turning corners,

and other facts that seemed contradictory to the idea of

brittleness and rigidity. In " Heat and Mode of Motion"

he says, " The Glacier widens, bends, and narrows, and

its centre moves more quickly than its sides." A viscous

mass would, undoubtedly, do the same. But the most

dehcate experiments on the capacity of ice to yield, to strain

—to stretch out like treacle, honey, or tar—have failed to

detect this stretching power. "Is there," he asks, "then,

any other physical quality to which the power of accommo-
dation possessed by Glacier ice may be referred?" He
believes regelation is the required principle, and that tlie

mass of ice in a Glacier moves down the valley by a process

of alternate rupture and healing. The gist of the

regelation theory is that the ice of Glaciers changes its

form and preserves its continuity under pressure, which

keeps its particles together. But when subjected to

tei'sion, sooner than stretch it breaks, and behaves no

longer as a viscous body.

8. Forbes' Viseous Theonj is opposed by Tyndall, but has

many advocates of authority. Principal J. D. Forbes

discovered, by a series of measurements, that an ice-stream
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moved slower at the sides than at the centre, and faster in

the middle, as well as more rapidly at the surface than at

the bottom. Consequently he proposed the theory that

ice is a plastic substance, capable of yielding to great

pressure, and the more so as it approaches the melting

point. This theory was not supposed to be irreconcilable

with the fact that it will crack under considerable pressure.

In small masses this plasticity is not noticeable, but in

large masses, and under long-continued pressure, it slowly

yields, and will flow like a stiffly viscous fluid. In large

masses like a Glacier, this steady, powerful pressure is

furnished by the immense weight of superincumbent ice.

Many persons consider that both Tyudall and Forbes'

theories are true, and so combine the two ; but to the

writer it seems that the plasticity of Glacier-ice under great

pressure is so well proved as to render the regelation

theory almost unnecessary ; and according to it, there

ought to be more cracks and crevasses all over Glaciers,

and not only in their steeper parts.

THE GREAT SUNSPOT AND ITS INFLUENCE.
By E. W. Maunder, F.E.A.S.,

Assistant superinteiulini/ the Solar and Spectroscopic Depart-

ments at the RiiyaJ Olisercatory, (Jmemrich.

IT
is a strange circumstance that we seem to have
scarcely any observations of Suuspots previous to

the invention of the telescope. Only some three or

four have come down to us
; yet spots large enough

to be seen by the unassisted eye are not at all in-

frequent at the times of special solar activity, and from
time to time spots occur which are not only visible, but

which are even conspicuous."' The writer well remembers
when a boy at school, and not in the least likely to have
been on the look-out for such an occurrence, having been
surprised by the sight of an intensely black speck on the

setting sun. On a more recent occasion, when the Queen
was holding the review of the troops who had returned

from the Egyptian campaign, the morning was a foggy
one, and no dark wedges or smoked glasses were needed
to tone down the brilliancy of the sun to the eye. It

shone feebly through the fog, a dull red ball, but not, as

usually, with unvaried surface ; a big black blot was
conspicuous upon it, so conspicuous as to attract the atten-

tion of the soldiers who were crossing Blackheath on their

way from 'Woolwich to Hyde Park to attend the review,

and called forth much comment and speculation from them.
It may, therefore, be safely assumed that the object on the

sun was something not easily overlooked, and it is hard to

imderstand, if spots of similar magnitude have occurred
upon the sun from time to time, during the ages which
preceded the days of Fabritius and Galileo, how they
escaped notice.

But the great Sunspot of the February just past fairly

dwarfed that of November, 1882, to which I have referred

above, and whenever the sun was sufticiently dull for the
eye to be able to look at it without pain, it was not merely

* The late Mr. John "Williams, formerly Assistant Secretary of
the Eoyal Astronomical Society, collected several Chinese accoimts of
Sunspots, which had been observed by the naked eye. In the
Monihlii JS'otices for April, 1873, he gave a list of such 'observations,
extending from A.u. 301 to A.B. 1205. Some of the spots were
described as " like a hen's egg," " like a duck," " resembling a large
date, " Possibly our foggy atmosphere, ivhich often enables us to
look steadily at the setting and rising, and sometimes at the meridian
sun, may account for the fact that spots visible to the naked eye
have frequently been observed in England, while, as far as I am
aware, the Greeks and Romans did not notice them.—A. C. Eaxtaed.

an easy but a conspicuous object. Nor can we wonder that

it was so when we come to consider its real dimensions.

For on February ]3th the spot had an extreme length of

14° of solar longitude, and a breadth of 8'2° of solar

latitude, equivalent to 92,000 and 62,000 English miles

respectively ; whilst the entire group of which it formed
the principal part was nearly 25° in length, and 10" in

breadth, or in miles 162,000 and 7.5,000. The area of the

great spot on this day reached the astonishing amount of

2940 milHans of square miles, or reckoning in the smaller

spots which clustered so thickly round the central one, the

spotted area of the whole group was 35H0 millions of square

miles. Such an area is all but 18 times that of the entire

surface of the terrestrial globe ; or to put the matter in

another way, some 70 worlds as large as our own could have
lain side by side in that immense hollow.

These figures may seem incredible until we recall how
vast is the scale upon which the sun itself is constructed.

Thus the photographs of the sun taken at Greenwich, one
of which is reproduced in the accompanying plate, are

on a scale of 8 inches to the solar diameter, a sufficiently

large scale to show much detail. Yet a spot with an area

of one million square miles would have a diameter of but

one hundredth of an inch on such a photograph
;
practically

it would be the smallest object which would be measured ;

any smaller spot would be qtiite a negligable quantity. A
spot of onh/ one million square miles area may be taken

as the minutest object that can be satisfactorily dealt with

on such a photograph.

We might look at our giant spot from another point of

view. Suppose that an object of the same intrinsic bright-

ness as the sun, and of the same apparent size as the great

spot, were shining in the midnight sky, how would it appear

to us? If we give the sun's "magnitude" as 26i times

brighter than an average first magnitude star, then from such

a body as I have supjiosed we should receive more light

than from 130 million stars as bright as Procyon, more
light than from 8680 full moons. The planet Urantis is

sufficiently bright to be detected by the unaided eye on a

clear and steady night by any keen-sighted person, yet the

light by which it shines is practically all derived from the

sun, which, as seen from Uranus, is not nearlj- as large as

this great spot appeared to us. Even Saturn, bright and
readily seen as that planet is, does not receive much more
than twice the light from the sun which a region of the

sun equal in area to the Sunspot radiates to us.

If, therefore, the Sunspot were absolutely black, its

presence on the sun would imply that the light of the sun
was diminished by the amount of 3680 full moons, or

130 million stars as bright as Procyon.
Now it is true that the spot was very far from being

absolutely black. The greater part of its surface, the

penumbra, was dark only by comparison with the greater

brightness of the sun ; and even the darker jjortions, the

umbra, still radiated a large amount of light. For it has
been found perfectly easy to observe the spectrum of the

darkest portion of Sunspots, which aflords clear proof not

only that they radiate some light, but tbat they radiate a

great deal. Still, if we assume the penumbra to be as

much as two-thirds as bright as the general surface, and
the umbra as one-quarter as bright, we have a loss of light

due to the .spot of some 1456 full moons ; a loss much
greater than the total light Neptune receives from the

sun, and but little less than Uranus receives. But if we
take the figures Sir W. Herschel gives, and regard

the brightness of the penumbra as 47 per cent, that of the

general disc, and of the nucleus as only 0-7, then our Sun-
spot becomes responsible for a loss of light equal to 2200
full moons. This is three times as much light as Neptune
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receives, considerably more than Uranus receives, and is

much more than one-fourth of that which falls upon
Saturn.

These figures, of coiu'se, represent not the average size

of the group, but its greatest size. It would appear to have
been quite as large, perhaps even larger, on February 11th
and 12th as on February 13th, the date for which the

preceding figures have been computed. But it had passed
through many changes before it attained so great a de-

velopment. We cannot trace it back to its formation, for

that took place upon the further side of the sun, and it

yet remains to be seen whether it will end its course in the

visible or the invisible hemisphere. The first time it came
imder observation was November 1.3th, 1801, when it was
seen at the eastern edge of the sun. It was already a

fair-sized spot, with an area of about 470 miUions of

square miles when first seen, and it increased in size from
day to day. At this time, November 19th and 20th, it

resembled the general type of the more important spot

groups in its appearance, that is to say, it was divided into

three principal regions. The largest spot of the group
led, then followed a few small scattered spots, and the

procession was closed by a large spot of irregular outline.

Usually the leading spot in such a group tends to become
very well defined in outline and circular in shape, and it

increases in size, whilst the rest of the group tend to

die out. It was not so ^ith the present group. After

passing the central meridian of the sun great changes were
seen, in which the following spot assumed the circular

form of the first, and the leader broke up into a chain of

small spots. This chain, however, conformed to the

typical spot history, and before the group had been carried

out of sight round the western edge of the sun, it had
become reduced to a single circular spot, making with the

following spot a pau- very similar in appearance and size.

The gi-oup was next seen at the eastern edge on
December 12th, and remained visible until December 24th,

returning into view on -lanuary 9th, and disappearing at

the western edge for the third time on -January 21&t. No
very noteworthy changes occurred during these two
appearances. But when the group reached the east limb
for the fourth time, on February 5th, it was altogether

changed in appearance and size. It was now five times as

large as when it had been last seen on -January 21st, and
it was to increase stiU further in size. The distressmgly

bad weather we had in England during the next week
prevented further o"bservations at Greenwich until Feb-
ruary 13th, the date upon which the photogi'aph was taken

which is reproduced in the accompanying plate. From
this date it diminished in area somewhat until Feb-

ruary iKth, when it reached the western edge. It returned

to our view on March 4th, shrunk in size beyond all recog-

nition. The entire area of the group was now only about

250 millions of square miles, and of the largest spot only

120 millions. It revived a good deal during the following

days, but though it attained very important dimensions,

and showed several interesting changes, it at no time

approached the magnificent proportions it had exhibited

during February. It reached the western edge on
March 17th, and if it still continues in existence may be

expected to reappear again on the eastern border on

March 31st or April 1st.

It was, therefore, only during a small portion of its life

that the group attained the enormous development sho\Mi

on our photogi-aph. It happened with this spot, as it

often happens with other large groups, that its greatest

development took place very nearly at the time when the

rotation of the sun brought it nearest to the centre of the

disc. The days, therefore, when the actual area was

greatest were those when the effect of foreshortening in

diminishing the apparent size of the group was least ; so

that it was seen most nearly in its true proportions just at

the time when these were at their maximum.
It was, therefore, only for three or four days that the

spot was effective in diminishing the sun's light to the

extent we have mentioned. StiU that diminution would

appear to be so serious in actual amount that even if we
regard it as lasting but three days it would seem reasonable

to expect that it would make itself felt here. And certain

effects were undoubtedly experienced, though perhaps not

those which might have been naturally looked for. and

though it is not by any means certain that they had any

direct connection with a diminished radiation from the sim.

it might, perhaps, have been supposed that a loss of

Ught equivalent to that afforded by over 2200 fuU moons
would have seriously affected terrestrial weather. It is

possible that it may hereafter be proved that it has

such an effect, but up to the present nothing of the kind

has been satisfactorily established. And even supposing,

what is qiute possible, that the diminution of radiation

over the spot itself is not compensated by an increased

radiation from other parts of the surface, it must be fully

borne in mind that the greatest loss due to the spot must

be but a very small fraction of the total solar radiation.

The difference due to the greater distance of the earth from

the sun at one part of its orbit far outweighs it. For the

extreme difference due to that cause is one part Lq fifteen,

but the greatest difference which, on the assumptions we
have made, we can ascribe to even such a spot as that of

February 18th would be no more than one part in 320, or

only three times the effect produced by Venus in transit.

Any dinct effect upon the weather, therefore, must, in any

case, be of the slightest, the more so that Sunspots are

short-lived, and the time during which they present their

full face to the earth is necessarily limited to three or four

days.

But if the weather shows little or no sign of Sunspot

influence, that influence does really exist, and makes itself

tmmistakably evident ; and our February Sunspot did not

fail to make its own indindual record. Down in the cellars

of the Royal Observatory, Greenwich, and the Kew
Observatory, and at many other similar institutions all over

the world, delicate magnetic needles are kept carefully

suspended so as to be free to move at the shghtest impulse.

The position which such a needle takes up in England is

neither a horizontal nor vertical one, nor does it point truly

to the geographical north. This deriation from the true

north is what is known as the magnetic decUnation, or

the ordinary " variation of the compass." But such a

needle do3s not remain stationary in the position it takes

up. Day by day it appears to make an effort to follow the

sun as it crosses the sky. The greatest deviation from

the mean position towards the west takes place about

two o'clock. The needle then begins to move back again,

and by about ten o'clock at night has returned to its

average position. There is usually but little movement

during the night.

This curious daily motion varies in character and ex-

tent at different times. Notably it varies with the season

of the year, but for our present purpose its variation from

year to year is more important. For it has been clearly

"established that, »/(/•« "v tuk-r aivrwie results for .swre-ssiif

i/i-firs, we shall find that this motion is greater in amplitude

and force in strict proportion to the number and size of

the spots upon the sun.

That there is this riineral connection between the mag-
netic variations and Sunspot frequency is admitted. But

when we come to the question as to whether individual
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spots are able to exercise a special and indindual influence,

we find there is still a difference of opinion. We may
therefore hopefully look to the record of spots like that of

November, 1882, or of the February just past, for informa-

tion on this point, for we naturally expect spots so

gigantic in size will be the most powerful in influence.

( To be continued, j

ON THE CONNECTION BETWEEN SUNSPOTS
AND MAGNETIC STORMS.

By A. V. Raxyakd.

THE lower picture on our Plate represents a large

Sunspot, photogi'axjhed by M. .Jaussen, on a scale

of nearly five feet to the sun's diameter. Its

irregular form is characteristic of a period of sun-

spot maximum disturbance such as wc have now
entered upon. During such periods the willow-leaf or

rice-grain structure of the photosphere becomes rounded
and less strikingly distinct than at a period of minimum
sunspot development. At all times a mottling of the

photosphere is recognizable, i^roduced by the haziness or

smudged appearance of the grains or cloudlets in certain

areas, while between the hazy areas the brilliant little

cloudlets and the small black spaces between them are

more distinctly visible, and are seen to be arranged more
or less parallel to one another. As a period of sunspot

maximum arrives, the character of the whole photo.sphere

seems to alter. The change is not merely confined to the

latitudes within 10° of the solar equator, where the spots

appear, but extends to the neighbourhood of the solar

poles. Similarly the prominences which appear in all

heliographic latitudes from the poles to the equator change
their character.

We are at present only in a position to observe and
collate facts, and we seem to be very far from miderstanding

the great periodic changes going on before us.

There is evidently a close connection between the develop-

ment of spots on the sun's surface and the swaying of the

earth's magnetic axis. More than one popular writer has
spoken of this connection as pro\"ing that the sun is

magnetic ; and that solar storms sway its magnetic axis

—

and, further, that every motion of the great solar magnet is

accurately followed by a corresponding motion of the

magnetic axis of the planets, which bow and swing, always
keeping parallel with the axis of the great central magnet.
But the earth's magnetic axis revolves about the earth's

axis of rotation once in twenty-four hours describing a circle

amongst the stars of nearly 20" radius. If then, the

earth's magnetic axis and the sun's magnetic axis were
permanently parallel, we should have to assume that the

sun's magnetic axis travels round a line which is not the

sun's axis of rotation in a period equal to the earth's period

of rotation, which seems highly improbable.

There is considerable difficulty in conceiving of a hot

gaseous body like the sun being magnetic. The difficulty

occurred to Sir Isaac Newton, who, in a letter written on
the 16th of April, 1681, wrote: " Concerning the experiment

that a magnet loses its magnetism by heat, some have
indeed supposed the sun to be cold, but I believe Mr.
Flamsteed is not of this opinion, for they may as well

affirm culinary fire to be cold. For we have no argument
of its being hot, but that it heats and biu-ns thmgs that

approach it, and we have the same argument of the sim
being hot. Were we ten times nearer him, no doubt, we
should feel him a hundred times hotter, for his light

would be a hundred times more constipated, and the

experiment of the burning-glass shows that his heat is

answerable to the constipation of his Ught
The whole body of the sim therefore must be red hot, and
consequently void of magnetism, unless we suppose its

magnetism of another kind from any we have, which Mr.
Flamsteed seems inclined to suppose."

It is possible that though the sun itself may not be
magnetic, it may act as a magnetic body because it is

surrounded by a magnetic envelope or region where its

gaseous constituents are precipitated into solid or liquid

magnetic particles. During the past year Professor Dewar
has shown that oxygen becomes strongly magnetic when
liquefied at a temperature of - 180° Cent. The vapoursof iron

when precipitated in the comparatively hot lower regions of

the corona, would also form a cloud of magnetic fog or

dust. There is some evidence, in the forms of the coronal

streamers seen in the neighbourhood of the sun's poles,

that the coronal particles are magnetic, and tend to arrange

themselves along lines of force, as if the whole sun had a

magnetic axis, nearly but evidently not accurately,

coincident with the sun's axis of rotation.

The corona is far from being accurately symmetrical

with respect to the sun's axis of rotation ; it is denser in

parts, and has projecting rays or structures which extend

to a great distance from the sun, especially in the sun's

equatorial regions. On the above theory we should expect

to find the magnetic region similarly unsymmetrical, and
a body passing round the sun, near to the plane of the solar

equator, would be subject to very unequal disturbance

from the magnetic particles of the corona. This seems to

tally with the facts observed—for the greatest magnetic

storms have generally taken place when a large spot

has been seen near to the centre of the sun's disc. We
know very httle at present as to the connection between

the corona and sunspots, or as to how far the corona

extends—some of its larger structures may extend as far as

the earth's orbit, or as far beyond onr orbit as the zodiacal

light extends. There is no evidence that large coronal

structures exist over large sunspots, but there is evidence of

an intimate connection betwen the general development

and arrangement of the parts of the corona and the

spottiness of the sun's surface, as well as between the

development of large prominences and sunspots.

The sudden manner in which these magnetic storms

commence seems rather to indicate that the earth plunges

into a magnetic or auroral region, than that the magnetic

equilibrium of the whole solar system is suddenly disturbed.

There is no brewing of a magnetic storm, it breaks out

with full violence from its commencement.

ILcttcrs.—I * I

—

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

STELLAR SPECTRA.

To the Editor of Knowledge.

SiR^
—

'With reference to Mr. Monck's remarks on the

spectra of binary stars m Knowledge for March, 1892,

2 4 seems to be identical with Lalande 220. I find that

the star in the Draper catalogue is identical with Lalande

221, which lies about 8' 25" north of the binary. Both

stars were rated 7|- magnitude by Lalande, and are 8

magnitude in Harding's atlas. They he closely soutli

prect'dinij the Ij magnitude star a Andromedse. The

spectrum of O 2 4 was sent to me by Professor Pickering.

With reference to /a'- Bootis my authority for its

spectrum is Professor Pickering, who kindly sent me the
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LARGE i-HOTOGRAPH OF A SUNSPOT Of MAXIMUM TYPE.

Taken bv Dr. Jri.ES .T.\XSSEN', on the 1st .June. ISSl.
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spectra of several binaries by private letter in July, 1890,
when I was compiling my catalogv.e of binary star orbits.

Yours faithfully,

March 18th, 1892. .7. E. Gore.

PERIODICAL COMETS DUE IX 1892.

Tn till' Editor of Knowledge.

Sir,—lu reference to my short article on this subject in

your February number, will you allow me space for a few
words to mention that M. Gautior has written a letter to

the (Jbsen-dtori/ pointing out that I had overlooked an
investigation of his own (publisl\ed in No. 265G of the
A.itrojiomisi-he Xaclirichten) on the motions of Tempsl's first

periodical comet, which shows that, in consequence of
great perturbations produced by the action of Jupiter upon
it between 1879 and 1885, the duration of its revolution
was increased by some mouths, so that the last return was
not due until the autumn of 188.3, and another may be
expected in the month of April next. That comet was
discovered by Tempel at Marseilles, on the 3rd of April,

1867, and was observed at the returns of 1873 and 1879,
but has not since been seen. In all those years it passed
its perihelion in May, but, according to M. Gautier's
calculations, the subsequent lengthening of its periodic

time was such that the next perihelion passage probably
occurred on the 25th of September, 1885. It was not,

however, seen, he remarks, on tliat occasion "par suite

d'un concours de circonstances defavorables." But, as it

has kept at a respectful distance from Jupiter since 1885,
there is every reason to suppose that it has suffered no
further important change in its period, and that it will

return to perihelion in the early days of April in the
present year. Yours faithfully,

Blackheath, February 5th, 1892. W. T. Lynn.

OX THE CAUSE OF EARTHQUAKES.
To the Editor of Knowledge.

Dear Sir,—Nearly forty years ago a tremendous explo-

sion occurred at Gateshead, during a great fire. It shook
the whole of Newcastle, and was heard at Tynemouth,
and ten miles out at sea. Burning rafters were carried

high into the air ; some of them falling on the other side

of tlie Tyne caused a tire in Newcastle, and one rafter fell

in my works, on the Gateshead side of the river, three-

quarters of a mile away from the scene of the explosion.

I visited the ruins and saw that the dcliris was arranged

in the form of a crater, and that inside the crater there

was a pool of water thirteen feet deep.

The fire and explosion had been the cause of several

deaths, and a very searchhig enquiry was made at the

inquest as to the cause of the explosion. There was a

general belief amongst the inhabitants of Newcastle that

gunpowder had been stored in tlie warehouses, contrary to

the law, and much indignation was expressed against the

warehouse owners, but the evidenc3 of Mr. Hugh Lee
Pattison, which I enclose, goes conclusively to show
that the explosion was due to the sudden generation

of steam. I shall never forget the sensation produced

at the inquest when the witness said, " To produce

an explosion another element is wanted." He paused,

and everybody expected the word "gunpowder" to

follow. But he went on, " and that is water," and

he ultimately succeeded in convincing the jury that the

water they had looked upon as an element of safety was

more dangerous than gunpowder.

It seems to me that if water can produce such a

tremendous concussion by its sudden conversion into

steam when it is confined by warehouse floors, with a few
tons of goods upon them, its explosive force would be
sufficient to shake the earth, and throw down buildings on
the surface, if it were suddenly converted into steam at a
great depth. I tliiiik that it is pretty generally admitted
that volcanic eruptions are always acsompanied by a great
evolution of steam, which continues to issue and form a
white cloud steaming away from the volcanic vent long
after the first outburst has ceased ; and it seems to me
much more probable that the great shaking of the earth's

crust, as well as the noises heard during some earthquakes,

are produced by sucli explosions, rather than by the
grinding together and slipping of strata along a line of
fault, as has been suggested by modern theorists.

Yor.rs faithfully,

George Crawsh.vy.

FROM TUK REPORT OF THE INQUEST.

Date of Explosion, October (Hh, ISoi.

" Hugh Lee Pattiiisoii was then swovn ami gave his evidence :—He-
said ho had h)oked to the contents of the warehouse furnished him by
the coroner, and wag of opinion that not one of the substances was
explosive by itself. He was also of opinion that not one of the sub-

stances would become explosive by being roughly mixed together.

He thought he could go further and say that hardly any three of

them would become explosive. Daring these two days and this

morning, previous to this enquiry, he had made several expei'iments,

not because he felt any philosophical doubt, hut to make assurance

doubly sure. He had melted nitrate of soda, and when perfectly fluid

and red-hot he had poured it into melted brimstone, and there had
been produced certainly intense heat, but no explosion. He had
introduced into melted nitrate of soda, while red-hot, melted guano,

melted zinc and coal tar, that was all the explosive materials, and
there had been no explosion ; there simply took place deflagration,

i

which, act'ording to Crabbe, mea.it a gradual sparkling combustion of

i

any substance without violent explosion—a term particularly applied

to combustion applied to nitre. It followed, therefore, that the con-

tents of the warehouse alone would not explode. There wanted
another element, and that element was water; for we had abundant
evidence that when water came into contact with intensely hot and
melted saline matter generally a violent exijlosion took place. This

he had also proved by experiment, by introducing a small cpiantity of

water into a crucible and also into a large jar, both containing

incandescent nitrate of soda, deflagrating with sulphur, and in

each ease the vessel was shivered to pieces with a loud explo-

sion, and he produced the pieces in court. Various other

experiments of the same nature were made by himself and assistants,

all with the same results, and, in support of the same view, he read

from the London, Edinburgh, and Dublin ' Philosophical Magazine '

for 1850, a paper by Dr. Hare, of Phdadeljihia, detailing experiments-

which showed that "an explosion similar to the present, which occurred

in New York in 1845, had occurred from this cause. Mr. Pattinson

went on to say that the fire, the effects of which they were considering,,

had burned a'considerable time before the explosion, and tlie evidence

showed that towards the base of the building, in what was called the-

vault. tliere were 47 tons of sul|ilinr spread out on the floor, over

which was placed a tarpaulin cover, and upon the top of the cover

there were placed 45 tons of nitrate of soda in bags. Now, his

opinion was that the sulphur in the vault took fire, which it would do-

at a temperature of 500 degrees or thereabouts. This would set fire

to the bags containing the nitrate, and some of the nitrate would be

melted, which, flowing over tbe burning Miliihur, would produce most

intense combustion, and this would, in a little time, extend itself to

all the sulphur and nitrate in the vault. The large quantity of these

substances thus deflagrating in a confined space woiUd necessarily

oenerate an intense heat, more intense, probably, than we could well

conceive, and if at this time water in sutKcient quantity should find

its way into the vault by any means, it would come in contact with

the highly incandescent "salts, when steam of resistless force would be

instantaneously generated, and tliis would occasion the explosion.

It had been "imagined that this explosion had been produced by

ei^ht tons of gunpowder, noboily imagining that more was required,

and nobody talking of any less ; but probably four tons of gunpowder

would produce the explosion. Now, to compare the force of steam

with that of gunpowder they had the following data :—Mr. Robins,

who experimented in guni)owdcr some years ago, found that 27 grains

of gunpowder, yielded an explosion of :H() cubic inches of per-

manently elastic gas, at which rate a grain of gunpowder would yield
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1 28 cubic iuclies of gas. ' We find,' says the article, ' Gunpowder,'
in the ' Edinbiirgh Encjclopfedia,' ' that 1267 of gunjjowder
generates 109'6 cubic inches of gas. from which one grain of gun-
powder woukl jield 1'25 cubic inches of gas. This, he shouUl assume,
was correct. Then 253 grains of gunpowder (the weiglit of a cubic
inch of water) wouhl produce 316'25 cubic inches of permanent gas.

But one cubic inch of water, expanded into steam, occupied the space
of 1728 cubic inclios ; hence the elastic force of water was to that of
gunpowder as 1728 to 316'25 or 5^ to one nearly. It would, therefore,
lequire only 366 cwt. of water to do the work of one ton of
gunpowder. To do the work of eight tons of gunpowder would be
required 2988 <'wts. of water, or 328 gallons, or about six hhds. of 54
gallons each, or 52^ cubic feet of water. ^N'ow, there could be no
difficidty in imagining that this quantity of water would get into the
Taidt, and cause the explosion."

EXPERTMEXT,S AT THE FeLLING ChEMICAL WOEKS.
' On arriving at the extensive chemical works of Mr. Pattinson at

the Felling, that gentleman at once proceeded to make experiments,
in presence of the coroner, the jury and Captain Du Cane, in support
•of the evidence he had given on the preceding day. He first

•caused a metal pot to be inserted in the ground until its top was
level with the surface, and having put into it 9 lbs. of nitrate of soda
and () lbs. of suljjhur, he ignited the mass ; and then heating it to the
highest possible degree of which it was .susceptible, he poured into it

about a quart of water. The effect was immediate explosion, accom-
-panied by a loud clap, whicli would have been exceedingly perilous
to any jjerson in its inunediate vicinity. The experiment was repeated
under precisely simUar conditions, and attended with a precisely
similar result. A trial of the same kind, which had been made
before the arrival of tlie coroner and jury, had been accompanied
-with the additional effect that the metal vessel, wliich was the subject
•of it, had a hole blown through it in two or three different jilaces.

A series of experiments was then made under slightly different
conditions. The pot, into wliich the sulphur and nitrate of soda were
put, was covered over the top with a large piece of thick metal of
considerable weight, and above that again were placed several large
pieces of clay and earth. It was deemed necessary to try this
experiment in an open field, away from any dwelling-house, and
which admitted of the spectators placing themselves at a safe
distance from the spot. The materials were then ignited as before,
and when in the incandescent state water was potired \ipon the
mass down a spout ; but the i-esult was only a comparatively
slight explosion, and which scarcely disturbed t'lie iron and clod's

placed over the mouth of the vessel. Another experiment of the
kind was made with the same result. At length, a trial having been !

-made for a third tinu\ but with this difference, that the vessel was i

covered over tlie top « ith another similar vessel, and tluit the water
was poured upon the sulphur and nitrate of soda with greater rapidity
•than before, by slightly elevating the spout, the effect was to blow up
•the pot on the top into the air to a height of ujiwards of 70 feet,

Accompanied by a loud detonation. \\'ith this the coroner and jury
•seemed convinced that whether or not the premises in Hillgate
•contained gunpowder, they contained, at all events, elements as
•certainly explosive, and, perhaps, far more destructive."

N.B.—A large water-pipe inside the building appears to have
•burst

;
thus adding to the water from the fire engines.

[There is some difficulty in understanding how without !

a prior shock, or dislocation, water could in any quantities '

enter heated cavities in the earth. A little -^-ater percolating
in would, if converted into steam, tend to drive back and
check the entrance of more -water from above ; and to

produce a great explosion a considerable mass of water
•would need to be admitted rather sitddenly to a hotter
region. The slipping of strata, or any sudden change
along a line of fault might, no doubt, afford a way
for such a down rush, but one has to account for

the initial movement. If, as is so often assumed,
there is an average rise of temperature as we descend
within the earth, amounting to 1° Fahrenheit for every
50 to (JO feet, water would be raised to 212° Fahrenheit ',

at a depth of much less than two miles (i.e., some-
where between 7500 and 9500 feet). Water under pressure
would glow with a red heat at a depth of ten miles, and cast
iron would glow white, and be raised to a temperature which
would melt it at the earth's surface, at a depth of 30 miles.
But the ordinary assumption with regard to a rapid in-

crease of temperature is founded upon observations made
within such mere scratches in the earth's crust, that we !

cannot safely assume that the temperature will increase

uniformly as we proceed to greater depths. Our deepest

mines only extend to a depth of a little more than half a

mi!e from the surface, while our deepest borings do not
extend to four-fifths of a mile in depth. In entering this

mere outer skin of the earth it is found that there are
great inequalities in the observed rise of temperature in

different regions of the globe, such as certainly would not
exist if the increasing temperature were only due to the

secular cooling of the interior of the earth from an
originally-heated mass. Thus, according to Prof. Judd,

at the great boring of Grenelle at Paris, the increase of

temperature down to the depth of 740 feet amounted to
1° Fahrenheit for every 50 feet of descent, but from
740 feet down to 1600 feet the rate of increase diminished
to 1° for 75 feet of descent. In the deep boring of Speren-
berg, near Berlin, whicli attained the great depth of

4052 feet, the increase of temperature for the first

1900 feet was 1° Fahrenheit for every 55 feet, and
for the next 2000 feet it diminished to 1° Fahren-
heit for every 62 feet of descent ; w'hile in the deep
well of Buda - Pesth a decline in temperature was
actually found below the depth of 3000 feet. On the

other hand, at Monte Wassi, in Tuscany, the temperature
was found to increase at the rate of 1° Fahrenheit for

every 24 feet of descent, while in the Comstock Mine there

is a rise of temperature of 1^ Fahrenheit for every 45 feet

of descent between 1000 and 2000 feet from the surface,

and a similar rise for every 25 feet at depths below 2000.

Such irregular increases of temperature seem to show
that there are great local sources of heat, due possibly to

chemical changes going on, or more probably to the great

crushing and crumpling of strata along lines of weakness,

which are always taking place ; raising mountain ridges

and depressing other regions as the external shell of the

earth contracts by secular cooling upon the central mass.

It is a fact well know-n to geologists, that rocks which
appear to have been subjecteil to great movement and
contortion also appear to have undergone great chemical

change, such as would follow from their being subjected to

a high temperature in the piresence of water. With such
evidence of stress and change going on within the body of

the earth, we need not necessarily look to explosions as

the cause of the tremors which occasionally agitate the

earth's surface.—A. C. Eanyakd.1

OUR NEiHEST NEIGHBOURS AMONG THE STARS.

To the Editor of Knowledge.

Dear Sir,—The late Mr. Proctor pointed out long

ago that the best test of the relative distances of the

stars which we possess is their relative proper motions.

Not of course that there may not be near stars, whose
proper motions are small, because they are moving
almost directly towards us or away from us, but that

every star, with large proper motion, must be comparatively

near, unless we ascribe to it an enormous velocity.

This is true, even if the apparent proper motions of these

stars are largely due to the sun's motion in space, for it

is only on near stars that the effects of this motion will

be easily perceptible. When travelling by train, the trees

at the end of the next field appear to be moving rapidly,

while the distant range of mountains hardly changes its

apparent place. In like manner an extremely distant

star will appear to be unaffected by the sun's motion,

while a near one will be considerably displaced. This con-

clusion, moreover, is borne out by the results of spectro-

scopic research. The spectroscope reveals no extraordinary
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velocity on the part of some stai's as compared with others.

This appears not only from the accurate resiilts of Vogel,

but from the more extensive but less accurate researches

made at Greenwich and elsewhere. I doubt if there is a

star observed half a dozen times at Greenwich which gives

an average spectroscopic velocity of 80 miles per second,

and the average results obtained at Greenwich are con-

fessedly too large. Stars no doubt diiJer in velocity as

well as in other respects, but not to such an extent as to

deprive large proper motion of its value as a test of near-

ness. And an examination of any catalogue of stars, with

large proper motion, leads to the same conclusion, by
showing us that their real motions are comparable with

the sun's motion in space. Thus, taking 'M. Bossert's

Catalogue of Stars, with proper motions of half a second

or upwards annually, and taking the right ascension of

the pomt towards which the sun is mo'\'ing as 270°, the

effect of the sun's motion will be to diminish the right

ascension of all stars in the second and third quadi'auts,

and to increase the right ascension of all stars in the first

and fourth quadrants. As a matter of fact I find that

three-fourths of the stars in the second and third quadrants

are moving in the direction of diminishing right ascension.

and three-fourths of those in the first and fourth quadrants

are moving in the direction of increasing right ascension.

This is just the result which would be obtained if the sun's

motion in right ascension was equal to the average motion
of the stars in question. The effect in declination is also

manifest, though uot quite so well marked, and the result

appears to be that the stars in M. Bossert's Catalogue are

not on the average moving with much greater velocity

than the sun.

But when we examine the spectra of these fast-moving

stars, one important fact immediately occurs to us. Over
the whole sky the numbers of stars with spectra of the

first type (Siriau stars) and of the second type (Solar stars)

are about equal ; but when we examine M. Bossert's

Catalogue of Stars with large proper motion, we find that

there are about eight Solar stars to one Siriau. (Stars

with other tj-pes of spectrum are almost wholly absent.)

The Sim thus appears to be one of a class or cluster of

stars whose spectra are of a type similar to its own. And
we begin to see, too, why the brightness or magnitude of

a star affords so doubtful an index to its distance from us.

Ceteris parilnin, Sirian stars appear to be brighter than

Solar stars, and a classification according to brightness or

magnitude vnh prove to a large extent misleading so long

as we omit the consideration of the spectra of the stars.

The relative efl'ect of the light of two stars on the eye is

often widely dift'erent fi-om the relative effect on the photo-

graphic plate, and a mere change in the structure of the

eye might revolutionize the whole aspect of the heavens.

We must, therefore, note the kind of light as well as the

quantity before we found any inference as to distance on it.

Another test of distance occurs in the case of binary

stars, which is worth examining. If two stars, which are

separable by the telescope, complete their revolution in a

moderate period, the inference is that they are comparatively

near us ; otherwise the mass of the system must be enormous.

On the other hand, if the angular distance between the

stars is not large and yet the revolution is very slow, the

pair is probably at a great distance ; otherwise the mass

must be very small. I accordingly compared Mr. Gore's

Catalogue of Orbits of Binary Stars with the Draper

Catalogue of Stellar Spectra, and I foimd thit the former

catalogue contained 32 Solar stars to 11 Sirians. That

this preponderance was due to the comparative nearness of

the Solar stars rather than to their large masses, appeared

from the fact that many of them had large proper motions.

and that in more than one instance a sensible parallax

(with the result that the mass was not very large) appeared

to be determined by actual measurement. Such stars are

a. Centauri, 61 Cygni, 40 Eridani, -q Cassiopeia, and 70

Ophiucbi. It might be thought, perhaps, that Sirian stars

were, for some reason, less likely to enter into binary

combinations than Solar stars. But this does not seem to

be the case. On comparing the list in the " Handbook of

Double Stars" with the Draper Catalogue, I found that the

Sirian stars were quite as numerous as the Solar stars

—

perhaps a httle more so. But when we turn to the double

stars, whose orbits have been computed, the proportion

drops at once from one-half to one-fourth.

The exact limits of this Solar cluster, and the number of

stars comprised in it, remain to be determined, but one

thing, I think, may be affirmed of it—that it has a

northerly drift. Thus, when Professors Boss and Stumpe
deduced the position of the apex of the sun's way from stars

with large proper motions, they obtained a less northerly

position than when they determined it from stars with

smaller proper motions.'^-' It might be supposed that this

was due to the greater actual velocity of the stars with

large proper motions which had the effect of disguising the

sun's motion in space, but a comparison of M. Bossert's

Catalogue with the more extensive catalogue of Mr. Main

does not lead to that conclusion. The ett'ect of the sun's

motion in R. A. is more marked in the case of the stars

with large proper motions, though that in N. P. D. is less

so. The stars with large proper motions are not perhaps

faster movers than their compeers, but they have a general

drift, which others have not ; though whether the more

distant stars are moving indifi'erently in all directions, or

have a general drift dift'ering from that of the solar cluster,

remains to be determined.

I do not think, however, that all the Solar stars, or even

all the bright Solar stars, belong to the cluster or system

of which I am speaking. Betelgeuset and Eigel, for

instance, have not only very small proper motions, but

judging from the attempts which have been made to

determine their parallaxes are nearly as remote as the

fainter Sirian stars which abound in the region of Orion.

Procyon, Capella, Aldebaran, and Arcturus (in spite of Dr.

Elkin's insensible parallax of the latter, m which I have

not much faith), on the other hand, probably belong to the

Solar cluster. The motions of the stars in this system

may be illustrated by supposing that all the elliptic comets

which move round the sun were simultaneously visible.

They would appear to be moving almost indifl'erently in

every possible direction, yet, taken all together, there

would be a general drift in the direction of the sun's

motion. Apparent indift'erence of motion may in this way
be combined with a general northerly drift.

Further light, however, may, I think, be' thrown upon

the structure of the Solar cluster by sub-dividing the Solar

stars into two classes, which I propose to designate

Capellan and Arcturian respectively, after their most

brilliant representatives. The former class includes stars

with the spectra denoted by E and F, but more especially

F, in the Draper Catalogue. They are, on the whole,

somewhat less numerous than the Arcturian stars, but of

the 32 Solar binaries for which orbits have been computed,

no less than 23 have spectra of the CapeUan type, the

spectrum in 20 cases being F. They actually outnumber

all other binaries put together. Taking Mr. Main's

Catalogue of Proper Motions and comparing it with the

Draper Catalogue, I found that, roughly speaking, only 24

•See Old and New Astronomy, Part XII.

t But the spectrum of Betelgeuse is probably of the third tjpe.
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per ceut. of the Siriau stars had proper motions, amounting

to one-tenth of a second annually (for the Orion stars,

Spectrum B of the Draper Catalogue, the proportion falls

to 11 per cent.), 86 per cent, of the Arcturian and 65 per

cent, of the Capellan. The difference seemed to become

more marked as the stars became fainter. It is curious,

however, that for stars with very large proper motion

—say over one second and a half per annum—the

Arcturian type largely predominates. The Arcturians

are perhaps the real " runaway stars." The steady-going

members of the Solar cluster show no tendency to bolt

the course. Such, at least, is the appearance which they

present on a first inspection.

I remahi, Sir, truly yours,

W. H. S. MoNCK.

THE CHEMICAL RESEARCHES OF JEAN
SERVAIS STAS.

By Vaugh.\n Cornish, B.Sc, F.C.S.

IN
the last month of last year the chemical world

received with profound regret the news of M. Stas's

death, at the advanced age of seventy-eight.

The name of Stas has been a household word

among chemists for half a century, and his writings,

the celebrated Reclurches stir lea Lois ih's Proportions

Chimiques, have come to be regarded as among the

canonical books of chemistry. In all that related to the

experimental art Stas stood unsurpassed. The marvellous

patience with which he matured his methods, and the

skilful care with which the final experiments were carried

out, stand recorded in his classical memoirs with that

clearness and precision of expression characteristic of

French scientific writings. Stas's work bore on one sub-

ject only, the determination of " atomic weights," with a

view more particularly to ascertain if there existed any
simple definite relation between the weights of the

chemical atoms. In order to explain how this investiga-

tion came to be the mission of Stas's life, we must refer

to the state of chemical theory in the second decade of the

present century. At this time the laws of chemical com-
bination had been formulated and accepted—the laws, viz.,

which may be epitomized by saying that " chemical

elements combine together only in the proportion of their

equivalent weights, or in simple multiples of those propor-

tions." Dalton had propounded an explanation of these

laws in his " Atomic Theory," according to which chemical

combination was due to the union of chemically indivisible

particles, the particle or atom of each element having its

own particular fixed weight.

Dalton's theory, the next great generalization after

Lavoisier's explanation of the phenomena of combustion,

was the result of the discovery of definite and simple

numerical relations between certain chemical quantities.

It was natural that other minds, impressed by Dalton's

theory, should seek for other such numerical relations in

the hope of fresh discoveries of Nature's laws. In 1815 a

paper appeared in Thomson's Annals of Philosophij by
Dr. Prout, in which he pointed out certain apparent

relations between the atomic weights of the elements as

then determined. The idea was at once taken up by other

chemists, and took shape in the following form, known as

Front's Hijiiothesis

:

—"The weight of the atom of each

element is a simple multiple of the weight of the atom of

hydrogen." The observed deviations were referred to

errors of experiment, just as the apparent deviations from
the laws of chemical combination were referred to

experimental error.

It has been the life-work of Stas to investigate both

assumptions, and to show that while the laws of chemical
combination are rigidly exact the supposition of Prout is

unsupported by experimental evidence.

Prout's hypothesis owes its importance in the history of

science to the fact that it seemed to restore the old theory

of the unity of matter, which appeared to have received its

death-blow with the discovery of the chemical elements.

But if the atom of each element be exactly once, twice or

thrice the weight of the atom of hydrogen, then it is

reasonable to suppose that the atoms of all elements

contain only one kind of matter, and that the hydrogen
atoms are the one class of ultimate particles of

which all matter is built up. As the art of

chemical analysis developed under the hands of the

great Swedish chemist, Berzehus, it became evident

that Prout's hypothesis was not tenable in its original

form. It was revived, however, in a modified shape

chiefly owing to the influence of Dumas. In the modified

form, the hypothetical unit weight was that of the half-

atom of hydrogen. Later on, Dumas was compelled to

retreat yet further from the original position, and to take

the quarter-atom of hydrogen as the greatest common
divisor of the atomic weights. In this modified form the

idea of Prout loses much of its interest, since the "quarter

atom " of hydrogen is itself an unknown thing. Neverthe-

less, the idea of the oneness of matter always exerts a

certain fascination, and to some minds this unity of matter

appears to be almost a logical necessity. Hence the

tenacity with which chemists have clung to the belief that

apparent discrepancies were due to errors of experiment,

rather than to the inaccuracy of Prout's hypothesis.

Stas began his researches on atomic weights with a

strong prepossession in favour of the hypothesis. He
chose for his determinations such substances as could be

prepared in a high state of chemical purity, and worked
with large quantities of substance in order to eliminate the

effect of errors in weighing. A large number of experi-

ments, which occupied several years, furnished him with

extremely accurate values for the relative weights of the

atoms of silver and the alkali metals, and of chlorine,

bromine, and iodine. Moreover, the variety of methods
employed served to eliminate possible systematic errors

—

errors, that is to say, not due to want of skill in the

performing of an experiment, but due to the method itself.

Each substance, moreover, was prepared in several difl'erent

ways and from different natural sources. Not the least

remarkable tribute to Stas's skill is the close accordance

between the values he obtained for the atomic weights by

different processes of determination. The numbers
obtained in this first series of researches were closely

accordant among themselves, and wholly at variance with

those demanded by Prout's hypothesis. Stas concludes

his memoir thus :
" Prout's hypothesis must be looked

upon as a pure delusion ; the elements must be considered

to be distinct entities, with no relation between their

atomic weights."

The accuracy of Stas's work was admitted on all sides,

but his conclusions were contested. The criticisms of the

Genevese chemist, Marignac, are historically important,

having led Stas to his second and more celebrated

research. Marignac contended that it was far from being

proved that the constituent elements of many chemical

compounds were present exactly in the proportion of then-

atomic weights. It was possible that many chemical

compounds contained normally a very small excess of one

or other of their constituents. This criticism strikes at

the basis of the Atomic Theory, since that theory is

founded on the assumption that the laws of chemical



April 1, 1892.] KNOWLEDGE 75

combination are mathematically exact. For half a century '

the scientific ivorld had accepted the dictum that the laws

of chemical combination were Ms mathematiques, but the

original experiments on which these laws were based were

far from being models of accuracy. This fact was admitted

by Stas. who undertook the laborious task of a re-examina-

tion of those laws, with a view to settle by the most exact

methods whether these laws were in fact of mathematical
exactness, or, like so many physical laws, only Jois limites

or approximate relations. Li 1865, five years after the

date of his first series of researches, appeared the

XoureUcs Rtcherrhes sur hs Lois ths Proportions Chimiijues.

In this work Stas repeated the more important of

his former determinations of atomic weights, with

additional precautions. He also subjected to the most
rigorous tests the laws of definite, constant, and
equivalent proportions which had hitherto rested on the

comparatively rough experiments of Dalton, Wollaston,

and other workers of the early part of the present century.

In this great work Stas confirmed, on the one hand,

his previous conclusion that Proufs hypothesis was
unsupported by experiment, but showed on the other that

the laws of chemical combination, hitherto accepted on
insufficient data, were, as far as experiment could prove,

actual and veritable mathematical laws. It is impossible

to over-estimate the benefit conferred upon science by a

man who has the courage to devote years of patient labour

to the re-examination of points such as this, and the re-

investigation of supposed laws which have been accepted

on the evidence of insuflicient experimental data. Such
work is much needed in the chemical world at the present

time, when a vast superstructure of theory is being built

upon a comparatively small number of approximate ex-

periments with regard to the behaviour of substances in a

state of solution.

From the point of view of the working practical chemist

the most important aspect of Stas's researches is that

relating to ths preparation of chemical substances in a

state of purity. Since Stas's time chemists have not been

satisfied with the approximate purification of substances

which in general sufficed the earlier experimenters. The
approximate isolation or purification of substances is the

first step in a chemical research ; the complete purification

is the most difficult and the most important part of exact

research in the science. Stas's methods of purification

have served as a model for all subsequent experimenters.

In order to give a general idea of the character of his work
we will describe a method he adopted for the purification

of sUver, a substance which is, as he says, the " pivot " of

his determinations. Silver is a substance which, as Stas

showed, can be obtained in a state of almost perfect

purity. The way in which it resists oxidation, and the

distinctive character and insolubility of certain of its salts,

would lead one to suppose tliat its complete purification

would be very readily eflected. That this is not exactly

the case will be evident from the following description of

Stas's method. In order not to make the description

tmduly long, we omit the special methods of ptirifying the

reagents used in the work. These reagents are water,

nitric acid, hydrochloric acid, caustic potash, and mili:-

sugar. Each of these had to be submitted to special pro-

cesses of purification, lest their use should introduce foreign

substances into the silver.

Coinage silver was taken, and dissolved in very dilute

nitric acid. Any gold present is left undissolved. The
solution of the nitrate is evaporated to dryness, and
heated till no more nitrous fu-nes are evolved. The
salt is then dissolved in a small quantity of water. On
filtering, any platinum present is left behind. The filtrate

is then diluted with about thirty times its volume of water
and an excess of hydrochloric acid added. All the silver

is then precipitated or thrown down in the form of the

insoluble chloride of silver. Any copper and u-on present

remain in solution. The liquid is poured oflf and the pre-

cipitate washed, first with dilute hydrochloric acid and
then with water, tUl the washing appears to be pure water
containing no trace of copper or of hydrochloric acid. Tliis

washing of a large quantity of a precipitate is a very lengthy
and tedious operation, requiring days or weeks, according

to the quantity of the precipitate. The washing is efiected

in this case by shaking up the precipitate with water in a

stoppered flask, allowing the precipitate to settle, and
pouring off the liquid. All the operations with chloride of

silver were carried out in a room lighted by artificial Ught,
since daylight, as is well known, effects a chemical change
in the composition of chloride of silver. The chloride of

silver, purified as above, is brought on to a cloth (previously

washed with hydrochloric acid) and the water squeezed
out. After drying, the silver chloride is pounded fine in a

mortar, and reduced to the metallic state by warming for

forty-eight hours with a solution of caustic potash and milk
sugar (both carefully purified). The finely-divided metal
is then fused, with special precautions to prevent access of

impurities. By this process Stas hoped to obtain an ingot

of perfectly pure silver, but found that, besides very slight

traces of other substances, there remained an appreciable

quantity, 2 parts in 100,000, of silica. Experience con-

vinced Stas that no substance can be obtained absolutely

pure except by distillation. He therefore subjected the

silver obtained as above to the process of distillation from
one cavity to another in a hollowed block of quickhme,
made from white marble. The cavity having been pre-

viously heated by the oxy-hydrogen flame, in order to drive

off any volatile substances such as soda, the silver was
placed in the cavity and fused. No scum appeared on the

surface, showing the absence of certain impurities such as

iron, which imder these circumstances would form a slag.

The heat from the oxy-hydrogen flame was then increased

tiU the metal began to boil. The vapour had at first a

strong yeUow tinge, showing that sodium was still present.

This, however, soon disappeared, the\apom' of the silver

showing no colom- beyond a &int blue tinge. The absence

of any green tint showed that the substance was free from
copper. The metal having completely distilled into the

second cavity, or receiver, in the lime block, it was
found that absolutely no residue remained, the small

quantity of silica, and any similar fixed substance of

an acid character, having combined with the Ume,
and any oxidizable material having been burnt away by

the flame of the oxy-hydrogen blow-pipe. By the above

process Stas beUeved that he had obtained silver

absolutely pure. Subsequently, however, Dumas showed

that silver thus prepared absorbs, after distillation but

whde still molten, a certain quantity of oxygen which does

not combine chemically with the silver but remains
' occluded "' in the metal. The elaborate precautions

adopted by Stas were therefore not successful in obtaining

even this well-known and characteristic substance in a

state of perfect purity, though he subsequently determined

the amount of oxygen present. But the practical chemist

owes to Stas a proper appreciation of the difficulties

attending the purification of substances, an appreciation

of the necessity for taking every means to overcome these

difficulties, and a knowledge of methods for the carrying

out of this class of work ; methods elaborated by Stas

thirty years since, and which yet form the basis of many
of the recent researches on the detenoination of atomic

weights.
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THE LIFE OF AN ANT.-Il.

By E. A. BuTLEK.

THE exact nature of the occupations to which a

worker Ant devotes itself on attaining maturity,

depends somewhat upon the species, but there are,

as a rule, certain well-defined heads under which
their labours may be classed. Besides the care of

the young, which we have already noticed, their chief
duties will consist of the construction, enlargement, and
repair of the nest, the hunt for provisions, and the defence
of the colony. The satisfying of these claims will usually
be sufficient to occupy all their time, so that their life

becomes one of incessant activity, and their industry is

well known and proverbial. Their activity may extend
even into the night, for if daylight does not suffice to

complete necessary work, it must be continued after dark,
and Sir .John Lubbock mentions having watched an Ant
which worked continuously for nearly sixteen hours, from
early mornmg tiU late at night, carrying larva? to the nest.

The character and situation of the nest depend entirely

upon the species. The conical or rounded heap of earth
or twigs, commonly called an " Ant hill," is not always
present, nor does it follow that if Ant hills are made, each
distinct hillock represents a separate and independent
community. While it very frequently happens that an
entire community is located under one roof, such is by no
means universally the case, and, therefore, the terms " Ant
hill" and" Ants' nest" are not necessarily interchangeable;
often one colony will have three or four distinct dwellings,

in any of which its members would be at home. Occasionally
some communities build much more extensively than this.

M. Forel, indeed, cites a case in which a single community
of Ants of a very active species {Formica e.vsccta) possessed
as many as two hundred dwellings, which were spread over
a circular area measuring nearly a quarter of a mile in

diameter. So comjiletely had they appropriated this area
that, with the exception of a few nests belonging to a very
agile kind, no other species of Ant dared show their faces

in it. Many and fierce, no doubt, had been the conflicts

before this undisputed sway was established, for Formica
e.vsectii, though a delicate insect, is a ferocious fighter. Sir

•John Lubbock thus graphically describes its battles

:

" They advance in serried masses, but in close quarters
they bite right and left, dancing about to avoid being bitten

themselves. When fighting with larger species, they
spring on to their backs, and then seize them by the neck
or by an antenna. They also have the instinct of acting
together, three or four seizing an enemy at once, and then
pulhng different ways, so that she on her part cannot get
at any one of her foes. One of them then jumps on her
back and cuts, or rather saws, off her head."

While several Ant hills, as we have seen, may belong to

one community, it sometimes happens, on the other hand,
that a single hillock is shared by two communities,
belonging to distinct species, one half being occupied by
the one party and the remainder by the other, each main-
taining a separate organization, though domiciled under a
single roof. Thus the Yellow Ant (Lucius jiarusj, and one
of the races of the Bed Stinging Ant (Myrmica scahrinodix),

not unfrequently live side by side in this way, and the
distinctness of their establishments is evidenced by the
fact that if the nest be disturbed, as for example by the
dislodging of a stone, the two parties on rushing out to

discover the cause of the disturbance will sometimes come
into conflict, and a desperate struggle will take place, each
apparently mistaking the other for the authors of the
disaster. But there is another way in which a single Ant

hill may shelter more than one species. Small and weak
species sometimes live in the nests of larger and more
powerful ones, completely intermixed with them, though
the bond of connection is not always the same. There is

a minute Ant called Stenomnia M'esiirtiodii, which is never
found except in the nests of the Wood Ant and an allied

species, and so dependent do they seem on their hosts,

that when the latter change their abode, their little

companions go with them. They are certainly not on
terms of hostility to the larger species, which, indeed, take

but little notice of them. Not so, however, with another
minute Ant called Solmopsis fiit/ax ; these are real parasites;

they make galleries in the walls of their hosts' nests,

whence they issue to invade the nurseries of the latter and
carry off the young as food. Once within their galleries,

they are safe from retribution at the hands of their

defrauded hosts, as the latter are too large to get into their

tiny burrows. Sir .John Lubbock has very aptly compared
their depredations to what would be the state of affairs

with us, "if we had small dwarfs, about eighteen inches

to two feet long, harbouring in the walls of our houses and
every now and then carrying off some of oui- children into

their horrid dens."

But further, a smaller and weaker species may be in

the nest of a larger one as slaves, or at any rate, helpers.

Though the most remarkable of the slave-making species

are not British, we have in this country one kind which
is addicted to such habits. It is very much like the Wood
Ant {Formica rufa), and is sometimes called the Eed iVnt,

(F. MDu/uinea). (Fig. 4.) The worker has a red head and

Fig. 4.

—

Formica sangnhiea. Female. A slare-lioldino; Ant.

Magnified 4 diameters.

thorax, and a black body ; it makes raids upon neighbouring

nests of different species, capturing those larvfe and pupfc

which will produce workers. These, on coming to

maturity, finding themselves surrounded only by members
of a different species, and having no young of their own to

look after, calmly submit to their fate, adapt themselves to

their circumstances and set to work to tend the young of

their captors. In all Ants, the feeding of the young seems
to be the first work to which newly-matured workers devote

themselves, and it is certainly the most suitable employ-
ment for them until their skins are sufficiently hardened to

make them fit to go out on foraging expeditions, when
they may have to fight for their own lives or for those of

their brethren. The practice of keeping slaves or assist-

ants, of an inferior race, has not advanced in F. sanguinca

to such an extent as it has in some foreign species, where
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the captors are entirely dependent, even in the act of

feeding, upon the exertions of the slaves. The Red Ant
i

can apparently mmage as well without slaves as with i

them ; moreover, it does not seem to be particular about
the species to which its helpers belong. Mr. F. Smith, of

the British Museum, used to say that he had found the

workers of four other kinds in the nests of this slave-owner.

The origin of slave-holding is obscure, but it seems
likely that it may have arisen from the capture of pupte of

other species in time of scarcity, to be used as food. Ants
in general are quite prepared to use the pupa of other

species for this purpose, and if on occasions of scarcity

other nests were plundered and more pup;e carried off than
were required for immediate consumption, the residue

would probably mature in the nest of their captors, and
might then begin to take on themselves the nursing
function, to the manifest advantage of the other party,

who might thus be induced to bring in more for the same
purpose. Summarizing what has been said above, we have
shown that a smaller and weaker species of Ant may be

associated in the same nest with a larger and more power-
ful one in any of three ways—as a mere companion or

lodger, or even perhaps pet, as a parasite, and as a slave

or auxiliary.

The nature of the nest, and, in consequence, the employ-
ment of the workers in constructing it, varies with the

species. Some, such as the Wood Ant and the Formica
I'xsectd referred to above, construct great mounds composed
of bits of stick, pine needles, bents of grass, fragments of

fern-fronds, &c. These fragments are not in any way
fastened together, but simply placed carefully one upon
another, in such a way as to form a fairly compact mass,

which is firm enough to resist a good deal of pressure. A
large mound, of say two feet high, and ten or twelve feet

in circumference, must contain many thousands of twigs,

and when the number and the careful disposition of these

is realised, one can form some notion of the vast amount
of labour that its construction represents, all of which
falls to the share of the workers. For the collection of

the materials, the ground for large distances round the

nest is traversed again and again, the army of collectors

following certain definite tracks, which, by the trampling

of innumerable httle feet, in time become distinctly marked
roads, and from which, in order to improve them, any
obstacles that are not too large nor too firmly fixed are

intentionally removed. A suitable fragment having been
discovered by any. member of the collecting party, the

little creature seizes its prize with its jaws in such a way
as least to incommode its own movements on its return

journey, keeping it, if possible, pointing forward and raised

well off the ground. On arriving at the nest it places

its load in position, and in doing so a good deal of

judgment and discretion must be exercised, for the pile is

not simply to be an indiscriminate heap, but is to be

traversed through and through with tunnels and passages,

large enough to allow free passage to and fro for the

inhabitants, and regular enough to allow of pup;e being

laid out along them ; and openings must be left at different

spots on the sides of the mound to serve as entrances to

the nest. These also must be so arranged that they can

be closed at night by putting up barricades of interlacing

fi-agments, a duty which devolves on sentinel workers. It

is nothing short of marvellous that so many hundreds and
even thousands of indi\-idual3 should be able to act in

concert, and contribute piece by piece to the raising of so

deftly and securely constructed an edifice, without any
single presiding genius to lay the plans and see to their

execution, and it seems to point to a remarkable degree of

intelligence and power of adaptation on the part of the

workers, such as to enable them to fit in and utilize to the

best advantage fragments of all sorts, sizes, and shapes.

It is also a remarkable fact that the symmetry of the nest

is always well preserved ; its outline is regular, and the

slope even on all sides, although the builders, in conse-

quence of their small size as compared with the nest, and
their position on its surface when in the act of building,

cannot possibly see more than a very small portion of its

outline as they deposit and arrange their load.

The above-ground structure just described is not the

whole of the nest ; there will be tunnels below ground as

well, underneath the dome, and the earth from these has

to be removed, fragment by fragment, by the jaws of the

workers, and carried up above. The growth of the nest,

in both its divisions, must, of course, keep pace with the

increase of population, which involves ceaseless labours on
the part of the architects and builders; while damage to the

structure, caused by such accidents as the fall of objects

upon it, will call forth the energy and skill of the engineers

of the community to eli'ect a speedy repair of the breach.

We have thus seen that, in the case of such a species as the

Wood Ant, the collection of materials for the construction

of the nest involves long and frequent journeys, and no
inconsiderable proportion of the time of the labourers must,

therefore, be spent in this employment. As its popular

name implies, this Ant usually forms its nest in woods,

preferring pine plantations, for here there will be abundant
material strewed about the ground wherewith to form its

conical piles. It is found all over the country. The slave-

making Ant, on the other hand, though in appearance

very similar, prefers to excavate its galleries in banks, or

round the stumps of gorse, and is found chiefly in sandy
localities in the southern counties, especially Surrey and
Hampshh'e. Formica e.rscrtu, the species referred to above

as having such extensive colonies, forms mounds in which
bits of fern-fronds, ling, and grass are used. F. cuni/crem,

an insect very much like the Wood Ant, also makes mounds,
and the Rev. Farren White mentions a large one he found

on a sloping bank covered with fern, heather, and gorse,

on the margins of a stream : it was about a foot high

and over eighteen feet in circumference, and had seven

entrances.

Our other Ants do not form mounds of this sort, but

chiefly excavate the soil, or the trunk of a tree. Some,
like F. cunicularia, mine under stones, taking advantage of

the protection thus afibrded. The common F. fusca, one

of the chief slaves of the Red Ant, dehghts in banks,

especially such as face the south. The margins of the

footpaths in our gardens often bear witness to the presence

of the Garden Ant (L((.s(i« niiici'), in the little heaps

of grains of earth which the workers have laboriously

brought out one by one fi'om the soil beneath ; this species

will, however, sometimes excavate the stumps of trees. The
Black Ant {L. fuliijinosm) usually fixes on the bottom of

an old post or the decaying stump of a tree for its abode
;

it excavates the wood in galleries, the walls of which

always become stained black in consequence of its presence.

The abodes of the common Yellow Ant {L. tiacm) are the

rounded grassy mounds, generally something under a foot

in height, which are so familiar in meadows and heathy

places. In this instance the dome is composed of earth,

and though this, as well as the ground beneath, is excavated

through and through with tunnels, the growth of the turfy

grass is not interfered with, and hence great firmness and

compactness is imparted to the nest. As the colony

multiplies, the dome increases in size by the transference

to the outside of the particles obtained from the excavations

of the interior, in such a way as to distribute it uni-

formly and not destroy the symmeh-y of shape. As the
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Fig. 5.—Queen of Lep-
tothorax acervorum,

depriTed of wings.

A burrower under
bark. Magnified 8

diameters.

deposits are gradual, grain by grain,

they do not prevent the continued

growth of the grass, which is ever

extending itself outward, forming an

excellent thatch and acting as an
efficient watershed in case of rain.

The insect can, however, adapt itself

to circumstances, and in hilly country

where grassy mounds are impossible

will avail itself of the protection

afforded by loose fragments of rock.

The Eed Stinging Ants {Mi/nnica)

similarly excavate the ground imder

stones, while a neat little reddish

species called Le}>tothora.r arervonun

(Fig. 5) forms galleries under the

bark of trees, especially fir stumps.

Lastly may be mentioned a thin

and wiry small black species, the

workers of which have a squarish head
which is streaked with longitudinal

furrows ; it is called Tetrumorium ciespitum (Fig. 6),

and is foimd at various places

along our south-eastern coasts,

seeming for some reason or other

to prefer to be near the sea. It

also shams death when disturbed,

folding up its legs and lying quite

still. We have thus seen that

the lives of the worker Ants in

all these latter species are spared

much of the labour which falls to

the lot of the mound-builders, and
whatever journeys are undertaken

will be, not for the accumulation

of building material, but only for

obtaining food.

Ants feed chiefly upon insects

of various kinds, honey, honey-

dew, and fruit, and for a large

nest the daily bill of fare must be

extremely varied and comprehen-

sive. In nests of only moderate

size, the number of individuals will run up to thousands,

while of very large ones Sir John Lubbock's opinion

is that " perhaps London and Pekin are about the only

human cities which can compare with them " as to

population. The amount of food that such multitudes

would daily need is difficult to conceive, but so far at

least as animal food is concerned, the requirements of

a large nest would probably demand that many thousands

of small insects of different kinds should be slaughtered

every day. The hunting and gathering in of this quarry

is largely left to individual enterprise, at least amongst

the species found in this coimtry, no organized foraging

parties being usually employed
;
possibly, however, certain

special individuals may be sometimes told off for the

work. The corpse of a larger insect, such as a good-

sized beetle or a bumble bee, is an excellent find ; if too

large and heavy to be di-agged to the nest in its enth-ety,

even by the united efforts of a gang of labourers summoned
by commimications from the original discoverer of the

booty, the carcase must be cut up where it lies and carried

home piecemeal, an operation not difficult of accomplish-

ment by insects that always carry in their mouths a good

pair of scissors in the form of mandibles. The collection

of honey-dew leads many Ants to climb trees and plants,

and wander over their leaves in search of the deposit, or of

the aphides which produce it.

Fig. 6.

—

Tetramorinm cces-

pitum. Worker. A sea-

coast Ant. Magnified 10
diameters.

THE FACE OF THE SKY FOR APRIL.

By Herbert S.^dler, F.R.A.S.

LARGE groups of spots and faculse continue to

diversify the solar surface. There will be a total

eclipse of the Sun on the evening of the 26th,

but as it will not be visible in the northern

hemisphere, it need not be further noticed here.

The following are conveniently observable times of some
Algol-type variables (</. " Face of the Sky " for March).

S Cancri.—April 3rd, llh. Im. p.m. ; April 22ud, lOh. 17m.
P.M. 8 Libr;B.—April 6th, lOh. 12m. p.m.; April 13th,

9h. 46m. P.M. ; April 20th, 9h. 10m. p.m. ; April 27th,

8h. Sim. p.m. U Coronie.—April 5th, llh. 28m. p.m. ;

April 12th, 9h. 10m. p.m.

Mercury is an evening star during the first of the month,
and is well placed for observation during the beginning of

April, in the sense of setting some considerable time after

the Sun. His brightness, however, has notably diminished

since the third week in March. On the 1st he sets at

8h. 30m. p.m., just two hours after the Sun, with a northern

decUuation of 14° 24', and an apparent diameter of 7|",

^ijths of the disc being illuminated. On the .5th he sets

at 8h. 31m. p.m., or Hi. 52m. after sunset, with a northern

declination of 15° 3!)', and an apparent diameter of 8^",

j^ths of the disc being illuminated. On the 10th he sets

at 8h. 16m. p.m., or about Ij hour after the Sun, with a

northern declination of 15° 55', and an apparent diameter

of lO'O", jijtli of the disc being illuminated. After this

he rapidly approaches the Sun, being in inferior con-

junction with him at 4 p.m. on the 19th. He describes,

while visible, a very short arc in Aries, without approaching

any naked eye star.

Venus is now a resplendent object in the evening sky,

being visible to the naked eye before sunset towards the

end of the month. On the 1st she sets at lOh. 51m. p.m.,

4h. 20m. after sunset, with a northern declination of

21° 30", and an apparent diameter of 17f", T%%ths of the

disc being illuminated. On the 15th she sets at llh. 26m.
P.M., li-h. after sunset, with a northern declination of

24° 63", and an apparent diameter of 20-0". About
f^^ths of the disc are then illuminated, the brightness of

the planet being about frds of what it will be at the

beginning of .June. On the 30th she sets at llh. 49m.
P.M. (being at her greatest eastern elongation [45^°] at

5h. A.M. that morning), with a northern declination of

26° 46', and an apparent diameter of 22J", just one-half of

the disc being illuminated. At about 8h. 30m. p.m. on the

27th the planet will be J' north of a 9-1 magnitude star.

During the month she describes a direct path through

nearly the whole of Taurus, being closely south of the

Pleiades ou the evenings of the 2nd, 3rd, and 4th.

Both Mars and Jupiter are, for the observer's purposes,

invisible.

Saturn is an eveuuig star, and is very well situated for

observation. He rises on the 1st at 4h. 41m. p.m., with a

northern declination of 4° 3', and an apparent equatorial

diameter of 19-2" (the major axis of the ring system being
44-1" diameter and the minor 1-0"). On the 30th he rises

at 2h. 37m. p.m., with a northern declination of 4° 42', and
an apparent equatorial diameter of 18'6" (the major axis

of the ring system being 42-8" in diameter and the minor
0-4"). The following phenomena of the satellites may be

observed (the times are given to the nearest quarter of an

hour). April 7th, Ojh. a.m., Dione, eclipse reappearance.

April 9tli, 3ih. a.m., Rhea, eclipse reaj^pearance. April 12th,

Tethys, eclipse reappearance ; 9h. p.m., shadow of Titan

in central transit. April 14th, Ijh. a.m., Tethys, eclipse

reappearance. April 15th, lOfh. p.m., Tethys, eclipse re-
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appearance. April 17th, 8h. p.m., Tetbys, eclipse reap-

pearance ; lib. P.M., Dione, eclipse reappearance. April

19th, lb. P.M., lapetus, at greatest eastern elongation.

April 28th, Sjb. p.m., possible transit of Titan's shadow
just skirting limb of planet ; 10b. p.m., Dione, eclipse re-

appearance. On the 6th, at about OJ^b. a.m., a 9i magnitude
star may sutler occultation by the planet's southern Umb.
During April Saturn describes a retrograde.path through a

portion of Virgo, barren in nalved-eye stars.

Uranus is well situated for observation, coming into

opposition with the Sun on the 23rd, at a distance from
the earth of about 1,627,650,000 miles. He rises on the

1st at 8h. 30m. p.m., with a southern declination of 12° 42',

and an apparent diameter of 3-8", the apparent star magni-
tude of the planet being o'l in the photometric scale. On
the 30th he rises at 6h. 28m. p.m., with a southern decli-

nation of 12^ 17', and an apparent diameter of 3-8".

During the month he describes a retrograde path through
a barren region of the sky to the W.N.W. of X Yirginis. A
map of the path of Uranus is given in the Euijlisli Mechanic
for February 12th. Neptune is an evening star, but should

be looked for as soon after dark as possible, as he is rapidly

approaching the west. On the 1st he sets at lib. 32m. p.m.,

with a northern declination of 19° 56', and an apparent

diameter of 25". On the 30th he sets at 9h. 13m. p.m.,

with a northern declination of 20° 6'. During April he
describes a short direct path from a little to the N.W. to a

little to the N.E. off Tauri.

Shooting stars are fairly plentiful in April, the best

marked shower being that of the Lyrids, with a radiant

point in K.A. 18h. 0m.+33°. The radiant point rises on
the evenings of the 19 th and 20th, when the maximum
occurs at about Oh. 27m. p.m., and souths at ih. 8m. a.m.

The Moon enters her first quarter at 6h. 21m. a.m. on
the 1th ; is full at 6h. 26m. a.m. on the 12th ; enters her

last quarter at 6h. Om. a.m. on the 20th ; and is new at

9h. lO^m. p.m. on the 26th. She is in apogee at ll-lb. p.m.

on the 11th (distance fi'om the earth 252,580 miles) ; and is

in perigee at 9-2h. a.m. on the 26th (distance from the

earth 222,090 miles). Her greatest western hbration occurs

at 6h. 58m. a.m. on the 4th, and her greatest eastern at

lOh. 19m. a.m. on the 22nd.

(2^l)cs9 Column.
By C. D. LococK, B.A.Oxon.

All communications for this column should be addressed

to the " Chess Editor, Knowledge Ojfice," and posted before

the 10th of each month.

Solutiun (ij Prijhlem in Mnirh numhi'i-.— 1. Q to K2,

anything. 2. B to R6, and mates next move.

Correct Solution received from Alpha.

Aljiha.—Your solution of the four-move problem by 1.

Kt to Kt7 goes extremely near. There is, however, one

objection. After 1. . . ."P to QB4, 2. Kt to B6ch, K to

K5 ; 3. Q to Kto, P to KB4 saves the mate. 1. B to B3
(threatening B x P, &c.) is the correct key-move.

TI". T. Huihy.—We hope to adopt your suggestion on

future occasions. The winner, like yourself, was a novice

in solution tournaments.

X. Penn,fath,y.—At present there is no solution tourney

in progress. Should there be another this year, it will be

announced in this column. In the March problem, after

1. KxP, P to Kt5 ; White cannot mate in two more

moves.

PROBLEM.
By W. E. B.

Black.

^^ ^ gJ: %A
9 --m^-

White.

White to play, and mate in two moves.

CHESS INTELLIGENCE.

The match for the championship at Havana resulted in

favour of Mr. Steinitz by ten games to eight, five games
only being drawn. As soon as the winner began to have

recourse to the Close Game, the result was no longer in

doubt, for Mr. Tschigorin, as was shown in the previous

match, has no chance in this opening.

The following were the results of the various openings

in the match :—Evans Gambit, played 8 times by

Tschigorin, who won 4, lost 1 and drew 3. Buy Lopez,

played 4 times by Steinitz and once by Tschigorin,

Steinitz winning 4 and drawing the other. Two Knights

defence, opened 4 times by Steinitz, who won 1 and lost

3. Close Game, played 3 times by Steinitz, who won all 3.

In the other three games (Scotch, and Steinitz Gambits),

aU opened by Tschigorin, an even score was made. If

Tschigorin had confined himself to the Evans Gambit, his

strongest opening, and Steinitz had rehed solely on the

Ruy Lopez and Close Game, the score in these openings

would have been Steinitz 8, Tschigorin 4, drawn 4 ; a

result which is probably in accordance with the actual

relative strength of the two players. The closeness of the

match must, therefore, be ascribed to unwillingness on the

part of Mr. Steinitz to abandon his unsound variation of

the Two Knights Defence.

The result of the Handicap Tournament of the British

Chess Club is announced as follows ;—1. Mr. C. D.

Locock (won 6. drawn 3, lost 0, implayed 3). 2. Mr.

.T. L. Cope (won 5, drawn 1, lost 2, unplayed 4). 3. Mr.

H. W. Trenchard (won 8, drawn 0, lost 4, unplayed 0) ;

bracketed equal with Mr. Handford (won 4, drawn 2, lost

3, unplayed 3). It will be noticed that Mr. Trenchard

was more successful than the other competitors in inducing

his opponents to play. But for this, he would probably

have come out at least a place higher. The committee

could hardly do otherwise than score unplayed games in

favour of those competitors who had shown their willing-

ness to play.

The championship of the City of London Chess Club

has been won by Mr. Moriau, who, in the final tie, won a

brilliant game ti'om Dr. Smith.

The National Masters' Tournament of the British Chess

Association began at the British Chess Club on March 7th,

and was brought to a successful conclusion on the 17th.
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ON THE ORIGIN OF BINARY STARS.

By T. J. J. See, B.A., B.Lt., B.Sc.

WHEN Sir William Herschel was exploring tbe

sidereal heavens, he found a great number
of stars with close companions, which he
frequently measured with a view of detecting

relative annual parallax. Ami although in

this object he did not succeed, his measurements after-

wards led him to a discovery of much greater importance,

when he recognised for the first time that some of the

double-stars are physical systems in actual revolution.

The classic observations of Sir -John Herschel greatly

extended the list of double-stars, and more recent

measurements show that some 600 of the 10,000 objects

now enumerated in various catalogues are binary systems

in visible orbital motion. Some of these systems are so

rapid that during the last hundred years several

revolutions have been accomplished, but by far the greater

number are so slow that centuries must elapse before. their

great periods are com])leted. Sir William Herschel also

perceived the very intimate connection between stars and
nebul.T, and appealing only to the law of continuity was led

to suspect that nebuhi? in the course of immense ages

develop into stars. Following this line of thought, he

divided the whole assemblage of objects into celestial

species, and a great impetus was afterwards given to his

speculations by Laplace's formulation of the Nebular

Hypothesis, based upon phenomena observed in the

motions of the planetary system. The epoch-making

discoveries following Dr. Huggins' application of the

Spectroscope to the study of the heavenly bodies, have at

length confirmed the conjectures of Herschel and Laplace,

by showing that many of the nebuhi? are masses of glowing

gas in the process of condensation, and hence it now
becomes a matter of great philosophic interest to investi-

gate the process by which nebuhr have developed into

stellar systems.

About four years ago the writer proposed to bimself to

investigate the origin of Binary Stars, and for this purpose

collected a table of the orbits of various systems, from

which the remarkable fact was discovered that these orbits

are very elongated in comparison with the nearly circular

orbits of the planets and satellites. It was at once evident

that so remarkable and fundamental a diiierence could not

be overlooked in explaining the origin of double-star

sN'stems, and the higli eccentricities seemed to point with

overwhelming probability to the operation of some powerful

physical cause which had not left a corresponding impress

upon the orbits of the planetary system. Accordingly it

was immediately suspected that the cause which had

elongated the binary orbits was the secular reaction

arising from the tidal friction in the bodies of the stars ;

*

and this hypothesis has been confirmed by subsequent

mathematical investigation, in which methods were fol-

lowed analogous to those employed by Prof. G. H. Darwin

in his graphical history of the Lunar-Terrestrial system.

As the results of this research seem to throw an entirely

new light upon the formation of stellar systems, it may be

interesting to show, in an elementary geometrical manner,

how the eccentricities have been developed by the secular

action of tidal friction, and to point out the probable

origin of Binary Stars.

Self-luminous bodies, such as the Sun and double-stars,

are certainly in a fluid state (the term riiiiil being used in

the most general sense), and there is reason to believe that

the viscosity or " stifltiess " of the fluid is usually small.

Therefore the tides raised in such masses by the attraction

of foreign bodies will not be confined to the surface (as in

case of the fluid oceans surrounding the nearly rigid Earth),

but will extend throughout the whole mass; such tides are

termed hodihj tides, and it is with them that we are here

concerned. Now, imagine a double-star system, whose
components we shall call respectively Helios and Sol,t

each of which is of the same order of mass, and same

general physical condition as the Sun. Suppose both stars

to be spheroids endowed with rotations which are rapid

compared to their period of revolution about one another,

in the same direction, and about axes nearly perpendicular

to the plane of orbital motion.

Let the system be started with the spheroids at a con-

siderable distance apart, so that the attraction of either

upon the other becomes practically the same as if the

masses were collected at the centres of gravity, and suppose

the orbit given a small eccentricity. Then, since the fluid

is more or less viscous, the tides raised in either mass

* The m-iter had previously seen no intimation that tidal friction

could increase the eccentricity, but soon proved it, for the case in

which the tides lag as in Fig. 1, only to discover afterwards that a

similar result hail been reached by Prof. George Darwin several years

earlier, though it had not been given any particular prominence, and
was apparently but little known.

t These names are chosen to fix the attention upon a system com-
posed of two sun-like bodies, such as we find in double-star systems.
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by the attraction of the other will lag, and if the viscosity

is small the angle of the lag will be only a few degrees.

For simplicity we shall now treat the spheroid Sol as

having its mass collected at its centre of gravity, and
examine the effects on the eccentricity arising from the

tidal reaction of Helios ; but it must be remembered
that in general the whole effect of tidal friction in the

system of stars will depend upon the aggregate effect of

the double tidal reaction arising from the rotations of both

bodies—a complication that renders the rigorous investi-

gation in general very diftionlt.

With Sol thus reduced to a weigjjied point revolving in

the plane of the equator and raising tides iu Helios, the

tidal configuration will be something like that indicated in

Fiff. 1.

fSol)

Fig. 1.

In the position of the tidal ellipsoid of Helios shown
in tlie figure the whole attraction on Sol does not

pass through the centre of inertia V (about which
Helios rotates), but through some point i-. The reaction

of Sol is equal and opposite, and hence there arises a

couple (with arm c C) acting against the rotation of Helios.

We may resolve the whole attraction of Helios (c' c) into

two components, one of which (r' C) passes through the

centre of inertia C and produces no effect, as it is counter-

balanced by the centrifugal force of the revolving body.

The other component [c' d') perpendicular to the radius

vector is unbalanced by any opposite force, and hence
acting as an accelerating force tends to increase the in-

stantaneous linear velocity, whereby there results an
increase in Sol's mean distance.

As the axial rotation of Helios is reduced, Sol is wound
off on a spiral whose coils are coincident and very close

together. To speak mathematically, the iiKniioit nf

momcntniii of the whole system is nm»U(nt,'-'- and since the

reduction of Helios' rotation causes the axial moment of

momentum to diminish, it follows that the moment of

momentum of orbital motion must augment. In other

words, tidal friction transfers moment of momentum of

axial rotation to raoment of momentum of orbital motion,

and hence the mean distance must increase.

With these very brief introductory remarks, let us now
e.xamine the changes of the eccentricity of the orbit. In
the mathematical works on the tidal theory it is shown
that the tide-generating force varies inversely as the cube
of the distance of the tide-raising body. The height of

the tide, according to the principle of oscillations, varies

as the square of the tide generating force, or inversely as

the sixth power of the distance. From Fig. 1 it is easy to

see that (for a given lag and given height of the tide) the

* The energy of the system, however, is not constniit, hut con-

tinually diminishing, owing to loss of radiant energy.

Fig. 2.

tangential force varies inversely as the distance.t There-

fore the tangential disturbing force varies inversely as the

seventh power of the distance of the. tide-raising body.

When Sol is in Perihelion the t'des are higher (in the

inverse ratio of the sixth power of the distance) and the

tangential disturbing force is greater than when Sol is in

Aphelion, in the inverse ratio of the seventh power of the

Perihelion and Aphelion distances. It is well known in

the theories of planetary motion that a disturbing accelera-

tion at Perihelion causes the revolving body to swing out

further than it would otherwi.se have done, so that when
it comes round to Aphelion the distance is increased.

In like manner, an accelerating force at Aphelion increases

the Perihelion distance, somewhat as we have roughly

shown in Fig. 2. Now, if we consider the tidal frictional

component to act in-

stantaneously and only

at the apses of the

orbit, the effect would
be to increase the Peri-

helion as well as the

Aphelion distance, but

the latter at such an
abnormally rapid rate

that the orbit becomes
more eccentric.

;

If the orbit is not

very eccentric similar

reasonmg to that just

employed for the two
apses could be applied to other opposite points in the orbit,

and the same general result would follow; when, however,

the eccentricity is considerable, this method of procedure

is not so satisfactory, though while the tides lag, as in Fig.

1, the eccentricity will continue to increase.

We shall now present the effects of tidal friction as the

converse of those arising from a resisting medium, and
shall determine the law of the density of the medium
required to counteract the effects of tidal friction. Let us

consider the case in which the orbit has only a moderate
eccentricity (say not surpassing 0-3), since practically the

whole disturbing force due to the tides in Helios may then

be regarded as acting in the tangent to the orbit. When
the tides lag (less than 90°, as in Fig. 1), the tangential

component is directed forward, and hence tends to

accelerate the instantaneous linear velocity ; the force

arising from a resisting medium is directed continually

backward, and hence tends to cause the instantaneous

linear velocity to dimmish. The two forces are, therefore,

oppositely directed, and hence it is evident that if they

acted simultaneously the orbit would not undergo the

least change either in size or shape, but would be
rigorously stable. Now, the resistance encountered at any
given point of the orbit depends upon the density of the

medium, and is also proportional to the square of the

instantaneous linear velocity ; but from Kepler's law of

equal areas in equal times, it follows that the momentary
velocity of the revohdng body is inversely as the radius

vector. The accelerating force due to tidal friction varies

inversely as the seventh power of the distance ; therefore,

in order to counterbalance this by a retarding force due to

resistance we must suppose the density of the medium to

t The tangential force is always equal to the whole f.irce acting in

the line c' c multiplied by sin t ; sin t, however (when r C is constant),

varies inversely as the radius (vector) p.

X If the eccentricity is to remain constant the increase must be iu

the ratio of (1 — e) to (I + e) ; with tidal friction the ratio is more
nearly (1— e)' to (l + e)\ though not rigorously so, except when the

ecccntricitv is very small.
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vary inversely as the fifth power of the distance from the

centre. Such a medium would give a resistance that

would just annul the changes arising from tidal friction.

Now, Laplace has shown "^ that the action of a resisting

medium increasing in density towards the centre, according
to any law whatever, causes the major axis and the

eccentricity of the orbit of a revolving body to diminish.

Therefore, tidal friction must cause the major axis and the

eccentricity of the orbit to increase.

'

The mathematical investigation to which we have
referred indicates that the double-stars have arisen from
double nebula^,' which are certainly in general figures of

equilibrium rendered stable by rotation, as is shown by
comparison with figures of similar form mathematically
established by Professors Poiucare and Darwin. It also

appears that the orbits of the double-stars were originally

nearly circular, and necessarily so, because of the very

slow process by which double nebulffi separate under
gravitational contraction and increasing angular velocity

of rotation, whereby a division is accomplished closely

resembling-' fission "among the Protozoans, j The resulting

masses seem to be comparable and often nearly equal, and
this result is in accordance with what we find to be the

case among the double-stars. In the course of immense
ages the nebulae have condensed into stars, while secular

tidal friction in the enormous nebulous masses (for a long
time comparatively close together) has expanded the

orbits and rendered them very eccentric. The high
degree of eificienoy of tidal action in the stellar systems
results from the large mass-ratios of the component bodies,

their state of fluidity, and their enormous absolute masses
(frequently several times surpassing that of the Sun)
moving at distances such as the larger planets of our own
system. It is shown that if the masses were separated as

we have supposed the eccentricity of the orbit would at

first slightly diminish, then increase until a high maximum
is attained, after which it would again diminish (when the

stars have become entirely dark).

The stellar orbits are on the average more than twelve

times as eccentric as those of the planets and satellites.

The mean eccentricity of the Gi orbits now roughly known
is 0-48, while the corresponding mean for the orbits of the

eight great planets and their twenty satellites is less than
0-038'J. The orbit of y Virgmis is known with great

precision, and here we have the remarkable eccentricity of

0-9
; and the very trustworthy orbit of Sirius. just computed

by Dr. Auwers, has the very considerable eccentricity of

* If ij he tlie density of the medium, p the radius vector, and k

some constant, then the resistance R varies as " (T y3, but ^2 varies as

—, ; therefore E varies as -^. The disturbing force F varies as-:;. But
p' p-" ^

P'

K must be made equal to F, hence we must suppose c varies as

\. Then R=F= '.
p' P'.

t Mecaiiiqtte Celeste. Liv. X., Ch VII , Sec. 18; or Watson's
Theoretical Astronomy." p. 552.

X Wc may add that the increase will usually continue until the
rotations of both stars are nearly exhausted, after whicii the eccen-
tricity will be reduced by the libratory motion of the sj stem, and the
orbit will at length become circiUar. The stars, however, would then
perhaps be entirely dark, and hence, if in the immensity of space any
such dark rigid double-star systems exist, they cannot be observed.
Other relations of rotation and revolution, and various other viscos-

ities, give rise to various other results ; but the conclusion above
reached is that of chief interest in connection mth the great multi-
tude of double-stars hitherto discovered.

% It is easy to show that double-stars have not been formed by the
approach of separate stars (which would describe hyperbolas or
parabolas), and hence the double-star systems must have had a

nebulous origin.

§ See also the writer's papers in the Obserrnforii for Februarv and
March, 1891.

0-63. From a number of other orbits whose eccentricities

are very well determined the fact seems certain that the
double-star orbits are generally highly eccentric, though
some few appear to be more circular, in accordance mth
the theory of tidal evolution under what are perhaps rather
abnormal conditions. Therefore we have in the general
elongation of the double-star orbits a visible trace of the
action of secular tidal friction, which has played so
important a part in the evolution of the stellar systems
mainly because of the large mass-ratios of the component
bodies, and their comparative proximity during immense
ages ; for it must be remembered that double-stars, now
condensed and widely separated, were millions of years ago
much closer together and more expanded in volume, and
hence the tidal action was then very much greater than at
present.

Fig. 3.—A. Circle. B. Mean planetary orbit. ('. Mean stellar

orbit. D. Orbit of y A'irginis. E. Parabola.

Investigation of the double nebuht seems to indicate

that double-stars were not formed as rings, but as

globular masses ; and since the process of separation thus
disclosed would seem to be the normal form of celestial

evolution, some doubt is thrown upon Laplace's theory of

ring-formation as applied even in our own complex and
remarkable system, composed of a gi-eat number of very
small planets and satellites moving in nearly circular orbits

about central bodies of a much higher order of mass. It

seems hardly credible, and yet it is a fact, that our Sun has
750 times the mass of all his attendant bodies combined

;

the matter of the solar nebula has therefore gone nearly

altogether into the Sim, while the planets and satellites are
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entirely insignificant. On account of the very small

masses of the attendant hodies, tidal friction, as Professor

G. H. Darwin has shown, has not been of much importance

in the solar system, and consequently the orbits of the

planets and satellites have in general undergone but little

change, compared to the great expansion and elongation

experienced by the orbits of double-stars.

The mass of our system is nearly all in the Sun, and
hence the mass-distribution is essentially single ; the

Binary Stars are systems of donhh' sunx, and the mass-
distribution is therefore essentially double. If we look

upon the Sun and his attendant bodies as one of the stellar

systems, we cannot fail to recognise its very exceptional

character. For the system is very complex, and the

satellites (except the Moon) are very small compared to

the planets, which are in turn equally insignificant com-
pared to the Sun. The orbits are, moreover, in general,

nearly circular, as tidal friction has been too unimportant
to enlarge materially the (small) eccentricities with which
they were originally endowed. By far the greater number
of stellar systems appear to be composed of only two stars

—two vast suns—but a few systems are made up of three

and more rarely four such bodies. AS'e could not discover,

with our present optical means, planets such as .Jupiter

even at the short distance of a Centauri, and hence we
canuot affirm that surJi bodies do not revolve elsewhere in

the sky, especially around many of the " single" stars. It

is doubtful, however, whether there are, in general, many
small bodies of a planetary character in the double-star

systems, for the simple reason that they could probably

not long be preserved where the attraction is so com-
plicated (by two centres of nearly equal importance,
varying greatly in distance owing to the high eccentricities

of the orbits) . Viewed as a stellar system therefore, our
system is quite unique, and its development has apparently
been radically diiJ'erent from that prevailing among the
double-stars, which would seem to be the normal form of

celestial evolution.

THE CLASSIFICATION OF THE CHEMICAL
ELEMENTS.

By Yaughan Cornish, B.Sc, F.C.S.

THE researches of Stas appeared to show that the

connection between the atomic weights, which
Prout thought he had discovered, was either

unreal or, at all events, not demonstrable. Four
years after the publication of Stas's second series of

researches, the Eussian chemist, Mendelejeff, made known
his system of classifying Elements on the basis of atomic

weights— a system which has stood the test of experiment,

and has pointed the way to many new paths of fruitful

research in chemistry.

Chemists had been for some time familiar with the fact

that among the Elements are certain "natural families,"

the members of which bear a general similarity to one
another, and show a regular gradation of properties

following the increase in atomic weight as we proceed from

the lowest to the highest member. Thus Chlorine, Bromine,
and Iodine have certain properties iu common, known to

every tyro in chemistry, which mark them as members of

a group or family. Among the members of this family

the properties vary in a co]itinu(in.'i manner with the atomic
weight. Thus Chlorine (at. wt. about 8.5.',) is a gas,

Bromine (at. wt. about 80) is a liquid, and Iodine

(at. wt. about 126i) is a solid, and so in similar

gradation with their other characters. Lithium (7),

Sodium (23), and Potassium (89) are another natural

family, the well-known Alkali metals. Here, again, there

is a continuous gradation of properties with rise of atomic

weight, Lithia, the oxide of Lithium, being a weaker base

than Soda, and Potash being the strongest base of the

three oxides.

The members of a natural family are termed humohyjous

elements. The connection between the properties and the

atomic weight among groups of homologous elements was,

as we have said, known before the publication of Men-
delejeff's first paper, which appeared in 1869. Mendelejeff,

however, by comparing together the members of different

groups or families, was led to the discovery of a new and
peculiar relation between the weights of the atoms and
their properties, a relation which is the basis of the present

system of classification of the Elements, known as the

Periodic Sijstciii.

Writing the Elements* after Hydrogen (1) in order of

atomic weight we have

—

Li. Be. B. C. N. 0. F. A'a. Mg. Al. Si. P. S. CI. K. Ca.

7 9 11 12 14 10 19 28 24 27 28 81 32 35i 39 40

and so on. There is found to be a regular gradation of pro-

perties with increase of atomic weight from Lithium to

Fluorine, which are as opposite in their characters as any
two elements with which we are acquainted. Increase of

atomic weight from 7 to 19 has contmuously diminished

the electro-positive or metallic character possessed by
Lithium till we reach Fluorine, a non-metal and the most
strongly electro-negative element known. But after

atomic weight 19 the gradation of properties does not

continue ; on the contrary, there is a sudden " reversion

to type," the next element. Sodium (Na. 23), being

strongly metallic in character. It is, as we have already

mentioned, a member of the same natural family as

Lithium, and in that family stands next to Lithunu in

order of atomic weight. As we proceed from Sodium, in

order of increasing atomic weight, we find once more a

gradation from the most strongly marked metallic pro-

perties to the most decided non-metallic character.

Magnesium (Mg. 24) is a metal as Sodium is, but its oxide

is less strongly basic than Soda. Alumina (the oxide of

Aluminium, Al. 27) is weakly basic or weakly acidic

according to circumstances. Silicon, a non-metallic body,

forms a weakly acidic oxide, and Sulphur (S. 32) is not

metallic in its physical properties, and forms an oxide

which is strongly acidic or acid-forming. The next

element. Chlorine (CI. 85^), is the first homologue of

Fluorine, and is a typical non-metallic Element. The
Element next following, Potassium (K. 39), is, however, a

metal, and forms a strongly basic o.xide. It is the third

member of the group of alkali metals ; so that in passing

from Chlorine to Potassium we have the second instance

of " reversion to type."

After Potassium, the metallic character again begins to

decrease ; the next Element, Calcium (Ca. 40) forming an
oxide. Lime, which is a weaker base than Potash. Thus,

after Potassium as after Sodium, the variation of properties

goes on continuously with increase of atomic weight from

one element to another for another period.

We will not follow these periodir variations further,

partly on account of limitations of space, partly because

the relations become more intricate and more difficult to

follow as we proceed to the higher atomic weights. We

* Approximate numbers are, for conTenience, given for the atomic

weights. The names of the Elements sTmtJolized above are

:

Lithium (Li.), Beryllium (Be.), Boron (B.). Carbon (C). Nitro-

gen (N.), Oxygen ((>.), I'luorine (F.), Sodium (Na.), Magne-
sium (Mg.), Aluminium (Al.), Silicon (Si.), Phosphorus (P.),

Sulphur (S. ), Chlorine (Cl._), Potassium (K.), and Calcium (Ca.).
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have gone far enough, however, to show the peculiar and
novel character of the relation which Mendelejeff discovered.

"Whereas, the properties of the Elements of any one family

vary cdittiniioiixli/ with the atomic weight, the properties of

all Elements are a pi'i-iodu- fimction of the atomic weight
;

a certain increase of atomic weight being accompanied by

a recurrence of certain properties possessed by an element

lower in the scale. This may be made clearer to the eye

by writing the above list of 16 elements in a somewhat
different way. As there is a return to the metallic

character after the sixth element from Lithium, we will

begin in our table a second line with Potassium on the

left, thus :

—

Li. 7, Be. 9, B. 11, C. 12, N.14, 0. 16, F. 19,

Na. 23, Mg. 24, Al. 27, Si. 28, P. 31, S. 32, CI. 35^,

K. 39, Ca. 40, etc.

We see that after a /leriod including seven elements,

there begins a second period of seven. The diti'erence of

atomic weight between the first and eighth Element,

between the second and ninth Element, and so on, is in

every case, as will be seen on examining the table, sixteen

imits or very nearly so. Two successive members of any
family are separated by six intervening elements, and
differ fi-om one another by 16 units of atomic weight.

The addition of mass or weight to the chemical atom,

from the mass 7 of the Lithium atom to the mass 39 of

the Potassium atom, is not accompanied by a continual,

imbroken increase of certain properties, but by a periodii-

variation of those properties. The interval from Lithium

to Potassium comprises two periods, each of which contains

seven elements. The vertical rows contain the natural

families (as Lithium, Sodium, Potassium, and Beryllium,

Magnesium, Calcium). Previous to Mendelejeff's work
relationships could only be clearly traced between members
of the same family (or homologous elements). The
Periodic system of classification enables us to trace the

connection between the lutcrohiiinu-s elements. Among the

following

—

Be. 9,

Na. 23, Mg. 24, Al. 27,

Ca.. 40,

Sodium (Na.), Magnesium (Mg), and Aluminium (AL),

are termed heterologous elements, and Beryllium (Be.),

Magnesium i Mg.), and Calcium ( Ca. I homologous elements.

The elements Sodium, Aluminium, Beryllium, Calcium

are termed the four analoijues of Magnesium. Mendelejeff

showed that the properties of any element are completely

determined by that of its four analogues. Thus, supposing

the properties of the element Magnesium were wholly un-

known, those properties could be deduced from the pro-

perties of the analogues. Thus, the atomic weight will be

the mean of those of the four analogues. Now,

9 + 40 -f 23 + 27 = 24i

which gives (approximately) the atomic weight of Mag-

nesium. Again, take the specific gra\-ities. They are as

follows :

—

Sodium ... specific gravity -97

Aluminium ... ,,
2-56

Beryllium „ 2-10

Calci»m . ... ... ,,
1'58

Mean of these values = 1'8.

Specific gravity of Magnesium = 1-75.

It win be noticed that although the difference between

the weights of neighbouring elements in the horizontal

rows (heterologous elements) is not absolutely constant,

yet the variations are small, the interval rarely exceeding

one or two units in the foregoing table, except in the case

of the interval Fluorine—Sodium and Chlorine—Potassium.

At the time when Mendelejeff" first di'ew up his table of

the elements, it was found that in several cases the

neighboming heterologous elements did not fall into place,

that is to say, did not come into the same vertical row with

other members of the same natural family. Thus the

element next to Zinc (Zn. 6.5 1, which belongs to the same
family as Magnesium and comes vertically below it, was
followed by Arsenic (As. 75), which thus comes vertically

below Aluminium, although its properties are similar to

those of Phosphorus not to those of Aluminium.
Thus we have in the second and fourth horizontal rows :

Mg.
2i

and

Na.
23

Cu. Zn.
63 65

Al.

27

As.

Li.

28

Se.

79

P.

31

Br.

80

S.

32
CI.

35J

Selenium (Se.) and Bromine (Br.) have properties

similar to those of Sulphur and of Chlorine respectively.

These facts led to an idea entirely novel in chemistry, that

of ijaps among the elements. Hitherto, the existence of an
element with any particular atomic weight and particular

properties had been regarded as an isolated and, so to

speak, an accidental fact in Nature, but Mendelejeff's

generalization introduces the idea of the necessity for the

existence of elements with such and such atomic weights,

and such and such properties.

It appeared extremely probable that there existed two
elements intermediate in atomic weight between Zinc and
Arsenic, between which there is an interval of ten uuits.

Supposing two such elements to exist (called provisionally

Eka-Aluminium andEka-SUicon), Mendelejeff arranged the

elements in the fourth horizontal row thus :

2ud Row—:!fa. 23 ilg. 2t Al. 27 Si. 28 P. 81 S. 32 CI. Zb\

4thRow— Cu. 63 Zq. 65 Efca-Al. Eka-Si. As. 75 Se. 79 Br. 80

Reasoning from the assumption that the properties of an
element are the mean of those of its four analogues,

Mendelejeff' drew up a table representing the properties of

the hypothetical elements Eka-Aluminium and Eka-Silicon.

Two elements having the atomic weights required by the

position of Eka-Aluminium and Eka-Silicon in the table

have since been discovered, and named respectively

GalUum and Germanium. Their properties agree very

closely with those predicted by Mendelejeff'.

This power of prediction of hitherto unobserved elements

was an enormous advance in chemical science. The dis-

covery of Gallium holds in the history of chemistry a

similar place to the discovery of Neptune in astronomy.

The Periodic system of classification enables us not

merely to say with every confidence that such and such

elements exist though yet unobserved, but it puts us

in a position to limit the number of possible, or at all

events probable, elements. It enables us to predict with

considerable accuracy the properties of chemical com-

pounds before these compounds have been actually investi-

gated, audit has in numberless ways proved of the greatest

' service to systematic chemistry. The philosophical interest

j

of Mendelejeff''s great generahzation is not inferior to that

I

of the discovery of the laws of planetary motion. The
Russian chemist, like Copernicus and Kepler, has shown

the existence of law or order in one of the great depart-

ments of Nature's administration. Newton showed that

the laws of planetary motion discovered by Kepler were

the necessary outcome of the property ol universal

gravitation. We yet await the discovery of a law which

wiU account for the coimection between the weights or

masses of the atoms and their properties. Such a discovery

would be of surpassing interest. Previous to Mendelejeff,
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all that was known of functions dependent on masses

derived its origin from Galileo and Newton, and appeared

to indicate that such functions always either increase or

decrease with the increase of mass, as in the case of the

attraction of celestial bodies. The numerical expression

of the phenomena was always found to be proportional to

the mass, and in no case was an increase in mass followed

by a recurrence of properties such as is disclosed by the

Periodic law. This is thought to indicate that the true

conception of mass, and perhaps also of the mode of action

of gravitation, must be sought in the study of the chemical

atoms, and of the connection between them by a periodic

function of their mass.

THE SYSTEM OF ALGOL.
By Miss A. M. Clerke, Aiit/ioresx of " The Si/steiii of t/w

Sturs," ami ' 21ic Hinturij of Astronomij durimi tlir 19th

CenUtry," d'c, dv.

THE steady advance of exploratory research in the

system of Algol promises to furnish one of the

most curious and instructive episodes in the

history of science. Vague hypothesis, determinate
theory, and triumphant verification, have already

played their logically sequent parts in the discovery of the

eclipsing satellite. Goodricke's conjecture, however, had
to wait nearly a century for Pickering's fonuulization,

while this was ratified within a decade by Vogel's dis-

closure of the anticipated tell-tale spectroscopic effects.

Progress has, indeed, of late notably quickened its pace
;

and we may therefore hope for a prompt and effective

application of the Ithuriel-spear of adapted observation to

the latest creation of speculative intelligence in the lately

organized department of " dark stars."

Since Argelander's time it has been tolerably evident

that Algol had other attendants besides the agent in

producing its periodical eclipses. For their recurrence was
shown by him to be subject to minute irregularities in

point of time, and these irregularities are of such a nature

as to demand for their explanation the presence of at least

one disturbmg mass. A highly complex piece of mechanism
could plainly be seen to be at work

;
yet the penetration of

its intricacies presented a task so formidable that

astronomers of, at any rate, the present generation might
well have despaired of its accomplishment. It has, never-

theless, been undertaken by Dr. Chandler ; and his labours

have been rewarded with an encouraging measure of

success.* They have been necessarily of a more or less

tentative character, and their result must be looked upon
as merely provisional ; but there is much reason to

suppose that it at least approximates to the truth.

It is, moreover, perfectly plain and straightforward
;

there is nothing of the (ilmnrum per ohxcurius about it
;

the consequences it involve;5 are definite, and admit of

definite verification.

The new and enticing hypothesis now presented for the

consideration of astronomers is mainly founded upon certain

well-ascertained inequalities in Algol's period of variation.

These were shown by Dr. Chandler's discussion some little

time since ' to be slowly compensatory. They are

oscillatory, not progressive. Consistently in advance of

their due time down to about the year 1804, the obscura-

tions of the star then began to fall behind it, and the delay

had accumulated in 1843 to 165 minutes. A gradual pro-

cess of restoration thereupon set in, and the normal
epoch was reached near the beginning of 1873. It

* Astronomical Joiiriinl. Xos. 255, 256.

t Ibid, vol. vii,, pp. 165-183.

was quickly, however, transcended, for acceleration is

still going forward, and is likely to continue operative

during some years to come. These irregularities are

evidently comprised in a cycle considerably exceeding one
hundred years ; and for that very reason, it is difficult to

account for them on gravitational principles ; since a
third body, exterior to the close pair, should, in order to

produce any marked perturbational eff'ects, revolve much
nearer to them than would be consistent with so long a
period. Another mode of explanation is, accordingly,

resorted to by Dr. Chandler. The varying intervals needed
for the transmission of light from difl'erent parts of a large

orbit described by Algol and its dark satellite round a
remote primary, are, in his view, the fundamental cause of

the alternate anticipations and retardations in the occur-

rence of Algol's eclipses. They are, in fact, apparently
shifted backwards and forwards in time, just in the same
way as are the eclipses of .Jupiter's satellites through the

orbital movement of the earth.

Algol may, then, be regarded as the solitary luminous
member of a multiple combination of opaque masses. The
common centre of gravity, round which the pair hitherto

known revolves in a period of about 131 jears, lies by the

present hypothesis at a distance from it just equal to that

of Uranus from the sun. The path thus traced out is,

we are further informed, sensibly circular, and its plane is

inclined 20^ to our line of vision. Obviously, however,
during the whole time occupied in travelling over its remoter
half, the light-minima of the star must be recorded somewhat
later than if we saw them in the precise order of their actual

occurrence ; and this remoter half was swept over between
the years 1804 and 1869, when the observed phases
were always in arrear of calculation. Now, on the
other hand, that the star is on the hither side of its orbit,

the epochs of its eclipses are apparently anticipated,

and will not coincide with their true times imtil the
passage of the " ascending node " about 1934. The
dimensions of Algol's orbit, together with its inclination,

of course prescribe the amplitude of the oscillations by
which its periodicity appears to be disturbed ; and this
" light-equation," as we may call it, proves to be 149
minutes. This should be the maximum extent, whether
of acceleration or of retardation ; but in point of fact, as

we have seen, delay mounted up in 1843 to 165 minutes.
Hence the theory cannot be said to represent the observa-

tions as satisfactorily as could be dcFiicd. The deviations,

indeed, are large enough to suggest to Dr. Chandler further

complications, the onravelmeut of which may challenge

the utmost skill and patience of investigators. Meantime,
a touchstone of the general truth of his hypothesis will

soon be at hand ; for it involves a cessation within the

next ten or twelve years, and a subsequent reversal, of the

shortening process at present afl'ecting the star's period of

luminous change ; and the fulfilment of this prediction

will serve as a hall-mark of its genuine ijuality. An
additional test may be derived from spectrographic evidence.

The velocity of Algol in the large orbit attributed to it is

2-7 miles a second ; but of this, less than one half, or

about one mile per second, is at present directed towards
the earth. It constitutes, however, a goodly proportion

of the 23 miles of continuous approach determined from
the Potsdam plates ; but which should in the course of a

score of years, if the new theory be true, completely dis-

appear, neutralized by the altered direction of the star's

orbital motion. It remains, indeed, to be seen whether
the whole of its supposed translatory speed may not really

be of a circulatory character.

Dr. Chandler's theory does not rest wholly on the

cyclical inequalities of Algol's light-changes. He alleges
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also in its support periodical disturbances of proper motion,

brought to vievi by a careful discussion of all the observa-

tions of the star, from 1753 to the present time, and
indicating, in his opinion, a combination of elliptical

travelling with a progressive advance. But the average

proper motion of Algol is so very small—less than two
seconds of arc a century—that variations or irregularities

in it can at present be regarded only as an interesting

possibihty. They would give, if confirmed, 2-7" for the

longest diameter of the ellipse into which the wide orbit

traced out by Algol round its unseen primary is projected

upon the sky. And since this little span represents an
actual expanse of 38 earth-to-sun distances, or " astro-

nomical units," it implies a parallax for the star of 0'07",

corresponding to a distance of nearly 47 light years—

a

statement that is in many ways worth thinking about.

Although claiming only qualified credence, it nevertheless

conveys the upshot of assuredly the most promising attempt

yet made to determine, by indirect means, the parallax of

a star. In itself, too, it seems probable enough. Assum-
ing its accuracy, we gain the information that Algol emits

63 times as much light as the sun, which, in its place,

would show with little more than the brightness of a seventh

magnitude star. The famous variable, moreover, accord-

ing to Dr. Vogel, is just one million of miles in diameter,
|

so that it presents only once and a third the solar

radiating surface , yet it is, as a light-giver, G3 times more
effective. The remarkable conclusion follows, that Algol

is intrinsically 17 times more brilUant than the sun. The
emissions from its photosphere are, per unit of area. 47

times more powerful. And should its parallax eventually

—

as seems not unlikely—prove to be smaller than 0'7",

this disparity will be still further enhanced.

By means, accordingly, of investigations of this nature,

more fully and securely carried out, the question as to

comparative stellar brilliancy may finally obtain a suffi-

ciently satisfactory answer. It is a very important one.

The process by which photospheric light is manufactured

is stUl largely enigmatical ; but the ideas commonlj- enter-

tained about it are not easily compatible with the existence

of considerable differences m the shining faculty of photo-

spheric shells presumably identical in point of chemical

composition. Reliable e^-idence of such differences has not

hitherto been available. That light-power in stars bore

no fixed proportion to mass was patent in numberless

examples ; but the density, consequently the dimensions

of the emitting bodies remaining unknown, it could not

be determined whether distension of substance, or innate

strength of incandescence, was more concerned in pro-

ducing a great sum-total of light relative to quantity of

matter. The indications, however, now derived from Algol

are overwhelmingly in favour of the latter alternative.

The primary member of its system, even if illuminated

solely by the borrowed rays of its brilliant neighbour, may
not. Dr. Chandler thinks, be out of reach of telescopic

discovery. But his hopes, in this case, appear somewhat

chimerical. It is not difficult to show that, under the

circumstances supposed, a body of planetary constitution

could not possibly be disclosed by any optical means at

present available. Its position-angle relative to Algol is

just now, we are told, 32°; while its distance from the

same star is in the inverse ratio of its mass. This is

considered by our author to be indeterminate ; but it is

not so, unless we reject Dr. Vogel's value for the combined

mass of the close pair forming the variable. Assuming its

approximate correctness, and that Algol and its immediate

attendant accordmgly contain two-thirds the solar quantity

of matter, and admitting further that they revolve together,

at a distance of nineteen astronomical units, in a period of

131 years, round their common centre of gravity with

another body, it follows that the mass of that body is

about equal to that of the sun, and that it circulates at

twelve units of distance from the gravitational centre of

the system. It should be found, this being so, if found at

all, at an apparent interval of rather less than 2" from
.\lgol. The real gap of space separating them—the radius,

that is to saj-, of Algol's relative orbit—would be measured

by thirty-one radii of the earth's orbit ; and the efl'ective-

ness for visual purposes of a still problematical body,

shining by reflected light alone, can hence be estimated.

If of the same density with Algol, it presents a disc of

fivefold area, which, endowed with -Jupiter's high reflective

power, or an albedo of -62, would possess a total lustre

•liosbci tli^.t of the original source of its radiance. This is

equivalent to saying that it should be fainter by sixteen

stellar magnitudes. Yet the suppositions introduced

above are perhaps unduly favourable to conspicuousness.

Evidently, however, an eighteenth magnitude star, in the

close \-icinity of one of the second, is far below discern-

ment with any telescopic or photographic powers likely to

be in use for a considerable time, if ever ; so that visual

confirmation of Dr. Chandler's theory can only be looked

for if the unknown mass it has brought ideally into

existence be in some degree self-luminous.

That theory, as he remarks, " has a much wider cos-

mological meaning than the mere explanation of the

phenomena " of a single star. Most " eclipse-variables
"

exhibit irregularities of the same type with those of Algol,

and which will doubtless prove amenable to a similar

explanation. Moreover, an incalculable number of stars

which, from our point of view, escape eclipse, unquestion-

ably belong to systems organized on the same general

plan. One such, indeed, is already known in a. Virginis, a

first-fruit of discovery in this particular branch ; and

Procyon, perhaps, is one of many others essentially resem-

bhng it, although inaccessible to spectrographic research,

because revolving in planes nearly perpendicular to the

line of sight. Thus, the intimate association of dark and

bright bodies of the same order of mass would appear to

be no exception m the universal order. And this scarcely

allows us any longer to regard a sun-like condition as

representing simply and solely a stage in the condensation

of a primitively nebulous mass. Some further conditions

are plainly needed to produce the brilliant and concen-

trated evolution of light characteristic of " suns."

Dr. Chandler concludes his valuable paper with an

appeal for micrometrical measures of Algol stars, adapted

to detect and determine possible systematic disturbances

of their proper motions. Measures of the kind might, in

his opinion, lead to highly significant results which would

probably, in the case of Y Cygni, be reached with parti-

cular promptitude. For the cyclical fluctuation of this

star is completed in about 600 single periods, or two and

a half years, and has an amplitude of no less than four

hom-s. Hence, the orbit described, on the light aberration

theory, in that short period, must, even if its plane be

coincident with the line of vision, approach that of Uranus

in size, and the star's movement in it should accordingly

be betrayed by ^•ibrations exceeding many times in extent

those due to its annual parallax. " If the research gave

favourable results in this instance," our author continues,

" it could then be extended to A. Tauri, which appears to

be also a promising candidate." It is to be hoped that

the suggestion will not remain unheeded. Owners of

heliometers could hardly turn them to better account than

by appljdng this simple criterion to an hypothesis which,

if approved as true, opens yet one more road through the

daily widening field of sidereal discovery.



88 KNOWLEDGE [May 2, 1892.

THE GREAT EARTHQUAKE IN JAPAN OF 1891.

By the Eev. H. N. Hutchinson, B.A., F.G.S.

LAST year the Japanese empire was visited by one of

those great catastrophes that every now and then

cause widespread destruction to life and property.

The country, as everyone knows, is a land of

Earthquakes. It is calculated that at least live

hundred shocks occur every twelve months. Japanese
people talk of Earthquakes from day to day just as we, in

England, discuss the weather, and hardly a day passes
without some perceptible shaking.

Our present knowledge of Earthquake phenomena is

largely due to the valuable labours of Prof. Milne in Japan.
We propose, in the present paper, to give some slight

account of the great Earthquake of last year as described
in an interesting and beautifully illustrated book' by
Professors Milne and Burton, containing twenty-nine large

photographs, mostly taken by one of the authors for the

Japanese University. These have been very artistically

reproduced and printed by a mechanical process by Mr. K.
Ogawa, so that they are as permanent as the paper they
are printed on (which is itself a product of the Earthquake
district, being manufactured only in Echizeu). These
illustrations will be found most helpful by anyone wishing
to study the effects and phenomena of Earthquakes, for they
give a far better idea than any amount of verbal description,

and for the time being one almost seems to be transported
to the district in question, and to be studying the effects

on the spot.

The Nagoya-Gifu Plain, which has been so sadly devas-
tated, is one of Japan's great gardens. It occupies the centre

of the empire, and is in the prefectures of Aichi and Gifu.

To give some idea of the destructiveness of this Earth-
quake it may be mentioned that the most severely shaken
district, in many portions of which the destruction of

buildings and engineering works was complete, extends
over 4200 square miles. Brick buildings were affected

over a still larger area, viz. : as far as Tokyo to the east,

and Kobe to the west ; but the disturbance made itself

felt over an area of 92,000 square miles. The authors
estimate that, if the Japanese islands presented a larger

surface of land, the effects might have spread over an area
of 400,000 square miles. They tell us that a disturbance

occurred in the Mino mountains, and at once an area

greater than that of the empire of Japan became a sea

of waves, the movements being magnified on the surface

of the soft alluvial plains. In Tokyo, more than 200
miles from the centre of the disturbance, the ground
moved in long easy undulations, producing in some persons
dizziness and nausea, the movements being not unlike

what we might expect upon a raft rising and falling on an
ocean swell. But near to this centre the waves were short

and rapid ; whole cities were overturned, the ground was
rent, small " mud volcanoes " were created, and the
strongest of engmeering structures were ruined. The loss

of life was fearful ; about 10,000 persons were killed,

15,000 were wounded, 100,000 houses were levelled with
the plain, whilst almost every building in the inner seismic
region was shattered. From these effects it is concluded
that the earth-movements in Mino at the time of the great

Earthquake were at least equal to any movements recorded
in the annals of seismology.

* " The Great Earthquake in Japan, 1891," b_y Jolm Milne, F.R.S.,
Professor of Mining and Geology, Imperial University of Japan, and
W. K. Burton, C.E., Professor of Sanitary Engineering. Imperial
University of Japan. Published by Lane, Crawford & Co., Yokohama,
Japan ; Agent for this country, Edward Stanford, Cocks])ur Street,
Charing Cross,

In speaking of the possible causes of Earthquakes, the
authors point out that in the Nagoya-Gifu district there

are neither volcanoes nor volcanic rocks ; the plain is a bed
of alluvium lying in a basin of pala-ozoic hills, and it

was in these hills that the disturbance began. Hence it

does not appear that this was one of those cases in which
an Earthquake is connected with volcanic action, as many
undoubtedly are. Rather it suggests a huge, internal,

sudden jar, and possibly a slip or displacement, producing
what is known to geologists as a " fault." In the general
process of mountain formation, by which strata are com-
pressed, contorted, and elevated above the level at which
they were originally formed in lakes, seas, or estuaries,

fractures must from time to time take place, when the
internal strain becomes greater than they can bear.

Geologists have sought the cause of such movements as
these, by which mountain ranges are upheaved, in the
secular cooling of the earth, whereby the outer layers

cooling and contracting less rapidly than those down
below, tend to be left unsupported, so that in settling down,
they are thrown into folds, much in the same way as the
skin of a dried apple is wrinkled. But it must be admitted
that at present the subject of earth movements of all kinds
—the slow movements producing elevation and depression
of lands, or the sudden movements whereby the surface of
the earth is shaken—is still involved in much obscurity.

Leaving these questions, let us turn our attention to the
actual effects produced by the Great Earthquake in Japan
last year. The greatest destruction has taken place along
and near the river banks ; the reason of this seems to be
that, being unsupported on one side, the momentum of the
shock has shot them forward much in the same way that
the last of a series of railway waggons is shot forward
when a locomotive bumps against the other end. Our
illustration^ shows the kind of destruction which has
occurred along the banks of the Biwajima Eiver for a
distance of several miles. Innumerable longitudinal clefts

occur, of all widths up to about two feet ; also the inner
half of the embankment has slid down towards the river

to some extent, sometimes to a number of feet, measured
vertically. At one place the embankment is entirely gone
for a couple of hundred feet or so, and here a very strange
thing has happened : a large bamboo grove and a few pines

just at the back have been pushed sixty feet back, and yet
the bamboos and trees remain upright ! It will be seen
that one thatched roof has fallen intact. The longitudinal
cracks are well seen in the illustration.

The road from Nagoya to Gifu is a series of nllages, or

rather was, a nearly continuous street of more than twenty-
five miles in length ; now, except in a few cases, it is

simply a narrow lane between two long heaps of debris

that were once houses. The recent Earthquake teaches us
that wooden houses, built on European models, have
suffered less than ordinary Japanese dwellings, which have
heavy roofs, no diagonal bracing, and light supports. No
wonder that the heavy roof brings the whole structure down.
The disturbance seems to have been greatest in the

famous Neo Valley, where the ground has been both
elevated and depressed. The people say that the moun-
tains themselves have been depressed, so that from certain

points, hills, formerly invisible, can now be seen.

Earthquakes frequently cause landslips, and in this case

we find that landslips were taking place for several days
after. People who witnessed them were greatly impressed
by the roaring noise and vibration. It is probable that

the sounds are transmitted through the earth.

t Our Illustration is copied from the Photograph of Profs. Milne
and Burton, by the kind permission of Messrs. Stanford.
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There are some capital photographs ilhistrating the
effects produced on the Nagoya Railway Bridge—a lattice

girder-bridge. The broken cast iron piers lie on the dry
shingly bed of the river, and the original line of the
bridge has, in its central part, been deflected up stream.
At one place a group of four or five houses has completely
sunk into the earth ; only the roofs are to be seen, and on
looking under them, instead of the confused heap of
rubbish found under other houses, there is merely the
surface of the ground, the same level inside as outside !

The unfortunate persons who were in these houses at the
time, lie buried, no one knows how deep.

It might seem at first sight as if it were quite impossible
to mitigate the terrible effects of these disturbances, but
experience teaches that there are ways in which much
destruction to life and property may be avoided. Thus,
it is known that on certain sites, buildings are not so

much swayed and disturbed as on others only a short
distance away. Thus the nature of the ground makes a

good deal of difference, and buildings on soft ground, such
as is generally found on plains, suffer more than those
situated on hard rocky ground. River banks and the edges
of cliffs are dangerous sites, because of the forward swing
of the free face. The movements at the bottom of a pit,

or even in a shallow railway cutting, are less than those

upon the natural surface ; hence buildings rising from a pit,

or with an area or basement, are less severely shaken. In
building in a country much visited by Earthquakes, it is

very important to construct with a view to resisting move-
ments of a more or less horizontal nature—not merely up
and down movements. Consequently, a heavy roof is a

thing to be avoided, because by its own inertia it may
break the support beneath, and come crashing down. In
Italy arches are forbidden in Earthquake regions, for arches
fall apart readily when acted upon by horizontal movements.
A series of rules have been formulated for Japan, and it is

much to be hoped that these rules will receive from
builders the attention they deserve. The Nagoya-Gifu
Plain is a region where Earthquakes are frequent. Violent
disturbances took place in the northern part of Gifu in

1826, 1827, and 1859. But there is no doubt that in this

district seismic activity is gradually becoming less ; the
occurrence of great disasters has been separated by longer
and longer intervals. Many interesting problems in

seismology have yet to be solved, but Prof. Milne's labours

in Japan will at least form a valuable foundation for future

workers in this field of research to build upon.

THE GREAT SUNSPOT AND ITS INFLUENCE.
By E. W. Maunder, F.R.A.S.,

Assistant superintendinij the Solar and Spectroscopic Depart-
ments at the Royal Observatory, Greemeich.

IT
would be a very difficult and toilsome task to obtain

a satisfactory record of the perturbations of the

magnetic needle, were it not for the assistance which
photography has given us. But it is no longer

necessary to have relays of observers reading the

instruments at intervals of two minutes through every

hour of the twenty-four ; by a very simple and effective

arrangement the needles record their own positions, not
merely at two minute intervals, but continuously. A light

mirror is attached to the needle, and a gas lamp or other

source of hght is so arranged that a beam of hght pro-

ceeding from it and falling on the mirror is reflected off to

fall on a drum covered with sensitive paper. The drum is

turned by clockwork and revolves once in the twenty-four

hours. If then the magnet remains absolutely still, the

spot of light falling on the paper will leave a blackened

trace upon it which, under such circumstances, will form

a straight line right round the drum. But if from any

cause the magnet should twitch or turn to one side or the

other, then the spot of light will be thrown up or down on

the drum, and a zigzag will be introduced into the trace.

As the light is shut off from the gas-jet by the clock at

each hour there is then a slight interruption in the trace,

and should a deflection be indicated it is only necessary to

see between which hour-marks it lies, and to measure its

distance between them to ascertain the exact minute at

which the disturbance took place. In order that the hour-

marks may be correctly identified, the light is cut off by

hand at some specified time. In the copy of the trace for

the twenty-four hours extending from noon of February

12th to noon of February 13th, given in the adjoining plate,

will be seen that this break occurs at about a quarter to

nine in the evening of February 12th.

One result of this automatic method of registration is

that it becomes possible to ascertain whether or no a

disturbance is truly simultaneous for the magnets at widely

separated stations. This is a matter of first importance,

for if it be clear that the magnets the world over are all

disturbed at practically the same instant, we are precluded

from finding the cause in anything restricted or local, and
it becomes possible to accept an explanation which connects

the disturbance with solar changes.

The accompanying plates are simple photographic copies,

unmanipulated and unaltered, of the original automatic

registers of two of the magnets at the Royal Observatory,

Greenwich, for the period from noon on February 12th to

noon on February 11th. The two magnets in question are

those which record the "declination" and the "horizontal

force " respectively—the declination, that is to say, the

divergence of the needle from the true geographical north ;

the " horizontal force "'
is a measure of the intensity of the

magnetic action, but the total amount of that intensity is

not observed directly ; it is observed in two directions at

right angles to each other, the one horizontal, the other

vertical, the record of the former only being given here.

From noon on February 12th, for seventeen hours, the

trace shows that the magnets were almost quiescent. The
bending diO\va of the declination trace during the early

afternoon of February 12th, its upward turn towards

evening and through the night, until past midnight, are

typical of the regular diurnal movement. At times of

great stillness this gentle wave motion goes on day after

day, unbroken even by the little breaks and ripples which

the trace shows in this particular instance.

And now, before looking at the sudden and sharp

disturbance which occurred at about half-past five in the

morning of February 18th, let us briefly glance at the

reasons already before us, for assigning the sun a dominant

influence on terrestrial magnetism. First of all, there is

this daily swing, westward in the morning and early

afternoon, eastward in the evening and night, a swing

which goes on perpetually day after day, which shows so

clearly by its conformity to the length of the solar day,

and by its being an action, not simultaneous over all the

earth, but varying with the local time, that it is con-

nected with the position of the sun relative to the place

where the observations are being made. Next, there is a

yearly, or rather, a seasonal variation, the amount of this

daily change and the intensity of the magnetic force being

least in the winter—the local winter—rising to a maximum
a little before and again a little after midsummer. Here,

again, is a second distinct, indisputable local effect,

connected with the manner in which the given locality is

presented towards the sun. The daily rotation of the



no KNOWLEDGE [May 2, 1892,

«artb on its axis, the yearly revolution round the sun, are

both distinctly recognised by the magnets, and, if necessary,

we could determine the exact period of either by magnetic
observations alone, if carried on for a sufficient length of

time.

But the third relation is of a different order altogether.

It is that to which I referred in the first part of this paper

when I said that " when we take average results for suc-

cessive years we find that this motion," /.<., the diurnal

range, " is greater in amplitude and force in strict propor-

tion to the number and size of the spots upon the sun."

It is now more than forty years since the occurrence of

a regular periodicity in the numbers and dimensions of

Sunspots was established by the observations of Schwabe,
a periodicity which, though now so familiar to us as a fact,

still remains as much as ever a mystery as to its cause.

.Tust before Schwabe published his great discovery Lamont
had detected a similar periodicity in the oscillations of the

magnetic needle, and directly Schwabe's Sunspot results

were published General Sabine and several other observers

of magnetic phenomena at once recognised that the two
periods were not only similar but identical.

This identity did not consist in a mere equality of the

average period, or iu an occasional correspondence of

minima and maxima. It was far more precise. The attempt

was early made to exjjlain the Sunspot cycle as due to the

influence of Jupiter, the period of revolution of that planet

nearly corresponding to the mean solar cycle. But the

period of -Tupiter is a constant, whilst the solar cycle is

irregular in length, often varying considerably from its

mean value. And the collation of earlier Sunspot records

soon showed that, though a fair correspondence might be

made out between the planet's position and the numbers
of spots seen during two or three periods, yet if we went a

little further back the two got hopelessly out of step. There
was, therefore, no connection there.

But the correspondence with the magnetic cycle was
precise. Was the interval between one minimum and the

next shorter than usual with the Sunspots ? Then it was
so also for the magnetic diurnal range. Was the spot

maximum delayed? So was the magnetic. The two
cycles have never failed to correspond in their general

features since both were first under regular observation.

So far is this the case that Dr. R. Wolf, one of the first

of Sunspot observers, has worked out a very simple formula

by which he is able to convert the yearly means of what he
terms his " relative numbers " for Sunspots, so as to repre-

sent the yearly means for the diurnal range of magnetic
declination as observed at Milan, and a similar formula

would serve for other localities.

The two cycles correspond also in more than their

general features or annual means.
The life of a Sunspot being almost always short, and

spot groups varying very much as to size and being very

irregularly distributed over the sun, it follows necessarily

that even at a time of maximum there are very great

fluctuations in the proportion of the sun's visible hemi-
sphere which is given up to spots. So that the rise to

maximum, or the fall to minimum, does not proceed
smoothly, but in a succession of waves as it were. Of these

minor oscillations, any one which has been fairly well

marked and at all sustained is sure to have its counterpart

in the activity of the magnets.
It would almost seem a necessary corollary of this last

circumstance, that particular and individual Sunspots
should he attended by corresponding magnetic disturbances.

It certainly was the case with the great February spot, as

we have but to glance at the accompanying plate to see.

At about half-past five in the morning of February 13th,

the trace both of the declination and of the horizontal

force magnet sufl'ered a sharp and sudden deflection, token
of an instantaneous disturbance. This sharp and sudden
twitch, which occurred, so far as we know, to the needles

in all the magnetic observatories of the world and at

practically the same actual (not local) time everywhere,
is pre-eminently typical of the intense magnetic storms.
An inspection of the trace shows that its later wanderings
were far more considerable than this first one, but it is its

instantaneousness which gives it its special character.

In the afternoon of February 13th, the magnets were
vibrating to such an extent that the two traces have
become intermixed. Later, about midnight on February
13th, the magnets twitched so violently that for about an
hour the trace went quite ofl' the prepared paper. The motion
in declination that was registered amounted to more than
1°. The horizontal force trace went off the sheet for an
hour and a half, and in vertical force (not included in the

plate) the disturbance was so great that the trace was lost

in one direction, that of increasing force, for four and a

half hours, and in the other for an hour and a half. A
period of short, quick oscillations was then set up and
continued for some hours, the disturbance dying away m
the course of th€ evening of February 14th—a little later,

that is to say, than the trace is shown on the plate.

So remarkable a magnetic storm, occurring just about
the time when so great a spot was about attaining its

fullest development, might well be taken as proving a
special connection between the two, especially when the

facts already alluded to with regard to the general corre-

spondence between Sunspots and terrestrial magnetism are

borne in mind. And the conclusion would be further

supported by the occurrence of a fine aurora on that

same night, February 13th, for the variation in number of

auroriB has also been shown to take place precisely in the

same cycle as the variation in number of Sunspots.

But the proverb tells us " One swallow does not make a

summer," and neither can we take one coincidence as

proving a real connection. Since the spot group of

February, 1892, was the largest ever observed at

Greenwich, let us look through the records for the group
second in size, and see if that has any information to

give us.

This second spot v.-e find in that of November, 1882.

This group was seen during three successive rotations of

the sun. It formed in the visible hemisphere on October
20th, increasing in size on the succeeding days with
marvellous rapidity. It passed out of sight at the west
limb on October 28th, and was next seen at the east limb
on November 12th. Its area on November 13th, when
the whole of it was visible, amounted to 1090 millions of

square miles, and this area increased day after day until

November 18th, when it reached the central meridian and
attained its greatest dimensions, having an area of 2860
millions of square miles. After this it began to break up
and to diminish again. On November 2::ird its area was
2030 millions of square miles. On November 2.5th it had
reached the west limb. It was seen at the east limb again

on December 10th, its area reduced now to 515 millions,

and by December 21st it had completely faded out.

What was the record of the magnets at the time when
this spot was at its greatest development '.' This is what
the Astronomer-Royal chronicles : "A remarkable magnetic

storm, preceded by several days of considerable magnetic

disturbance, was observed here on November 17tli. It

commenced suddenly November IGth, 22h. 15m. G. M. T.

with a great decrease in all the magnetic elements, the

declination being diminished by more than 1^, the

horizontal force by more than 1 -100th part, and the
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vertical force by nearly 1-lOOth part. From 4b. to 7b.,

aud also from lib. to 17b., tbe motions were large and
violent, tbe range exeeedmg 2° for tbe declination, and
1-uOtb part for tbe borizontal and vertical force. Eartb-
current disturbances were also recorded, corresponding
botb in time and magnitude witb tbe magnetic cbanges."

Mr. AVbipple, Superintendent of tbe Kew Magnetic
Observatory, supplements tbis information by some addi-

tional notes not less interesting. " Tbe disturbance," be
says, " commenced about 8.30 p.m. on tbe nigbt of Satur-
day, tbe lltb inst." (Tbat is to say at tbe precise time,

so far as it is possible to fix it, wben tbe great spot began
to come into view at tbe east limb of tbe sun.) •• Tbrougb-
out tbe wbole of Sunday, ilonday, and Tuesday, tbe
magnet continued slowly oscillatmg tbrougb arcs of about
20' on eitber side of its normal position. On Wednesday
and Tbursday tbe vibrations were frequent, but very
small, partaking ratber of tbe nature of tremors." About
10.30 A.M. on Friday t tbe storm became violent, and from
tbat bour up to .5.30 a.m. of Saturday tbe oscillations of

tbe magnet and tbe cbanges of force were incessant, and
frequently enormous, tbe decbnation-needkj ranging at

times tbrougb almost 2^."

It is unnecessary to multiply quotations, but a similar

record could bave been gatbered from any number of

magnetic observatories, a record sbowiug a restlessness of

tbe magnets beginning just as tbe spot first came into

view at tbe west limb, and rismg to tbe intensest excite-

ment just about tbe time tbat it came to the central

meridian and reacbed its greatest development.
And not merely from observatories wbere tbe study of

delicate magnetic phenomena is made a speciality were
such occurrences reported. " All along the railway,"

writes an observer in Scotland, '• the block instrument
bells in the railway cabins were occasionally rung as if by
tbe operator, and telegraphic commimication was much
interrupted, and in some cases even temporarily stopped."

Another, in the south of England, reports :
" At the local

post office here all tbe longer lines were much affected

during Friday and Saturday, sometimes to an extent inter-

fering with ordinary messages." Nor was this effect only

felt in tbe British Isles ; the American and Continental

newspapers recorded just as striking interferences with the

usual action of tbe telegraphs.

Yet a further point. -lust as the magnetic storm of last

February was accompanied by a fine aurora, so was tbat of

November, 1882. Indeed the 1882 record is the more
remarkable. " Aurorie of varying brilliancy," Mr. J.

Edmimd Clark records, " were seen at York on the 12tb,

13tb, 11th, loth, 17th and 18th (morning of 19th),

November tbe 16tb and evening of 18tb being too cloudy
for observation ; the 17th giving an exhibition of excep-

tional brilliancy."

Records of the aurora of November 17tb are plentiful

enough, and no wonder, for it was the most remarkable

exhibition of the kin<l seen for a generation, and an entire

number of Knowledge might easily be filled with different

reports of it. It will be amply sufficient, however, for my
present purpose to quote tbe very brief account which tbe

Astronomer-Royal gave of it :
—" In the evening, as soon

as it was dark, a brilliant aurora was seen, commencing
witb a bright glow of red light extending from thenorth

* The Editor's expression, on page 70, " There is no brewing of a

magnetic storm, it bi-eaks out with full violence from its commence-
ment." was not appropriat<> to the storm of November, 188:i. It was
'* brewing " a good while before it burst. Similar minor disturbances

were continued till the spot disappeared at the west limb.

[This seems to have been a series of magnetic storms, rather than
one storm.

—

A. C. Raxtabd.]

t Or in astronomical time, IN'ovember 16th, 22h. 30m.

and west beyond the zenith, interspersed witb pale green

phosphorescent light and streamers. At Cb. 4m. a very

brilliant streak of greenish light, about 20° long, appeared

in the east north-east, and rising slowly, passed nearly

along a parallel of declination a little above the moon, dis-

appearing at 6b. 5m. 69s. in tbe west, about two minutes
after it was first seen. The whole aurora had faded away
by about 7b., but it burst out again at lib. 4.3m., when an
auroral arch, witb brilliant streamers reaching nearly to

the zenith, was seen h'om north north-east to north-west.

It faded away about 12h. 10m.
Tbe " spindle-shaped beam," as the late Mr. Rand

Capron called the remarkable appearance seen just after

six o'clock, was of itself sufficient to distinguish tbe auroral

displaj' of November 17th, 1882, from ordinary auronv, but

though it naturally attracted tbe greatest attention, the

other and more familiar details of the phenomenon
rendered it the finest seen for many years. Thus Mr.
•J. G. Elger speaks of it as •' certainly finer than that .seen

on October 2.3th, 1870."

This second instance of tbe simultaneous appearance of

a great Sunspot, great magnetic disturbance, and fine

aurora, very materially strengthens the argument for a

true cormection between the three orders of phenomena.
Let us push the enquiry a step further.

Tbe third aud fourth spots as to area during tbe period

covered by tbe Greenwich record were upon tbe sun at tbe

same time. Group No. 72G of the Greenwich series was
first seen on tbe extreme east limb on April 10th, wben it

was only of small size. It began on April ICtb, however,

to develop very fast, and the group which bad an area of

2.38 millions of square miles on April 15th, on April 18tb
covered 1020 millions, aud a second great outbreak had
added more than 1000 millions more by April 21st. The
group reached tbe west limb upon April 23rd.

Group No. 729 followed No. 720 at an interval of aliout

30° of solar longitude, aud was about 10° further south in

solar latitude. It was already a giant spot wben first seen at

the east limb ou April 13tb, its area being 1340 millions of

square miles. It increased steadily up to April 16th when
it covered 2430 millions of square miles, and after suffering

a slight decrease it reached a second maximum of 2490

milhons on April 21st.

Had tbe magnets any record of distm-bance to show ?

Yes, and a double one; tbe first on April 16tb, wben
Groitp No. 726 was beginning its wonderful development

and Group No. 729 had reached its first maximum ; tbe

second on April 20tb, lastiug till April 21st, simultaneous

with tbe second development of Group No. 720, and the

second maximum of Group No. 729. It is scarcely neces-

sary to quote at length tbe official descriptions of this

storm. I extract two sentences only from the account

which tbe Astronomer-Royal gave :

'' Tbe total spotted area

was about double tbat of the greatest spotted area shown

on any of the Greenwich photographs previous to this out-

burst "
; and " since tbe great disturbances of 1872,

February 4tb, and those of October 4tb of the same year
"

(both, I should remark, before .luly, 1873, when tbe Green-

wich Sunspot record began), " no magnetic storm has been

recorded equal to tbis."

In a period of nearly nmeteen years, therefore, we have

three magnetic storms which stand out pre-eminently above

all others during tbat interval. In that same period wc
have three great Sunspot displays— counting the two

groups of April, 1882, together—which stand out with

equal distinctness far above all other similar displays. And
we find that the three magnetic storms were simultaneous

with tbe greatest development of tbe spots. Is there any

escape from the conclusion that tbe two bave a real and
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Traces of the Magnetic Storm of February 12th to 14th, 1892.
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binding connection ? it may be direct, it may be indirect

and secondary only, but it must be real and effective.

Consider that the period in question is practically some
0800 days. A magnetic storm does not last many hours ; a

Sunspot soon declines from its greatest development, or

soon passes away from the centre of the apparent disc.

Suppose we take an outside hmit, and give a period of two
days to a giant spot to exercise its influence, or a magnetic
storm to expend its violence ; what are the probabilities

against 3 out of 3400 of such periods of the one phenomenon
agreeing with 3 out of 3100 of the other, if they are not

related ? If 3400 numbers were placed in one box, and
3400 more in a second, and one from eacb box were
drawn at a time, what is the chance that the three highest
numbers would be drawn from the one box, simultaneously
with the three highest from the other, each to each, if the
matter had not been pre-arranged"? Indeed, we might
legitimately call the coincidence of April, 1882, a double

one, and ask the odds against the four highest numbers
from each box being so drawn.
Between Sunspots and storms of the second magnitude

it is more difficult to make a satisfactory comparison,
because it is not so easy to frame a satisfactory definition

as to what constitutes a secondary disturbance. Never-
theless, the following brief table of large Sunspots seen

since the beginning of 1881 which were coincident with
considerable disturbances may prove of interest. The
spotted area is given in millions of square miles.

and the general magnetic cycle is clearly established,

though even in minor irregularities the two curves closely

correspond, and though unusually large Sunspots are

answered by unusually violent magnetic storms, we cannot,

as yet, proceed fartherand express the magnitudeorcharacter

of the magnetic disturbances in terms of the spotted area

of the sun, or of its principal groups at the time of

observation. The conclusion to my own mind seems to be

that though Sunspots are the particular solar phenomenon
most easily observed, we must not therefore infer that

their number and extent afford the truest indication of the

changes in the solar activity which produce the perturba-

tions we remark in our magnetic needles.



94 KNOWLEDGE. [May 2, 1892.

ANTS' COMPANIONS-I.
By E. A. BuTLEK.

IT
has already been pointed out that an Ants' nest may
contain more than one kind of insect, and we have

shown how some Ants maybe associated with others

as guests, parasites, or auxiliaries. But when we
have shown this, we have by no means come to the

end of the matter : other insects, structurally imlike Ants,

are also to be found in the nests intermixed with the true

proprietors, and the aUen population of this kind may, in

a large community, be considerable. In the nests of the

various European Ants there have been found nearly six

hundred different kinds of insects other than Ants, and even

this long list does not quite exhaust the catalogue of visitors
;

sundry species of invertebrate animals which are not

insects, such as crustaceans, mites, &c., must be added to

comi^lete the total. Of the creatures hitherto registered

as occurring in Ants' nests, however, by far the greater

number are true insects, belonging to the order of beetles

(Coleoptera). Some of these are, no doubt, accidental

visitors and not true inhabitants : still, many are genuine

lodgers m the nests, and some are found only in such

situations. A very large proportion of the Ants'-nest

beetles, again, are representatives of a single section of

that great order, the division called Brachelytra, or Eove-

Beetles. The scientific name of the group means " short

wLng covers," and refers to one of the most distinctive

characteristics of the beetles (see Fig. 1 ) : they carry their

wings neatly packed away under

two small squarish covers or elytra,

which represent the fore wings,

but which do not cover the abdomen
as they do in most beetles, but lie

over its extreme fore-part only,

leaving all the rest exposed, giving

thereby an earwig-like appearance

to the larger members of the

group, as was pointed out in the

article on earwigs some months

ago. Beetles of this kind are

extremely numerous in the British

Islands, where they usually act

the part of scavengers, devouring

carrion, dung, rotten fungi, and

other animal and vegetable refuse.

It is chiefly small species of

these insects that inhabit Ants'

nests, creatures scarcely larger,

and sometimes much smaller,

than the Ants themselves. Most people have probably

noticed certain small species of Brachelytra, for an

exceptionally warm and sunshiny day in early spring is

sure to entice swarms of them from their hiding-places,

when they will gaily disport themselves in our streets,

running rapidly over the ground, or spreading their filmy

wings and sailing through the air regardless of obstacles,

often, therefore, proving themselves an annoyance by

getting into the eyes of passers-by. The " fiy in the eye
"

as often as not consists of these tiny insects. Such species

would as a rule, however, not be the particular kinds that

are found in Ants' nests, though they will serve very well

to give a general idea of the form of these latter.

The present season of the year is one of the best times

to find these brachelytrous Ants' guests, and as the

method of search for them is simple, a few words on the

subject may perhaps incline some of our readers to look

for them. The nests of the Wood Ant {Foniiica ;»/'<() are

some of the easiest and most protitalDle to commence

Fig. 1. — Atemeles

emarr/iiiatnx, a beetle

living in Ants' nests,

nuiguiiic-d 8 diiuneters.

operations upon. The mounds of these insects will now
be just beginning to rise, the Ants waking to renewed

vigour after their winter rest, and fortunately it will not

be necessary to pull the nest to pieces, or otherwise greatly

interfere with the labours of the workers in order to find

the beetles : such an operation would be both disagreeable

and needlessly destructive. All that has to be done is to

select a few bricks or large flat stones, and place them on
the nest sloping round its sides ; a few broken bits of

wood, such as fragments of dead branches, may usefully

be added on the top of the nest, and a number of nests

within easy distance of one another may be treated in a

similar way. These pieces of brick, stone, and wood are

intended to act as traps to induce the beetles to congregate

on their under surfaces. A few days after the traps have

been laid, the nests may be visited again, when it will

most likely be found that the objects deposited are partially

covered, by means of the labour of the Ants, with fi'agments

similar to those that compose the rest of the mound. The
traps may now be carefully but quickly lifted, one by one,

and at once transferred in an inverted position to a cloth

or a large sheet of paper, so that the insects upon them
may be more easily seen, and have less chance of escape.

Probably many Ants wiU be found clinging to the stones,

but a quick eye will soon distinguish here and there

amongst them strangers of some sort or other, which will

probably turn out to be some of the beetles aforesaid. If

it is desired to preserve the beetles, they may be gently

removed and transferred to a bottle containing a few lumps
of cyanide of potassium covered with pads of blotting

paper ; the poisonous vapour from this will soon kill them,

and they may then be gummed on card for preservation

and examination. As most of them are active in their

movements, it will require a little dexterity to prevent their

escape, and secure their safe transfer to the killing bottle.

The fragments of stick at the top of the nest may be tapped

or shaken over the cloth, or over a piece of Avhite paper,

when any insects that are in hiding will come tumbling

out and may be secured. The stones and other traps may
now be replaced, and the nests visited again at intervals

during the siariug or early summer, when no doubt other

specimens will be obtained. It is best to visit the nests

early in the day, before ten o'clock in the morning being,

according to the late Mr. .lanson, the best time to find the

beetles. Of course, the method of procedure will be

varied with the character of the nest ; in the case of those

Ants that do not throw up mounds of vegetable fragments,

search must be made around the nest, and under any
sheltering objects that may happen to lie about in the

immediate neighbourhood. If the nest is imder a stone,

lifting this will often disclose some of the visitors, and
again, the " runs " of the Ants may be profitably inspected.

The terms ou which the beetles are associated with the

Ants do not appear to be the same in all cases, and indeed

in many instances it cannot be said to be satisfactorily

determined what the terms are. Speaking generally, it is

obvious that, to say the least, the presence of the beetles

must in all cases be tolerated ; for such is the energy and
courage of Ants that they are not likely tamely to submit

to the intrusion of interlopers which are decidedly distaste-

ful ; such would be at once attacked and killed, the jaws

of the workers being quite capable of thus executing the

capital sentence. Mere toleration and indifference, how-

ever, by no means represents the attitude of the Ants in

all cases ; in some instances there seems to be a certain

amount of distrust and suspicion, but in others quite the

reverse. Some are on terms of the closest intimacy with

their hosts, by whom they are treated carefully and
tenderly, and their presence is evidently valued. Speaking
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at present only of the Brachelytra, and remembering that

the general faaction of these insects in Nature is that of

scavengers, one sees that it is not at all unlikely that such

a function is discharged in the Ants' nests by at least some
of the species found therein. The need of some arrange-

ment analogous to sewage works, to dispose of the con-

siderable amount of excrement and other refuse matters

that must tend to accumulate in large communities of

Ants, is obvious, and it may well be that a share at least

of this work falls to the lot of the Ants' guests. Dr.

Michael has recently shown that in the nests of certain Ants

which he found in Corsica a kind of mite occurs, to which

the Ants seem greatly attached ; and a reason for this has

been suggested by him as being found in the fact that the

mites feed upon the bodies of dead Ants, and thus help the

members of the community to a solution of the vexed

question of the disposal of the dead, which cannot but be

a matter of perplexity to all societies and great aggrega-

tions of living beings, increasing in difficulty in proportion

to their size. In most cases the dead seem to be carried

out of the nest, and the Rev. Farreu White records a

curious instance in which some little paper trays, which he

had put upon one of the nests he kept for observation,

were used as cemeteries, the Ants dropping the dead

bodies of then' companions into them one after the other.

From the method in which the nest was in this case pre-

served for observation, viz., in a glass bell -jar, the bottom

of which was wholly occupied by the nest, it would seem
that this was the only method available by the Ants of

putting the corpses into any spot where they could really

be considered to hs removed from the nest, and the Ants

certainly deserve credit for the ingenuity of the device by

which they overcame the ditliculty presented by the glass

walls of their prison.

No doubt in some instances the Ants and their guests

are found together merely because they happen to prefer

similar situations to live in. so that in such cases no
particular significance can be attached to the association.

Thus, if both delight to live under the bark of trees, or

amongst the roots of grass, here is a bond of connection

which will lead to their being found together unless either

party objects ; still, even in such eases, as the Ants, being

always the more numerous of the two, could if they liked

rid themselves of their companions, it is plain that the

association is not distasteful to them. The mere accumu-
lation of piles of vegetable fragments, such as those erected

by the mound-builders, would tend to induce beetles to

enter, as they often delight to lie concealed amongst
vegetable rubbish, and it is certain that if any such mound
wei'e deserted by the Ants, it would very soon be tenanted

by all sorts of dili'erent insects, as well as woodlice,

centipedes, millipedes, &c. That such indefinite tenantry

does not occur while the place is occupied by the Ants
must therefore be attributed to their own efforts. Again,

when fragments are brought in for addition to the mound,
it is quite possible that they may sometimes contain upon
their sm'face or in their interior either small insects or

the eggs of such, so that we have here another possible

means of the introduction of insects into the nests. On
the whole, therefore, it would seem to be, not so much a

matter of surprise that insects other than Auts are to be

found in the nests of the mound-builders, but rather that

then- number is not even greater than it is. Of course,

these remarks do not equally apply to those which do not

throw up mounds ; but then these do not, as a rule, yield

so great an alien population.

We may now proceed to consider somewhat more in

detail some of the most remarkable of these companions

of .\nts. Of the Brachelytra, one of the most curious is

Attnu'lfs emnriihiatus (Fig. 1). It is a reddish-brown insect

scarcely more than a sixth of an inch in length, but broad
out of proportion. It has a broad shield-like thorax,

ending in thin leaf-like edges at the sides, and in sharp-

pointed projections at the hinder angles. It has the habit

of curling up the tip of its abdomen as it runs about, and
this of course makes it look smaller than it really is. It

can also roll itself up almost into a ball. It is so peculiarly

shaped that it cannot easily be confounded with any other

British insect. It is found in the nests of several species

of Ants, especially the red stinging Ants {Mi/rmicti), the

blackish-brown l-'arinicn fmnt, and the shining black

F. fuUijinosii. A good many of the beetles may often be

obtained fi-om one nest, though always the Ants far

outnumber them. Wasmann records having found as

many as one hundred and fifteen specimens in one nest of

Mi/niika xcabriiii'ilis. This is one of the insects that

are very tenderly cared for by the Ants. It lives with

them on terms of the closest intimacy, being often

carried about by them from place to place. But more
than that, the beetles are, at least to some extent,

actually supported by the Ants, being fed by them
from their own mouths, just as they would feed their

young. If the beetle wants food, it approaches an Ant,

and planting itself in front, with its tail cocked up, begins

to stroke the Ant with its antennse ; the Ant soon responds

and passes food into its mouth, continuing the operation

perhaps for about half a minute, when it goes off about its

business. Sometimes indeed the feeding takes longer,

and some two or three minutes may be occupied in the

process. It must not be imagined from this, however,

that Atemclea has lost the power of feeding itself; this does

not appear to be the case, although, according to

Wasmann, the beetles flourish better when fed by the

Ants. The same observer has mentioned that the Ants
lick with apparent gratification certain tufts of j'ellow

hairs which are found on the beetle's body, as though
they yielded some secretion which was pleasant to the

taste. He also mentions that the beetles have the power

of exhaling an agreeable aromatic odour from a gland in

the abdomen, similar to, but stronger than the scent of

Mi/nnka, which arises from the head. The beetle enjoys

a good deal of freedom of movement, notwithstanding the

care of the Ants, and during the summer months it is not

to be found in the nests. But if the beetles at other

times manifest a tendency to wander too far, they are

picked up by their guardians and carried back again. We
have here, then, the case of a beetle which is closely

associated with the life of the Ants, and is carefully

tended, guarded, and fed by them, and yet which has so

far retained its faculties and powers almost if not entirely

unimpaired, and does not seem to have become degraded

by its dependence. That such, however, is not always the

case will be evident from other instances, which want of

space compels us to defer till next month.

(To be continued.)

HOT SPRINGS.
By Prof. J. Loci.u; Loblev, F.G.S.

THEEMAL springs vary so gi'eatly in temperature

that to a large number the word " hot " is not

applicable, and yet these cannot be excluded from
consideration in connection with the subject of

Hot Springs, since they are essentially of the

same class of phenomena.
All springs of water the temperature of which is higher

than that of the rocks from which they issue may be



96 KNOWLEDGE [May 2, 1892.

regarded as thermal springs, since they have derived their

exceptional heat from subterranean, and therefore extra-

meteoric, sources.

The thermal springs of uon-volcanic countries, although

frequently but slightly heated, are in some respects the

most noteworthy, for the cause of their heat, not being

obvious, an attractive and interesting enquiry is suggested.

Such are the thermal springs of England and Germany.
In England five have long been liuown. The most

famous and the hottest is that of Bath, which has a

temperature of 120^ Fahrenheit, and then follow those of

Buxton at 83% Clifton at 76', Matlock at 68", and Ashby-

de-la-Zouch at 62'^. Very similar in many respects to the

English springs are those of Germany, which have a

world-wide fame, and are the resort of an annually-

increasing number of both health and pleasure seekers.

The range of temperature of these waters is considerably

greater than that of our home springs, the Sprudel Quelle

of Carlsbad having a temperature of 167° Fahrenheit.

With the exception of the springs of Gastein, they are all

in three districts—Nassau, the Schwarzwald or Black

Forest (parts of Baden and Wurtemberg), and Bohemia.
Their temperatures are as follows :

—

Carlsbad, Bohemia (the Sprudel Quelle) . 167" F.

Wiesbaden, Nassau (the Kochbrunneii) . 158° ,,

Baden, Baden (the Ursprung) . . 153°
,,

Toeplitz, Bohemia (the Stadtbad) . . 122° „
Gastein, Austria (the Spltal Quelle) . 118°

,,

Ems, Nassau (the Kesselbrunnen) . . 118°
,,

Wildbad, Wurtemberg (the Furstenbad) . 98° „
Schlangenbad, Nassau (the Altbad) . 86° ,,

Liebenzell, Wurtemberg . . . 76° ,,

Soden, Nassau ..... 75°
,,

Cannstadt, Wurtemberg.... 66°
,,

Hotter, however, than any of the above-named waters

is that of Abano, in North Italy, about live miles from

Padua, which has a temperature of 187 Fahrenheit. It

is true this place is at a seat of foriuer volcauic activity,

the Euganiau Hills, but the period of that activity was as

far back as Eocene times.

One of the most remarkable examples of Hot Springs in

non-volcanic regions is that of Hammam-Meskhoutim,
near Constantine, in Algeria, where the water, with a

temperature of 203°, deposits calcareous travertine, and so

forms piles of basins rising to about 30 feet. Another

great deposit of travertine from such Hot Springs is at

Hierapolis, in Asia Minor, where it forms white terraces on

the side of the hill, on which in ancient times the water,

at about 100° Fahrenheit, issued.

All these thermal springs, and many others in various

parts of the world, agree in issuing from the rocks of

regions of a markedly non-volcanic character, as those of

England, or of areas where volcanic activity is apparently

quite extinct. They all, therefore, require some hypothesis

to account for their high temperature other than proximity

to volcanic action.

The theory founded on the ascertained increase of heat

with descent from the surface would put the source of the

Bath water at about 4000 feet depth. A much less depth

would be required by ascending hot fumes or gases meeting

with water, and so heating and impregnating it and
forcing it to the surface. The "physio-chemical hypo-

thesis" that accounts for the production of volcanic heat

at moderate depths by subterranean chemical action, when
the conditions are favourable, appears to meet the case of

the Bath waters, and thit of other thermal springs in

non-volcanic regions.*

* Reports of the British Association, Bath Meeting, 1883, p. 670.

One feature they have in common with all Hot Springs .

wherever they may be found and of whatever temperature

they may be, and this is that they are all more or less

" Mineral Springs," and it is to this fact, together with

their high temperature, that they owe their medicinal or

curative reputation. Water is at ordinary temperatures a

solvent of many substances, but at high temperatures of a

greater number, and, too, of a greater quantity of those

soluble in it when cold ; and boiling water is a solvent to

some extent of that usually most refractory substance,

sihca. Hence it is that boiling springs generally deposit

from their cooling overflow water the solid siUcious material,

silicious sinter. It has been estimated that the matter held

in solution by the Bath water, which has been derived from

the rocks through which it has passed, would, if solidified,

form annually a column having a base of nine square feet

and a height of 140 feet. This matter consists chiefly of

the sulphates of lime and soda and the chlorides of sodium

and magnesium. A spring at Clermont, in France, has

deposited a great mass of calcareous rock, forming a natural

bridge of travertine, and other examples have been pre-

viously mentioned.

The thermal springs of volcanic regions which, from the

evident cause of their heat, may be called volcauic thermal

springs, are "very conspicuously different in character,

some being tranquil flows of heated water, some being in a

state of ebullition more or less active, and others, the

Geysers, being chai-acterized by periodic ejections or

eruptions of boiling water followed by violent explosions.

There are, too, many thermal springs where there is at

present no volcanic action, but yet these areas are so

volcanic in character, and have been the seat of volcanic

activity so late as post-Pliocene times, that the heating of

the waters issuing from their rosks can only be ascribed

to lingering volcanic fires.

Of those regions the old province of Aus-ergne, in

France, is the most important in Europe. It has many
thermal springs, of which those at Vichy, Vic en Carladez,

Mont Dore les Bains, La Bourboule, and St. Nectaire are

best known. And in America Hot Springs are con-

spicuous in such areas, in Utah, near Salt Lake City,

where is Hot Springs Lake, and in Colorado, where are

the important Pagazo Springs, and especially so in

Wyoming.
The oldest known and longest used Hot Springs are

those of the volcanic region of Southern Italy, where, near

Naples, these thenna:, so greatly used by the patricians of

old Roma, still give forth waters at the Baths of Nero,

near theLucrine Lake, of a temperature of 182° Fahrenheit,

and at Pisoiarelli, near the not yet quite extinct Salfatara, of

180° Fahrenheit, sufficiently hot, Dr. Daubeny found,

to boil an egg in a few minutes ; and across the blue

waters of the Bay of Naples, on the volcanic island of

Ischia, under the shadow of the slumbering volcano

Epomeo, there are the now much used hot baths of

Gurgitello. Some of the thermal springs of the remark-

able volcanic district of the Phlegrsean Fields are,

however, of but moderate temperatures. At Bagnoli, near

Pozzuoli, are two springs of 104° F., and the tepid

waters of Baife made that place great and rich in ancient

Roman times.

But it is that northern, indeed Arctic land, Iceland,

of which most of us think when Hot Springs are

named, for of these phenomena the geysers of Iceland

received until recently the most prominent notice.

There are other Hot Springs in Iceland, but geysers,

or intermittent eruptive Hot Springs, are very numerous,

both in the Hecla district and in other parts of the

island.
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The group best known consists of about a hundred, but
'

so near together that they are all within an area of about
two square miles. This place is about tliirtv miles from
the active volcano Hecla, in the south-western part of

Iceland. Two of the geysers—which are so named from
the Icelandic word ;/fi/.«rt, to rage — are conspicuously

gi-eater and more important than the otliers, and the

larger of the two, called Great Geyser, has been carefully

observed and described, first by Mackenzie, and afterwards

by Bunsen, Descloiseaux, and others.

This intermittent natural fountain of boiling water has
been found to have a shaft or tube descending to about

78 feet below the surface, with a diameter varying from
f> to 8 feet, which at the top expands into a funnel-shaped

mouth or basin, .50 feet by 46 feet, that is really the crater

of a mound sloping on all sides, from its margin to the

level of the adjoining land. With intervals of about six

hours between, a column of hot or boiling water is ejected

high into the air, 100 to 200 feet. After this, which
continues for five or six minutes, an explosion of steam
occurs, the tube is emptied, and there is no more ejection

of hot water for another period of six hours. During this

time the tube gradually refills, when there is another
ejection followed by a violent explosion of steam as before.

Thus, throughout the year, amid the ice and snows of

Iceland, this extraordinary periodical ejection of boOing
water and steam goes on. The throat, the crater, and all

around this aqueous volcano is coated with a deposit of

silicious sinter, and it is an accumulation of this hard white

material that has formed the mound and the sides of the

basin from the centre of which the tube descends.

Although the great increase in recent years of our

knowledge of the physical features of the earth's surface

has made us acquainted with many other and greater

eruptive boiling springs, yet the geysers of Iceland retain

their place as types, and the hypotheses to explain geyser

action are founded on the phenomena they present. Of
these one of the first was that of Sir .J. Herschel, who
supposed a rock cavity holding water with a conduit from
it to the surface passing througli a stratum of very hot

rock which would so greatly heat the water in passing as

to cause the eruptive action. It was Bimsen, however,
who was the author of the now generally accepted

hypothesis — that the water as it collects from the

surroimding rocks, in the lower part of the shaft, is heated

by a hot zone to much over boiling point, as it was actually

found by Bunsen tobe 260" Fahrenheit within the tube, but

that the pressure of the column of water above prevented the

formation of steam. This goes on until the force generated

overcomes the pressure, when the column of water above

is ejected, and the lower water being relieved of the

i-estraining pressure is suddenly converted into steam, and
so produces the final explosion and emptying of the shaft.

This action has been imitated by an arrangement devised

by Professor Tyndall, who also illustrated the bringing

about of premature eruptions of the geyser called the

Strokkr by obstructing its tube with clods of earth.

A much grander exhibition of thermo-hydraulic action

was displayed on the opposite side of the globe, when Von
Hochstetter, in 1859, explored the volcanic regions of the

North Island of New Zealand. From one point could be

seen on both sides of the valley of the Eiver \Yaikato 7G
clouds of steam arising from hot cascades, falling into the

river from white basins, some -srith rising and falling

fountains, some pausing, some playing simultaneously, and
so forming a wonderful system of grand natural water-

works. The steaming cascades fell over white, red, and
yellow terraces, while periodical eruptions occurred at

points between them.

Still greater wonders were found to the north-west of

the valley of the Waikato, where was the now famous
lake of Eoto Mahana, a lake of warm water, amidst boil-

ing springs that were continually pouiing into it immense
volumes of hot water over marble-like terraces, on the hill

slopes around. On a small island in the lake, potatoes

and meat could be cooked by the steam given out when-
ever a little hole was dug in the ground. Te Tarata,
" the Tattooed Rock," rose on the east side of the lake to

a height of 80 feet in snow-white terraces, and on its

summit was an immense basin filled to the brim with

water boiling, but clear and of a brilliant blue tint. The
white terraces over which the water fell in cascades to the

lake, formed by the deposition of silica by the cooling

water, had on each level basins, with projecting semi-

ckcular margins, and holding bright blue water, from
which stalactites of pure silica depended, and added a

light and fairy-like beauty to this marvellous piece of

natural architectme. Other boiling springs, with descend-

ing terraces, were on this side of the lake, and they were

confronted on the west side by Otukapuarangi displaying

its pink terraces, which, with the blue waters surrounded

by red, white, and yellow walls of rock, added additional

colour to the wonderful scene.

It has been necessary to write of these marvels of the

Eoto Mahana lake in the past tense, as they are things of

the past, for in -June, 1886, a great volcanic eruption com-
pletely destroyed the terraces, the springs, and even the

lake itself. Had, therefore, this part of New Zealand
not then been explored, mankind would not have known
of these magnificently beautiful wonders of Nature in the

Britain of the Southern Seas.

To find a stOl more extensive display of Hot Springs we
must return to the northern hemisphere, and visit that

remarkable area in Wyoming, the Yellowstone National

Park, in which are congregated so many natural wonders,

and which has recently been described in these pages.

The thermo-aquatic phenomena here seen are on a much
grander scale than anywhere else, but it is impossible now
to do more than very briefly state the general character of

these marvels. In addition to other parts of this region,

in which there are numerous Hot Springs, both tranquil

and eruptive, there is an area occupied by an imexampled
development of the one class, and a second in which are

concentrated extraordinary groups or collections of the

other class. The former of these areas is that of the

"Mammoth White Mountain Hot Springs." These in

their character and surroundings resemble those of the

destroyed White and Pink Terraces of New Zealand, but

instead of silicious they deposit calcareous matter, and
they are on a larger scale. The terraces are as brilliantly

white, the water is as clear and blue, and the other colours

are as varied and vivid as were those around the Eoto
Mahana lake. Stalactites, coral-like forms, and exquisite

bead-work ornament the terraced basins and the platforms

that cover the entire face of the mountam, rising from the

banks of Gardiner's River at 5845 feet above the level of

the sea to 6522 feet. An analysis of the travertine of

the terraces formed by these springs, given by Dr. Hayden,
is as follows :

—

Water and volatile matters
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The other most noteworthy Hot Springs area of the

Yellowstone Park is called the "Geyser Basins of the Fire

Hole Eiver," consisting of the Lower Basin and the Upper
Basin, altogether about 76 square miles.

The Lower Basin contains thousands of springs of

various temperatures, including some gigantic geysers of

which the "Fountain" and the "Architectural" geysers

are the best known. There are also " Mud Puffs," or

centres of boiling mud. The Upper Basin has geysers

of still greater importance and becoming famous under
the names of " Old Faithful," " The Giant," " The
Giantess," " The Grand." ' The Castle." "The Beehive,"

.to. All these, like the Geysers of Iceland, deposit

silicious sinter or geyserite, of which Dr. Hayden's analysis

is :

—

Water ... ... 13-42 per cent.

Silica 70-80

Alumina ... !)-4(i

Lime ., 1-80

L'on, magnesia, and soda traces

101-06

Although the Yellowstone Valley has long ago ceased

to be the scene of volcanic activity, great subterranean

heat still lingers beneath its mountains, cauons and lakes,

and now presents to the admiration of mankind phenomena
as beautiful as they are wonderful.

THE FACE OF THE SKY FOR MAY.

By Herbert Sadler, F.R.A.S.

SMALL groups of spots and facula^ continue to appear

on the solar surface. The following are con-

veniently observable times of the minima of some
Algol-type variables {cf. " Face of the Sky " for

April). S Cancri.—May 11th, 9h. 32m. p.m. ; May
30th, 8h. 48m. p.m. 8 Libra;.—May 4th, 8h. 28m. p.m.;

May nth, 8h. 3m. p.m. U Corona?.—May 13th, lOh. 49m.
P.M. ; May 20th, 8h. 31m. p.m.

Mercury is technically a morning star throughout May,
but is practically invisible, as on the first day of the month
he only rises 24 minutes before the Sun, and on the last

day of May he rises three-quarters of an hour before the

Sun. Under these circumstances an ephemeris of the

planet would be useless. He is at his greatest western

elongation (25^°) on the 17th.

Venus is a superb object in the evening sky, and is

\'isible to the naked eye at noonday when her position is

accurately known. She sets on the 1st at llh. 49m. p.m.,

with a northern declination of 26° 49', and an apparent

diameter of 23", just one half of the disc being illuminated.

On the 15th she sets at llh. 50m. p.ji., with a northern

declination of 26° 30', and an apparent diameter of 28",

jij^ths of the disc being illuminated. On the 80th she

sets at llh. 21m. p.m., with a northern declination of

24° 35', and an apparent diameter of 855", just three-

tenths of the disc being illuminated. During the month
she pursues a direct path through Gemini, without

approaching any conspicuous star very closely. At about

lOh. 20m. P.M. on the 3rd a 9th magnitude star will

be just north of the planet, and at lOh. 30m. p.m.

on the 13th a 9| magnitude star will be very closely

north of Venus, while at lOh. lOm. p.m. on the 21st

a 9J magnitude star will be immediately south of the

planet.

Mars does not rise till after midnight on the last day of

the month, and .Jupiter is, for the observer's purposes,

invisible.

Saturn is still well situated for observation. He rises

on the 1st at 2h. 34m. p.m., with a northern declination

of 4° 43', and an apparent equatorial diameter of
18-5" (the major axis of the ring system being 42-8"

in diameter, and the minor 0-4"). On the 31st he rises

at Oh. 82m. p.m., with a northern decUnation of 4° 48', and
an apparent equatorial diameter of 17f" (the major axis

of the ring system being 40-8" in diameter, and the minor
[
0-3"). The ring system is therefore invisible in small

!
telescopes. The following phenomena of the satellites may
be observed (the times are given to the nearest quarter of

an hour). May 1st, Ijh. a.m., Tethys, eclipse reappear-

ance ; May 2nd, lOih. p.m., Tethys, eclipse reappearance;

May 4th, 8 p.m., Tethys, eclipse reappearance ; May 9th,

8|h. P.M., Dione, eclipse reappearance ; May 18th, Hi. a.m.,

Tethys, eclipse reappearance ; Ifh. a.m., Dione, eclipse

reappearance ; May 19th, 10|h. p.m., Tethys, eclipse

reappearance. lapetus is at his greatest western elongation

on the morning of May 27th. On the 9th at about llh.

P.M. a 9-^ magnitude star will be about f south of the

planet. During May Saturn describes a very short

retrograde path through part of Virgo, without approaching
any naked-eye star.

Uranus is well situated for observation, rising on the 1st

at 6h. 25m. p.m., with a southern declination of 12° 17',

and an apparent diameter of 8-8". On the 31st he rises

at 4h. 20m. p.m., with a southern declination of 11° 54'.

During the month he describes a retrograde path to the

N.W. of A Virginis. A map of the path of Uranus is

given in the ]ui;ili«h Mcchanicior Yehmary 12th. Neptune
is in conjunction with the Sun on the 29th.

There are no very well marked showers of shooting

stars in May.
The Moon enters her first quarter at 7h. 12m. p.m. on

the 3rd ; is full at lOh. 59m. p.m. on the 11th ; enters her

last quarter at 2h. 58m. p.m. on the 19th ; and is new at

5h. 49m. A.M. on the 26th. She is in apogee at 5-3h.

a.m. on the 9th (distance from the earth 252,310 miles)

;

and in perigee at 4-Oh. p.m. on the 24th (distance from the

earth 224,215 miles). Her greatest western librations

occur at Oh. 54m. p.m. on the 2nd, and at 5h. 30m. p.m.

on the 30th ; and her greatest eastern at 5h. 35m. a.m. on
the 18th. There will be an eclipse of the Moon on May
nth, tbe first contact with the penumbra taking place at

7h. 55-9m. p.m. ; the first contact with the shadow (at an

angle of 82 from the most northern portion of the Moon's
limb towards the east, for tlireit image) ; the last contact

with the shadow at Oh. 36-6m. a.m. on the 12th (at an angle

of 41° from the most northern portion of the Moon's limb

towards the west, for iliirct image) ; and the last contact

with the penumbi-a at Ih. 5()-pm. a.m. on the 12th. The
middle of the eclipse occurs at lOh. 53-4m. p.m. on the

nth, Jyij|-\fths of the lunar disc being obscured.

Cljrss Column.
By C. D. LococK, B.A.Oxon.

All communications for this column should be addressed

to the " Chess Editor, Knowledge Office," aud posted before

the 10th of each month.

Solution nf Problem in April number.— 1. Q to B7, and

mates next move.

Correct Solutions received from H. S. Brandreth,C. T.

Blanshard, A. H. C. Hamilton, " T. Wells."
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" T. Wells."—!. BR6 will not solve the March problem. '

The move fails against one defence only, viz. : 1. . . . K
to Bo.

(,'. T. liliiushiiiil.—Thanks for the problem ; it is printed

below.

PROBLEM.
By C. T. Bl\xshakd.

Black.

^7h m
1^

%i-^^

iii!i?«,^^^H^^^W

White.

White to play, and mate in two moves.

CHESS INTELLIGENCE.

The result of the Amateur Championship Tournament
of the British Chess Association was as foUows :

—

1. E. Jones-Bateman ... ... ... 9^

2. H. W. Trenchard 7"

3. E. 0. -Jones 6i
Mr. .Jones took the third prize after a tie with Mr. Herbert

.Jacobs, who is fourth. The other competitors were Dr.

Smith, Messrs. ^Yard-Hlggs and Gibbons, all of whom
met with some success in the recent City of London Club
Tournament.

It will be seen that Mr. Jones-Bateman won with a good

deal to spare, Mr. Trenchard being rather a bad second.

This is the first occasion on which the winner has not

been a member of the British Chess Club. Mr. .Jones-

Bateman is the present holder of the L'iwenthal Cup,
which carries with it the championship of the St. George's

Chess Club.

THE CH.\MPIONSHIP TOCENAMENT.
At the conclusion of the National blasters" Tournament

Mr. G. Newnes, M.P., the president of the British Chess
Club, offered prizes amounting to £50 for a two-game
tournament between the five leading London players. The
masters selected were Messrs. Bird, Blaekburne, Gunsberg,
Laslvcr, and Mason. As in the previous tournament, Mr.

Lasker again came out first, and, but for his willingness to

accept draws with Mr. Mason, could no doubt have increased

the distance between himself and ilr. Blaekburne, whom he
defeated by very fine play in both games. Mr. Blaekburne,
moreover, was extremely fortunate in winning his second

game with Mr. Bird, a game which he played only to draw
by perpetual check. He was also a little lucky in winning
two games from Mr. Mason, both of which looked like

certain draws. On the other hand, his first game with Mr.
Bird was a fine specimen of counter-attack. Mr. Mason
played as well as he usually does, while the other two com-
petitors were apparently out of form. The foUowing was
the score:

—

1. E. Lasker ..

2. J. H. Blaekburne
H. James Mason
1. 1. Gunsberg
5. H. E. Bird

6i

R

1

2-!-

1

The prizes were divided on the Sonneboru-Berger system.

i.e., according to the i-nlw of the games won by each player,

estimated by the scores of the players from whom they

were won. On this system Mr. Lasker, who did not lose a

single game, came out easily first, and his performance

confirms the estimate of his capacity given in this column

last month. ^

THE UNIVERSITIES WEEK.
The boat-race week was, as usual, crowded with matches

in which the Oxford and Cambridge teams were engaged.

The first contest, between past members of the two clubs,

was decided on the Tuesday at the St. George's Chess

Club. The old Oxonians, who missed the services of

Messrs. W. M. Gattie and G. E. Wainwiight, gained a

rather imexpected victory over their more mathematical

opponents. The score was :

—

Oxford. C'.\3iBRmGE.

1. C- D. Locock (Uni- r. Rev. A. B. Skipworth

versity Col.) (un- (St.Catherine's)(un-

finished) — finished) —
2. E. M. -Jackson (New v. W. H. Gunston (St.

College) ^ .John's) ^
3. Rev. L. W. Lewis '. J. N. Keynes (Pem-

( Lincoln) "i; broke) %
4. H. F. Lowe (Balliol) l" -. W. Deightou (St.

-John's)

-5. R. W. Barnett (Wad- v. Rev. -J. F. Sugden
ham) 1 ( Trinitv Hall ) ...

6. E. Anthony (Ch. Ch.) <•. F. P. Carr (St. Catli.) 1

7. Rev. W. Cooper(Wad- r. E. L. Kearney (St.

ham) 1 Catherine's)

8. Rev. W. M. Le r. W. R. Fisher (St.

Patoiu-el (Balliol)... ^ -John's) ^

41 2-L^2 2

On the same evening a combined team of present

members of the two Universities, assisted by Mr. E. M.
-Jackson, suffered a defeat at the hands of a City of London
team by 13—7.

On the Thursday following, the Oxford and Cambridge
match took place at the British Chess Club. Cambridge
were the favourites, and fully justified the fact, not allowing

their opponents to win a single game. In the absence of

clocks the rate of play was much slower than usual, and
only one game was played at each board. The following

was the score :

—

Oxford. C.ambridoe.

1. D. Madgavkar (Bal- '. H. E. Atkins (Peter-

holj house) 1

2. R. Lynam (non. col.) ^ c. H. S. Buliock(Corpus) |
3. F.E. -Jelly (Magdalen) k r. F.G. Scovell(Queen's) i

4. A.B.Hinds (Ch. Ch. I ^ r. E. Young (Corpus) ... i
5. G. A. Heginbotham r. W. C. Sandford

(Pembroke) (Queen's) 1

0. P. L. Osbom (Mag- '•. E. B. James (Caius) 1

dalen)

7. P. Sergeant (Trinity) /. J. H. Pereival (Trin.

Hall) 1

Total Total

* Tlie game on No. 3 board was adjudicated by the umpire (Mr.
James Innes MinchinJ as drawn.
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The usual banquet and smoking concert followed in the
evening at the British Chess Club, the Lord Mayor being
in the chair. On the following afternoon the Oxford Club
defeated a rather weak team of the St. George's Chess Club
by 5^ to 2i. In the evening Cambridge, assisted by
several old members, gained a victory over the British

Chess Club by 7^ to 4^, the latter club playing a rather

weak team, and losing on the four last boards.

Finally, on the evening of the boat race, the Sussex
Chess Association, by no means playing their full

strength, defeated a combination of present members of

the two Universities by 10— 6.

COUNTIES' CHESS ASSOCIATION PROBLEM
TOURNAMENT.

First prize, £2 2s. ; second prize, £1 Is. The time for

sending in is extended to 80th .lune, 1892. For full

particulars write to Rev. A. B. Skipworth, Tetford Rectory,
Horncastle.

The following fine game was played in the late tourna-

ment :

—

[\'ii:xx.\ Or

WniTE (J. H. Bliu-kl)iinio).

1. P to K4
2. KttoQBS
3. P to B4
4. P takes KP
5. Q to B3
6. Kt to R8 (/')

7. Kt to K2(</)

8. P to Q8
9. P to R3 {,-)

10. B to K3
11. B takes Kt
12. Kt (R8) to B4
18. P to QKt4 (,/)

14. P to Q4
Black

'ENTXG.]

Black (E. Lnskov).

1. P to K4
2. Kt to KB8
8. P to Q4
4. Kt takes P
5. P to KB4 {ft)

6. P to B3 (r)

7. B to K2
8. Kt to B4
9. Castles

10. QKt to Q2
11. Kt takes B
12. Q to Kt3 (/•)

13. Kt to Q2
14. P to QR4 !

" I '§j ^> i i I

m %. m

ts 'dm. iS -i.^
White.

R to QKtsq
P takes P
P to B3
Kt takes B
Kt to K2
Q toB4
Kt to Q4

22. Q to Q2 (/()

23. Kt takes Kt
24. Q to K3
25. Kt to B2 ((•)

26. R to Bsq

15.

16.

17.

18.

19.

20.

21.

15. P takes P
16. B takes Pch
17. B takes Pch
18. Q takes P
19. Q takes P
20. Q to B3
21. Kt to B4 !

22. Kt to K5
23. BP takes Kt
24. E to R5
25. R to R7
26. B to Kt5

27.
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A LUMP OF CHALK AND ITS LESSONS.

By E. Lydekkek, B.A.Cantab.

PROBABLY all Englishmen—certainly all those

dwelling in the eastern and south-eastern counties

—are familiar with the pure white rock which
we call, from the Latin rrctn. Chalk. It is indeed

this very familiarity which breeds the proverbial

contempt, and causes us to take but scant or little notice

of what is really a very beautiful substance in itself, alto-

gether apart from the interest with which it is invested

from a geological point of view. If Chalk were very rare

instead of being exceedingly abundant, there is little doubt

that it would be reckoned as a beautiful substance, worthy
to stand as the best example of a pure white mineral

alongside of virgin sulphur as the finest sample of a yellow

one. If, moreover. Chalk had happened to have under-

gone the action of intense heat under equally intense

pressure, it would assuredly have produced an even

liner and purer statuary marble than that of Carrara, and
might thus have been one of the most valuable of rocks.

A complaint may not unfrequeutly be heard among those

more or less deeply interested in geological science who
happen to dwell in a Chalk district, that the very sameness
of the Chalk formation throughout England prevents them
from finding any interest in the geology of their own
districts, and thus leads them to regi-et that their lot had
not been cast in regions where a varietv of rocks are to be

met with. Although there is a considerable amount of

truth in this complaint, yet if rightly studied the Chalk is

so peculiar and unique a form.ition as rather to embarrass

us with the number of considerations and problems to

which it gives rise, than to be deficient in interest.

Examining a lump of the pure white Chalk of many
parts of England, such as that of Dover, we find that it

consists, both to the naked eye and under an ordinary lens,

of an exceedingly fine-grained homogeneous soft substance,

adhering strongly when applied to the tongue, and leaving

a white streak when rubbed on other substances. If

treated with vinegar, or any other acid, it will efiervesce

strongly with the liberation of the gas commonly known
as choke-damp, or carbonic acid, while the base unites with

the new acid to form a fresh compound of lime. The
lime may be obtained in a pure condition by burning the

Chalk, as in a lime-kiln, when the carbonic acid is likewise

given ofi' ; and we thus learn that Chalk consists of

carbonate of lime. As a rule, when we examine a Chalk-

cliff we shall find that the Chalk, although stained here

and there with ii'on, is identical in structure throughout

great thicknesses, and that it shows nowhere any signs of

crystallization. Occasionally, however, as at Corfe Castle,

near Swanage, in Dorsetshire, we shall find that the Chalk

has become so hard as to leave no distinct streak when
rubbed lightly on other substances ; while its cracks and

fissures are filled with translucent crystals of white spar

—

the calc-spar, or calcite of mineralogists. Here then we
have the Chalk so hardened, probably by the effects of

subterranean heat, as to form what is popularly called a

limestone ; while a farther step would have converted it

into actual marble. The geologists would indeed apply

the name limestone to Chalk, ordinary limestone, and

marble indifi'erently ; but since the popular usage is

dift'erent, it is well to be assured that all three are but

various modifications of one and the same substance. In

the north of Ireland the basalt of the Giant's Causeway

has converted the Chalk still more completely into a hard

limestone.

Chalk, then, may be defined as a fine-grained, white,

non-crystalline, soft limestone. This, however, by no

means exhausts the subject of its composition. Thus
;f we take a piece of Chalk and wash it carefully

in water with a hard brush so as to reduce it to a

state of mud, and examine the portion which falls

to the bottom of the vessel under a microscope, we shall

find that this is very largely made up of various shell-like

substances. Many of these are minute fragments of what

may have been real shells, while others are portions of the

spines of sea-urchins, and others, again, are the flinty

spicules of sponges. By far the larger proportion consists,

however, of perfect objects of extremely minute size,

mainly belonging to that lovely group of animals known
as foraminifers, or shortly, " forams." Of these beautiful

little shells some are coiled in a manner recalling the shell

of the nautilus, while others consist of globular masses

arranged either in a coil or in a straight line, the globules

gradually increasing in size from the summit to the mouth
of the shell. In all cases, however, the walls of these

shells are perforated by the inconceivably minute apertures

from which the forams take their name, and through

which, when alive, the creatures protruded delicate threads

of the jelly-like protoplasm of which their soft parts are

composed. Truly marvellous in beauty are these forams,

although pages of description can give but a faint idea of

them, and the student should see them for himself under a

microscope. So numerous, moreover, aie these forams,

and other equally minute organisms in the white Chalk,

that they frequently compose half its substance, while it is
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stated that in some rare cases they may even rise to as

much as ninety per cent.

We have now, therefoi-e, to add to our definition of Chalk

that it is largely composed of the shells of the minute animals

known as forams, together with those of other allied crea-

tures, and so may accordingly speak of it as a limestone

which is evidently to a large extent of organic origin. More-

over, as these forams are more or less closely allied to species

inhabiting the ocean at the present day, we should be

justified from this evidence alone in regarding the Chalk

as a formation of marine origin. This origin is, however,

equally well proved by the larger fossils, such as shells of

sea-urchins, scallops, oysters, etc., commonly occurring in

the Chalk ; while, in addition to this, the extreme purity

and thickness of the formation would of itself be sufficient

to demonstrate that the Chalk is the result of long-

continued deposition on the bottom of the sea.

Thus much for the composition of our lump of Chalk as

examined in the laboratory, and we now turn, as all

geologists worthy of the name should, to its occurrence

in the field. If we look at one of the tall Chalk cliffs of

our southern coasts, as in the neighbourhood of Dover, we
shall be first of all struck with the extreme homogeneity

and purity of the whole formation from top to bottom,

through a thickness which in this neighbourhood is close

upon 1000 feet, and in Norfolk is more than 1100 feet.

This similarity of composition throughout such a vast

thickness is totally unlike what we are accustomed to

observe in other rock-cliff's (although there is some
approach to it in the blue mountain-limestone of Derby-

shire), where we generally find alternating bands composed
of rocks differing both in colour and structure from one
another, and we are thereby led at once to conclude that

there must be something very peculiar connected with the

deposition of the Chalk. How was it that in the old sea

there were not only no currents bringing loads of sand or

clay to alternate with the pure white limestone, but, above

all, that there was not a tinge of colouring matter to stain

the virgin purity of the newly-formmg Chalk during those

ages and ages of time, while drifted logs and fruits occur

but rarely ?

A closer inspection of a large thickness of Chalk will,

however, reveal the fact that there is not a complete
similarity in the nature of the rock throughout the entire

formation. Thus, whereas in places where nearly the

whole formation is displayed we find throughout the

uppermost 100 feet layers and nodules of Hint are

thickly distributed throughout the mass, generally form-

ing more or less well-marked lines which indicate

the original planes of the deposition of the rock, as we jiass

to a lower level the proportion of tliese flints becomes
gradually less, till, after we have passed downwards
through some 130 feet, they finally disappear, and are

wanting throughout the whole of the lower part of the

series. Moreover, in this lower Chalk, or Chalk without

flints, we shall find, as we pass downwards, a gradual

tendency to lose the pure white colour of the upper Chalk,

and to assume a buff or greyish tint, while in the very

lowest beds we shall not fail to notice the appearance of a

number of small grains of a greenish-coloured mineral.

If, again, we try to dissolve this lower Chalk in acid we
shall find that as we descend in the series there is an ever

increasing quantity of an insoluble remnant, which would
be shown by analysis to be of the nature of clay. Both
these circumstances point to the conclusion that at the

time the lower Chalk was laid down the conditions were
by no means so well adapted for the deposition of a pure
carbonate of lime as was the case in the later time of the

upper Chalk with tiiuts. What these conditions were we

shall consider subsequently, but we have now to direct

our attention to the area over which the white Chalk
extends.

In the north-west the furthest limits to which the white

Chalk extended are found near Belfast, where, as we have

said, the rock has been converted into a hard limestone by

the action of heat. Although we do not again meet with

Chalk till we reach the east and south of England, where
it forms large poitions of our coast from Dorsetshire to

Yorkshire, yet it is probable that the Chalk sea embraced
the foot of the Welsh mountains, which formed an
archipelago. From England the white Chalk may be

traced without any alteration in its character through the

north of France, the south of Belgium, the eastern part of

the Netherlands, and thence through Westphalia, Hanover,
and Galicia, into Poland and Russia, where it reaches on

the one side to the foot of the Urals, and on the other to the

Crimea ; moreover, to the northward it occupies a con-

siderable portion of Denmark and the southern extremity of

Sweden. Although the white Chalk is now only distributed

over the surface of this region in larger or smaller patches,

being sometimes covered up by newer (Tertiary) deposits,

and in other places totally wanting, there is evidence that

it once extended continuously over the whole. Moreover,

the absence of any traces of the white Chalk in the regions

to the west and north of those mentioned, indicates that

the present limits of the Chalk in those directions mark
approximately the boundaries of this cretaceous sea : this

sea being probably cut off' from free communication
with the Atlantic by a barrier connecting western France
with Cornwall and Ireland, and by another joining

Scotland with Scandinavia.

The above area includes the whole of the white Chalk
;

but when we trace this Chalk southwards into Bohemia
and Saxony we find that it has undergone a very

remarkable change. Thus, although it contains the same
fossils as to the northward, the rock itself, instead of being

the pure white limestone to which we have been accustomed,

consists of a series of massive sandstones about as unlike

Chalk as anything well could be. It is probable, indeed,

that these cretaceous sandstones, as we may call them,
were formed in a gulf on the southern coast of the white

Chalk sea, which was unfavourable to the deposition of

Chalk itself ; and as these sandstones were undoubtedly

deposited at the same time as the pure Chalk, we thereby

learn the very important geological lesson that similarity

or dissimilarity in the mineralogical structure of a rock is

a matter of very minor import indeed. We may illustrate

this by reference to architecture. Thus, a Gothic church
may be built either of sandstone, limestone, marble, or,

for the matter of that, brick ; but it will still be (exclusive

of course of our so-called modern Gothic) absolutely

characteristic of one particular period of European archi-

tecture. This Gothic style will be distinguished by certain

peculiarities in the structure of its arches and pillars, as

well as by the ornaments with which they are embellished.

•Just so in geology we have a Chalk or cretaceous style, in

which, although the rock itself may be either Chalk or

sandstone, or limestone, or slate, yet its architectural

details—that is to say, its fossils—will be the same, not

only throughout Europe, but within certain limitations of

variation, over the whole world. This is one of the

important lessons to be learnt by a comprehensive study of

our white Chalk.

The second great lesson taught by the white Chalk is,

however, of perhaps still more importance. We have seen

that the white Chalk was deposited in a sea cut oft' from
free communication with the Atlantic to the west and
north ; and the range of the Ardennes which formed its
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shore in the south-west, together with the evidence of the
near neighbourhood of a coast afforded by the sandstones
of Saxony and Bohemia, indicates that this sea was a
III,,,-,' riausum (in a geographical, not a political sense)
somewhat Uke the Mediterranean or the Black Sea. Now,
from the apparent similarity of Chalk to the ooze formiur^
HI the abyssal depths of the Atlantic and the other lar^e
ocean basins, it was taught but a few years ago that the
Chalk itself was deposited in an ocean of similar depth.
The mnre claii.sum theory, ho\rever, is of itself a sufficient
obstacle to the acceptance of such a view, since it is im-
possible to conceive that a sea of such small dimensions
could ever have had depths at all approaching those of the
Atlantic. The Atlantic theory, if we may so call it, qf the
Chalk was, however, at once and for ever dissipated bv
the researches carried on during the voya"-e of the
"Challenger." Those researches showed that the so-
called abyssal deposits, instead of being verv like the Chalk
were really very different. Even the ooze has not the
purity of the Chalk

; while the large areas of red clavs
covering the ocean basins have no analogy in the latte"r
Moreover, it has been proved that the abyssal deposits are
laid down at a rate of almost inconceivable slowness—so
slowly indeed that even meteoric dust forms an appreciable
portion of the red clays ; while the ear bones of whales

'

and teeth of sharks that strew the ocean floor have lain
there so long as to have become coated over with a thick
layer of manganese precipitated from the water of the
ocean. On the other hand, the remains of fishes and
other delicate organisms which occur so beautifullv pre-
ser^-ed m the white Chalk clearly indicate that its
deposition must have been comparatively rapid, and must
have taken place m a sea where there was abundance of I

mineral matter either m suspension or solution. A^ain
the fauna of the Chalk, especially the sponges, is°one
such as would be found in comparatively shallow seas
and IS quite unlike that of the Atlantic depths. In-
deed, It is quite probable that the Chalk sea may not
have exceeded some one to two thousand feet in depth.
The great difficulty in regard to the Chalk is, indeed, to
explain Its purity, and the very rare occurrence of drifted
materials found embedded in it. The man- clamum, with
no tides and perhaps but few large rivers flowing into it
and Its shores largely composed of hard crvstalline rocks
hke those of Scandinavia and the Ardennes,'will, however
to a certain extent remove this difficulty. Even then'
however, it is doitbtful how sufficient material for the
formation of the Chalk could have been obtained

; and
aceorchngly one of our most eminent Uvin<^ .-eolo^ists
suggests that, m addition to its partially organic origin,
Chalk may have been largely formed by a chemical pre-
cipitate of carbonate of lime.
Be this as it may, the degradation of Chalk from its

former position as a supposed typical abvssal deposit has
taught the great lesson that almost all the stratified rocks
with which we are acquainted were laid down in com-
paratively shallow water, and consequentlv has led to the
general acceptance of the gi-and doctrine of'the permanence
ot continents and ocean basins. By this, of course, it is
not meant that the whole areas of several of our continents
such as Europe, have not been (as we know thev have)many times over, beneath the sea. Indeed, what "we haw
ah-eady said as to the extent of what we mav call the
cretaceous Mediterranean, shows that at a comparatively
late period of geological history a large part of central
iMirope was sea. Neither does this doctrine forbid such
changes m the present configuration of the earth as would
be implied by a land connection between Africa and
southern India. What, however, it does say, and that in

the most emphatic manner, is that where continents now
are there deposits have always been going on, and there
land, ot larger or smaller extent and of ever varyin<^ con-
tour, has always been

; while the great ocean basins, like
those of the Atlantic and Pacific, have existed as such
since the globe emerged from its primeval chaos. This

ChTlk-r
^^'^"'"^ "''^''^ ^''''°" '"""^^^ ^^' "" '"'""l' °^

_

\\e have, however, by no means vet exhausted the
interest connected with the subject of Chalk. In the first
p ace the gradually increasing marly character of the lower
Chalk points to a condition when the sea was much less
deep than at the period of the white Chalk. If indeed
w-e go lower down m the rock series, we shall find the white
character of the Chalk has completely disappeared whenwe reach the underlying blue '• gault " of Folkestone, which
implies the existence of currents or rivers largely charged
with mud. Still further back, wo have the freshwater clavs
and sandstones of the Weald of Kent and Sussex • andwe thus learn that at that period southern England was in

j

the condition of a large delta, after which there was a
;

gradual subsidence, culminating in the w,i,r damum of +hc
period ot the white Chalk. Then, agahi, we have seen

;

tow tlie •' architectural style - of a rock, as exemplified bv
its tossils, IS the one all important point connected with
It

;
and the alteration of the English Chalk into the

cretaceous sandstones of Saxony ought to have prepared
us lor more extensive modifications of these rocks as we
proceed to regions still more remote from where they are
typically developed. If, then, we turn to a geological map
of Europe, we shall find a large area of its southern half
coloured m, as being formed of cretaceous rocks—that is
rocks equivalent m point of age to the white Chalk The'
description, or stfll better, an actual examination of these
rocks will show, however, that thev have but little incommon with the white Chalk. They consist,indeed,of hard
compact, and often dai-k-coloured limestones, containing,many fossils identical with those of our own Chalk together
with certain others of difterent types ; thus showing that we
have entered an area where the conditions of life were some-
what diflerent from those obtaining in the mare clau.sum of
the white Chalk. From the centre and south of France these
cretaceous limestones may be traced across the Pyrenees
into Spain, and so into North Africa, while eastwards thev
extend across the Alps into Switzerland, Italy, Bul-^aria
Koumania, and thence along the Mediterranean basin into'
Asia, ihat these rocks stretch far into the heart of \sia
IS now well k^o«^l, and since rocks of somewhat similar
type contaiumg well-known European cretaceous fossils
are tound in the inner Himalayas, it seems highly probable
tliat this southern cretaceous sea connected the Mediter
ranean with the Bay of Bengal. Whereas similar
cretaceous fossils occur on the east coast of India in the
neighbourhood of Madras, and since there are some very
remarkable similarities between the freshwater rocks of the
peninsula of India and those of South Africa, while many
animals are now common to those two countries, there are
very strong reasons for considering that peninsular India
(which was then cut off from the rest of Asia by the
cretaceous sea) had a laud connection with the Cape by
way of Madagascar. We know indeed that this southern
cretaceous sea communicated freely with the Atlantic by
what is now Spaua and France, and we are thus led to
conclude that there was formerly a direct sea communication
between the Atlantic and the Bay of Bengal by way of
central Asia. Europe and Asia then formtd a northern
continent separated by this cretaceous sea (of which the
Mediterranean is the shrunken remnant) from a southern
contiuent which included both Africa and India proper
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Such is the wide interpretation given to the doctrine of

the permanence of continents and ocean basins.

The stud_v of the European Chalk, besides the two great

lessons to which we have especially directed attention, has,

therefore, proved to us the former existence of two great

seas, in which the cretaceous rocks were deposited—the

northern one being a metre chiusum, cut off from the
Atlantic, in which was deposited the white Chalk ; while
the southern one, in which the hard,massive limestones of

southern Europe were laid down, formed the connectmg link

between the Atlantic and the Indian Ocean, to which we
have already alluded. We might pursue our subject

further, and discuss the origin and nature of the flint and
pyrites which are of such common occurrence in the Chalk,
or we might direct attention to the more valuable and much
rarer phosphates which are sometimes contained in it.

We might, again, discuss the peculiar characters of the
cretaceous fauna, and show how that of the closed northern
sea differed from that of the open southern ocean. We
might do all this, and more ; but what has been written is

sufficient to show the amount of interest and the many-
weighty problems connected even with a " Lump of Chalk."

ANTS' COMPANIONS.-II.
By E. A. Butler.

UNQUESTIONABLY the most curious of aU the
beetles that associate with Ants is the little

Cliniiifrf(ireol((tiis (Fig. 2), which lives specially,

though not exclusively, in the nests of the
Yellow Ants (Lasiux r^tinis). It is a shining,

hard-bodied, reddish yeUow insect, no more than one-
twelfth of an inch long, with a broad abdomen which
carries a deep pit in its centre, but a small, narrow, and

almost rectangular head. Though
belonging to a different family, it in

some respects resembles the Brach-
elytra, of which we spoke last month,
inasmuch as it has, like them,
short elytra covering only the base
of the abdomen ; but there are no
wmgs underneath these, the insect
being apterous and unable to fly. It

is also mutilated in other respects

;

for mstead of the pair of elavs with
which each foot of an insect usually
terminates, only a single one is

present on each. The small size of
the head, again, is partly due to the
absence of eyes, for the beetle is quite
bhnd

; but, apparently to compensate
for the loss of this one function, the
other organs of sense, the antenn;e,

are exceptionally large, thick and club-shaped, suggestive
of a high development of whatever sense, whether of smell,
touch, or any other, resides in them. Further, the beetle
seems to have lost the power of feeding itself, for its

guardians feed it in the same way as their own young,
and its mouth organs are quite rudimentary. Here then
we have an insect which has lost the powers of flight and
sight and of helping itself to food, and which woukf plainly
be doomed to speedy extinction but for the fosterincr care
of the Ants. We have spoken of its havmg lost the above
powers, advisedly

; for though there is of course no direct
evidence on the subject, yet when we compare the insect
point by point with other members of the same family
which do not make it the rule of their life to practise
parasitic habits, and are in full possession of all their

Fig. 2.— Clavigei-
foveolatus, a blind

beetle found in Ants'

nests; magnified fonr-

teen diameters.

Tnp --
-??ip

Fie. 3.—Head of Psdaphus HeUii for

comparison with Claviger. a antennfe,

»)p maxillarv palpi, e eyes.

powers except that of flight, and when we see how
exceptionally well developed their eyes and feeding

apparatus are, it seems impossible to resist the conclusion

that in Claviiier, which, while unlike them in these

respects, closely resembles them in others, we have an
instance of the suppression of parts through disuse. The
family in question is called Psehtphidir, and is represented

by a large number of small species in different parts of

the globe ; in this country we have a little more than
thirty kinds, all minute insects, Claniier being one of the

largest. Many of them are common, and they may be
found in moss, under stones, amongst dead and decaying

leaves, in refuse heaps, &c. They have strong, sharply-

notched jaws, and are carnivorous in habits, being supposed

to feed chiefly on mites. Fig. 3 shows the head of one of

the commonest of

the Fseliijiliiild-. ^-(^-^^

In it we may
specially note the

extremely promi-

nent, mulberry-
like eyes, and the

very long maxil-

lary palpi, which
look like a second
pair of antennse,

in extraordinary

contrast to the

mutilated condi-

tion of the head
of Claviiier. This

is the condition

of most of the Pselajiliiiln , and it shows what might have
been expected in Chirujer, but for its parasitic habits. It

will be observed that, though Clarujer has very stout

antenniP, the number of joints is much less than in the

rest of the family.

This remarkable little beetle carries at the outer corner

of its elytra certain tufts of yellow hairs, which the Ants
have been observed to take in their mouths and lick,

sometimes continuing the operation for eight or ten

minutes at a stretch. The hairs apparently yield some
kind of secretion which is agreeable to the Ants' sense of

taste, and thus one can easily understand that "cupboard
love " will operate strongly in the direction of inducing the

Ants to take the greatest care of their interesting charges.

The extreme importance of these tufts of hairs and their

secretion to the little beetle is evident ; its life, as a

species, literally hangs on these threads, and this very

fact tends in the direction of improving the organs, and
thus securing to the species a more certain tenure of life.

The beetles are found in those nests of the Yellow Ant
which are constructed under stones, especially in the

chalky districts of the South of England, but apparently

not in those that are under turf. The beetles are attended

by the Ants, and carried about from place to place as

occasion requires, though of course they can walk them-
selves if they choose ; their pace, however, is but sluggish.

We have already pointed out that Clarir/er is not to be

found in all the nests of the Yellow Ant ; the same remark
holds good of the other species of Ants with which it may
be associated. Lespes has made the observation that

specimens of the beetle which had been removed from a

nest of the common Garden Ant {L. niijer], on being trans-

ferred to another nest belonging to Ants of the same kind,

but in which no such pets were kept, were destroyed and
eaten, instead of being cherished. He concluded that this

was an indication of their failure to comprehend the use

of the beetles, and that therefore different communities
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amongst the same species of Ant had reached, so to

speak, different degrees of intellectual development on the

subject of the domestication of alien insects. Sir John
Lubbock's experiments iu connection with another pet.

which we shall consider more iu detail presently, seem, how-
over, to throw some doubt on such a conclusion. (Jhiviijcr

is not the only member of the I'aelitjiliidir which may be

found in .\nts' nests ; several others may also be met with

occasionally, but they have not the degraded habits and
structure of Claru/ei; and their occurrence in the nests is

not therefore a matter of prime necessity to themselves.

One species, called Bairisus reniistus is a rare insect, and is

said only to occur "inijly iu the nests.

Another Ants'-nest beetle is figured in the adjoining

illustration (Fig. 4). It is one of the Brachelytra and a

member of a genus
(Mj/ntiriloyiiu), all the

species of which are

associated with Ants.

They do not, however,
appear to be on such
intimate terms with

their hosts as the

beetles already men-
tioned, and indeed it is

considered by some ob-

servers that the Auts,

so far from cherishing

them, regard them
with distrust and sus-

picion. They are all

brownish or blackish

insects, larger than
those already men-
tioned, of fragile struc-

ture and aotivs habits.

Many other of these

m3'rmecophilous (Ant-

lo\ingj beetles might
be illustrated with ad-

vantage ; indeed, a

complete portrait

gallery of the whole
company would be an interesting collection, revealing, as

it would, the wonderful diversity of form, colour, and size

which marks these immigrants into Ant territory. But we
must pass on to other branches of our subject.

The larva:' of beetles are sometimes found in Ants' nests,

though the perfect insects live elsewhere. Thus the

brilliant rose-beetles or rose.-chafers, which, in their per-

fect condition, may be found in the flowers of roses, pro-

ceed from fat whitish grubs, which are to be met with iu

the heaps of the mound-building .\nts. No greater con-
trast could be imagined than between the soft, ugly, fleshy

grub and the hard-skinned handsome beetle, which, as it

rests embosomed in rose petals, with the sun shining on
its brilliant golden green or coppery back, is a perfect gem
of loveliness. In the Ants' mounds the grubs hud a com-

\

fortable home as well as a means of subsistence, while one
species has been accused of making a traitorous return for !

the shelter it receives by devouring the Ants' " eggs."
Similar habits pertain to the larvfe of another beautiful

beetle of very different structure and anatomical relations,

called (^'lytlira quadn'pinirtatn : its specific name, signifying

the " four-dotted," refers to the four black spots that con-
spicuously mark its long yellowish red elytra ; the rest of

j

its body is black. It is a fine-looking insect, about |ths of i

an inch long, and its larva inhabits, not very commonly,
|

the nests of the 'Wood Ant {F. rufa), living in a hairy, !

Fig. 4.

—

JTi/nHedonta J^i'iiesfa, a beetle

found in Ants' nests ; magnified ten

diameters.

leathery case, which it drags about, while its head and
legs protrude from one end.

The order Hemiptera, or bugs, furnishes its quota of
foreign residents in Ants' nests. Some of these bear a
superficial resemblance to the Ants ; others are quite
unlike them, and their presence is probably sulEciently
accounted for by the attractiveness of the shelter which
the piles of bits of stick, grass, &c., afford. To the same
order belong the aphides, which are among the most
remarkable of all the Ants' companions ; to these we
shall recur presently. Of the order Collembola—the
springtails, which are so abundant under stones and
decaying logs—Sir John Lubbock mentions one named
Beckia albinos, which exists iu large numbers in some
Ants' nests. It is a minute insect of an active tempera-
ment, like most of its allies, and its leaping power depends
on a kind of forked tail bent under the body ; this, on
being struck on the ground, projects the insect into the
air, repeated blows causing it to skip about iu a promis-
cuous fashion, apparently without any very definite idea of

where it is going to be landed. These little white creatures
run in and out amongst the Auts, which, however, seem
to be totally oblivious of their presence, and hence its

association with them is probably accidental, arisiug
merely from similarity of habitat. Like Clarii/cr they are
blind, and would therefore seem to find their way about
by means of their autennre, which are kept in a state of

perpetual vibration. Notwithstanding this defect, they
are dainty little creatures, and are very particular about
their personal appearance, frequently tidying themselves
up, and being especially careful about keeping their feet

clean. The feet are furnished with comb-like claws, the
action of which would of course be impeded by any accu-
mulation of dirt.

A little white woodlouse (Fig. 5) is another interesting
Ants' guest. In the association

of this creature with .An'ts there

is something more incongruous
than in all the other cases we
have mentioned, for all these
have been associations of insect

with insect, though the guests

are not of the same order as

their hosts ; this is a parallel

case to the keeping of dogs and
cats by human beings, where we
have mammal with mammal,
though of dift'erent orders, C'ar-

nivora with Primates. But wood-
lice are not insects, as their

uumei-ous legs, among other
characteristics, attest ; they be-

long to the class Crustacea, which
contains also crabs, lobsters,

shrimps, barnacles, water fleas,

and numberless other creatures, and they are some of

the chief terrestrial representatives of the class. In
their associatiou with Ants, therefore, we find a parallel,

not to the instances of domestication referred to above,
but to cases in which human beings keep tortoises, lizards,

toads, or newts, as pets, and the zoological interval between
the Ant and the woodlouse is a wider one than between
the Ant and the beetle, the bug, or the springtail. As a
group, woodlice are perhaps best known to the majority of

persons by a siKte-colourcil representative called the Arma-
dillo woodlouse, which is excessively common in gardens
and elsewhere, uuder stones or under the bark of dead
trees, and which has the habit of rolling up into a ball

when disturbed, a habit which is not, however, common

FjG.o.—Platj/art/inis Soff-
manseggii, a blind wood-
louse found in Ants' nests

;

magnified ten diameters.



106 KNOWLEDGE [June 1, 1892.

to the group. The Armadillo woodlouse must, by the

way, be distinguished from another common creature

which superficially resembles it, and which exhibits the

same peculiarity of rolling into a pill-like ball ; which

also is found in similar situations, and especially in the

wood of decaying tree-stumps. It is not, however, slate-

coloured, but of a deep shiny blacldsh brown, and the

minuteness and disposition of its legs, amongst other less

obvious characteristics, pronounce it a member of the

class Myriapoda, which contains the centipedes and milli-

pedes, instead of the class Crustacea. It is popularly

known as the pill millipede. To the woodlice, then,

which are Crustacea, and not to the millipedes, belongs

the milk-white Ants' companion above mentioned ; but,

though we have several species of woodlice in the

British Islands, and several of them remarkably common,
this is the only one that takes up its quarters in Ants"

nests. It is dignified with the extraordinary name
VJatyarthi-m Hofmansegaii. On lifting the stone which
covers a nest of the Yellow Ant, we may often see numbers
of these little creatures slowly crawling about, like little

white scales, very conspicuous by their clean and bright

appearance, which contrasts sharply with that of their

hosts. What their business in the nests is, remains a

mystery, and as the Ants take no more notice of them than

they do of the springtails above mentioned, it is evident

that they do not, like Clani/er, form a secretion agreeable

to their hosts ; but whatever the bond of association may
be, it seems to be one of long standing, for while other

woodlice have good eyes, Flnti/tn-t/inis has become blind, a

very natural result of living long in darkness, in the sub-

terranean galleries of the Ants. In this blind woodlouse

we see the same apparent compensation of senses as in

Clarujer, for the antenna, like those of the blind beetle,

are remarkably broad. These white woodlice do not

possess the power of rolling into a ball. They have been

found living in the nests of at least six different kinds of

Ants, and according to Sir .John Lubbock's observations,

when they were transferred from their native nests to

others previously unoccupied by the species, they were

received without molestation.

We have now to notice what is perhaps the most
remarkable part of our whole subject, the association of

Ants with aphides or plant lice. The fondness of Ants
for sweets is at the bottom of this association. Aphides

secrete the sweet sticky fluid called honey-dew ; this. Ants
eagerly sip up, and this passion of theirs has led them to

the adoption of ingenious devices to ensure a constant

supply. This is, however, merely a general statement,

and must not be taken as implying either a uniformity of

procedure on the part of all Ants, or an identity of treat-

ment of all species of aphides ; in the details of their

relations, as in other matters, we see well illustrated the

variety of Nature. It is an oft-repeated observation that the

Garden Antclimbs shrubs and bushes in search of the aphides

that frequent twigs ; but one would not expect such species as

the Yellow Ant, for example, to do this ; their time is

chietiy spent below ground, and whatever aphides they

have to do with will be found either in or near their own
nests, and therefore on low plants. The tree-infesting

aphides have each a pair of minute tubes projecting from
the hinder part of the abdomen, and out of these issues the

glutinous secretion, while its flow is accelerated when the

Ants tap the body of the aphis with their antennae. Some
Ants get no farther than this ; such would live chiefly on
what they can get in their foraging expeditions, making
no provision in their own nests for a continuous supply of

food of any kind, subsisting, as it were, from hand to

mouth. Others, however, have reached a more ad-

vanced stage ; conscious of the value of the aphides as

yielding a continuous supply of an agreeable article of diet,

they in some cases build earthen sheds over them, as well

as protecting them by their own individual exertions from

the attacks of enemies. Others, again, have got still fai-ther

than this ; not satisfied with protecting the mature aphides,

they take care of the eggs also, keeping them in their nests

through the winter with provident sagacity, securing thus

the safety of their nest year's supplies. The observations

of Sir John Lubbock in this connection are very remark-
able. The Yellow Ant was again the species observed.

In a nest of these insects he found on one occasion in the

month of February some dark eggs, which were those of

the aphides ; when the nest was disturbed the Ants mani-

fested great anxiety over these eggs, and carried them down
into a place of safety. Some of these eggs he took home
and oft'ered to some of his own Ants ; they were immediately

recognised by the Ants and carried into the nest ; in about

a month's time they were hatched and yielded young
aphides. But now came a remarkable result ; the young
aphides, instead of stopping in the nest, a result that might
fairly have been expected to follow, either came out of their

own accord or were carried out by the Ants ; not finding

outside, however, such a food plant as they wanted, they soon

died. Some other experiments were equally unsuccessful,

but at length the truth of the matter was accidentally

discovered. In this last experiment there happened to be

near the nest some wild plants, such as usually grow near

Ants' nests, and when the aphides were hatched they were
taken by the Ants straight to this spot and placed on the

leaves. Then, shortly afterwards, others similar to these,

and either brought out by the Ants or of independent

origin, were found on a daisy plant near ; the Ants valued

them sufficiently to run up a wall of earth around them,
and thus the whole set continued flourishing throughout
the summer. In the autumn they laid eggs similar to

those that had been found in the Ants' nests. So the

secret was out. The Ants took charge of the eggs during

the winter, when they were of no use to them, but when,
if left outside, they would have been exposed to all the

vicissitudes and rigours of our Enghsh climate. When
spring arrived and the eggs hatched, and the insects were
becoming useful to their guardians, they were actually

carried out by these and placed on plants near the nest

where they could enjoy suitable food, and where also they

would be easily accessible to their owners, who to protect

their property proceeded to construct works and enclose

them in a suitable preserve. This certainly looks like very

marvellous intelligence.

But besides these aphides which are supported on the

leaves of living plants outside the nests of the Yellow Ant,
several species are also habitually found inside the nests.

It is not altogether clear, however, what is the relation

between these aphides and the Ants. There is a whole
section of the tribe of aphides, which, instead of attacking

the leaves and young shoots of plants, live upon juices

obtained from their roots, and therefore necessarily dwell

under ground. They difi'er a good deal from the rest of

the tribe ; for example, no winged forms are known in

connection with them, and they are destitute of the two
tubes above referred to as honey taps, and their bodies are

covered with a waxy substance which exudes as a gummy
secretion from certain small openings on the back. This

substance seems intended to protect the insects from the

damp of the soil by which they are surrounded, as well as

to cover their eggs. Now, most species of this group are

found in Ants' nests, but since the loose sandy soil and the

warm situations chosen by the Ants are also just those that

suit the aphides, it does not foUow that the association is
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more than an accidental one caused by similarity of habitat.

Mr. Hardy, speaking of one of these root-feeding species,

says, "When Fotihi formicdiin (the aphis) prevailed in the

nests of Formiin fuUyinosa, I noticed that the Ants paid no

attention to thexi when the hillocks were disturbed. The
aphides slowly re-covered themselves with earth, and those

which failed to do so were left quite unnoticed by the

numerous Ants running about them." In other cases,

however, the aphides were carried off by the Ants, a good
deal of persistency being manifested by them in doing so.

Mr. Buckton surmises that these wingless subterranean

aphides may ultimatsly turn out to be secondary forms

(dimorphs) of species whose winged forms are found above

ground.

Aphides are not the only bisects whose glutinous

secretions are palatable to Ants. M. Niceville, ia the
" .Toumal of the Bombay Natural History Society," describes

the caterpillars of certain butterflies belonging to the

Ljicanidir, found in India, which secrete a sweet liquid

from an oval opening on the back of the eleventh segment
of their body. The Ants are fond of this liquid and excite

its flow by stroking the caterpillars with their antenna'.

They are said to arrange a sort of earthen nest, with stalls

in it, at the foot of the tree on which the caterpillars are

feeding, and when the caterpillars are about to pupate, to

lead and drive them into this, so that they may be

protected when in their helpless pupahood. When the

time comes for the issue of the butterfly, it is helped out of

its shell with tender care by its guardians, but if it should

prove a cripple, they bite off its wings and carry the body
into their nest, possibly to use as food. Other insects,

also, especially some belonging to the Homoptera or Frog
hoppers, are valued by Ants for secretions which they
supply.

To conclude then, it appears from what has been said

above, that the relations between Ants and other insects

are of the most varied and complex character ; the more
they are studied, the greater seems to be the variety.

Much yet remains to be discovered—in fact, the unknown
probably far exceeds the known—so that here is a tempting
field of observation for anyone who has the corn-age and
opportunity to enter upon it. M. C-arpentier has very well

summarized some of the chief facts so far as at present

known, and with an extract from his summary we will

close this paper :
" Some insects live side by side with

Ants of all kinds, because they have the same habitat,

the bark of fallen -trees, old stumps, flat stones, moss, kc.

Mutual forbearance is then the order of the day ; and the

necessary neighbourly feelings are maintained, while at

the same time the rights of all are respected. But other

insects are attracted by the kitchen stores of the Ants, by
their refuse matters, by the different materials that they

use in their building operations, or by other unknown
causes, whether casual or constant. They may also be
born in the .\nt-hiUs, having been brought in uninten-

tionally by the Ants in one of their earlier stages, along
with the provisions which they go out to collect from a

distance."

PHOSPHORUS MIRABILIS.
By Vaughan Cornish, B.Sc, F.C.S.

ANY
substance capable of shining in the dark was

originally termed a phosphorus. Several sub-

stances having the property were known as early

as the middle of the seventeenth century, such,

for instance as barium sulphide, the "Bonnonian
Phosphorus," to which may be added the sulphides of

calcium and strontium. The power of barium sulphide
and similar bodies to phosphorexir depends upon their

being previously exposed to light. When a ray of light

falls on any substance, part is reflected and part absorbed.
As long as the body is exposed to the ray of light it is

itself a source of luminous disturbance, and consequently
a visible object. The peculiarity of substances such as the
sulphides of the alkaline earths is that they continue to

be a source of luminous disturbance for a time, when no
longer exposed to the ray of light. This power of a body
to store up, and slowly dole out the luminous vibrations it

receives is called, in physical optics, phosphorescence.

Bodies having this property are termed phosphorescent
bodies.

Of all substances luminous in the dark, common yellow
Phosphorus is the best known, and the example which
most people would cite as that of the typical phosphor-
escent body. Singularly enough, the causes which induce
the glow of the chemical element Phosphorus are
altogether distinct from those we have mentioned as the
cause of phosphorescence in barium sulphide and similar
bodies. The terminology of the subject has undergone a
pecidiar alteration since the seventeenth century. At that
time any substance capable of shining in the dark was
called "a Phosphorus." Now, the name Phosphorus is

restricted by chemists to one chemical element. The
element in question exists in more than one allotropic

modification, and one of these forms (red, or amorphous,
Phosphorus) does not shine in the dark.

While, on the one hand, chemists have made the term
Phosphorus special, instead of generic, physicists usually
apply the term phosphorescent to a whole class of sub-
stances ; but " Phosphorus " does not belong to this

class.

In the present article we will give a short sketch of the
investigations which have been made into the subject of
the " Glow of Phosphorus." Ordinary yellow Phosphorus
was first prepared by an alchemist of Hamburg named
Brandt, and in spite of the care with which the secret of
its preparation was guarded a number of persons soon
became possessed of the method of manufacture. The
early methods, however, gave but a small yield, and were
so difficult to carry out that the substance remained for

long an extremely expensive chemical curiosity. Its many
remarkable properties were a favourite subject for exhibi-
tion among the learned and curious, and earned for Brandt's
production the name of the I'hosphnrus miniliilis. Robert
Boyle observed that the ['hosphorus mirnhilis difi'ered from
other shining bodies in that its luminosity did not depend
upon its being previously exposed to light. Subsequently
it was observed that if Phosphorus were brought into the
vacuous space above the mercury in a barometer tube the
body no longer shines in the dark. It seemed probable,
therefore, that the glow was induced by the presence of air.

As in most phenomena in which air takes part oxygen is

the active agent, it appeared likely that the glow was due
to some action between the Phosphorus and the oxygen of
the air. It was found that in pure oxygen Phosphorus at

the ordinary temperature and pressm-e did not glow at all.

The glow can, however, be induced either by " partially

exhausting " the oxygen in the vessel {i.e., by diminishing
the pressure), or by raising the temperature. If after the
latter means had been adopted the oxygen were compressed,
the glow again disappeared. Now, at the ordinary tem-
perature Phosphorus volatilizes, or evaporates at a very
appreciable rate. From these facts, therefore, it seemed
probable that the glow was due to an action between the
vapour of Phosphorus, and oxygen, the two factors

essential for the production of the glow being the presence
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of oxygen and conditions favourable to evaporation. The
correctness of this conchision is well shown by the

following facts. If Phosphorus be placed in hydrogen,

or in carbonic acid, no glow is 'seen, but traces of

Phosphorus vapours can readily be detected in the gas.

When one of these gases charged with the vapour- of

Phosphorus is brought into contact with oxygen gas,

a glow is at once observed. This glow is stronger in

the case of hydrogen than when carbonic acid is used,

which is in accordance with the fact that Phosphorus
evaporates more readily in an atmosphere of the lighter

gas.

It appears that the glow of Phosphorus in oxygen is in

some way connected with the presence of ozone.

It is a well-known fact that when a stick of Phosphorus
is placed in moist air, ozone is produced, and it has
further been observed that if a drop or two of ether, or

oil of turpentine, substances which destroy ozone, be
placed in the ozonized air of a vessel containing a piece of

the Phosphorus, the glow of the Phosphorus is at once
quenched.

It appears probable that the glow is nothing else than
a very feeble flame, which may be seen when cuxum-
stances are favourable to the oxidation, or burning
of the Phosphorus. If the temperature be raised to a

moderate degree the combustion takes place with greatly

increased energy, and we get the ordinary flame of

burning Phosphorus. Recently Professor Thorpe,
and other workers at the Royal College of Science, have
investigated a similar case of phosphorescent appearance
due to oxidation. This occurs with the trioxiile oxide of

Phosphorus.
When Phosphorus is burnt in a rapid current of air,

one of the principal products is the trioxide which is

capable of combinmg with a further dose of oxygen, forming
the better known and more stable substance, pentoxide of

Phosphorus.
The phenomena accompanying this oxidation of the

lower oxide (the trioxide) have of late been carefully

studied. A phosphorescent appearance is observed when
oxidation occurs, and it has been found possible, by-

varying the conditions of temperature and of pressure, to

pass insensibly from the feeblest glow to the most brilliant

combustion.

The trioxide is a more volatile body than Phosphorus
itself, and better adapted for experiments to show the

gradual passage from the " degraded combustion " of the
" glow " to the ordinary burning with visible flame.

There are other well-known appearances besides those

presented by Phosphorus, which are due to degraded
combustion ; one example is furnished by the feeble

lambent flame seen inside the wire gauze of a Davy lamp
in "fiery" parts of a coalmine. The conducting power
of the wire gauze distributes the heat of the flame over a

large area, and prevents the inflammable gas outside the

lamp from becoming heated to the point at which
explosion occurs.

The I'lnis fatuus is quoted as a still more striking

example of the degraded combustion of an inflammable
gas. Marsh gases, the slow combustion of which is

seen in the feeble flame of the will-o'-the wisp, consist

largely of methane, or fire damp, the explosive gas of
mines.

Their slow oxidation (or degraded combustion) by the
air of the marshes produces at night time a faint glow of

uncertain or shifting position, to whose misleading light

have been attributed difiiculties of the road, as many as
have beset the search of scientific men after the true cause
of the glow of Phosphorus.

THE NEW STAR IN AURIGA.
By E. W. Maunder, K.R.A.S

,

Assistant superintend iti'i tlie Soliir and Spertruscopir Depart-

ments at the B(»j(il (Viaerrntorij, (rreennich.

NEW" or "temporary" stars as they are some-
times called, oft'er many perplexing problems
for solution, and so far we have certainly not

arrived at any satisfactory conclusions respect-

ing them. First of all, we have the paradox
that they are evidently very minute bodies, for they cool

very quickly, quicker than a body even the size of one of

the minor planets could do, whilst they are also equally

clearly very large bodies, for in no single case has an
appreciable parallax been found for any one of them.
They are therefore situated at extremely remote distances

from us, and hence must be vast indeed for us to perceive

them at all when far off.

Their spectra, too, rather confuse than help us. The
bright lines of hydrogen, and many of the chromospheric
lines familiar to us in the sun, point to a body similar to

our sun and the stars of the same class. But then, again,

we have other lines shown, which suggest analogies to the

Orion stars, supposed, with so much probability, to be

but recently formed from the dift'used nebulous matrix of

that constellation, and on the other hand we have ap-

pearances which suggest kinship with the stars of the

third type of spectrum, a type usually supposed to

represent a cooler, more condensed stage than that even
of the sun.

The first difliculty has been attempted to be surmounted
by supposing that we have in a " new " star : (1) A
momentary flicker on the part of a nearly extinct sun. It

has been suggested that the still glowing nucleus is skinned

over by a thin non-luminous or feebly luminous crust,

that in some way or other this crust is temporarily broken
up, and for a time the hidden light and heat are able to

radiate themselves forth. (2i Or it is supposed that the

increase of brilliancy relates merely to the very surface of

the star, and does not denote any general increase in

temperature of the star itself. (3) Or that both state-

ments of the paradox are trae, and the star is both very

minute and very large ; or rather that it is composed of

bodies individually very minute, but m the aggregate

having an immense extension, and considerable mass ; in

other words, we have not to do with a star in any true

sense of the word, but with a stream or streams of

meteorites.

How do the facts which we have learned concerning Dr.

Anderson's new star accord with these theories '?

The first fact that we have is the increase of brightness

of the star, from fainter thau the eleventh magnitude on
November 2nd to brighter than the fifth magnitude on
December 20th. The photographs taken by Prof. Pickering

are our warrant for this statement. The star therefore

increased in brightness one thousand fold in less than
seven weeks, quite possibly in even a few days or hours.

The next fact is that the principal source of this added
brightness lay in most intensely heated gases. The evi-

dence for this fact is the extreme brilliancy of the bright

lines which glowed in every part of the spectrum, from as

far down in the red as the eye could reach to the utmost
limit of recordable stellar radiations in the ultra-violet.

The existence of a bright line spectrum is in itself suf-

ficient evidence that it proceeds from highly heated gas ;

the existence of groups of such lines in the ultra-violet,

as far as lines have been discovered in the spectrum of the

mighty Sirius, is the most emphatic testimony we could
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have as to the intensely high temperature to which the

star was raised. Dr. Huggins has been able to photograph

as bright lines the riithr series of hydrogen lines which he
discovered in the ultra-violet spectra of the Sirian stars,

and he has also obtained the clearest tokens of the presence

of two groups of bright lines, apparently corresponding to,

but more pronounced and developed than, two groups of

dark lines which he lias but recently discovered in the

spectrum of Sirius, and which lie far beyond the last of the

hydrogen series.

A third fact is perhaps the most striking of all, the most
" sensational," if we may be allowed the term. It is that

the lines of hydrogen are present both as bright and as

dark Imes—and the same is true of the lines of some other

elements, such as sodium and calcium for example—but

that the body or bodies giving the bright lines are moving
in the line of sight as compared with that giving the dark
lines at the incredible rate of 000 miles per second, or, in

round numbers, fifty millions of miles a day !

Clearly, we have not to do here with the breaking up
of a cooling crust and its sinking in a molten sea. Equally
clearly, no mere temporary brightening of a photospheric

surface is in question : and indeed, that idea is scarcely

admissible at all in view of the general opinion of the day
that photospheres are condensation surfaces. An increase

of temperature might raise the height at which that

condensation takes place, and so increase the radiation

from the particular star by making the radiating sm'face

greater, but could hardly increase the temperature at which
condensation sets in, or augment the brilliancy of the

condensed material.

How is it with the meteoric theory '? The idea in this

case is that two meteor streams, the one dense and giving

the dark line spectrum approaching us, and the other

rarer and giving the bright line spectrum receding from
us, have rushed into each other end on, and their

collisions have given rise to the light which appears to us

as the star. But, if Prof. Vogel's observations are

accepted, the spectrum of the star gives us evidence of

not two bodies only but of three, moving in different

directions and with different speeds. Two meteor streams
might indeed run headlong into each other, and exactly in

the line of sight, but three could hardly be expected to do
so at the same point. Then, if we accept Prof. Vogel's

figures, two of these streams are travelling in opposite

directions with velocities the sum of which is sixty millions

of miles per day, a speed which would have sufficed to

carry a body, during the time that the star has been under
examination, right across the solar system, from beyond
the orbit of Neptune on the one side, to beyond the same
orbit on the other. And during the time the spectroscopic

observations have been carried on, this speed of travel has
been maintained practically unchanged.
The collision of two meteor streams, therefore, is ruled

out of court on two grounds. First, we cannot imagine
that the Nova is composed of two streams, each moving
with a velocity of some thirty millions of miles a day, and
each having a length in a straight line equal to the
distance of Neptune from the sun, and encountering each
other in direct collision, " end on," and both streams lying

in the direction of the line of sight. But the second
objection is stronger still. The light and heat come
from some source, and arrested or retarded motion, or
collision—which need not, however, be held to involve the
direct impact of the two bodies upon each other- is the
source to which the meteoric theory would ascribe them.
But there must be the arrest or retardation of motion ; the
meteoric stream, or star, cannot spend its energy in light

and heat, and have its motion as well. And the develop-

ment of that light or heat cannot precede the loss of speed.

The inconceivable rapidity of motion which the relative dis-

placement of the bright and dark lines indicates must be, on
this hypothesis, motion nftcr retardation ; whilst it does

not seem in the least likely that one meteor stream should

be purely gaseous, and the other give the continuous

spectrum, crossed by absorption lines, typical of the incan-

descent solid surrounded by absorbing vapours.

A variation of this theory suggests one meteor stream

plunging into a nebula. This is distinctly an advance,

because we could imagine the meteors eonstnued as they

reach and are arrested by the nebula. The bright lines,

then, would express the local heating of the gases of the

nebula by the friction of the meteorites as they plough their

way into the nebula. But we should recognise tlie bright

lines in this case as partly the lines of the elements

characteristic of the meteorites, and partly as the typical

[
nebular lines. This is not the case. The typical nebular

' Unes—other than those of hydrogen, which are common to

' most stars—are all wanting. There is no evidence of a

collision between a meteoric swarm and a nebula. The
hydrogen lines, the coronal line, many prominent chromo-

; spheric lines are recognised, but thougli one bright line lies

close to the chief nebular line the general verdict of the

best observers is against any actual identity, and other

lines, only less characteristic, are clearly not present.

Yet another circumstance which tells against the theory

is, that though the continuous spectrum is over-borne

and disguised by the spectrum of bright lines, yet the

former is believed to show traces of that peculiar type of

spectrum so beatttitully shown by Mira t'eti, a Herculis,

and other variables. The same circumstance was reported

of the first Nova examined by the spectroscope, and the

appearance of the violet and ultra-violet hues of hydrogen
as bright lines in the spectra of variables like Mira seems
to establish an important link between variables of long
period, and " temporary " stars like T Coronaj, and our
present Nova. But the shaded bands of the third type

spectrum are certainly not what we expect from a nebula.

There can be no reasonable doubt, I thmk, that the

basis of our Nova is a real star or sun, and not a mere
gaseous nebtila, though in some way or other yet itn-

explained its luminosity was increased for a few weeks one
thousand fold. If we supjiose a sun, usually quiet and dull,

suddenly bursting out with prominences and metallic

eruptions on a scale utterly dwarfing anything ever

witnessed tipon our own siui, we should have a spectrum
very like that shown by the Nova, except in one most
important detail. We find, in the solar prominences,
evidence that the hurling forth of matter with tremendous
velocities so heats the cooler hydrogen atmosphere above
the chromosphere as to cause it to glow with those tiltra-

violet lines which are not, at least normally, found in the
general spectrum. A speed of 700 miles per second far

I

exceeds anything recorded of the ejective spieed of our
solar storms, so that we have to conceive of far more
violent convulsions than the sun ever displays. But
supposing such convulsions brought about, it is easy to

imagine that for the time being a far greater part of

the light of the star might proceed from what we might
call its chromosphere, prominences and corona, than from
its photosphere. In such circumstances the bright line

spectrum, which would certainly in its principal Hnes, and
probably in its subordinate ones, closely resemble that of
our Nova, would be the most prominent feature.

Unfortunately, in this case, the bright lines would be
displaced towards the blue instead of towards the red ; the
heated gases would be approaching us, not receding from
us, as we find to be actually the case.
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This circumstance is one which leads me to make a

suggestion, which I put forward with much diffidence and
a clear apprehension of many defects in it, for indeed we
are yet far from possessing enough material to theorize

upon

.

We have seen it happen again and again, in our own
solar system, that a comet has swejit round the sun at so

short a perihelion distance that the two bodies must
almost have grazed each other. Suppose we put instead

of a comet a long and dense stream of meteors ; suppose
too that the perihelion distance of the meteor stream lies

iilthin the radius of the star, and that the orbit of the
meteors is so presented to us that their motion at x^eri-

helion is almost entirely in the direction of our line of

sight. The maximum speed in the orbit which such a

stream could attain in our sj'stem is 380 miles per second.
It is readily imaginable that other suns than ours might
be able to raise double such a velocity, that depending
upon the mass of the star and the radius of its photo-
sphere. It is quite outside the limits of probability to

suppose that two meteor streams should both be moving
with a speed of some 350 miles to the second and almost
precisely in the line of sight. But there is nothing diffi-

cult at all in the supposition that there are many stars

which are capable of inducing a velocity of 700 miles per
second at perihelion. If then we had a long and dense
stream of meteors travelling towards a star, and rushing
into it, or just grazing it, as they passed periastron

we should have the ordinary spectrum of the star, and
superposed upon it the spectrum of the glowing meteorites,

and of the components of the stellar atmosphere through
which they were rushing. The meteorites would there-

fore give us a spectrum just as their orbital motion was
the highest. This suggestion overcomes the diSiculty of

supposing that the two colliding bodies are moving both
before and after collision with the enormous relative speed
which the displacement of the bright lines, as referred to

their dark companions, would indicate.

There is another point. A large proportion of the meteors
would probably escape capture by the star, and would be
seen after periastron on the other side of the stellar disc.

But they would be now travelling far more slowly in their

orbit, and that orbit would be inclined at a very consider-
able angle of the line of sight, so that their motion from us
would then be at a comparatively slow rate. The principal

bright lines, the hydrogen lines certainly, but probably not
the lines correspondmg to the lower strata of the stellar

atmosphere, would then be doubled ; the line near the red cor-

responding to the meteors at i3eriastron,and seen on the one
side of the star, and the line nearer the blue corresponding
to the meteors after periastron, and seen on the other side

of the star. And this is the very appearance which Father
Sidgreaves, I'rof. Vogel, and other observers have actually

recorded.

I should not at all wish to press this suggestion, for the
matter is not really ripe for solution. But I should like

to point out how vastly more powerful our means of stellar

spectrum analysis have become. The present Nova only
reached the fifth magnitude, and was entirely overlooked
for six weeks after it had reached its maximum. Never-
theless we have acquired stores of spectroscopic informa-
tion with regard to it which will take long to properly
discuss. Its history—especially when the mode of its

discovery by an amateur astronomer, armed only with a
half-guinea spy-glass, is borne in mind— points therefore to

the extreme importance of a diligent watch being kept upon
the sky, and especially upon the Milky Way and its

offshoots, for who can tell how many Novm have flashed
out during the past few years which, though not bright

enough to attract universal attention, like Tycho's Pilgrim
Star of 1572, were yet quite bright enough to have lent a
rich harvest of information to the prism and the sensitive

plate.

TEMPORARY STARS.

By A. V. Ranyakd.

WE have t(i thank Prof. E. C. Pickering for

the photographs which illustrate this uinuber
of Kxowled(;e. There have been great diffi-

culties in reproducing them, and I must
apologize for the unsatisfactory appearance

of many of the plates. It lias been found very difficult to

show the numerous lines and great variations of brightness
in the spectrum of the Nova, and at the same time to keep
the background of sky in the star plate black. 1 have
preferred that the printing should be done so as to bring

I
out the best effect in the spectrum of the Nova.

I

On examining the reproduction of the Nova spectrum
given in our plate, it will be noticed that there are at

least eight bright lines, bounded in every case by dark lines

on their more refrangible sides. This seems to be more
than a chance coincidence, and may probably* be taken

! as indicating that we have before us the superposed
spectra of two bodies, one giving bright lines and moving
away from us so that all its lines are pushed from their

natural places towards the blue end of the spectrum by
the apparent shortening of the wave-lengths— very much
in the same manner as the note of a steam-whistle is

raised as a whistling locomotive approaches us, and de-

: pressed as it rushes away from us—and the other body
giving dark absorption lines and moving towards us.

j

The lines F, G, /(, Hj, and a are characteristic of the

element hydrogen, and, according to Dr. ^'ogel of

Potsdam, who has compared the place of some of these

lines with the places of the corresponding lines in the

spectrum of stationai-y hydrogen in a vacuum tube, the

hydrogen of the bright-lme-giving star is rushing away
from us at the extraordinary rate of 230 miles a second,

while the hydrogen giving rise to the absorption lines is

approaching us with a velocity of 320 miles a second.

I

The phenomena observed may, it seems to me, be
accounted for by the disturbance produced by the motion of

a comparatively small star moving away from us through a

nebula which was moving towards us. When a large meteor
plunges into our atmosphere, the meteor and a considerable

mass of gas di'iven up before it become, for a second or more,

intensely luminous. Large meteors frequently leave a trail

of luminous gas around their paths, which remains glowing
in the cold regions of the upper air for sometimes twenty
minutes or half-an-hour. Such trails generally become
gradually broader and fainter, and before their final

disappearance they not infrequently subtend an angle of

half a degree in diameter, as seen from a distance of 70 or

80 miles—that is, they have an actual diameter of about

three-quarters of a mile, although the meteoric body
whose motion through the air gave rise to the trail may only

* We ought not to speak with eertainty until the intervals between
the neighbouring bright and dark lines have been more accurately

compared. If the interval between the components of different lines

is foiuid to be proportional to the wave-lengths of those lines, the

phenomenon may be ascribed with much confidence to relative

motion; if not, or if the character of the bright and dark lines does

not in every case correspond, some other exiilanation might be

preferred. Father Sidgreaves' negatives, which he has kindly lent

me for examination, show that there are at least twentyfive pairs of

adjacent bright and dark lines, the dark line being uniformly on
the move refrangible side ; this evidently points to some physical

connection.
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have been a few inches or a foot in diameter. Thus the

energy lost hy the meteor becomes distributed as heat

through a region considerably larger than that originally

disturbed by the passage of the body.

If such a disturbance took place on a stellar scale, we
should expect to find the matter of the star mixed with

nebulous matter driven into a state of intense gaseous

incandescence in front of the moving star, and the material

left in its wake probably at first ui a state of brilliant

gaseous incandescence, but soon condensing iato incandes-

cent particles, which would give out a continuous spectrum
and form a sort of elongated photosphere, the light of

which would be channelled by the absorption due to the

cool surrounding nebulous matter. We should thus have
a bright-line spectrum in which the position of the lines

corresponds with the velocity of the moving star, and an
absorption spectrum corresponding with the velocity of the

absorbing nebulous matter.

The lines which we find as bright in the spectrum of the

Nova correspond with lines which are the last to glow in

the solar chromosphere, as the matter shot up in the

prominences cools. ' They, therefore, correspond with the

lines which would be the first to glow on being heated.

It is evident that the nebulous matter must be very
sparsely distributed, for the velocity of the star does not
seem to have appreciably altered in the three weeks,
during its passage through the densest part of the nebula.

In this period, it must have passed across a region more
than equal to the diameter of the orbit of -Jupiter. During
the whole period in which the star, according to Prof.

Pickering's observations, remained above the eleventh

magnitude, it must have passed across a nebulous region

of greater diameter than the orbit of Uranus. If the matter
of the solar system were distributed uniformly through a

sphere of the same diameter as the orbit of Uranus, we
can calculate the mass of the matter which would be

cut through by the passage of a body as large as the earth

diametrically across such a nebula ; and though no doubt
a much larger mass of the nebula would be displaced and
heated, it seems probable that a body of the same mass as

the earth would not lose an appreciable portion of its

velocity in giving an equal velocity to the quantity of

matter in the first instance disturbed.

A very significant fact as to the distribution of these

temporary stars is that they have all appeared in and
about the region of the Milky Way, which is a region of

extensive nebulie. One of the most recently observed of

these temporary stars appeared actually near to the
centre of the great Andromeda nebula, and its spectrum
did not appreciably dift'er from the spectrum of tbe nebula.

If it exhibited bright lines, they were, like the bright lines

of the Andromeda nebula spectrum, exceedingly faint.

THE FLOWER OF MAHOMET.
By the Eev. Alex. S. Wilson, M.A., B.Sc.

THE Prophet-plant (Arnehia echioidcs) is a native of

Persia and Arabia, but has been introduced and
grows freely in gardens in this country. Its chief

interest lies in its variable flowers, which may
fairly rank with those of the changeable Hibiscus

and other
" Plants cliviue and strange

That even- hour their blossoms change."

* The vertical stonus continually taking place upon the sun
preclude the idea that the upper chromosphere is a region only occu-
pied by hydrogen and 1474: stuff. The gaseous matter of the sun
must be completely mixed by diffusion as well as churned by solar

storms. But in the outer and cooler regions certain elements
continue to glow when others have become non-luminous.

The plant is about two feet in height, and somewhat
resembles a cowslip or an auricula. It belongs to tbe
natural order Boraginacese, and is nearly allied to the
lungwort, viper's-bugloss, borage and forget-me-not, all of
which exhibit colour-changes more or less distinct. The
various sjiecies of Myosotis or forget-me-not are also called

scorpion grasses, from the upper flower-bearing portion of
the stem being curled on itself like a watch-spring. The
cluster of flowers, forming tbe inflorescence of .\rnebia,

develops in the same scorpioid fashion. There is a double
row of flower-buds on tbe curled stalk, and as this

gradually unwinds pair after pair of the flowers expand in

succession. In shape and colour the individual flowers

are not unlike those of the primrose, though rather
smaller. When a flower first opeus five conspicuous jet

black spots are seen upon the yellow rim of the salver-

shaped corolla. If the flower be examined the following

day, we are surprised to discover that the black spots have
vanished as if by magic. The yellow of the corolla is

also much paler, and a little later on presents quite a
bleached or silvery appearance, the petals becoming almost
white. No sooner have tbe spots disappeared from the
first pair of flowers than a second pair expand, and display

their sable marks in bold relief upon tbe yellow enamel
of their petals. From this time onwards the inflorescence

comprises both kinds of flower, tbose but newly opened
having the five conspicuous spots, and older ones on which
no spots are visible. From these dark spots—the so-called

finger-marks of Mahomet, Arnehia has received its name

—

the Prophet-plant. Its flowers seem bewitched, the

change is so pronounced and obvious ; a day or two after

unfolding they dift'er so much from the newly-opened ones
beside them, that were they growing on separate plants,

we should at once set them down as belonging to another
species.

This change of colour gives rise to another interesting

peculiarity. If Arnebia be examined by daylight, and
again in the dim twilight, the observer is struck by a

remarkable circumstance. In broad daylight, the golden
spotted flowers at once arrest the eye, while their paler

companions are hardly observed. The inflorescence owes
by far tbe greater part of its display to the younger flowers.

In the dusk this is entirely reversed ; the eonspicuousness

of the inflorescence now depends on the paler flowers, and
the others are so obscured that a second glance is needed
before they can be discerned. The relative brilliancy of

the two sets of flowers can also be tested by gradually

retiring from the plant, keeping the eyes still fixed on the

blossoms. At dusk the young flowers are lost sight of

much sooner than the others : by day the older ones first

disappear in the distance. This peculiar transformation

imparts to the inflorescence of Arnebia a faint similitude

of the pillar of cloud by day and of fire by night—that

celestial manifestation of sacred story so closely associated

with the native region of this desert flower.

Here, then, we have one of tbose phenomena which, for

the naturalist, possess all the fascination of a mystery.

What can be the explanation of this remarkable change of

colour, and what advantage does the flower derive from
the sudden disappearance of its spots and the blanching of

its petals ?

With the reader's permission, we shall now proceed to

show why Nature has bestowed on Arnebia what she has
denied to the leopard— the power of changing its spots.

Before we can say why any flower should change its colour,

we must first know why a flower is coloured at all, and
why all flowers are not coloured alike. Almost all tbe

peculiarities of flowers can be explained as having
reference to the visits of insects. The honey is secreted
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as an inducement, while the scent and brilliant colours
serve to attract the attention of the honey-gatherers.
The researches of the late Charles Darwin demonstrated
the importance of cross-fertilization in the vegetable
kingdom. ^'ery many flowers are quite sterile with their
own pollen ; in other cases, altliough the flower has the
capacity of self-fertilization, the resulting seeds are (if very
inferior quality compared with those obtained as the
result of cross-fertiHzation. As carriers of pollen, then,
insects perform an essential service to plants, and it is

in order to secure their services that flowers are brightly
coloured.

For the variety of colour observed among flowers there
appear to be two principal reasons. A Httle reflection will
show that, since flowers are so dependent on insects for the
conveyance of their pollen, it must be to the advantage of
each species of plant to possess flowers distinctively coloured
and capable of being easily recognised by honey-seeldng
insects. A bee does not visit all flowers indiscriminately

;

it would be greatly to the flowers' disadvantage if it did.
In the course of a single journey the bee for the most part
restricts itself to the flowers of one species, and has been
known to visit as many as thirty dead-nettles in succession,
passing over all otlier flowers. Time is saved by this
method, for by keeping to one kmd of flower at a time
the insect becomes familiar with its outs and ins, and the
practice thus acquired enables it to overtake a larger
number of blossoms than it could if it did not observe this
rule. This constancy in visiting the same kind of flower
is of great importance to plants, since it insures that the
pollen will be conveyed to a flower of the same species as
that from which it came. But if all flowers were coloured
and perfumed alike, the winged botanist could not identify
the species

;
the pollen would be constantly transferred to

the stigmas of the wrong flowers, where it would be useless,
and so the work of cross-fertilization would be seriously
impeded.

A second cause contributing to the variety observed
among flowers is the desirability of attracting special kinds
of insects. As we have just seen, an insect does not visit

all kinds of flowers indiscriminately ; neither, on the other
hand, does a flower attract indiscriminately all kinds of
insects. Not only are injurious and improfitable visitors

excluded, but the more specialized insects are in greatest
demand. Partiality for particular insects is shown both by
the shapes and colouring of flowers. Open shallow flowers,
with exposed honey accessible to almost all insects, have,
as their most frequent visitors, short-lipped flies and
beetles. Many blossoms, again, have become specially
adapted to bees. Their honey is placed beyond the reach
of short-lipped flies, and requires the .slender proboscis of a
bee or butterfly for its extraction. Honeysuckle. Habeuaria,
Plumbago, Phlox, and Narcissus illustrate a third type,
with flower-tubes so narrow and deep that their nectar
is quite inaccessible even to bees, and is reserved entirely
for moths and butterflies, which possess an extremely long
and thin proboscis. There is a corresponding adaptation
in the colours

; the gay tints of the buttercup, poppy,
;

and rose appear to have special attractions for beetles
;

bees show a decided preference for blue, and this colour
predominates in flowers whose shapes are adapted to their
visits. Deep tubular flowers specialized for Lepidoptera,
fall into two divisions, according as they solicit the
attentions of diurnal butterflies or nocturnal moths. Red
and purple are the favourite colours of the former, while
nocturnal moths show a preference for white and pale
flowers. Thus, the carnation and campion (i.i/chnis

•liiiniii) which open by day, have dark tints in comparison
with Li/r/iiiis rcsju'rtiiia, which unfolds its petals towards

evening. Almost scentless by day, this white nocturnal
flower difluses a delicious fragrance in the twilight.

The evening primrose ((Enothera), which however, has
yellow petals, is another example of this class. But
the most remarkable plant of this type is the night-

flowering stock (Cereus). Its pale blossoms open about

seven in the evening, emit pufl:s of odour from time to

time, and close up again towards midnight ; by morning
the flowers are withered. It is impossible to doubt that

we have in this instance a flower specialized for the visits

of nocturnal moths. The reason why nocturnal flowers,

like the honeysuckle and evening campion, have pale-

coloured petals, is not far to seek. These pale hues
can be much more easily distinguished at night than
the red and purple of Dianthus or Githago. Among
lilies, both diurnal and nocturnal flowers occur, and
clearly indicate by their colours to which section of the

Lepidoptera they are adapted. The Turk's-cap lily, with
its perianth of fiery scarlet, is a characteristic example of a

diurnal flower adapted to butterflies which wander abroad
in day-time. On the other hand, Lilium Martagon and
L. candidum with their white bells are nocturnal lilies

fertilized by night-loving moths.
Two flowers, unlike in their colouring, can hardly be

equally attractive to the same visitors, even if they grow
together on the same plant, as is the case in Arnebia ; the

presumption, therefore, is that its spotted and pale blos-

soms are adapted for different insects, lloreover, the

stronger colom-s of the younger flowers correspond with
those of the day-blooming class, while the paler tints of

those in the second stage will render them more attractive

to nocturnal moths ; and this view is strongly confirmed
by the fact that night-blooming flowers are never varie-

gated, but have their petals uniformly devoid of markings.
By night the dark spots tend, in this instance, to conceal

the blossoms so much, that, if these are to be converted
into nocturnal flowers, the removal of the spots is abso-

lutely necessary. We may therefore conclude with toler-

able certainty that the flowers of Arnebia in their first

stage are adapted to bees and diurnal Lepidoptera, while

in their second condition they array themselves in paler

hues to attract nocturnal moths. By the colour-change,

in this instance, a diurnal is converted mto a nocturnal

flower, and one advantage thereby gained is that the blos-

soms appeal to a larger class of fertilizing agents. The
more restricted the circle of visitors on which any plant

depends the greater the risk, in the event of insects being

scarce, of its flowers remaining unfertilized and perishing.

Here it would seem that Nature proceeds on the same
principle as a fisherman in changing his bait. Like some
other variable blossoms, Arnebia is in the advantageous
position of carrying two strings to her bow.

(To III' ((tntinued.)

Utttcrs.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

SWIFT'S COMET.

To ttie Editor of Knowledge.

Dear Sir,—We were unable, owing to cloudy weather,

to see Swift's comet until the morning of March 11th ; it

was then very hazy, and clouds were passing. With the

large telescope, only a faint elongaoion on one side indicated

a tail ; no sign of rays or other peculiarities could be seen.

The star camera was turned to it and a photograph taken

with 110 minutes' exposure. When developed, this showed
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a tail composed mainly of five ribbon-like rays, the longest of

which measured 35' in length. The rays were equidistant

;

probably more would have appeared, but the bright moon-
Ught produced a slight general fog on the plate. Cloudy,

wet weather followed, and we did not see the comet until

the morning of Mai-ch 22nd. Even then clouds were pass-

ing, but the air was clearer. A plate was exposed in the

star camera, and out of 2h. 30m. we got Ih. .55m.

effective exposure ; this photograph shows more of the old

rays, one being out to the edge of the plate 70' long, and
three new ones not seen before. One of the first five was
visible at a distance from the head, bat it could not be

seen joining the coma. All these details could be easily

seen with a suitable light, but they are too faint to repro-

duce photographically ; and the plate used having on it

a grating in squares of 5', it was decided to make a careful

drawing on an enlarged scale, a process rendered very easy

Drawing from negative of Swift's Comet.

by the grating on the negative. It was made by Mr.

Sellars, and faith fiilly represented what could be seen on
the negative, excepting only the brilliance of the rays,

which it was found necessary to make a little brighter in

order to get them to photograph. The negative shows a

projection of luminous matter to rhe sun, and its gradual

turning back to form two of these rays. This and other

features have been reproduced in the drawing, and the

grating on the negative has made it possible to follow

these details. Two of the rays could be seen to the

margin of the plate, and probably extended beyond it.

Every one is familiar now with the selective action of

the sensitive plate in regard to the light of coloured stars,

and also in that of nebulous light, for, in photographs of

nebulae, we find details of light and shade, and a structure

shown which is whoUy invisible through the telescope.

In this comet photogi'aph, the same action has evidently

brought to light ribbon-like rays which would otherwise

have remained unknown ; for in the part of the tail visible

through the telescope no sign of rays could be detected,

even when I knew from the photograph that they were

there, and were photographically brighter than the other

parts. They are a photographic feature then, and not

a visual one in this comet's tail ; or, to put it another way,

we have a comet with coloured rays in its tail, probably

blue or violet rays from the preponderance of blue in

cometary spectre. And the sensitive plate, by its si'lecttve

powers as well as by its power of storing up faint light rays,

is an aid to vision, and may be used to make a preliminary

analysis of cometary or nebulous light, and point the way
for more searching analysis by the spectroscope. One
morning, through a break in the clouds, we photographed

the comet with fifteen minutes' exposure and got rays

showing faintly ; at the same time, atmospheric conditions

were such that we should have photographed an eleventh

magnitude star in six minutes. H. C. Bussell.

Sydney Observatory, ICth April, 1892.

[The evidence afforded by Dr. Russell's photographs of

the bluish tint of certain regions in the tail of this comet

is very interesting. It does not necessarily follow that

the bluish tint was caused by gaseous incandescence

within the streaks, of a different character from that

existing in other parts of the comet's tail, or that struc-

tures within comets' tails will ever be detected with the

spectroscope, for the spectroscope only enables us to detect

images due to bright line incandescence and mono-

chromatic light. The bluer character of the hght dis-

persed by these narrow regions may be (and probably is)

due to the finer grain of the particles which disperse the

sun's light in the regions comprised within the streaks.

It has now been known for some years that the light dis-

persed by the tails of comets is partially polarized in a

plane passing through the sun, indicating that the greater

part of the light is dispersed by particles which are small

in diameter compared with the wave-length of light.

Some twenty years ago Lord Kayleigh showed that the

colour of the light dispersed by tine particles depends on

the fineness of the particles," and that the finer the dis-

persing dust the richer is the scattered light in short wave-

lengths or blue rays. Thus the dust from Krakatoa at

first caused the sun to appear red. As the larger particles

floating in the air fell to the ground the sun became
green, and ultimately it became blue.—A. C. E.vsyakd.]

THE GLACIAL PERIOD A\D THE PLA^'ET MAES.

To the Editor of Knowledge.

Dear Sir,—It seems to me that one of the chief

secondary causes of the Glacial Period has not heretofore

been sufficiently enforced. During the short winters

and long summers, whatever precipitation occurs will be

largely in the form of rain. On the other hand, during

the long winters and short summers it will be, on the

whole, chiefly in the form of snow. Now the snow, by its

great reflective power, wiU cause the earth to lose a very

large proportion, perhaps nearly three-quarters, of what-

ever radiant energy does fall upon it. Moreover, during

the short summer, when the sun is able to melt the snow,

there will be an extensive evaporation from its whole

surface, forming clouds. These will in their turn reflect

away the sun's rays, and at the same time by their shade

protect the snow beneath them from melting.

This cause requires for its action the presence of con-

siderable moisture upon the surface of the planet. It has

been stated that the glacial theorj' does not appear to apply

to Mars. In the case of this planet, however, we have

good reason for thinking that it formerly had extensive

oceans upon its surface, and the gradual cooling to which

it has been subjected has enabled room to be formed

for them in its interior ; that is to say, there are probably

extensive regions in its interior which are not sufficiently

hot to convert water into steam. The water would there-

fore, naturally, as is the case with the earth, go under-

ground, filling all the microscopic cavities between the

rocks. Be that as it may, the appearance of the surface

of this planet leads us to think that it possesses at present

very much less water in proportion than does our earth.

That being the case, there could not be sufficient evapora-

tion to form the extensive snow-caps required by the

glacial theory. As an illustration of this point, we should

* See a paper " On the Light of the Sky, its Polarization aad its

Colour." bv the Hon. J. W. Strutt (now Lord Ravleigh), in the

Pfiil. Mag. for February, 1871, pp. 107120, and " March, 1871,

pp. 274-279.
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expect that the northern or continental slopes of the

Himalaya Mountains would be colder but also drier than

the southern ones, which are exposed to the ocean. Yet

upon the warm southern slopes we find the line of perpetual

snow considerably lower than upon the colder northern

ones. Thus, because the supposed snow-caps upon Mars
are small, it does not necessarily indicate that the tem-

perature of the planet is higher than that of the earth.

William H. Pickering.

Arequipa, Peru, April 14th, 1892.

[Prof. AV. H. Pickering's interesting suggestion, that as

a planet cools its oceans will be absorbed and go to

augment the volume of its underground waters, does not

commend itself to my mind as explaining the phenomena
we observe on Mars. For, in order that the earth should

absorb say a mile in depth of its ocean covering, the

isothermal surface within the earth, at which water is

converted into steam, would need to fall at least three or

four miles, and all other isothermal surfaces would fall

with it ; that is, the mean temperature of the surface, even
in the equatorial regions, would certainly fall far below the

freezing point. But this does not seem to be the case on
Mars.

If we assume, as most speculative astronomers have

hitherto assumed, that the white polar caps of Mars
are due to snow, it follows that the mean temperature

of the Martian surface in the equatorial and temperate

regions of the planet must be above 32° Fahr., a fact

which is not consistent with the assumption so fre-

quently made, that the mean temperature of a planetary

surface must vary inversely as the square of the distance

of the planet from the sun. We are, it seems to

me, forced to assume either that the polar caps of Mars
are not due to snow, or that the mean temperature of the

equatorial and temperate regions of Mars is above 32°

Fahr. ; that is, that they are much warmer than they

should be on the assumption that the mean temperature

will vary inversely as the square of the distance from the

sun. To my mind, the discrepancy is most easily

accounted for by supposing that the atmosphere of Mars is

more dense than the atmosphere of the earth. I do not

see any necessity for the assumption that the amount of

the atmosphere and the amount of the ocean on Mars
must bear the same proportion to the amount of solid

material as on the earth, or even that they must have
originally borne the same proportion. It is, of course,

possible that we may be observing phenomena on Mars
quite dissimilar to those going on here. The white polar

caps may be due to the deposition of the snow-like crystals

of carbonic acid, which evaporates again at a temperature

far below the greatest cold which we experience on the

earth's surface.—A. C. Eanyard.^

A CORRECTION.

To the Editor of Knowledge.

Dear Sir,—My attention has been called to an error in

the (leiiratinn of the expression for the tangential force in

the article on the " Origin of Binary Stars," and I gladly

seize the earliest opportunity for correcting the mistake.

The height of the tide obviously varies as the fiixt poiirr

of the tide-generating force, not as the xiiuarc, as asserted

near the bottom of the first column on page 82. The
couple acting against the rotation of Helios arises from
the excess of the attraction of Sol on the nearer tidal pro-

tuberance above that on the further. Now this excess is

found to vary inversely as the third power of the distance

between the two bodies. But the couple also varies

directly as the height of the protuberance {i.e., as the

height of the tide), and this height varies inversely as the

third power of the distance. Hence the tidal frictional

couple varies as the inverse sixth power of the distance

;

or it may be described as varying inversely as the square

of the tide-generating force, since the tide-generating force

varies as the inverse cube of the distance. If we denote

the tidal frictional couple by T, the radius vector by fi,

and the tangential force by t, the principle of action and
reaction gives for the equilibrium of the forces fp = T,

rp

In the fifth line from the top of page 82or t =
P P'

(second column
sixth power.'

the reading should be " cube " instead of

Since the result reached in the article

was correct, the error in the derirntion of the expression

for the tangential force does not vitiate my argument, and
the conclusions are therefore sound. But as a friend had
kindly called my attention to the slip, I thought it ought
to be corrected. Very faithfully yours,

Berhn, May 20th, 1892. T. .T. -T. See.

CAN A PLANET BE FINALLY SURFACED WITHOUT
A SEDIMENTARY ROCK SERIES?

To the Editor of Knowxedge.

Dear Sir,—Professor -ludd, in his instructive work on
Volcanoes, at page 305, tells us that " the Moon ai')pears

to be destitute of atmosphere and water . . . under the

circumstances we find its surface, as we might expect, to

be composed of rocks which appear to be entirely of igneous

origin "
; and at page 367 he refers to the striking evidence,

on the Moon, of the action of volcanic forces, in the vast

size of the so-called "craters" (up to 50 and CO miles

diameter).

But inasmuch as Professor Judd's entire work is a

peculiarly good demonstration that " without water, there

can be no volcano," I should esteem it a great favour if

any of your scientific readers can explain the obvious con-

tradiction in the above.

For over ten years I have carefully studied the lunar

surface, in the hope of eventually solving this well-known
astronomical riddle, and have come to the conclusion that

such a globe cannot have been finally surfaced (solely) by

igneous and volcanic agency.

The convection and radiation of heat from rock

surfaces, as the initial temperature declined, must have
been such an exceedingly slow process that it is incon-

ceivable how a globe of that size can have passed from a

semi-molten to the airless and waterless stage of develop-

ment, without the intervention of a very prolonged era of

erosive denudation.

Selenographers are agreed that on our moon there is

practically an absence of river valleys, and the fluviatile

sculpturing so characteristic of our earth's surface ; in

fact, that the lunar surfacing seems to be due entirely to a

deposition of solid dry material, showing a singular and
marked absence of all drainage phenomena.
Hence it is urged that there is an absence of sedimen-

tary stratified rocks, what we see being the unchanged
results of primeval lava lakes, volcanic outbursts, and
" cinder rings," laid during an era of such high initial

temperature that water, near the surface, would have been

a physical impossibility.

The subsequent decline in temperature, again, is assumed
to have been so exceedingly rapid as to preclude the possi-

bility of any erosion of river valleys, and the formation of

sedimentary rocks.

An idea prevails that the enormous craters and volcanoes

(seen even all over the poles) originated during the period

of high initial temperature, and that the cavities, 20 and
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50 miles in diameter, were in some way blown out explo-

sively.

What 1 desire to point out is tlie improbability—not

to say the impossibility—of this being done by volcanic

action, as we understand it nowadays, and at a time when
the lunar crust, to the very surface, must have been far

above the boiling point of water. " Without water there

can be no volcano," and hence, with such a high tem-

perature, there being no irater, there could have been no

volcano. There is no escape from this syllogism.

But another weighty argument against the lunar

craters being due to volcanic action is their vast size.

This is usually accounted for by the fact that lunar gravi-

tation is but one-sixth of ours, thereby enabling an " explo-

sion" to eject matter to six times the distance. When we
look into the case, however, we notice that these lunar
" safety valves" are only loaded with one-sixth the terrestrial

weights. The explosive force, or accumulated ejecting

power (due to steam held under superincumbent pressure),

is thus reduced in the same ratio, and the power of ejecting

matter on the earth and moon is the same. The power not

being derived from any explosive material, such as

dynamite, but being controlled by gravitation, the fallacy

of the old reasoning is obvious.

Again, by all accounts our moon at one time rotated on
its axis more rapidly, and has been slowed down by vast

tides.

If these were of unter, it is clear that the globe had
(then) cooled down so far as to be practically rigid, and
the tidal deformation (as in our case) was confined to the

tiuid envelope, which thus needs must have scoured off all

the " cinder rings," and completely filled in the craters

and sunk plains, large and small, the ellipsoidal figure

of the globe, so strongly insisted on by Proctor (as a true

cause for Ubration), arising subsequently.

If, however, the era of tidal retardation occurred while

the globe was in the semi-molten and plastic condition, as

Sir E. S.Bali suggests, then the formation of the walled

plains (lava lakes) and volcanic craters must have taken

place later on, yet still in the absence of water, inas-

much as there is no e%ideuce of its presence then nor yet

afterwards, when, if anything, it- should have been still

more obvious : when one would very naturally expect the

enormous atmosphere of vapours to fall by condensation

and scour the surface persistently for long ages durinfi the

sloir diclini' i)i tewiieratiiir, at last, perhaps, leading to a

development of polar caps and general glaciation.

There is abundant and beautiful evidence in the sur-

facing of the absence of water, during its formation, and
this very evidence, 1 hold, is fatal to any theory of volcanic

surfacing, for which water is an essential element. Even
the poles are covered by vast lava lakes, " cinder rings," and
so-called volcanoes.

This singular absence of all traces of water, all sculpturing

by rivers, and of drainage phenomena in the limar sur-

facing, is the great problem which needs solution : whether
an era of erosion with deposition of stratified rocks and
formation of river valleys is, or is not, logically a necessary

se(jiiL'l to a semi-molten stage in planetary evolution

;

whether a planet could pass from the molten to the airless

and waterless stage, and yet retain all through the later

stages the surfacing due to a primeval igneous era.

To me it seems easiest to assume that the moon has
long ago passed through our terrestrial erosive stage, and
now, in its airless and waterless condition, is swathed from
pole to pole in snow and ice formations.

Sibsagar, Assam, 15th March, 1892. S. E. Peal.

[While agreeing with Mr. Peal that the traces of water

action upon the moon are not conspicuous, I do not feel

sure that there is no evidence of sculpturing by rivers or

drainage phenomena. Mr. Xeison, in his book on " The
Moon," p. 73, is inclined to think that in many points the

rills or clefts " bear some resemblance to the dried beds of

lunar watercourses or rivers. Thus many of these riUs

commence at the end of a system of branched valleys

leading from a highland, whilst others can be detected

winding along the bottom of extensive valle}* regions." It

seems to me also that many of the dark delta-shaped

patches, which are frequently found in the planes round
lunar momitains, afford evidence of drainage phenomena.
There are two such patches on either side of the lunar
Appeunines, which are well shown on photogi'aph No. 1,

published with the number of Knowledge for December,
1890, and three such dark patches to the west of Copernicus
in photograph Xo. 2 in the same number. These dark
regions are also well shown in the photograph published
in the May number for 1890.

Though no doubt the greater number of terrestrial

volcanoes are adjacent to the sea, some, as those between
Siberia and Thibet, and in the Chinese province of Man-
chouria, as well as the extinct volcanoes of central France,
are at a considerable distance from the sea or lakes. Mr.
Scrope long ago pointed out that though a considerable

amount of steam escapes from active volcanoes, it does not
follow that the water producing it was originally derived

from the sea. All rocks contain a considerable amount of

water of crystallization, and we are probably not warranted
in saying that a volcanic irruption could not take place

without the presence of an adjacent sea, lake, or river.

Though I do not think that the albedo of the lunar sur-

face has been determined with the accuracy which Zollner
supposed, it seems to me that we have evidence that the

whiter portions of the lunar surface are very white com-
pared with any terrestrial rocks, and that it is more
probable that the lunar mountains are capped with snow
than that the higher regions are formed of very white
rocks, while the valleys and low-lying regions are always
formed of much darker material. I therefore agree with
Mr. Peal as to a large portion of the lunar surface being
covered with ice or snow, but it is easier to me to account
for the great ring formations, as being analogues to terres-

trial volcanoes, than to suppose that they are rings of ice

and glacial phenomena of which we have no terrestrial

analogues.—A. C. Eanyard.^

THE CORONA OF THE SUN AND STARS.

To the Editor of Knowledge.

De.ar Sir,—Although the teachings of modern astro-

nomy have led us to look upon many of the fixed stars

as veritable suns, merely reduced by their vast distance to

a subordinate lustre, the possibility of being able to
observe the corona about stars seems to have escaped
notice.

Diirmg the last seven years, the principal work of this

observatory has been the observation of a number of long
period variable stars, which decrease in lustre from about
the 5th to below the 13th magnitude, in periods rangin"
from 200 to 600 days. They differ in a remarkable
manner from the ordinary fixed stars. Most of them are
of a deep red or ruddy colour, and many are more or less

nebulous ; they may be divided into four classes, viz., stars

having
{a) A remarkably well-defined, almost planetary, disc ;

(6) Well-defined stars surroimded by a more or less

dense, ruddy atmosphere

;
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((') Large, woolly stars, with ill-defined image, resem-

bling a small but bright planetary nebula.

(d) Stars which at minimum show, in place of the

variable, a slight bluish nebulosity.

In the case of a star surrounded by a very faint nebu-

losity or coronal appendage, we should not expect to see any
trace of the corona till the star was nearlj' or totally

obscured, and recent observations show that in several

instances, when the star has gradually become so faint as

to be invisible with our G^^, inch refractor, its place has
been occupied by a pale bluish nebulosity, which has again

vanished as soon as the star reappeared, being evidently

so faint as to be readily overpowered by a small amount of

stellar light.

It may be that all variables are nebulous, or have
extensive and bright coronas, but that when the nebulosity

is faint, we only become aware of its existence when the

light of the variable is reduced to a minimum.
Yours faithfully,

Eousdon Observatory, Lyme. C. Grover.

THE DEPTHS OF THE MEDITERRANEAN AND
BLACK SEAS.

By EicH.\ED Beynon, F.E.G.S.

ISOLATED as it is from the great water masses of the

globe, the Mediterranean—with its off-set, the Black

Sea—may be regarded as a provincial sea. The
oceanic circulation of the North Atlantic sweeps past

its narrow entrance imheeded. The great tidal wave
is effectually debarred by the convergence of the African

and European coasts from influencing the tidal phenomena
of the Mediterranean, and the same cause, aided by the

near approach of the strata underlying the Straits of

Gibraltar to the surface, precludes the possibility of the

chill waters that ever roll equatorwards along the sea floor

finding their way into the vast inland sea under discussion,
j

The geographical limits of the Mediterranean are well i

known, but its true geological boundaries by no means
;

coincide with these. Instead of terminating to the west-

ward at the Straits of Gibraltar, the sea is really continued

some 50 miles into the Atlantic, for the shoal water which
separates the line of coast between Tangier and Ceuta from
the opposite shores of Spain extends westwards to that

distance. Here the shallow ridge terminates, and the

sea bed rapidly falls into the depths of the Atlantic.

The proximity of the island of Sicily to Cape Bon
suggests the very natural division of the Mediterranean
into an eastern and western section. Taking the western
portion, we find that at its two lateral extremities it is

separated by a shallow ridge from the Atlantic on the one
side, and the deep waters of the Eastern Mediterranean on
the other. The depths of water obtaining on these

shallows approximately coincide. The deepest sounding

obtainable on the ridge between Cape Bon and Sicily is

under 200 fathoms, while the maximum depth in the

vicinity of Gibraltar is 180 fathoms.

The shoal water which commences some 50 miles to

the westward of Gibraltar is really continued 120 miles to

the eastward of Point Europa, almost to the shores of
|

Alboran Island. i

If we regard as continental, islands that are separated

from the mainland by depths not exceedmg 100 fathoms,

then Alboran must be classed as an oceanic island, for on
all sides it is surrounded with water of 400 fathoms and
upwards in depth. The Balearic group present most
peculiar features. Instead of formmg one group, as their

juxtaposition would seem to imply, they make two. Iviza

and Formentara are separated from Majorca, Minorca, and
the Spanish coast by soundings of 300 fathoms. The two
last named islands have a channel of 50 fathoms between
them, and to the eastward of Minorca the sea bed has a

steej) gradient until, 30 miles from the Balearic group, a

depth of 1400 fathoms is encountered. A comparatively

slight upheaval of the Mediterranean bed would suffice to

connect Corsica and Sardinia, for the Straits of Bonifacio

are of little depth. Shoal water, too, connects this group
with Elba and the mainland of Italy. The shallow

channel which extends from Cape Corso, rii': Elba, to the

coast of Tuscany has an average width of from 15 to 20
miles, and nowhere along it can soundings of a greater

depth than 50 fathoms be obtained.

We now come to the easterly boundary of the western

portion of the Mediterranean Sea.

From Cape Passaro, at the south-easterly corner of

Sicily, a bank with 300 fathoms of water over it extends

to the opposite shores of Tripoli, while a somewhat similar

ridge, with a lesser depth of 200 fathoms, connects the other

extremity of the island with Cape Bon. Between these

two banks a deep water gully runs, with an average depth
of GOO to 700 fathoms.

With regard to the deep water areas of the western section

of the Mediterranean, a fairly uniform depth, ranging
between 1200 and 1600 fathoms, is maintained between
Marseilles and Algiers, while the deep water lane extending

from Naples to Sardinia admits of soundings of 1500 to

2000 fathoms.

These are the more salient features revealed by sound-

ings taken in the western portion of the Mediterranean.

Scientific research, however, has added much to our know-
ledge of the eastern section during the past few years, and
it is chiefly to Austria that progress in the study of the

oceanography of this part of the Mediterranean is due.

Before the Pala expedition the generally received greatest

depths obtained in the Mediterranean were 2040 fathoms
in the western section and 2150 in the eastern. The
latest results, however, show that deeper soundings are

obtainable. On the 28th July, 1891, the Pula found the

depth of 2406 fathoms, and a few miles further to the

eastward 2236 fathoms, both of which depths exceed those

mentioned above. The exact position of this, the deepest

spot yet discovered, is 35° 44' 20" north lat., and 21'^ 44' 50"

east long., or, roughly speaking, about 50 nautical miles

south-west of Matapan. Very properly the Austrian

Ilydrographical Board have determined to perpetuate the

record of their nautical find by assigning to this deep-

water spot the name of Pola Deep. This discovery will

necessitate the removal of the deepest part of the Medi-

terranean considerably eastwards from its present position

on our maps. Another deep-water area explored by the

Pola was that lying between Candia and Alexandria, the

depths ranging from 1810 fathoms, some 20 miles south-

east of Grandes Bay, to 1822 fathoms within a short dis-

tance of Alexandria. The serial temperatures taken by
this expedition coincide in the main with those obtained

during previous researches.

From 80-8° F. to 69° F. was the thermometric range in

the first 27 fathoms. In the next 27 fathoms the tem-

perature fell to 625° F. The range for depths between
110 and 547 fathoms was 59° F. to 57° F. At the lowest

depth found (2406 fathoms), the temperature was 56° F.,

which, as previous investigators have established, is the

approximate uniform temperature of the bed of the Medi-

terranean. One very curious result of the temperature

experiments was the finding of water whose temperature

was 52-^° P\, at a depth of 415 fathoms, at the junction of
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the Adriatic with the main waters of the Mediterranean

Sea. 1

It has been found that the temperature of the Medi-

terranean Sea bed is by no means constant, and, according

to some authorities, varies slightly in accordance with the
|

mean temperature of the winter preceding the season in

which the temperatures of the sea bottom are taken.
!

Thus in 1871 the Slieuncater expedition, under Captain

Nares and Dr. Carpenter, found a bottom temperature at
|

1650 fathoms of 56°, and the year previous the same
temperature had been met with at a spot where the sea

bed was 1713 fathoms from the surface. In 1881, how-

ever, Captain I\Iagnaghi, Hydrographer to the Italian

Navy, along with Professor Giglioli, in the surveying

vessel Waxliiniiton, found the bottom temperature to be
1° higher than that recorded as the mean of those ob-

tained in 1871. The mean temperature of the months of

December, -January, February, March, and April is 53-6° F.

at Toulon and 56'81° F. at Algiers, and the average of these

two temperatures gives approximately the degree of heat

contained in the Mediterranean Sea bed between those two

places.

With regard to the Adriatic Sea, soimdings show that

only one-third of its area can be regarded as forming a

part of the Mediterranean basin proper, the remaining

portion not averaging more than 50 fathoms in depth. A
channel of 100 fathoms stretches across the entrance to

the sea, from Otranto to Albania. Within the sea the

depth increases until a maximum of 705 fathoms is attained,

and this rapidly shoals until the comparatively shallow

waters of the northern portion of the sea are encountered.

The PiA<i made some interesting experiments relative to the

transparency of the Mediterranean waters, In three cases

a white disc was seen down to a depth of 177 feet. Where
the water was deepest, however, invisibility was reached

at 105 feet.

The paucity of animal life in the great depths of the

Mediterranean is well known. Its depths are to a certain

extent stagnant. There is an utter absence of that vertical

circulation so thoroughly developed in the Atlaniic, and
which results in process of time in every particle of water

being alternately transposed from sea bed to surface, and
surface to sea floor. The only semblance of such a circu-

lation that exists in the Mediterranean is caused by the

descent of water that has been concentrated by evaporation

on the surface, and has thus had its specific gravity raised

above that of tlie underlying strata. But tiie descent of

this water will be seriously interfered with at a depth of

.200 or 300 fathoms, where the temperature is such that

it will encounter an aqueous layer whose specific gravity

is much akin to its own.

It will be remembered that it was owing to the absence

of life met with during the researches of Professor E.

Forbes, in the .Egean Sea, that the erroneous doctrine

was formulated that marine oceanic life ceased at a depth

of about 300 fathoms.

Subsequent explorations in the deep sea speedily showed
the fallacious character of such a conclusion, except in

enclosed seas of the Mediterranean type.

In the western basin of the Mediterranean, the bottom
consists chiefly of clay, of a grey or brownish colour. It

always contains some carbonate of lime, the remains of

foraminifera. Both in appearance and chemical constitution

the mud resembles that dredged up in the open ocean from
areas which are shut off by submarine ridges from free

participation in the vertical oceanic circulation.

In the eastern section of the Mediterranean the sea bed
deposits contain a considerable proportion of volcanic ash

and other constituents of igneous origin.

Before proceeding to discuss the character of the

connecting channels and currents that unite the Mediter-

ranean Sea with the Atlantic Ocean and the Black Sea, wc
will briefly allude to the liudiugs of the latest researches

conducted" in the waters of the last named sea.

The Russian gun-boat the Tchernoiitoret; was engaged in

Juns and July, 1890, in the work of surveying. The
maximum depth, 7305 feet, was found in the central

portion of the sea, between the Crimea and Anatolia.

The explorations were continued last year, and the results

of the previous year's work were confirmed. The 100

fathoms lino was found to lie close to the shores of the

Crimea and Anatolia, and the axis of greatest depression

has a direction from sonth-west to north-east. The
steepest coast was found at Piizo, where the angle of

inclination attains 10". The most interesting of the

recorded observations are those relating to the temperature

of the Black Sea waters. The variations of temperature

at the surface range from 77° F. to 11° F., while on the

northern shores the thermometer sometimes falls below

the freezing point. The annual variations of temperature,

due to the seasons, do not penetrate deeper than 100

fathoms. At a depth of from 30 to 175 feet the

temperature was 57° towards the south coast, 51° in the

centre, and 52° near the east, west, and north shores.

The water begins to be warmed by the air in the month
of May, and during August the mean temperature of the

surface water is higher than that of the superincumbent

air. The variation of temperature for depths below 180

feet is very peculiar. At this point the thermometer

registers 15° F. Then the thermometer begins to rise,

and at a depth of 6000 feet it shows 49" F. For all depths

below 200 fathoms the temperature may be described as

constant, and lying between 19° F. and 18° F. The most

distinctive feature of the Black Sea, however, is that at the

depth of 450 feet distinct traces of sulphuretted hydrogen

occur. The quantity increases with the depth, until at

600 feet it is quite sensible, and at the mean depth of 940

feet it renders animal life quite impossible. Some even

place the inferior limit of organic lite at so high a level as

100 fathoms. Dredgings show that at one period of

geological history the Black Sea contained an abundance

of low organisms, and the semi -fossil shells of certain

molluscs characteristic of the brackish water of the lagoons

of the Caspian and Black Seas are much m eridencc.

These fossils are doubtless the remains of the Pontic fauna

of the Pliocene period, when the Black Sea basin was not

connected with the Mediterranean. The salinity of the

Black Sea was then by no means so great as it is now.

When the connection between the two seas was made, the

water from the Mediterranean would make its way as it

does at present into the Black Sea area, and speedily lead

to the disappearance of the ancient fauna. Thus the

sulphuretted hydrogen is one of the products formed by the

decomposition of the older life, and as the water in the

great depths is practically stagnant, I.e., quite motionless,

it follows that the decay is an exceedingly slow process.

Assuming that the water which annually flows through

the Bosphorus into the Black Sea forms a one-thousandth

part of the total contents of the sea, it will take 1000 years

to completely renew the whole contents of the basin. It

will be thus easily seen to what small extent the deep

waters participate in the scheme of circulation. The Sea

of Azov is merely the expanded mouth of the River Don,

its waters being shallow, having no greater depth than 7^
fathoms, and being thoroughly mixed by each storm that

' visits it.

The Sea of Azov, too, shares in the disturbing influences

I
of the surface current which sweeps round the shores of
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the Crimea to the north-west, and then follows the trend

of western shores past the mouths of the Danube towards

the Bosphorus. The dimensions and velocity of this cur-

rent are augmented when the melting of the snow in the

Black Sea basin is more rapid than usual.

We have mentioned above that a decided influx of

Mediterranean water takes place into the Black Sea. Were
it not for this saline water the Black Sea would be much
fresher than it is, and were the connection between it and
the Mediterranean destroyed then the sea would become
fresher, as there is a surplus of river and rain supply over

evaporation. Throughout the whole length of the Bos-

phorus, the Sea of Marmora, and the Hellespont, two
distinct currents can be traced, the heavier Mediterranean
water forming the underlying stratum, moving slowly into

the Black Sea, the lighter water from the latter sea being

superincumbent and moving in the opposite direction.

There appears to be very little mixing of the two currents,

the layer of demarcation between the two being easily de-

tected by the diti'erence in the specific gravities of the two
aqueous masses.

The comparatively fresh water that the Black Sea con-

tributes to the waters of the Mediterranean produces but

little effect, so large is the area of the basin into which it

pours itself and so small relatively is the volume of water

so contributed.

The greatest depth of the Sea of Marmora is found along

the line connecting the Hellespont with the Bosphorus,
and ranges between 26G and 3.55 fathoms.

The Hellespont itself has a depth of 50 fathoms, while

the mean depth of the Bosphorus varies from 30 to 40
fathoms.

The ^Egean Sea has not its specific gravity reduced as

might be expected below that of the whole Mediterranean
by the influx of the Black Sea water. In fact its specific

gravity is greater than that of any other section of the

Mediterranean basin.

The accompanying table bears out the truth of this.

The figures quoted are the result of many observations,

and are derived from samples of water taken from 60
miles to the westward of Gibraltar to the easternmost
section of the Black Sea.

Mediterranean Water outside ')
, .n.^ar, i nn^-n

Gibraltar )
^ ""^^ ~ ^ ^^/O

Mean specific gravity for Western ) i(|-?^n 1-0290
Section Jl

Mean specific gravity for Eastern >
i.o.9i,|j _ 1U30O

Section j

Mian specific gravity for Black ) iol20 -— 10140
Sea )

In each case the results are derived from analyses of

surface water.

In round numbers the area of the Mediterranean basin

is one million square miles, and the average rain-fall over

the whole area that drains into it has been assessed as

being equivalent to an annual rain-fall of 30 inches upon
the sea itself. The amount of water removed by evapo-
ration is greatly in excess of this, probably 2i times as

great. At Eome the evaporation is represented at some
105 inches per annum, at Madrid it is 65 inches, and at

Cairo 92 inches. It does not require much speculation to

determine what would happen if the waters of the Mediter-
ranean were not replenished from some external source.

A shrinkage of the basin by a diminution of the water
area would continue until the evaporation from the
reduced surface would equal the amount of aqiteous

precipitation. But before that condition would be reached,
the shrinkage would have resulted in the drying of the
bank between Sicily and Africa, and between Africa and

Gibraltar, with the result that two " dead" seas would be

formed.

Happily, there is not much probability of such a change
taking place, for the Mediterranean is supplied with water

from the Atlantic as well as the Black Sea. Through the

Straits of Gibraltar there flow two currents, as there do

through the Sea of Marmora. The existence of an out-

ward current has been long known. It is accountable for

the higher temperature found in the deep waters of the

Eastern Atlantic. Water, unmistakably of Mediterranean
origin, has been found some 200 miles north-west of the

Straits at a depth of 15G0 fathoms. Its presence at such

a depth is readily understood when it is remembered that

the water of the Mediterranean contains an average of

3-9 to i per cent, of solid matter in a state of solution,

while the percentage in Atlantic water in the vicinity of

the Mediterranean entrance is 3-4 to 3'5.

It has been calculated that the injiow through the Straits

is equivalent to a river eight miles wide, 100 fathoms deep,

running with an uniform velocity of IH^ miles in the

twenty-four hours. Such are the dimensions of a current

requisite to maintain equilibrium between the contribution

of rivers, precipitation supply, and the inflow from the

Black Sea on the one hand, and the copious evaporation

and the outflow into the Black Sea and the Atlantic

Ocean on the other.

THE FACE OF THE SKY FOR JUNE.
By Herbert Sadler, F.R.A.S.

AT
the time of writing these lines several flue spots

and groups are visible on the solar surface.

Throughout June there is no real night, but either

daylight or twilight. A minimum of the Algol-

type variable U Coronse will occur at lOh. 11m.
P.M. on the 20th.

Mercury is technically a morning star during the first

portion of the mouth, but is in reality too near the Sun to

be observed. He comes into superior conjunction on the

20th. Venus, during the greater portion of the month, is

tlie conspicuous object in the evening sky. She attains

her greatest brightness on the 4th, when she is more than
three times brighter than she was on January 1st. She
sets on June 1st at llh. 14m. p.m., or 3h. 9m. after the

Sun, with a northern declination of 24° 16', and an
apparent diameter of 36", i%%ths of the disc being

Illuminated. On the 9th she sets at lOh. 45m. p.m., or

2h. 34m. after the Sun, with a northern declination of

22° 49', and an apparent diameter of 40-8", I'^ths of the

disc being illuminated. The crescent form of the planet

may now be easily seen in a good opera or field glass, if

Venus is viewed before sunset or just after, so that her

glare does not interfere with distinct vision. On the 17th

she sets at lOh. 10m. p.m., or Ih. 53m. after the Sun, with

a northern declination of 21° 18', and an apparent diameter

of 46|-", about yVotl^s of the disc being illuminated. On
the 24th she sets at 9h. 29m. p.m., or Ih. 10m. after the

Sun, with an apparent diameter of 51|", y^otlis only of

the disc being illuminated, while her brightness has fallen

to one-half of what it was on Jtuie 4tb. After this date

she IS too near the Sun to be clearly seen. During the

month she hovers on the confines of Gemini and Cancer
;

but does not approach any bright fixed star.

Mars is an evening star, but owing to his great southern

declination is badly placed for observation in these latitudes.

He sets on the 1st at Oh. 3m. a.m., with a southern declina-

tion of 20° 23', and an apparent diameter of llf", the

phase on the sottth-western limb amounting to 1-5", and
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the light of the planet amounting to rather less than one-

third of what it will be at the beginning of August. On
the 17th he rises at llh. 14m. p.m., with a southern

declination of 20^ i', and an apparent diameter of 17i".

the phase amounting to li". On the 30th he rises at

lOh. 34m. P.M.. or 2h. 16m. after simset, with a southern

declination of 20° 26', and an apparent diameter of 20",

the phase amounting to 1", and the brightness to about

six-tenths of what it will be at itsmax::nura. During the

month Mars describes a short direct path in Capricornus.

but does not approach any bright star very closely. As

Jupiter does not rise till after midnight on the last day of

June, we defer an ephemeris of him till nest month.
Saturn is an evening star, and is still well situated for

observation. He rises on the 1st at Oh. 28m. p.m., with

a northern declination of 4^ 48', and an apparent equatorial

diameter of 17^" (the major axis of the ring system being

40^" in diameter, and the minor 0-3"). On the 30th he

sets at llh. 31m. p.m., with a northern dechnation of 4° 18',

and an apparent equatorial diameter of 16f" (the major axis

of the ring system being 38-6" in diameter, and the minor
0-7"). During the first portion of the month the ring

system is invisible in small telescopes. The following

phenomena of the sateUites may be observed (the

times are given to the nearest quarter of an hour).

June otli, lO^^h. p.m., Tethys, eclipse reappearance; June
8th, ll^h. P.M., Dione, eclipse reappearance; June 19th,

lOfh. P.M., Dione. eclipse reappearance ; June 22nd. lOh.

p.m., Tethys, eclipse reappearance: June 30tli, 9h. p.m.,

Dione, eclipse reappearance. During the month Saturn
describes a short direct path in Virgo, but does not

approach any naked-eye star. He is in quadrature with

the San on the 14th.

Uranus is well situated for the purposes of the amateur
observer, rising as he does at 4h. 16m. p.m. on the 1st,

with a southern declination of 11" -54', and an apparent
diameter of 3-7". On the last day of the month he rises

at 2h. 19m. p.m., with a southern declination of 11' 43'.

During the month be describes a short retrograde path

to the X.N.^Y. of A Yirginis. A map of the path of Uranus
is given in the FJwjlish Mechanic for February 12th.

Neptune is invisible.

There are no very well marked showers of shooting

stars in June.

The Moon enters her first quarter at 9h. 51m. a.m. on
the 2nd; is full at Ih. 32m. p.m. on the 10th ; enters her
last quarter at 9h'. Im. p.m. on the 17th ; and is new at

2h. 6im. P.M. on the 24th. She is in apogee at 6-6h.

p.m. on the .5th (distance from the earth 2-31,690 miles)

;

and in perigee at 2-4h. p.m. on the 21st (distance fi-om the

earth 227,2-50 miles). Her greatest eastern libration

occurs at 4h. 40m. a.m. on the 14th, and her greatest

western at 8h. o4m. p.m. on the 22nd.

e^css €:olumn.

By C. D. LococK, B.A.Oxon.

C. J. O.—If 1 . R to Q8ch., K X P, and there is no

mate.

PEOBLEM.

By C. D. LococK.

BI.ACE.

All commtjnications for this column should be addressed

to the " Chess Editor, Knowledge Offi.ce" and posted before

the 10th of each month.

The April problem is unsolvable. The composer's
intention 1. E (R8) to R6, discovered by Alpha and
H. S. Brandreth, is defeated by 1 . . . PxR, as pointed
out by Alpha.

C. T. BlansJuiid.—The emended version enclosed is

open to the same objection as the other.

White.

White to play, and mate in two moves.

MORE CHESS FALLACIES.

(Continued from March, 1891.)

VI. That the majority of I'nirns on the (Jiicen's side (v

udranta;ieiiiis.—In the first place there is nothing magical
in the Queen's side ; if both players have castled on the

Queen's side, then the advantage lies with the player
possessing the majority of Pawns on the Kimfs side. If,

on the ether hand, White has castled on the Queen's side

and Black on the other side, Black having most Pawns on
tlie King's side, and White on the other wing, then White
has a slight advantage ; for the White King at QB square
can reach K3 in two moves, while the Black King at

KKt square must take three moves to reach Q3. Hence
the corollary that it is better for end-game purposes to

castle on the Queen's wing. The King is not only more
central, but almost certainly has an exit available at Q2
towards the centre.

VII. That an early sortie of the <Jueen is inadrisable.—
On an open board, especiaUy after one or two exchanges,
the sooner the Queen comes out the better. If there is one
strong move more habitually overlooked than any other by
good players, it is probably the move ',' to KKtJ-. Owing
to the fact that the adverse QB and KKt generally guard
against the move, the opportimities for it are necessarily

of rare occurrence : the result being that when they do
occm- they are neglected.

VIII. That Bishops of opposite colours abiays tend to a

draw.—The contrary is often the case. Imagine that Black
has castled on the King's side and weakened his position

by the move P to KKt3. It is now to White's advantage
that each player should lose his King's Bishop, leaving

the Bishops of opposite colours. The White Queen's
Bishop in conjtmction with the Queen and a Knight or
Eook will then probably be uresistible on the King's side,

White's Bishop commanding the holes at KB6 and KE6,
while the Black Queen's Bishop is practically useless for

defence. The general rule may be stated as foUows : If

your opponent has aU, or nearly all, his Pawns on one
colour, get rid, if possible, of his Bishop of the other colour.

The remaining Bishop may guard some of the Parvus, but
he cannot guard what is more important—the diayuuaU
amonij tlis Fauns.
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The following is the fourth game of a match for the

Championship of America now in progress. It is under-

stood that Mr. Steinitz does not claim the title.

the Knight afterwards

much superior.

at Kt4 if

White's

[ViENXA
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PROTECTIVE RESEMBLANCE IN ANIMALS.
By R. Lydekker, B.A.Cantab.

THAT the colours of animals tend to assimilate
themselves to the natural surroundings of the
animals themselves is a fact which has been long
known in natural history

; and it is, indeed, one
which is self-apparent to every .sportsman and to

every traveller in the wUder regions 'of the globe. For
instance, everyone is probably aware that desert-hauntmg
animals, like lions, gazelles, wild asses, jerboas, and
many species of birds, generally have a uniform sandv-
coloured coat, which renders them at a short distance
almost or completely in%-isible in their native wastes.
Then, again, every Enghsh sportsman knows how com-
pletely the coloration of the partridge and the hare assimi-
lates with that of the stubble or ploughed fields in which
they are wont to lie ; while the mottled blacks and browns
of the woodcock and snipe accord so exactly with the hues
of decaying leaves and grass that the inexperienced eye
will often faU to detect a wounded bird even when Iving
dose to the feet, and scarcely anyone can distmgiiisb
the living birds when on the ground. The brilliant
vertical orange and black stripes of the tiger and zebra,
when seen m a menagerie or a museum, do not strike us as
resembhng anything in inanimate nature. In its native
jungle, largely composed of upright yellow stems of tall

grasses, between which are narrow intervals of deep black
shade, the colour of the tiger is, however, admirably
suited to its sm-roundings : and it is stated that the stripes

of the zebra are arranged in such proportions as exactly to
match the pale hue of arid ground by moonlight, so that
on such occasions these animals are absolutely invisible

even at very short distances. We hardly need refer to the
white colom- of polar animals, such as bears, ermines,
foxes, hares, &c., as the most perfect example of this kind
of protective coloration ; and numerous other examples
will at once present themselves to the reader.

\\ eU known as are these comparatively simple instances
of protective resemblances, there are, however, others of
a more striking nature, where the animal either resembles
the form of some inanimate object, or that of some other
kind of animal which has especial means of protection

;

and since these resemblances are less generally known,
they will form the subject of the present article. The
term " protective resemblance " is generally applied to those
instances where the animal resembles more or less closely
an inanimate object, and thus renders itself inconspicuous

;

while the instances where one animal assumes the appear-
ance of another, and thereby becomes conspicuous, are
classed under the term •' mimicry." It wUl, however, be
obvious that both these kinds of resemblances are near
akin, and are far in advance of protective coloration, pure
and simple, where no imitation of form takes place. We
shall first mention some instances of the imitation of the
forms of inanimate objects by animals, and then refer

to those cases where other animals are the objects of
imitation.

Some of the best examples of what we shall take leave
to call inanimate mimicry are to be found among insects,
and we shall take our first case from among the butter-
flies. AU are probably aware that a large number of these
insects, such as our common peacock and tortoisesheU
butterflies, while brilliantly coloured on the upper surfaces
of their wings, have the under surfaces of the wings of a
dull, sombre hue ; and most of us have doubtless been
almost startled at the suddenness with which one of these
gaudy creatm-es seems to vanish altogether when it settles

on dark ground or the rough bark of a tree, and at once
closes its wings. Here, then, we have an instance of
ordinary protective coloration, without any attempts of
mimicry of fonn. There is, however, a peculiar group of
butterflies allied to om- own pm-ple emperor, inhabiting
Northern India and the Malayan region, which have gone
far beyond this simple kind of protective resemblance,
and actually imitate the form of leaves growing on their
native branches. These butterflies ( scientifically known
as CalliiiKi), one of which is figured in the accompanying
cut, have the upper surface of the wings briUiantly
marked with orange, their 6-ont wings terminating in a
sharp point externally, and the hind ones in a "tail,"
after the fashion of our swallow-tailed butterflies. Between
the sharp point of the front and the tail of the hind -n-ing

there runs on the under surface a curved line, from which
srnaller lines are given off to the edges of the wings.
When this butterfly settles on the stem of a plant bearing
pointed leaves and closes its wings, the points and tails of
the same of course come into exact opposition ; and since
the tail of the wings is closely applied to the stem of the
plant it appears exactly as though it were the stalk of a
leaf, the midrib and veins of which are exactly imitated
by the lines on the under surface of the wings ; "while the
apex of the leaf is formed by the opposed points of the
front wings. So exact is the resemblance of the butterfly
when in this position to a faded leaf, that, as Mr. Wallace
tells us, it deceives the eye even when gazing full upon it

;
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The Leaf-Butterilv (Afttr AVallacu.) *

and without actually seeing the insect settle upon the spot

it is absolutely impossible to find it. To increase the

delusion, no two individuals of these insects are precisely

alike on the under surface ; while many of them have little

black patches, or dots, exactly resembling the dark fungous

growths so often found on decaying leaves. Fortunately

for the reader who desires to verify this extraordinary

instance of inanimate mimicry, a case is now exhibited in

the central hall of the Natural History Museum with

several of these insects attached to a bough with faded

leaves, and it is curious to watch the visitors to this case

and see how often they fail to distinguish all the butter-

flies from the leaves which they imitate.

The nest best instance of inanimate mimicry among
Insects occurs in the so-called stick- and leaf-insects, which

are allied to our grass-hoppers and cockroaches. The
stick-msects, of which some are found in Southern

Europe, have long, slender bodies and limbs, of a dark

colour, and so exactly resemble dry sticks that it is

almost impossible to distinguish between the one and the

other. To increase the resemblance, these insects when
at rest have the habit of placing their legs uusymmetrically.

On the other hand, the leaf-insects, or "walking leaves,"

of India, both in colour and form, so exactly simulate

green leaves that they may be passed dozens of times

without attracting attention. All the legs of these curious

creatures are furnished with irregular flat expansions

looking precisely like bitten leaves ; whUe the head and
fore part of the body forms a kind of stalk expanding
behind into a broad and flattened abdomen, covered by

• We are indebted to Messrs. Macraillan & Co. for this figure.

the horny wings which are veined and netted so as to

form an almost exact imitation of a leaf.

We might cite many other instances of inanimate

mimicry among insects, but we must pass on to show that

this phenomenon is by no means confined to this group of ,

animals. Perhaps we should scarcely expect to find this

kind of mimicry in such a comparatively highly organized

a creature as a fish ; yet there is a group of fishes, familiar

to those who have kept aquaria, under the name of sea-

horses, in which it is exhibited in its full perfection. The
ordinary sea-horse attaches itself to a sea-weed or some
other object by curling its tail tightly round it ; and all these

fishes have the habit of anchoring themselves by their tails

in some way or another. In all of them the hard, horny

body is furnished with a number of prominent ridges and
spines ; but in one, a peculiar group from the AustraUan seas,

these spines attain an enormous development, many of

them being prolonged into irregular filaments or streamers

of skin, which are especially developed throughout the

long and slender tail. As these streamers float in the

water they so exactly resemble both in colour and shape

the particular kind of sea-weed to which these fishes are

in the habit of attaching themselves, that the whole
creature seems but part and parcel of the fucus ; so that

when on the sea-bottom it must be impossible for any
carnivorous rover to distinguish between the animal and

the vegetable.

One more instance of this kind of mimicry, and we must
close this portion of our subject. This example is taken

from the mammalian, or highest class of animals, and,

although not such a perfect imitation of form as those we
have already mentioned, is very remarkable as occurring

so high up in the animal kingdom. Most of our readers

are probably acquainted, at least by name, with those

lowly South American mammals known as sloths. These
animals are inhabitants of the great forest regions of that

continent, and are of a sombre greyish colour, very like

that of the gnarled and lichen-clad boughs, from beneath
which they are wont to hang back-downwards. Not only,

however, is their general colour like that of a Uchen-
covered branch, but their coarse grey hairs actually develop

a growth of lichens upon themselves to complete the

resemblance to their surroundings. It is, indeed, clear

that the long grey coat of the sloths has been produced

for the sole purpose of this protective mimicry, for when
this is removed there is found beneath an under coat of

softer fur marked by yellow and black stripes, which may
be pretty confidently regarded as the original coloration of

these animals.

We have now to consider animate, or true mimicry, in

which one animal imitates the form, and generally the

habits, of another in order to participate in the immunity
from foes enjoyed by the latter, owing either to the possession

of some formidable weapon, or to its unpalatable nature as

food. In all cases of this kind of mimicry it is essential

that the mimicked animal should be numerically far more
abundant than the mimicker, as otherwise predatory

creatures would soon learn that the inocuous and palatable

animal was more likely to be captured than the harmful

one. Undoubted cases of true mimicry are most common
among insects, and it is to these alone that our

observations will be confined. We may also observe

that mimicking insects, as a rule, mimic other insects,

although it has been considered that some large cater-

pillars mimic snakes, and certain moths certainly imitate

birds.

We will first refer to some excellent and well-marked in-

stances of mimicry which occur among the insects of our own
country. Most of us are probably familiar with those large
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hairy brown flies which may be seen in autumn creeping in

a sleepy soi't of manner about the windows of houses, and

are commonly known as drone-tlies, and scientifically as

Eiistalis. These insects, although true flies, with only a

single pair of wings, are so like bees (in which, it need

scarcely be said, there are two pairs of wings) that it is

very diflicult to persuade some persons that they are not

really members of that group of insects. Their resemblance

to the latter is increased by their similar habits, more
especially their bee-like buzz ; and there is no doubt

whatever but that they are mistaken by birds for bees,

and thereby enjoy an immunity not granted to ordinary

flies.

Again, the gaudy flies marked with bold bands of black

and yellow which are so common on fine summer days in

gardens, and are known as wasp-flies [Syrphus], take their

name from their resemblance to wasps, which in some
species is so close as to make it diflicult to convince people

that they are not really wasps.

Less common than the above-mentioned flies are the

beautiful British insects known as clear-winged hawk-
moths. Some of these, named hornet clear-wings (.S/i/fcca/),

so exactly resemble large wasps or hornets that they would
deceive nine persons out of ten who are not entomologists.

Moreover, they have precisely the same habits as hornets,

and when caught will actually curl up their bodies in a

wasp-like manner as if about to sting, although they are

perfectly harmless. Less complete is the resemblance of

other clear-wings—hence known as bee clear-wings—to

humble-bees. These insects, as has been well observed,

are, however, very important, as proving that their mimicry
is an acquired character, since when they first emerge from
the chrysalis their wings are thinly covered with the well-

known minute scales characteristic of ordinary moths,
these scales soon falling ofl" and leaving the wings per-

fectly transparent. This indicates that the ancestors of

the clear-wings had wings like other moths.
In all the foregoing instances the mimicking insects

imitate various members of the Hymenopterous order

;

but we have now to notice a case where a moth imitates a

bird so completely as to deceive even the best observers

when the two creatures are on the wing together. The
moths in which this kind of mimicry occurs take their

name of humming-bird hawk-moths trom this very cir-

cumstance, and are represented by a species not very

imcommon in some parts of our own country. So close

is the resemblance between these moths and humming-
birds that Mr. Bates tells us that, when on the Amazons,
he has actually shot specimens of the former in mistake
for the latter ; and the natives of these regions are firmly

convinced that both are of the same species. The ex-

tended proboscis of the moth does duty for the slender

beak of the bird, while the end of the body of the former
is expanded into a kind of brush which imitates the tail

of the bird. Humming-birds are, of course, not seized as

prey by insectivorous birds, and hence the moths escape

their natural enemies from their resemblance to the

humming-birds. In our own country, where there are

no humming-birds, it is somewhat diflicult to see what
advantage its bird-like form is to the humming-bird hawk-
moth, and possibly its comparative rarity may be due to

the absence of the birds it mimics.
We come now to those very remarkable cases of

mimicry, as exemplified among the butterflies, where one
species mimics one or even more members of the same
order, owing to the immunity of the latter from the

attacks of birds on account of their unpalatable taste.

That the mimicked butterflies are protected by their un-
pleasant taste has been amply proved by their being

offered over and over again to birds, by whom they are as

invariably rejected. Their immunity from attack is

further proved by their slow flight, and by the bright

colouring of the under sides of their wings, so that they
have no means of concealing themselves. Most of these

mimicked butterflies are found in tropical and sub-tropical

regions, and belong to the great families known as

DanaiiiUc and HeJiconidie. In America these butterflies

are usually mimicked by various species of the family of
" whites " [Pi<')->(lit), which, as we all know in the case of

our common cabbage butterfly, are eagerly sought by
birds ; and the difierence of the mimicking species from
an ordinary white by the assumption of the bright colours

of the Danaids is so great that nobody but an entomologist

would imagine for a moment that it even belonged to the

same family. It is, moreover, curious that there is one
instance where two species of Heliconids inhabiting adja-

cent regions are respectively mimicked by two varieties of

one and the same species of " white."

Stranger even than this, however, is the case of certain

South African swallow-tailed butterflies. In this group,

as a rule, both sexes are alike, and furnished with the

characteristic " tails "
; but in one South African species

the females entirely lose their appendages, and alter their

coloration and the form of their wings so as to mimic not

only one, but actually three distinct species of Danaids.
Here, then, we have an instance in which a single species of

butterfly exists under four totally distinct forms; viz., the
typical swallow-tailed male, and the three varieties of

tailless females respectively mimicking the thi-ee Danaids.
No one would have the faintest idea that the three females
belonged to the same family, let alone to the same genus
and species, as the male ; while the three varieties of the

female would be assigned without hesitation to as many
distinct species. That female butterflies are more often

protected by mimicry than the males is a fact which may
probably be explained by their extreme importance to the

race, and also from the circumstance that when heavily
laden with eggs they are more likely to fall a prey to birds

than are the lighter males.

A great deal more might be said on the subject of
mimicry in butterflies, but we mast pass on to our last

instance of this feature, which is, perhaps, the most
peculiar of all. In this case the mimicked insect belongs
to that peculiar group of ants which have the curious

habit of carrying in their mouth a leaf which extends
backwards over their bodies, and apparently acts as a kind
of shade. Now, in British Guiana, there is an insect

allied to the cicadas and other bugs, in which the leaf

borne by these ants is represented by the thin and laterally

flattened body of the creature, which is so compressed that

it does not exceed a leaf in thickness, while its jagged
upper border simulates well enough the irregular contour
of the leaf carried by the ants, of which the borders are
generally gnawed by the bearers. Although the legs and
lower part of the body of this most curious insect are

reddish in colour, the leaf-like upper part of the body has
assumed a green hue exactly resembling that of the ant-

borne leaves. In a drove of cooshie ants, as the leaf-bearers

are called, the mimicking insect is distinguishable solely by
its somewhat inferior size ; this dift'erence is not, however,
sufiiciently great to attract the attention of birds, which
have learnt by experience that the cooshies are by no
means palatable morsels.

It would be beyond the scope of the present article to

enter upon the difficult question of the means whereby
these mimetic resemblances, whether to animate or
inanimate objects, have been produced ; but sufficient has
been said to show that an amount of interest lies in the
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subject, and those whose interest has thus been aroused

may perhaps have the good fortune to discover new and

unsuspected instances of one or other of these types of

protective resemblances.

T

SOME PRACTICAL APPLICATIONS OF

ELECTRICITY.

By J. J. Stewart.

(Continued from page 2iQ, Vol. XIV.)

IV.

—

Incandescence Lamps.

(HERE are two important types of lamp used in

illumination by means of electricity—that of arc

lamps, described shoitly in my last paper, and

that in which the immediate source of light takes

the form of a thread of carbon raised to a white

heat. In describing this second form of lamp it may lead

to clearness to consider first, as an example, that special

kind of incandescence lamp knoT\Ti as Swan's ; for the

difference between the various adaptations of glowing

carbon to lighting purposes is one of detail merely, the

main principle being the same in all.

Mr. Swan tells us that for long it had seemed to him
that if ever the electric light was to become generally

useful it would be through some application of the incan-

descence of carbon ; and he made a long series of careful

experiments in his endeavour to hit upon some method

wherebv incandescent carbon might be rendered an illu-

minating agent which would last and give a permanent

light.

It is now thirty years since Mr. Swan performed the

following experiment in his investigation of this subject.

He caused a number of strips of card and paper to be

surrounded by charcoal and then put in a crucible, which

was afterwards raised to a white heat in a pottery kiln.

These pieces of cardboard were in the form of an arch

half an inch in length and a quarter of an inch across. They

were changed to strips of carbon by the intense heat of

the furnace, and their ends were fixed in square carbon

blocks by means of small clamps. When these carbon

threads, thus prepared, were placed in glass vessels and the

air exhausted by means of an air pump, Mr. Swan was

delighted to see the threads brighten up witli a ruddy

glow whenever an electric current from a voltaic battery

of 40 or .50 cells was sent through them, and he felt

confident that all that was needed was a stronger current m
order that they should give out a brilliant white light.

Swan believed that this was the first occasion on which
carbonized paper was made use of in the construction of

an incandescence electric lamp. At that time (somewhere

about the year 1800) the cheajiest source of the electric

current was the voltaic battery, but, as in the case of are

lamps, the introduction of the dynamo machine with its

powerful currents gave a great impetus to the attempt to

utilize glownig carbon.

After Swan's earliest experiments the matter rested, so tar

as he was concerned, for seventeen years, till about the year

1877, when he was again led to take up the subject. Not

only was there a difficulty at first iu getting a strong

current at small cost, but the limits attainable in producing

a high vacuum were nothing like what they became, after

the introduction of the Sprengel air pump. The durability

of the incandescent filament of carbon depends very much
on the perfection of the vacuum obtained in its. containing

globe ; because in the presence of the oxygen of the

residual air the carbon consumes away more or less

rapidly. Crookes had shown, in his beautiful experiments

with the radiometer, how good a vacuum could be attained

by means of the Sprengel pump, and Mr. Swan adopted

this method of producing a high vacuum in his glass

globes. In conjunction with Mr. Stearn, who had had a

large experience in the use of the Sprengel pump, he

mounted some of his carbonized paper filaments in the

globes provided for them, and then exhausted the globes

of ail- as completely as possible. As showing the impor-

tance of attention to minute details, it is interesting to

note that in this case it was found that the carbon ab-

sorbed some of the air around it while it was cold, and
then gave out this air when it was heated strongly by the

passage of the current, thus partially destroying the care-

fully prepared vacuum. The device of heating the carbon

threads strongly by passing through them a current irhlle

the iiroceas of exhaustion was ijolnij on was made use of, and
thus the air entangled in the carbon was driven out before

the globes were finally sealed. It is by careful attention

to such minute particulars as these, which less earnest

investigators might have overlooked, that the present

brilliant success in electric lighting has been reached.

The wires leading the current to the lamp are in connec-

tion with supporting clips, and great care has to be used
in order to make a good contact between the threads of

carbon and the metallic clip, and such an one as shall be
able to resist the high temperature to which the junction

is exposed. In Swan's lamps the carbons were thickened

at their ends, and, in some of

the first trials, electrotyping

and hard soldering of the ends

of the carbon to platinum
was applied.

In 1878 Edison took up
the subject of incandescence

electric lighting. After unsuc-

cessfully attempting to make
a durable conductor out of a

mixture composed of infusible

earth with carbon and me-
tallic substances, he proceeded

to use platinum, still with-

out success. Afterwards he
went on, with his character-

istic unflagging energy, to try

"carbon wires," ashediscover-

ed that a thread of ordinary

sewing cotton, when properly

carbonized, remained un-

broken for a long time,

even at extremely high tem-

peratures, when it was placed

in a bulb exhausted of air

to such an extent that the

I

pressure was reduced to one-
' millionth of an atmosphere.

i

In some of his trial lamps
he emploj'ed filaments made

i
from Bristol board, but

! ultimately he chose filaments of bamboo as. most suitable

' for the " Edison lamps."

There were experimenters in this field of incandescence

hghting before either Swan or Edison took up the subject.

M. Jobard, in 18'38, suggested the use of carbon;

placed in a vacuum, as a conductor, and this idea

was carried out twenty _years later, iu 1858. Early workers
were King, iu our own couutry, in 1815, and Starr in

' America. Mr. Mattieu ^Yilliams was working with King

I
and Starr, and he says :

" We had no difficulty in obtain-

FiG. 1.—Shows the Swan
Lamp connected up and ready
for use. The spiral spring s

(shown apart from the lamp in

Fig. 2) is compressed round the

neck of the globe, and holds it

with a firm yet flexible grip, the

electrical contact being perfect,

andthe whole connection leaving

little to be desired in point of

neatness and efficiencT.
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ing a splendid and perfectly steady light. We used
platinum and alloys of platinum and iridium, and then tried

a multitude of forms of carhon, including burnt cane."

These attempts, however,

were not successful in leading

to any practical application

on a large scale, and to Swan
and Edison belongs the credit

of first demonstrating the

capability of this method of

incandescence of carbon In

high vacua to give permanent
and satisfactory results in

actual practice.

The following are the prin-

cipal details in the structure

of the glow lamps of Swan
and Edison, and the points

in which they differ. In the

recent types of Swan lamp an
organized material such as

crochet cotton is taken ; this

is treated with acid, whereby
the cotton fibres are reduced

to a gummy consistency

before they are carbonized.

Edison starts with bamboo
fibre, and has fixed on this

substance because it possesses

a definite structural form.

The shape of the carbon in Edison's lamp is a long arch,

or a carbon thread simply twisted back to run parallel to

itself. Swan's form ditfers in having in the course of the

carbon a spiral of one turn whose diameter is half

an inch.

The thickness of Swan's carbon is about O-iJ.5 milli-

metres, /.('., -ji^ of an inch. Edison's 16-candle power
filament is oblong in cross section, the sides of the oblong
being 0-1 and 0-2 millimetres, i.e., -^i-^ and jl^ inches.

The filaments of carbonized bamboo
in Edison's lamp are prepared thus :

—

The canes got. from the plant, which
are tubular in form, are prepared first

of all by machinery devised for the

purpose, so that a large number of uni-

form pieces is rapidly obtained. The
canes are first of all sawn into suitable

lengths. Each of these pieces is then
split down its centre, and two half tubes

are thus got ; both of these are again
divided into three strips, the hard
outer rind containing silica is removed,
and the stripped pieces are shaved
down so as to produce a flat and
straight strip of uniform thickness

throughout its length ; these strips are

then cut so as to be of the same length.

After a set of similar fibres has been
thus prepared, they are placed in blocks

and cut so that their final shape is a

Fig. 3. Edison's narrow strip of bamboo with enlarge-

Lamp. ments at each end, by means of which
they are joined to the comaecting wires.

The fibres are next bent into the required form, that of a loop
or horseshoe, and carbonized by being raised to a white heat
in muffles placed in a furnace. Next they are electro-

plated on to their platinum supports, this being done to

ensure a thoroughly good contact, and then placed in their

containing bulbs. These latter are repeatedly exhausted '

of air, whilst the fibre contained in them is again and
again raised to a very high temperature (by the passage of

an electric current) and allowed to cool down between its

successive heatings. By this process the air or any
occluded gas is got rid of, and besides this the fibres are

subjected to such a severe test that only those which are

quite sound can survive it, and in the end a fibre suited to

the purpose in view and capable of long endurance is

obtamed.
The ejiicienvij of dift'erent lamps is compared by finding

the quantity of energy used up per candle pow-er produced.
This energy, which is consumed in the lamp, is equal to

the difference of potential at its terminals multiplied into

the current passing through it, and is generally expressed
in volt-amperes, i.e., the product of the potential (or

electric pressure) expressed in the practical units or volts;

multiplied into the strength of the current in amperes.
Thus the "efficiency'' of a glow lamp depends on the

pressure at which it is worked and the strength of the

current which circulates through it. The length of

time which such a lamp lasts (or its "life") and
its efficiency are intimately connected. The overlooking

of this fact has led in the past to numerous misleading

or partial statements, even in technical " journals.

To know the quality and goodness of a lamp we
must be acquainted, not only with the number of

hours it has existed w'hile giving out light, but also with

the amount of energy which has been employed in pro-

ducing this light. As an example, I may take an instance

given by Sir David Salomons. He says he has hundreds
of lamps which have run over 3000 hours, and he attributes

the long life of his lamps to his method of obtaining con-

stant electro-motive force round his circuit. The pressure

(or electro-motive force) in this instance is kept between
the limits of 98 volts and 100 volts, and the results have
exceeded expectations. Here on the average it has been
found that 10-candle power Edison-Swan lamps, meant to

be worked at a pressure of 100 volts, give a light whose
intensity is equal to 15 candles at 08 volts and 17 candles

at 100 volts.

For practical purposes, another important factor comes
in, and one which determines which lamp shall be used in

a given case, and this is the nM of the production of the

energy required. This last factor varies with circum-

stances, the sources of power being so dift'erent

—

e.<i.,

waterfalls used to drive dynamo machines, secondary
batteries previously charged up, primary batteries, Ac.

The eoinmeveial ejfieieney of a lamp depends not only on
the amount of energy required to work it, but also on the

cost of this energy.

If we take a fixed quantity of gas and compare the

result

—

-first, when it is used to drive a gas engine which
works a dynamo machine, and thus produces a current

through a set of incandescence lamps, or, .leroii'lli/, when
the gas is burned at once, and thus used directly as an
illuminant, it is found that the light-giving efficiency of

the electrical method is three times that of combustion.

But the cost of the electrical method is at present greater

on account of the first expense, and then the maintenance
of the gas engine and dynamo.
The advantages of using electricity as a means of light-

ing in mines are very noticeable. The only suitable lamps
for such a purpose are those which are portable. Hence,
if electricity is to be used at all, the lamps employed must
be incandescence lamps. When these are made use of, the

work becomes more sure, more regular, and more rapid,

and it is even claimed that the moral nature of the miners
is improved when they work surrounded by the brighter

and more ngreeable light of electric glow lamps. The
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problem of the electric lighting of mines bas not yet been
tboroughly solved, but success seems to lie in tbe direction

of a portable glow lamp -worked by a secondary battery.

This may be made very light, and the extra cost, which at

the present moment is unavoidable, is more than saved

by the preservation of life and Umb and the altogether

more satisfactory condition of tbe miner. Swan has in-

vented an indicator which he attaches to his portable

lamp. This depends on the observed fact that a red-hot

platinum wire glows more brightly in an atmosphere
chai-ged with fire-damp than in pure air.

For intensity of illumination glow lamps can never

compete with arc lamps, but the advantage of the foi'mer

lamp is that they may be distributed at wiD, and concen-
tration in one place, which is often a drawback, is

avoided.

BEE PARASITES.-I.
By E. A. Butler.

THERE is no other order of insects that has made
such strides in the cultivation of architectural and
constructive talent as the Hymenoptera ; and con-

sequently, whenever the subject of insect skill is

under discussion, the majority of the illustrations

are sure to be taken from this order. Whether as exca-

vators, stone-masons, cai-penters, or workers in wax or in

paper, many members of the Hymenoptera have made
their mark in the world, and bees, ants, and wasps in

particular have attained a high degree of excellence in one
or other of these crafts. While the majority of insects are

to a great extent wanderers on the face of the earth, having
no definite spot with which their fortunes are inseparably

associated, dwelling nowhere in particular, but, like

nomads, living from hand to mouth, and prepared to take

up temporary quarters wherever they may chance to find

themselves at the end of a day's wanderings, most of the

above-named have what may be more or less correctly

called homes, fixed places of abode which they have care-

fully selected for the rearing of their families as well as for

their own private residence, places in which they may be
expected to be more or less continuously found, and upon
which they often expend a vast deal of labour to fit them
for the double pui-pose of a retreat for themselves and a
shelter for their brood. The sense of proprietorship is

thus developed, and its accompanying anxieties and
responsibilities have to be faced, even if, as is often the

case, only for the short period of a single summer season.

The establishment of a home, and the accumulation of

stores therein, creates a temptation to less thrifty beings

to profit by the industry and skill that have achieved these

results, and burglary and swindling thus become pro-

fessions amongst insects as well as amongst mankind. It

is in the existence of this, so to speak, landed proprietor-

ship amongst the Hymenoptera, this elaborate construction

of dwellings and ad%'ance in social babits, together with the
dangers and risks consequent thereupon, that is to be
found the reason for the numerous remarkable relations

into which so many of them are brought with other insects.

We have already seen good examples of this in the ants,

and we now propose to take other illustrations of a some-
what difierent character fi-om a kindred race. It is not
with the hive bee that we shall concern ourselves ; this

insect is so artificialized through its close alliance with
man, that it has no chance of furnishing such good
examples as those species exhibit which have only their

own cleverness and courage, unbacked by the assistance of
superior beings, to depend upon in endeavoiuing to main-

tain their place in the world. Of these wild bees we have
many British species, some of which—the humble bees

—

are social, while the rest are solitary. But both sections

are alike subject to the attacks of thievish depredators,

derived either from their own order, or from other groups,

and the reason for the parasitism therefore is to be found,

not so much in the development of the social instinct, as

might perhaps have been expected from the example of

the ants, as in the efi'ects produced by architectural skill

and forethought, the securing of a safe retreat and supplies

of food, which serve as prizes to tempt the cupidity and
appeal to the indolence of the unthrifty.

Bees are subject to the attacks chiefly of other bees and
of flies, and the parasites in some cases closely resemble
their hosts, but in others are quite unlike them. We may
first consider the parasitism of the social bees. Apart
from the hive bees, all British social bees belong to one
genus, called Bombiis. The word was coined by the ancient

Greeks in imitation of tbe deep bass humming which these

bees produce during flight, whence also their English
names of humble or bumble bees. Some fifteen species of

these insects are now reckoned as inhabiting the British

Isles, and, like other social insects, they exist in three

forms—males, females, and workers. Great differences in

size appear in these. The females are by far the largest,

and are the well-known great, hea^y, loud-humming
creatures that fly swiftly straight forward in a " bee line,"

or hum in a deep self-satisfied bass, on a sunny spring day,

round the sallow bloom. The males are considerably

smaller, and are generally very difl'erently coloured from
their mates, being eitber more brilliant or more variegated.

The neuters are the smallest of all, and are usually more
or less like miniature reproductions of the females, several

sizes smaller. Their nests are not very numerous in

individuals, and each owes its foundation to the exertions

in early sprmg of a hibernated female, who is thus both the

foundress and the widowed mother of the colony, her
spouse having died the previous autumn. The first

members of tbe colony are workers, and the grubs which
produce them are fed with pollen and honey collected by
the great queen mother. When they arrive at maturity,

they imdertake the work of the nest, providing food for

the later members of the family. As the season advances,

males and females are produced, which are destined to

become the founders of next year's colonies, their mating
taking place in the autumn, though the progeny is not
produced till the next season. Such, in very brief outline,

is tbe life-history of a Bomhus. Now, there is a genus
called Psithynis or Apathux, superficially very much like

Bowlms, so much so in some species that a novice would be
sure to regard them as the same insect. These are the

parasites, and their economy is quite unlike that of the

Bombi. They enter the nests of the latter, deposit their

eggs there, and leave their ofl'spring to be cared for and
fed by the legitimate owners of the nest, while they them-
selves do nothing towards their maintenance. No labours,

therefore, either in the collection of food, or in tbe

construction or repair of nests, devolve upon them, and
there is thus no need for workers as distinct from males
and females, and hence we find that in this genus no such
things as workers are known, there being only tbe two
sexes as in solitary insects.

Fm'ther, as pollen collecting, to provide food for the

young, is one of the chief occupations of the industrious

bees, these parasites, having no need to undertake this

labour, are unprovided with the necessary apparatus.

Tbe most important part of this apparatus consists of

what is called the " corbicula " (little basket) (Fig. 1).

The tibiEE of the hind legs of the female and worker



July 1, 1892.] KNOWI^EDGE. 127

Fig. 1.—Left hind tibii

of (a) Bomhiis, (b) P.iithii

nts. c. Corbicula.

Bomhi are broad and flat or slightly concave, and
shining; no hairs grow on this shining surface, though all

the rest of the body is densely

covered, but a closely set row of

long, stiff, curved hairs runs along

each side of it. sloping backwards
and slightly outwards, but not

enough to prevent them from
making a sort of trough-like enclo-

sure, of which the polished surface

of the tibia forms the bottom :

this is the corbicula, or receptacle,

in which the pollen is packed,

after having been collected by

means of the dense brushes of

hairs which cover the body. The
tibia of the males is sometimes
nearly bare and polished, but

its surface is somewhat convex,

and the brushes of hairs at the

sides spread out almost on a

level with its surface, or are

indiscriminately arranged, so that no enclosure is made.
Now the Pxithyri have no such arrangement as above

detailed ; the hind tibiae of the female are not broadened,

their outer surface is decidedly convex, not smooth and
polished, but covered scantily with hairs, and no erect

rows of bristles fringe their side margins, and those of the

male are quite similar ; these peculiarities alone are

sufficient to distinguish these parasitic bees from their

industrious hosts. The Pstithyri, also, are not so densely

covered with hairs as the Bombi : certain parts of the upper
surface of the abdomen especially have the hairs short and
thinly scattered, so that the bare shining skin can easily

be seen through them, whereas the Bumhi would have
these parts covered completely with dense bands of fur, and
scarcely any trace of the skin beneath would be visible.

Now, as these Psithyri in their larval condition are

nourished at the expense of the working Bombi, and are

therefore a constant drain on the resources of the nest, it

is difficult to believe that the parasites would, if recognized,

be tolerated in the nest unless they contributed in some
way to the well-being of the establishment ; and if they
were at all conspicuously different in appearance from the

true owners, it would be a risky matter to enter the nest.

more particularly as they are connected almost entirely

with those Bomhi that are underground builders, and
these are the most fiery-tempered of the genus. As they

do not, so far as is known, contribute in any way to the

advantage of the colony they are associated with, it is

easy to conjecture a reason for the remarkably close imita-

tion they exhibit of the appearance of their hosts, a disguise

30 complete that they are able to pass in and out of the nests

entirely without molestation, a disguise, too, which appears
to extend to the larva?, for it is difficult to believe that the

workers would consciously waste their time and efforts

upon foundlings which in no way serve to strengthen or

otherwise aid their own race. There is a curious point

in connection with this imitative dress of the parasites that

is worth notice. It is obvious that it is only the females

and workers that any invaders would have to fear, for the

males have no sting, and have therefore no means of

attack except their jaws ; the greatest safety would seem
therefore to be obtainable by the parasites becoming un-
distinguishable from the dangerous groups of their hosts,

while resemblance to the harmless males would not be so

important. Hence we find that not only do the females of

the Psithyri ape the colours of their female and worker
hosts, but the males do so as well, thus becoming quite

'

different from the same sex in the Bombi. Take, for

example, the common red-tailed humble bee {B. lapiddrius).

The females and workers of this insect are generally black

all over except the last three segments of the abdomen,

which are bright red, highly suggestive of their fiery

temper. But the male has, in addition to its red taU, a

yellow-haired face, and a broad yellow band in the front

of the thorax. Now the male of the Psitlii/nif: which

accompanies this species (P. nipestris) has no yellow, but,

like the female, is usually coloured only black and red.

with at most a few greyish patches at the sides. The
resemblance between the two females, however, is not

quite so close as a description of their bodies alone would

lead us to imagine, for the wings of the guest are much
darker than those of the host. The resemblance between

the other species of Psithi/yi and their hosts is perhaps not

quite so close as in the case indicated above, but still suffi-

ciently so to cause them to be confounded on a casual

glance ; examination of the hind legs would at once show
their distinctness. In size they usually compare with the

male and female Bombi, and are therefore larger than the

workers. There may be another reason for the imitation

of the female and worker Bomhi, rather than of the males,

which may be found in the fact that the males much less

frequently visit the nest after they have once left it, and
therefore the parasites would become more noticeable if

coloured like these occasional visitors, than when i-esem-

bling such constant residents as the workers.

The nests of the red-tailed bee {B. lapidnrius), are fre-

quented by another parasite whose relations to its hosts

are much more serious. This is a two-winged (dipterous)

fly, called Volucella bombijtans. It is something like a

large bluebottle in shape, and about the size of the worker

bees, which it imitates in colour, being black-bodied and
red-tailed. Entering the nests it lays its eggs there, and
the maggots issuing from these devour the larvas of the

bees, sometimes destroying almost the whole brood. It

seems marvellous that these depredations are not checked

by the bees themselves, which apparently have the remedy
in their own hands, since they might easily sting the larvse

to death, even if the parents had escaped notice. One
almost feels disposed to conclude that they fail to dis-

criminate between the fly maggots and their own larvae,

though there is a considerable difference between the two.

A similar apparent obtuseness of perception is exhibited

with regard to the flies themselves ; for the differences

between the two-winged and light-bodied fly, and the four-

winged and much more substantial bee are sufficiently

obvious, notwithstanding the disguise ; and it is scarcely

credible that if they did recognise the flies, and divine in

the least degree the object of their visit, they would allow

them to enter the nest unmolested. On the other hand,

if they really do not distinguish between the flies and
their own comrades, the necessity for the imitative dross

seems to be rather less obvious. It is generally main-

tained that bees recognise their comrades belonging to the

same nest, but several observers have suggested that this

is by smell rather than by form or colour, in which case

strange flies would seem to be placed at a disadvantage,

since they evidently would not possess the smell peculiar

to the nest they might wish to enter. Sir John Lubbock's

well-known experiments serve to show that the colour

sense is well developed in bees, but this does not imply

an equal power of perceiving details of form, and hence

it may possibly be sufficient for the parasites to show a

black and red body in order that they may pass muster.

The risk run by these flies, however, on the supposition

that the bees really do object to the destruction of their

offspring, and would fight in their defence if they knew
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of the danger to which they are exposed, must be greater

than in the case of the parasitic bees ah-eady referred to,

since not onlv is theirs the less venial offence, but if it

came to a fight, the Psithi/ri have their stings to defend

themselves with, and would no doubt give a tolerably good

account of themselves, while the flies have absolutely no

means of defence when once their disguise is penetrated,

and would be quite at the mercy of their foes.

Volucella bomh/laiif does not confine its attentions to the

red-tailed bee, but visits the nests of the yellow-tailed ones

as well, and it is a remarkable fact that the colour of the

parasite varies with that of its host. Those individuals

that live with the red- tailed bee are themselves red-tailed,

but those that come from the nests of the yellow-tailed

ones themselves partake of this style of ornamentation,

and sliow no red at all ; so different in fact are these

varieties that it is difficult to believe that they represent

the same species. Other species of the same genus also

occur in bees' nests, but in these cases there is not the

resemblance between parasite and host that obtains in the

instance already cited, and yet the flies seem to be able to

elude observation and carry out their piratical enterprises

in safety and with success. These flies also inhabit wasps'

nests, where they destroy the brood ; in this case there is-

certaiuly no attempt to imitate the colours of the hosts,

but then, according to Sir .John Lubbock, wasps have the

colour sense less well developed than bees, and therefore

possibly any detailed imitation might only be thrown

away upon them.
Another parasite to which some bumblebees are a prey,

is an insect not very commonly found in this country, and

sometimes called a solitary ant. Its scientific name is

Mntilhi Em-opcea (Fig. 2). It consists of males and females

only, the former of which are

winged as usual, but the latter

entirely apterous. The thorax is

bright red, and the abdomen, the

ground colour of which is black,

is prettily banded with thm lines

of glittering yellow hairs. Thus

it is quitt xmlike the bees in shape

and appearance, and the female

looks more like an extremely large

and very strong and stout ant.

This insect is carnivorous in its

habits, and its larvse devour those

of the bees, sometimes, in countries

where they are plentiful, destroy-

ing almost the whole brood ; in

this country they are never suffi-

ciently numerous to do this. That

they are neither essential parasites of the Bomhi, nor entirely

confined to those insects is clear from the facts that though

the Bomhi are extremely common insects with us, the Mutilla;

are rather rare, and there must be hundreds of nests of bees

from which they are absent, and that, on the other hand,

Mutillii either of this species or others closely allied a,re

often abundant in countries where Bombiiii is either rare

or does not exist at all. Other insects also may be found

in the nests of social bees, such as little beetles and mites.

The former come in fcr the sake of the wax, with which

the honey-pots of the bees are made, and the latter partly

for this too, but also to attack the bees themselves, to

whose bodies they cling, and whose juices they suck,

exhibiting thus a third type of parasitism. In the other

instances we had the parasites attacking either the food of

the young bees, or the larvae themselves ; now we have

parasites which subsist upon the perfect insects.

(To be continued.)

THE DISTRIBUTION OF SUNSPOTS IN SOLAR
LATITUDE.

By E. W. Maunder, F.R.A.S.,

Assistant superintending tJie Solar and Spectroscopic Depart-

ments at thf Eoyal Ohservator;/, Greenwich.

TO
the attentive observer of solar phenomena, the

vast size, beautiful detail, and changes of form of

the great group of February last did not constitute

its only, perhaps not its chief claim to notice

;

and even its association with the great magnetic

storm of February 12th, and with the appearance of

auroriB, is scarcely of more importance than the featm'e to

which I wish now to allude—I mean its drift in solar

latitude.

FlG.2.

—

MiifillaEuropcea,

a parasite of tumble
bees, magnified three

diameters.

Just before Miniunuu.

Briefly the history of this great outburst is as follows :

A considerable group was observed in S. lat. 19"^ during

November, 1891, and it was accompanied by two com-
panion groups, which for the sake of distinction we will

call B and C, denominating the principal group as A. B
was in S. lat. 19\ and C in S. lat. 11

'. During December
C was not observed, but A and B were ; the former in

S. lat. 20^ the latter in S. lat. 19°. During this rotation

B became the more considerable group, and in the next

fter Minimum.

rotation, that of January, 1892, it was seen alone ; this

time in S. lat. 2.5°. During February, when it attained its

greatest development, its latitude was 27-5°, and in

March, when it was much smaller in area, it was a little
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further south still, ^^z., in S. lat. 28-5°. It had shown,

therefore, a steady movement away from the equator from

November, when it lay iu S. lat. 19°, to March—the mouth
when it was last seen—when it was very nearly 10°

further south.

Before Maximum.

We have to bear in mind that this implies a drift of

more than 70,000 miles in less than four months—indeed,

in one month of the four, the drift amounted to 46,000
miles—and that it concerned an object which, whatever its

nature, showed on the average an area ot 600 millions of

square miles, and a maximum area of six times that

amount.
.A.S the February group was the greatest in area of all

those observed during the period covered by the Green-
wich record, so it stands out as pre-eminent iu its drift.

But other groups also have shown a great and remarkable
di-ift ; indeed, a large and active group is almost sure to

display some motion of the kind, and in many instances

tlie evolutions performed by a lai'ge group are of the most
complicated character.

If, however, we confine ourselves to the great groups
to which we have already drawn special attention in

earlier papers, viz., those of April and November, 1882,

The thu-d great group of 1882, that of November, showed
little or no persistent drift, remaining almost stationary for

the greater part of the three months during which it was

under observation, but displaying a rather rapid move-

ment towards the equator dming the last four or five days

of its existence.

A yet more curious feature of this drift in latitude, which

is frequently to be noted, is the tendency to retiurn to the

latitude from which the group first started. A single

example mav illustrate the point.

The group of August 2nd, 1889, formed in S. lat. 21°,

and steadily moved towards the equator, being last seen in

its first rotation in S. lat. 20 . When it was seen at the

east limb again on August 27th, its latitude was 19^. It

steadily moved upwards dm-ing its appearance, and had
nearly regained its old position of latitude 20" before it

passed out of view at the west limb. During its third and

last appearance it oscillated between 21-5' and 20-5°,

finally disappearing when in the last-named latitude.

Drift in latitude is therefore not at all an uncommon
feature of sunspots, though drift to so large an extent

as that shown by the great group ol February last, viz.,

10° in four months, is most exceptional. Yet such

At Maxiiuum.

we find that the .\pril group showed a di-ift of Bi'' in

latitude during a single month ; slightly greater than the
maximum drift of the recent spot, but as the group of
April, 1882, was only observed diu'ing three rotations, it

did not show that long persistency in southward motion
which the later group has done. The second great group
of April, 1882, was onlv observed during one rotation.

After Maximum.

drift is not at all what we should have naturally ex-

pected. For there is a well - marked difl'erence in the

speed of rotation of the various zones of the solar surface.

Spots on the equator, for instance, not only have an actual

rate of speed higher than those north or south of them,

but a more rapid angular motion ; in other words, whilst

a spot on the equator takes 25 days to complete a rotation,

one iu latitude 36- takes 27.

But curious as are these instances of motion in latitude

iu the case of specific groups, there is a far more curious

phenomenon, akin to it, shown by simspots as a whole—

I

mean the change in the latitudes affected by spots at various

stages of the sunspot cycle.

Let us suppose that we are watching the sun during

the period of decline after maximum ; during such a time

as that covered by the years 1886 and 1887, for example.

What should we notice ? In 1886 we should notice that

spots were seen over the entire belt from 20° N. to 20° S.,

not a few lying quite close to the equator, their- mean
position in either hemisphere being about 10° of

latitude ; but that out of 128 separate groups only one,

and that a very small one which lasted but two days, was

.seen further from the equator than lat. 20°. In 1887

the tendency was to approach the equator still closer.

The mean latitude of the entire spotted area was 8-5°, and

no single group attained a distance from the equator of
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20°. Indeed, of 79 groups only four were as far from it as
lat. 18". Spots in their " teens " were becoming decidedly
scarcer, whilst spots on or close to the equator were
relatively more common.

It will be noticed that this change in position accom-
panied a marked decline in the numbers and areas of the
groups. In 1886 there were 128 groups observed, and the
average daily extent of the spotted area of the sun was
450 millions of square miles. In 1887 there were only
79 groups, and the average daily extent of the spotted area
had shrunk to 210 millions of square miles. In 1888 the
number of groups had gone down to 51, and the mean
daily spotted area to just half what it had been the previous
year

;
and this shrinkage had been caused for the most part

by the disappearance of high latitude spots, so that the
mean latitude of the spotted area was now only 7^°.

North of the equator, the only group that exceeded 10° in
latitude lay in latitude 11°

; in the southern hemisphere,
which was the more active, there was one group at 12°,

two at 13°, and one at 15°, but all the others were under
10°

; so closely were such groups as still appeared huddled
together towards the equator.
But on the last day but one of the year, one little faint

insignificant spot broke out in quite a different region from
these. True, it was gone before the morrow. Its mandate
might have been like that of Macbeth's visions, to "come
like shadows, so depart." But none the less, small, faint,

and fleeting as it was, it was the harbinger of a mighty
change in the general aspect of the sun.
The next year, 1889, showed a yet further decline in the

solar activity. Only 32 groups were observed, and the
mean daily spotted area was now only 90 millions of
square miles ; and during the first half of the year, so
marked was the decay of the high latitude spots, that not
one instance was observed of the mean position of a group
exceeding 10°.

But on June 29th the harbinger spot of the previous
December was followed by a second, quite as small and
faint, and nearly as evanescent, for it lasted only two days,
but in a higher latitude still, 40'3°. Other groups
followed it. A group was seen m S. lat. 24° in July

;

a fine group in S. lat. 20° ran its course during three
several appearances, in August, September, and October

;

and in all, counting these three apparitions of this group
as three chfl'erent groups, twelve groups were seen with
latitudes exceeding 20° during the last half of the year,
whilst nine appeared in the equatorial region. The spots
during the last six months of lH89 were therefore divided
into three distinct zones—a northern zone, comprising
spots with latitudes of 20° and upwards ; an equatorial
zone, embraced between latitudes 10° N. and S. ; and a
southern zone, with spots of latitude 20° and upwards.
But the zone 10° to 20° on either side of the equator was
wholly barren.

In 1890 the sun began to show clear signs of reviving
activity. With this revival of activity came a further decline
in the number and area of spots in the equatorial zone, and
a very rapid increase in those of high latitude. Only four
groups out of the fifty-five were found in the former region,
and these were but small. With October, 1890, the old
series practically came to an end, and since then the high
latitude spots have held the entire field. Several groups
have been seen between 30° and 35°, and two out of every
three groups were situated in the 20° to 30° zones.
But as time goes on, these tend ever to seek lower and

lower latitudes. In 1891 there were two spot zones, one
north and the other south of the equator, and the
equatorial region was entirely barren ; but as the cycle
progresses and as spots in positions as high as 28° or 30°

become rarer, so spots close to the equator become more
common, till at length the state of affairs will again be as
it was in 1886 and 1887, and there will be practically but
one spot zone, and that close to the equator.
We have, therefore, three phases of the spot-cycle.

I. Before minimum ; spots few and diminishing ; one spot
zone, viz., that close to the equator. II. After minimum

;

spots few but increasing ; three spot zones, viz., an equa-
torial zone, and a zone of high latitude in either hemi-
sphere, separated from the equatorial zone by a broad
barren belt. III. At or near maximum ; spots numerous

;

two spot zones, one north and one south of the equator,
the equatorial region itself being entirely barren. It

follows, then, that the two barren belts of the second period
are on the average the most prolific for the cycle as a
whole, for they become the seats of spot activity just at the
time when sunspots are largest and most numerous.

There is, therefore, a steady and continuous tendency
ever to seek lower and lower latitudes from the beginning
of a cycle till its end. The first small and faint spots of
the new cycle break out in the very highest latitudes

attained. In this sense the new period begins at once
with its utmost vigour, and during the years in which it

runs its course is simply undergoing a continual decline.

As to the numbers and areas of the spots, the case is very
different. For some three years there is a most marvellous
and rapid increase, followed by two or three years of great
activity. Then comes a decline, which is, however, slower
and less striking than the increase. Finally, for about a
year, we have on the sun the last feeble relics of the old
cycle, together with the first heralds of the new one. Or
we may put it another way. The sunspot cycle is about
eleven years on the average, but each particular spot-cycle

takes about twelve years to entirely run its course, so that

for a year the two cycles run concurrently.

The following little table will illustrate this for the last

spot-cycle, that of 1879-1890 :-

Yenr.

1879





THE REGION OF THE MILKY WAY ABOUT (3 CYGNI.

Enlarged from a Photograph taken by Dr. Max Woir, of Heidelberg, with a Kranz Aplanatie Camera of 51 inches aperture and a focal length of

30^ inches; exposui'e 12 hours.
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The accompanying diagrams, in which an attempt is made
to repi'Bsent the manner of spot distribution at different

periods of the cycle, will perhaps set forth these changes
more clearly than much description can do.

So strongly marked a relation must evidently be given

great weight in any theory which we form as to the origin

and nature of sunspots. Unfortunately, I cannot claim

to have framed any such theory myself, and the only point

1 would urge is that these various relations—the sudden
appearance of the spots of a new cycle in high latitudes,

the persistent decline in latitude of the general spotted

area as the cycle progresses, and the drift in latitude of

individual groups—seem to me absolutely fatal to the idea,

once popular, that the secret of solar disturbances lies

without the sun ; in the relative positions of the planets,

for example, or in the fall of meteorites.

If this purely negative conclusion is felt to be dis-

appointing, I cannot help it. I feel no mission myself to

explain everything, but rather prefer to state the facts as I

know them for others to explain. Yet it is no light

matter in our progress towards truer theories that we
should get rid of the false ones.

I think, therefore, we may settle ourselves that the

secret of the sunspot problem lies below the solar surface,

not above it ; and the well-known fact, that outbreaks often

recur in the same districts after considerable intervals of

time, appears to me to strongly confirm it.

There is one other circumstance, in connection with this

decline in latitude as the spot-cycle progresses, to which I

should like to allude. Just as the increase in the number and
size of spots after minimum does not proceed regularly,

but by waves, one fortnight being rich in spots, and the

next poor, and so on, oscillating to and fro, but the days
without spots becoming ever fewer, and the days with
spots both more numerous and richer, so it is with the

decline in latitude. It proceeds in waves. Every fourth or

fifth rotation there will be an effort to I'each a higher

level, a lift of one or two degrees, and then a gradual
slipping back until a fresh effort brings another small Uft,

but a weaker one than the last. And so the cycle goes

on ; the decline is continual on the whole, but, is broken
and interrupted by these frequent little struggles to get

back to a higher plane. One could almost fancy one saw
a living being trying to maintain a losing battle with ever-

declining strength. No doubt these minor oscillations

proceed from a cause similar to that which gives rise to the

gi-eat lift in latitude at the beginning of a new cycle, and
it is in the attentive study of the laws according to which
these changes occur that we may hope to unravel their

meaning, and in so doing add to our knowledge of the

constitution of the sun.

WHAT IS A NEBULA?
By A. C. Raxyakd.

THE plate which illustrates this paper has been made
from a photograph kindly sent me by Dr. Max
Wolf, of Heidelberg. It represents a region of the

Milky Way not very distant from the regions repre-

sented in the plates published with the October

and December numbers of Knowledge for last year.

The bright star near the centre of the plate is /3 Cygni,

a beautifully coloured double star well known to the pos-

sessors of small telescopes as a very easy test object. It is

not shown as double in the plate because the photographic

trace left by the two stars is a patch, or disc, more than a

tenth of an inch in diameter, which corresponds to some
seven or eight minutes of arc upon the heavens, while the

two stars, though they form a pair which may be easily

split by a good opera glass, are only 34" apart—that is, on
the scale of the plate their centres would be separated by
a distance of only about ^ l^jth of an inch. This minute
separation, though not recognizable on the photograph,
corresponds to a real distance in space which is so great
that during the time in which man has been observing

them no motion of one star about the other has been noted,

though their colours would lead us to conclude that they
are really associated. The larger star, which is of the
third magnitude, shines with a golden yeUow light, while
the smaller star of the seventh magnitude is a beautiful

azure blue, thus conforming to the general law that in

coloured binaries the smaller star is always bluer than the
larger one.

This plate of Dr. Max Wolf's, although it was exposed
for twelve hours, does not show as much nebulosity as the
plates of the regions around a Cygni and g Cygni, pub-
lished in the October and December numbers of Kno^vledge

;

but especially in the lower half of the plate there is a very
distinct background of nebulosity, interrupted here and
there by dark channels and dark prominence-like forms,

associated with lines of small stars.

The nebulous background of the Milky Way is too faint

to allow of its hght being analysed with the spectroscope,

but its whitish colour, as seen with the naked eye, seems
to indicate that it does not belong to the type of nebula
which gives bright lines or a gaseous spectrum.

About half the nebulaj that have been examined spectro-

scopically give a spectrum in which six or seven lines are

fairly conspicuous. The three brightest of these lines are

situated in the green, ' and they give to this class of

nebula a verj- distinct bottle-green tint that enables an
observer with a large telescope to recognise one of these

gaseous nebuhe at sight as differing from a white nebula,

such as the nebula in Andromeda, which gives a continuous

spectrum unmarked by any well-recognizable lines or

bands.

The faint continuous spectrum of the white nebuhe is

not crossed by any dark absorption lines such as we see in

the spectra of the stars. If the light of these nebulie were
due to thinly scattered faint stars, too small to be
individuaUy visible, we might expect their combined light

to give a faint spectrum crossed by dark absorption lines

common to the spectra of the small stars. That such
absorption lines are not visible in the spectra of the white

nebuhe is prima fdcic evidence that they do not consist of

sparsely distributed bodies similar in constitution to the

brighter stars.

It has been assumed that the greenish nebulae which
give bright line spectra are masses of incandescent or

glowing gas ; but such masses of gas, if quiescent in space,

would be cooler on their outsides, and the outer cold layers

would, according to the theory of exchanges, absorb the

radiations given out by the glowing gas within. The
bright line spectrum of these uebulie seems always to be

accompanied by a more or less faint background of

continuous spectrum, such as would be given out by glow-

ing solid or liquid particles, or by gas under pressure.

Reasoning from first principles, it seems probable that a

quiescent mass of hot gas cooling iu space would give out

a continuous spectrum from its lower regions, where it is

under pressure, so that the free paths of its molecules are

relatively short, and this faint continuous spectrum would,

it seems probable, be channelled by dark lines in places

* All the gaseous nebuliB give approximately the same tjpe of

spectrum. The brightest line is situated in the green region, at waye-

length 5O0 4 ; the next in brightness is al.so in the green, at wave-

length 49.5-8
; anil the next in brightness is the well-known bluish-

green F line of the hydrogen spectrum situated at wave-length 486'1.
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corresponding to the wave-lengths absorbed by the outer

cool gas. If, however, a part of the gaseous constituents

condensed into liquid or solid particles in the outer and
cooler regions of the nebula, we should have the above
conditions complicated by the action of the glowing
particles on the molecules of the uncondensed vapours
surrounding them.
The extreme faintness of the nebular glow is a fact that

must not be lost sight of in seeking for a possible

explanation of the facts observed. If the nebular matter
glowed with a millionth part of the brightness of the solar

photosphere, the nebulge would give us far more light than
they do.

Let us assume with Prof. E. C. Pickering that the

stellar magnitude of our sun is -25-5—in other words,
that our sun gives about forty thousand million times as

much light as a star of the first magnitude. According to

this estimate, the sun would need to be removed to a
distance where its diameter would appear to subtend an
angle of only -00964 of a second of arc to reduce its light

to equality with that of a star of the first magnitude. A
nebula which subtends a minute in diameter and gives

the light of a star of the eigth magnitude gives -g-jT-th

part of the light of a star of the first magnitvule, while its

diameter is more than six thousand times as great as the
diameter which our sun would appear to have at a distance

where its light would appear equivalent to that of a star

of the first magnitude
; consequently the solar photosphere

must, area for area, be more than twenty -two thousand
million times as bright as such a nebula.

According to Prof. Langley, the sun's photosphere* is

5800 times brighter than the molten metal in a Bessemer
" converter "

; consequently, the nebula must glow with a
light which corresponds to less than one millionth of the
brightness of white-hot iron. Perhaps one might com-
pare the brightness of the nebula with the faint glow of
the trail left by a large meteor on entering our air. Such
trails seem to be due to glowing red-hot particles. The
vapour driven off from the meteor is for an instant
intensely luminous. It is no doubt under great pressure,

and rapidly expands, driving back the cold upper air. In
expanding, it cools till the greater part of the vapour is

precipitated into a glowing mist, which having no elasticity,

and not being able to do work by driving back the sur-

rounding air, can only cool by radiation. In this condition
the trail from a large meteor sometimes remains faintly

glowing for half an hour. The evidence seems to show
that at first the trail gives out bright lines in addition to
a continuous spectrum. The study of such trails may
throw much light on the constitution of the nebula.

Hitters.

[The Editor does not hold himself responsible for the opinions or
statements of correspondents.]

THE EVOLUTION OF DOUBLE STAES.

To the Editor of Knowledge.

Sir,— I am not sure that I quite follow the theory of
Mr. See on the evolution of binary stars, but I think
generally he maintains that these stars owe their higlily
eccentric orbits to the fact that their masses are much
more nearly equal than, for instance, those of the sun and
.Jupiter.^ Assuming this to be the case, we would expect
the orbits of very unequal double stars to be much less

eccentric than those of nearly equal ones ; and although

* Sec Prof. C. A. Young's " Suu," p. 2-15.

the mass of a star may not correspond with its magnitude,
there must on an average be a pretty close relation

between them. I accordingly examined the stars in

Mr. Gore's catalogue, taking in each instance the latest

orbit as founded on a larger number of observations than
its predecessors. I classed as equal the binaries wliose

magnitudes did not differ by more than one-half, and as

unequal those whose difference was not less than two
magnitudes. The following is the result of my com-
parison :

—

Unequal Binaries. Equal Binaries.
Ecfeiiti'icitv.

0.674
0-632

0.3086
04346
O-3029
0-8715
0-480

0-2667
0-5836
0-7352
0-493

0-1698
0-4244

0-6000
0-3052
0-1849

0-0768

Star. Eccentricity. Star.

q Cassiopeijp 0-6244 /) Eridani
40 Eridani 01 862 2 1037
05 149 0-460 2 3121
Siiius 4055 Ov 215
a Centauri 0-5443 OS 234

7 Coronse B. 0-3483 v Virgiuis

A Ophiuchi 0-4424 42 Coma?
i, Herculi? 0-463 y] Corona? B.
70 Ophiuchi 0-4994 05 298
99 Hereulis 0-7928 5 2091-

S Cygni 0-827 u. Uraconis

/3 Delphini 0-0962 I Sagittarii

T Cygni 0-3475 y Corome Aust.

02 489 0-343 I Aquarii

85 Pegasi 0-35 5 1S19

25 Can. Ven. 0-7221 7. 2173

J Scorpii .

No striking contrast will be found here, nor do either

set differ much in eccentricity from those where the

difi'erence in magnitude between the components ranges

between one-half and two. The eccentricities, however,
are in most cases very uncertain. Thus in Mr. Gore's

table those for Sirius range from 0-4055 (Mr. Gore's) to

0-945 (Mr. Mann's^, for Castor from 0-300 to 0-797, for

a Centauri from 0-5260 to 0-9689, o- Coronse Borealis

0-3088 to 0-7515, \ Ophiuchi 0-4424 to 0-8191, t Ophiuchi
0-0375 to 0.6055, &c. The following, however, are agreed

in either by all computers, or a large majority : y Virginis

(equal) 0-85 to 0-9, ? Urs» Majoris (medium) 0-38 to 0-43,

A Ophiuchi (unequal) 0-44 to 0-5, ^ Hereulis (unequal)
0-43 to 0-48, 70 Ophiuchi (unequal) 0-4 to 0-5, y CoronfB

Borealis (medium) 0-34 to 0-39, 2 3121 (equal) 0-26 to

0-88. The result, on the whole, does not seem to me to

favour the theory of tidal evolution.

Truly yours,

W. H. S. MoNCK.
P.S.—In the solar system the rule appears to be that

the orbits of the smallest bodies are the most eccentric. It

may be worth noticing that the equal pairs (with computed
orbits) appear to have in all cases spectra of the second or

solar type.

[By courtesy of the Editor I have been permitted to read

Mr. Monck's criticism, and will say in reply that he slightly

mistakes my meaning. Large relative masses imply the

development of large eccentricities only in so far as these

masses imply large initial moments of momentum of axial

rotation. For upon the moments of momentum of axial

rotation depends the increase in the orbital momentum and
mean distance, with which the increase of the eccentricity

is so intimately connected. Unless the sum of the moments
of momentum of axial rotation of the stars of a system is

greater Avhen the stars are equal than when unequal, it

does not follow that the eccentricity would become higher.

According to theory, therefore, we must not conclude that

(for example) rj Cassiopeia^ (masses 1 to 4) should have a

smaller eccentricity than ex. Centauri (masses equal). It is

also to be borne in mind that the eccentricity will depend

Enlarged from a Photogr!
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upon the age of tbe system. For a more complete discus-

sion of these questions I must refer Mr. Mouck to my paper

on the '• Evohition of the Double Star Systems," which

will appear in November, and will probably remove any

doubt that may remain as to the correctness of the theory

of double star evolution. Numerical calculation shows that

tidal friction is an amply sufficient cause to account for

the great eccentricities, and also that the eccentricity

developed under difierent conditions would be very difi'erent.

It is not, therefore, surprising that eccentricities of every

kind exist, as this could have been predicted from theory.

Very faithfully yours,

Zimmer Straza, Berlin. T. -J. J. See.]

M
A MEAN-TIME SUNDIAL.

OST people know that an ordinary sundial does

not give clock time— sometimes the dial time is

fast and sometimes it is slow as compared with

clock time : for sundial daj's are not, like

ordinary days, all of equal length. ^Yhen the

earth is in the part of its orbit which lies nearest to the

sun, it moves faster, and describes a greater angle about

the sun in twenty-four hours than when it is in the part

of its orbit furthest from the sun ; consequently, when
the earth is in perihelion the solar day exceeds the sidereal

day by more than tbe average amount, and the shadow of

the gnomon comes roimd again to twelve o'clock a little

later than when the earth is in aphelion.

The mean time shown by ordinary clocks is based upon
tbe division of a mean day, which corresponds to. the mean
or average length of the day as measured by the sundial

shadow at different parts of the year. The clock time

corresponds to the dial time which would be shown by a

"fictitious" or "mean" sun moving uniformly in the

equator at the same average rate as that of the real sun in

the ecliptic.

The " equation of time " corresponds to the difference

of time which would be shoT^Ti on a dial by the nnJ sun

and the iiudn sim. It is reckoned as plus when the

sundial is slower than the clock, and minus when it is

faster. It is the correction which must be applied to the

ordinary dial time in order to obtain mean time, and it

sometimes amounts to more than sixteen minutes.

Although a great deal of ingenuity and thought has for

centuries been expended upon the construction of simdials,

I am not aware tliat any one of the old dial makers ever

succeeded in contriving a dial to show mean time. The
difficulty has, however, at last been overcome in a very

simple manner by ilajor-Cleueral .J. R. Oliver, who has

devised a gnomon which practically makes its own
correction for the equation of time.

The peculiarity of the instrument is that the time is

indicated, not by the shadow of a straight edge, as in the

old sundials, but by the point where an equatorial circular

line is cut by the edge of the shadow of a curved surface,

the curvature of which is so arranged with respect to the

sun's distance above or below the equator as to compensate
for the " equation of time."

The instrument, says Major-General Oliver, is a universal

one, and consists of a meridianal semi-circle, the diameter

of which is an axis carrying the curved gnomon, and an
equatorial cii'cular arc. The latter has engraved upon its

concave surface a graduated line, on which are marked the

hours and their subdivisions. There is a screw for clamp-

ing the meridianal arc at the proper position for any given

latitude, and another clamp for adjusting the equatorial arc.

The dial not only indicates local mean time, but by a

very simple adjustment may be set so as to show any

required standard time. Thus it might be set at Plymouth

to indicate Greenwich time.

Strictly speaking, there ought to be two gnomons, one

to be used from .June to December, and the other from

December to June ; but by adopting a gnomon of mean
contour tbe gi-eatest error introduced at any time is only

about one minute, an amount not more than the unavoid-

able one due to the softness of tbe edge of the shadow.

Four times a year the equation of time vanishes, and the

gnomon would then intersect its own axis. To allow for

the necessary thickness of the latter, a slight adjustment of

the hour circle is necessary at these times.

Although tbe invention is little more than a scientific

toy so far as England is concerned, it is believed that it

would be of great use in countries where sunshine is

plentiful and means of regulating the time are scarce.

South Africa, South America, Australia, and India may be

adduced as instances. In India, for example, there are

numerous up-country stations at a distance from any rail-

way, where there are practically no means of correcting

clocks and watches.

The figure shows the form of the dial devised by Major-

Cleneral Oliver. A comparatively cheap mean-time sun-

dial might, I would suggest, be easily made by amateurs,

with a glass globe such as is used for keeping gold-fish. A
divided circle would need to be etched or painted round
its greatest girth, and the gnomon might be made of a

knitting needle centrally placed and carrying a piece of

wood or gun-metal turned to scale from a curve which
may be laid down from a table (such as one finds in

Whittaker) giving the equation of time for each day of the

year. The knitting needle should be passed centrally

through a cork or bung in the mouth of the globe, and
into a block fixed by marine glue at the bottom of the

globe ; and the globe must then be tipped on one side

and supported in a stand so that the knitting needle is

parallel to the earth's axis. From December 'ioth to April

1.5th, when according to the almanacs the sim is after the

clock, one reads the time from the following edge of tbe

shadow. When the equation of time has vanished and the
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Sun is before the clock, one reads-from the preceding edge

of the shadow of the chib shaped bob on the gnomon, at the

place where its shadow cuts the hour line.

One of Major- General Ohver's dials ruay be seen at

Messrs. Negretti and Zambra's shop on the Holborn
Viaduct. A. C Raxyard.

THE FEEDING OF A PLANT.
By -T. Pentland Smith, M.A., B.Sc, Lrcturn- mi Hotanii

lit the Hortiiiilfuinl Ciillrf/i', Sii'niili'i/.

PLANTS take in their food material fi'om two
sources—the soil and the air. The manner of

its absorption depends upon the constitution of

the plant under consideration. So far as regards
the nourishing process, the vegetable kingdom

may be divided into two large classes—the first including
all those plants which possess green colouring matter, the
second those in which this green substance is conspicuous
by its absence. Our present consideration will be the

feeding of green plants, and we will preface our remarks
thereon by referring generally to the structure of these,

and specially to that of the higher members of the

series.

The green plant detachment numbers in its ranks the !

most simple structures and the most complex organisms.
The simplest are composed of a single sac or bag, which
we call a cell, and the highest members of the series are

built up of an aggregation of cells. " The true meaning
of the word ' cell ' may be quite clear to but few, the less

so since biologists themselves, even now, hold and discuss

the most different opinions upon it. To many, the cell is

always an independent living being, which sometimes exists

for itself alone, and sometimes 'becomes joined with ' other

millions of its like, in order to form a cell-colony, or, as

HsEckel has named it for the plant particularly, a cell-

republic. To others, again, cell-formation is a phenomenon
very general, it is true, in organic life, liut still only of

secondary significance ; at all events, it is merely one of ;

the numerous expressions of the formative forces which
reside in all matter, in ihe highest degree, however, in

organic matter."*

Much has been written on the subject of the plant

structure, and the subject itself is an exceedingly interest-

ing one to the anatomist ; but to the general reader, at

least, anatomy, apart from physiology, is a dry study.

The two departments ought always to go hand in

hand.
In the lowest plants, and in the lowest animals, a single

cell performs all the life-fimctions. As we proceed higher
in the scale of organization we notice that differentiation

takes place, and continues until, in the highest forms, a

complex series of tissues exists, each fitted for the per-

foi'mance of a definite work. In both kingdoms a mass of
'

protoplasm (irpwTO';, first, and jt'axitii.oi., form) constitutes the

simplest cell. The composition and fimction of proto-

plasm we will discuss presently ; it suffices in the meantime
to note that the lowest cell does not have a ceU-wall

distinct from the protoplasm. The cell composed of

protoplasm boimded by a wall may be considered as

occupying a step higher in the scale of organization. The
[

generality of unicellular, or one-celled plants, however,
'

are composed of such structures.

The size ot the cell varies considerably. A bacterium
cell may be so small as to require the highest powers of

the microscope and the most accurate definition to

determine its form ; while it is still a matter of doubt if

* Sachs' Physiologn of Plants, page 73.

the branching tubes, filled with milky material, found in

species of Euphorbia are not composed of a single cell.

The hairs of many plants afford good instances of cells of

large dimensions. Let anyone who cuts up an orange
note the structure of the pulpy portion. A cursory exami-
nation will show him that it is built up of very large

elongated cells, filled with a juicy material. These cells

are the hairs of the inner wall of the fruit. And in no
less a degree does the shape of the cell vary, as we shall

see in our study of the tissues.

The truly ^ntal portion of the plant and of the animal is

the protoplasm. By its activity are all the parts of the

body formed. The most complex plant and the most
highly organized animal have had their origin in a small
speck of protoplasm, and only so long as the protoplasm is

alive can these be said to be living beings. The low
power of a microscope reveals to us, in a drop of water
taken from the bottom of a muddy pool, a small unicellular

organism capable of locomotion and of alterating its form.

It is known as an Amcfba. Fig. 1 shows one of these

animalsin its various phases.

The processes marked ps

can be sent out or retracted

at will, and are called pseu-

dopodia (vJ/euJo;, false, and
Ttovi, a foot), or false feet.

By the protrusion and re-

traction of these processes

of its body the animal moves
from place to place, and
movement of this kind is

very common in the two
organic kingdoms, and is

termed amoebiform move-
ment. More careful exami-

nation reveals the lact that

the outer portion of the

body is clear and the inner

granular. The granular

parts are probably portions

of matter about to be formed into protoplasm, or which

have resulted from its decomposition. The mode of

taking in food is also observed to be a very simple one.

The animal encloses it by its false feet and absorbs it mto
itself; and its method of ridding itself of what it does not

require, or cannot make use of for its nourishment, is no

less complex—it ejects it at any spot on its surface.

When it has grown large enough it breaks up into two

pieces, and each portion so formed is a new Amceba,

capable of performing the work which its parent pre-

viously did. All this can be seen very easily under the

microscope. Amoebfe are not difficult to procure. For
these reasons we have selected this animal to illustrate

the work which a simple mass of protoplasm can perform.

We see then that the phenomena of locomotion, nutrition

(including ingestion, digestion of food, and ejection of

waste products), and reproduction are all exhibited by this

unicellular organism. To these we must add respiration,

or breathing, the taking in of oxygen and giving out of

carbon dioxide, which we know is also constantly going

on during the lifetime of plants and animals.

In the higher plants the protoplasm is divided into

pieces by walls, so that the whole organism consists of a

number of chambers or cells. Each chamber in its young
condition is filled with protoplasm ; as they grow older

the protoplasm in many cases disappears and leaves only

the case in which it was contained, the cell-wall. The
wall has not an origin apart from the protoplasm, but is

deposited by the protoplasm itself. What we would

ntJL.

Fl&. 1.—Diagrammatic representa-

tions of various phases assumed
by an Amceba. The inner line

indicates the boundary between
the gi-anular portion or endosarc,

and the clear outer portion or

ectosarc; pi, pseudopodia ; nv.

nucleus.
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emphasize here is, that the protoplasm is the vital portion

of the plant, and that from it all the parts of the plant are

formed. Hence, in order to keep a plant alive, we must
supply it with material containing the elements which enter

into the constitution of protoplasm. Sachs speaks of ''the

universally known and yet essentially unknown protoplasm" ;

it is essentialh/ unknown, although, as the result of various

chemical researches, its chemical composition has been
roughly determined. Its chemical formula cannot be

given, nor is this to be wondered at in the case of a body
which is living, and hence probably constantly undergoing
change. It is made up of proteids. complex compounds
of oxygen, hj-drogen, nitrogen, and sulphur, and when it

is alive water is always present in it. If it be burned,

these materials go off in the form of gas, but there remains
behind an incombustible portion or ash. in which are

present potassium, magnesium, calcium, phosphorus, and
sulphur, in addition to other substances. All these ele-

ments—carbon, hydrogen, oxygen, nitrogen, sulphiu*.

phosphorus, potassium, magnesium, and calcium—must
be supplied in some form to a plant in order that it may
live ; for of these is its vital substance, or protoplasm.
buUt up.

It remains for us now to detennine in what manner
these materials are taken in by a green plant, and what is

their fate after absorption. The higher plants are those

which are brought more immediately under our notice in

our daily walks. We will, therefore, consider their method
of feeding, premising, however, that it does not differ

essentially from that of any green plant, however humble :

but it will be useless to attempt a description of this until

our readers have a clear notion of the structure of one of

these. The remaining portion of this paper is thus
devoted to an account of the anatomy of the elm tree—

a

typical dicotyledon.

It has a much branched root that it sends into the soil,

and a stem branching in the air and bearing the leaves.

The ultimate ramifications of the root are fine fibrils.

These are its important portions. The tip of each rootlet

is clothed with a cap (Fig. 2, r.c), to prevent the growing
tissue (t) situated immediately behind it

from being damaged as the root pushes
itself through the soil. As constantly

as the outer layers of tissue are rubbed
away, new ones, formed by the growing
tissue, take their place. The root cap is

thus being constantly renewed. At a

slight distance behind the cap unicellular

haks are apparent. In a cross section of

the root taken at this point it becomes
evident that these are prolongations of

some of the epidermal or outer skin cells

(Fig. 3). The same figm-e shows the cortex

or rind to be made up of iso-diametric

cells containing protoplasm. The tissue

they form is called parenchyma tirx^a,

and 'iv^uaa, a tubei. Immediately beneath the cortex is

the endodermis or bundle-sheath I s^-Jo, within, and ospfxa,

the skin) enclosing a zone of tissue composed of delicate

cells, and called the pericycle. This in turn surroimds a

mass of tissues forming the vascular bundle. The vascular

bundle is a complex structure. It is composed of three chief

portions—the sylem, phloem, and cambium. The xylem
(0uXoy, wood) or wood is made up of parenchyma, of

elongated cells with walls spirally thickened and pitted

(tracheides), and of vessels.

Vessels are formed by the fusion of cells placed end
to end, whose adjacent walls have broken down. The
tracheides and vessels contain no protoplasm. The cam-

FiG.?.—Diagram-
matic longitudinal

section of apex and
front, r.c, root cap

;

t, growing tissue

:

r.i,rascularbundle:

r.h., root hairs.

bium is composed of thin-waUed cells densely filled with
protoplasm. Parenchyma and sieve-tubes are the con-

-r*oo t ka.( r*

Fig. 3.—Tmn-verse Section (semi-diagrammatic) of root.

stituents of the phloem. The sieve-tubes have received

their name from the fact that their adjacent walls are
provided with apertures giving them the appearance of a

sieve, and sieve-plates are also at times present on their

lateral walls. The xylem and phloem alternate in posi-

tion with each other, and the cambium is placed between,
lying outside the xylem and inside the phloem. The
central portion of the root is occupied by the pith, which
is formed of parenchyma. From the medulla or pith pro-

ceed ravs of tissue—the meduUarv ravs.

50
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scL

c

lo;"'
aooo:-
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Fig. i.—TransTerse Section of voung stem of Elm. epi, epidermis

;

c c, cork cambium ;
^Af .. phelloderm ; scl., sclerenchyma

;
j>A., phloem ;

<:. cambium ; med. rays, meduIlarT ravs ; r. A., Taseular bundles. The
cork cambium forms cork towards the outside, and phelloderm
towards the inside. The phelloderm at this stage contains chloro-
phyll. The large openings in the ivlem are wood-Tessels.
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Fig. i shows a cross section of a young elm stem. We
see that outside there is an epidermis (epi.) whcse
outer walls are covered by a layer impervious to water, and

called the cuticle ; a number of vascular bundles form a zone

about midway between the centre and the periphery. In

the centre is the pith, and outside the bundle zone is the

cortex. The vascular bundles are essentially the same in

structure as those of the root. The cortex is made up of

large cells, the outer of which are filled with chlorophyll ca-

green colouring matter. Outside each vascular bundle

is a patch of tissue formed of elongated hard-walled cells

destitute of protoplasm, and called sdercnchynui [fcl.)

(a-KXrifOi, hard). Vniting the pith to the cortex, and cut

by the cambium, run the medullary rays (meJ. rai/s).

The xylem or wood lies next the pith, and the phloem
{})h.) next the cortex. The phloem is sometimes called

the soft bast or inner bark. The stem of a cabbage, left

exposed for some time to the action of the elements, does

not decay uniformly. The cortex and pith disappear and
leave a framework composed of the vascular bundles. These

are continuous with the bundles of the root.

The leaves are expansions of the stem. The green leaves,

with which we are specially concerned at present, are of very

varying forms, but the anatonuj of the foliage leaf of the elm

and of any other dicotyledon is practically the same. A
continuous layer of cells surrounds the whole structure.

This is called the epidermis (Fig. 5, ep.) ; it is covered by

a continuous corky

layer called the

cuticle, just as in

the epidermis of the

stem. Towards
the upper surface

there are two or

three layers of par-

enchyma which
generally appear

like a palisade (Fig.

5 p.p), and have
hence received the

name of palisade

parenchyma.Below
that lies a loose

parenchyma tissue,

the mesophyll, Fig.

6, me. (jMsaoq, the

middle, and ^uXXov, a leaf), with many spaces between

the cells—inter-cellular spaces—and towards the lower

epidermis there is a layer of roundish cells. The con-

tinuous epidermis of the stem and leaf is broken by

numerous minute apertures— stomata [a-rwii.a., a mouth)

—

whose structure and function were described in a previous

paper in Knowledge for November, 1890, on the " Breath-

ing Organs of Plants." There it was stated that these little

mouths are not breathing organs, but are the structures

which regulate the giving off of water by the plant ; they

are the trampirini/ organs.

A section of a leaf taken through a vein at once shows
that this is merely ^ vascular bundle. Its course can
easily be traced by dissection from the leaf blade, down
the leaf stalk or petiole, to the bundles of the stem. The
veins are the ultimate ramifications of these organs, but

differ from them in not containing cambium."' The
xylem is in consequence at the upper surface and the

phloem towards the under surface of the leaf blade. A

* In a monocotyledon, such as a palm or grass, tlie vascular

bundles of the stem are not arranged in the manner stated, bxxt are

disposed irregularly -. moreoTer. they are efosed biuidles, that is, they

possess no cambium.

St

Fig. .").— Piagrammatie transverse Section

of Leaf, ep., epidermis ; sch, sclerenchyma ;

p.p.. palisade parenchyma ; xi/., xylem

;

ph., phloem ; me., mesophyll ; st„ stoma. The
black dot in the centre of the sclerenchyma
cells represents the cavity of the cells.

fckrcnchymatous sheath {scl.) more or less completely

sui rounds each bundle, adding strength to the structure.

The mesophyll and palisade parenchyma are packed with
chlorophyll granules. With the exception of the guard
cells of the stomata there is no chlorophyll in the epidermis.

We close this paper by alluding to a few interesting facts

in connection with the structure of this plant, which we
will not have occasion to speak of afterwards. In the

root we saw the pericycle, a layer of tissue which surroimds
the vascular bundle. It has a very definite work to perform.

"When a young root is to be developed the cells of the

pericycle situated opposite a xylem tract become active,

divide up and give origin to the young root which breaks

its way through the outer tissues of the parent root. The
cambium of the vascular bundle of the stem and root

becomes active in spring, and continues so during summer
and early autumn ; its cells divide up to form on the out-

side phloem and on the inside wood or xylem. In a two
or three year old twig of the elm or other tree we find a

mass of tfodd in the centre, and in the spring we can easily

strip off the bark. The juicy portion which immediately
surrounds the wood left is the ruptured cambium, whose
delicate texture enabled the operation to be performed so

easily. The wood increases much in excess of the phloem.
This can be seen by examining tlie stump of a recently

felled tree, such as the elm or oak. The pith has not a

long existence ; it soon becomes obliterated by the growth
of the xylem. In the hemlock, and generally in the

Umbelliferfe, the group of plants to which it belongs, the

pith breaks down and the centre of the stem is occupied
by a large cavity, interrupted at the nodes or parts where
the leaves come ofi'. The epidermis of a forest tree is

soon shed, and its place is taken by a corky tissue (Fig.

4), formed from a layer of cells in proximity to the

epidermis. This in turn is thrown off, and is replaced by
a cork layer formed in a similar manner.

SOME FACTS ABOUT EXPLOSIVES.

By Vaitcjhan Cornish, B.Sc, F.C.S.

THE general phenomena of explosion are well

known : noise, shock, resistance otFered and
overcome, and, in general, some work of destruc-

tion wrought, such as demolition of a structure

or the disruption of a rock.

Various materials, solid and liquid, are employed for

the purpose of producing and utilizing the effects of ex-

plosion. Every such material is termed an e.rplosiir,

although sometimes, as in the case of gunpowder, the

material is in fact a mixture of several substances ; coal

gas and fire-damp are not called explosives, although on
mixing with air they are capable of exploding. An ex-

plosive proper contains its]own supply of oxygen.

Explosives are of two principal kinds, of w-hich gun-

powder and gun-cotton are typical examples. Gunpowder
is a mixture of three different chemical substances,

whereas gun-cotton (and similarly theothernitro-explosives,

as, (.;)., nitro-glycerin) is a single chemical substance,

composed, however, of several elements, one of these

elements being oxygen.

In gunpowcler we very intimately mix together two sub-

stances, charcoal and sulphur, which are capable of com-
bining chemically with the oxygen contained in the third

substance, nitre. All that is necessary to bring about this

chemical change is, firstly, that the particles of the various

substances shall be brought very close together, which is

effected by the careful incorporation of the ingredients

;

and, secondly, that the temperature should be high. At a
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liigh temperature gunpowder takes fire, or, if the con-

ditions be suitable, explodes. In the combustion of gun-

powder the carbon burns to carbonic acid ( a gas) , the sul-

phur burns to sulphurous acid (a gas), and other gaseous

products are also formed in considerable quantity.

The heat developed by the chemical reaction raises the

temperature of the gases, which causes them to expand
rapidly and occupy a large volume. If the burning of the

gunpowder takes place in a confined space, the force of

expansion of the gas is resisted by the walls of the en-

closure, and if the latter are not of sufficient strength, the

obstacles are overthrown. If, however, the enclosure be

sufficiently strong and furnished with no outlet (as in

certain experiments where very small charges are fired

inside strong bombs), the gases formed are kept compressed

in a small volume, and no disruption takes place.

Here we have the fact of explosion, without its usual

striking accompaniments.
When a cartridge is tired in a gun-barrel, the gases,

whose force of expansion would be sufficient to burst the

steel of the barrel, find in one direction no great resistance,

and expanding rapidly in this direction propel before them
the bullet, which thus leaves the muzzle of the gun en-

dowed with a high velocity.

Explosives are compounds or mixtures, which contain

in themselves elements capalile of taking up a new mole-

cular arrangement forming fresh compounds, one or more
of the new compounds being gases, and the formation of

these compounds being accompanied by an evolution of

heat. The formation of gases, and the development of

heat in the reaction, are essential to the production of an
explosion.

When we come to enquire what is the condition gene-

rally necessary to produce the explosion of an explosive

body, we find that it is the rapid vibration of the particles.

Such \'ibration may be generated by heat, by shock, or

by friction, but in general the condition most favourable

to explosion is one of rapid vibration, which may be

produced by a sudden blow which will" serve to detonate

dynamite without appreciably heating it. The liability

of the occurrence of explosion under such circumstances

does not depend only on the /aire of the blow, but on
the nature of the striking body with which the blow is

given. Thus, a force of blow which would cause explosion

if the blow were one of steel against steel might be harm-
less if produced by wood against wood. In this case the

explosion is determined, not by the amount of heat pro-

duced, but by the rapidity of the vibration. It is well

known that a tuning-fork struck against steel yields a

higher note (i.e., a sound of more rapid vibration) than if

struck against wood.

When explosion occurs the chemical atoms are sliakvii

iiut of one combination to fall into another. This process

takes place much more readily when the explosive is warm.
Although explosions are often produced independently

of heating eil'ects, yet it must be borne in mind that at a

sufficiently high temperature all explosives will detonate.

In the study of phenomena connected with explosives

we often meet with occurrences at variance with the old

. dog-Latin dogma, musa aquat ert'ectiiiii. The pulling of the

trigger, followed by the rush of the bullet from the gun, is

a familiar example ; the work done in pulling bears no
proportion to the energy developed by the explosion.

Another case in point is afforded by the manner in which
explosions are sometimes caused in the incorporating mills,

in which the component materials of gunpowder are mixed
together. The presence of a small hard body, such as a

naU, or even a hard piece of grii, may cause sufficient

local heating to start an explosion of the whole mass.

Both shocks and local heating are most carefully guarded

against in gunpowder factories. Charcoal possesses a

property (that of condensing air in its pores) which some-

times leads to local heating and mduces spontaneous com-

bustion.

Li grinding the sulphur there is another source of danger.

Sulphur is a highly electric body, and in the process of

grinding a large amount of electricity will often accumu-

late, sometimes giving rise to sparks, the passing of which

may produce serious consequences. The danger from this

source is, however, to a great extent overcome by con-

necting the sulphur mills to earth by means of copper

wires, and thus continually drawing off the charge of

electricity produced by friction in the grinding process.

In the' pressing of the gunpowder, hydraulic machines

fui-nished wuth ebonite plates are frequently employed.

Ebonite is a convenient material for the purpose, being

tough, elastic, smooth, and sufficiently hard. Unfortunately,

ebonite is a highly electric material, and the upper and

lower plate, with the cake of powder between them, form

practically an electric pile. A passing thunderstorm may
induce a discharge of sparks from the ebonite, igniting the

gunpowder and producing, as has happened in several

cases, fatal accidents.

In spite of all precautions, explosions are liable to occur

in the mixing of the materials for gunpowder, and it is

well to provide, as far as possible, for the safety of the

,mph_iii>'s and of the building. A good protector for the

workmen is a curtain of ships' hawsers, which offer the

kind of resistance which is most efiectual in the case of an

explosive outburst of gas.

By having a light roof, secured only by one or two

wooden pins, an outlet is obtained for the gases produced

in a factory explosion. The roof is simply lifted off, and

the outlet thus given prevents the pressure inside the

building from becoming sufficiently great to damage

seriously the main portions of the building.

Turning now from the explosive mixture gunpowder to

the nitro cumpounds, such as gun-cotton and nitro-glycerin,

we find that the nitro bodies explode more readily under

shock, and also at a lower temperature. Nevertheless, in

the hands of properly- trained workmen, the manufacture

of nitro-glycerin and dynamite is accompanied by fewer

casualties than that of gunpowder. Gun-cotton is prepared

by the action of strong nitric acid and sulphuric acid upon

cotton-wool. Most of the processes are carried out in pre-

sence of a large excess of water, though this is, of course,

not the case during compression, in which operation great

care has to be exercised.

Nitro-glycerin, prepared by acting upon glycerin with a

j

mixture of nitric and sulphuric acids, is liable to explode

both by heat and by shock.

Dynamite is produced by absorbing three parts of nitro-

glycerm by one part of kiesulguhr, a finely-divided siliceous

earth capable of absorbing a large quantity of liquid

without becoming pasty. Dynamite only explodes when

subjected to special treatment, bemg unafi'ected by moderate

heat or by an ordinary blow, but detonating under the

sharp shock given by a percussion fuse of fulminating

mercury. The kiesulguhr plays no part in the actual

explosion, so that dynamite, as an explosive, must be

classed along with gun-cotton and the other compouwh,

rather than with explosive mixtures such as gunpowder.

The smokeless gunpowders now coming into general use

are prepared from gun-cotton, or fi'om gun-cotton and

nitro-glycerin.

A special class of explosives are required for tiUhig per-

cussion caps and detonators. Fulminate of mercury is the

mist important of these highly dangerous substances, the
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manufacture of which is conducted with the most elaborate

precautions, not only against shock, but against the

smallest amoimt of friction.

The protection of factories against lightning is a problem
of considerable ditficulty. According to Mr. Otto Gutt-

mann, whose recent paper before the Society of Chemical
Industry contains much useful information on this and
other matters connected with the dangers of explosives, a

system similar to that of Professor Lodge's "network"'
protector has been extensively and successfully used bj-

Austrian military authorities. The system is similar to

that by which electrometers are shielded from electriiication

by means of a wire cage, the building being covered by a

network of galvanized iron wire. This material is, of

course, much cheaper than copper, and its smaller electric

conductivity does not appear to be a serious drawback in

the case of electric discharges of such high potential as

that of lightning.

RADIOMETRY.
Bv A. Jameson.

THE kinetic or, as it is sometimes called, the

molecular theory of matter, by which its sensible

qualities are referred to the motion of atomic and
molecular parts, and the undulatory theory of

light, which asserts that radiation is due to

transverse waves in a medium with which all space is

filled, have become thoroughly incorporated with modern
physical science. Employed m the first place as working
hypotheses, these theories have gradually become esta-

blished as truths. To give anything approaching a

complete exposition of them would be a most extensive

undertaking. But, without pretending to this, it is

thought that a discussion of some few typical instances in

which the operations of these laws have been recognised

may prove interesting.

Prof. Crookes' radiometer, or light mill, furnishes a

remarkable example of the conversion of energy in the

form of ethereal waves into molecular and subsequently

molar motion. The commonest form of radiometer is

shown in Fig. 1. Four light vanes of mica, attached to

c radial wire arms, are fixed to a central

cup, that is balanced, like that of a

compass needle, upon a fine steel point.

One side of each vane or paddle is painted

a dull black with lampblack ; and it is

upon these lampblacked faces of the vanes
that molecular pressure, resulting from
radiation, wiU be exerted. A small glass

tube is fixed verticaDy over the central

pivot cup. In the position shown this

tube is free from contact with the fly,

but serves, should the instrument be

inverted, to prevent it from toppling off

the needle-point. The glass bulb, having
been highly exhausted by a mercury
pump, is hermetically sealed.

Remembering that what we call heat is simply a state of

vibration of the molecular parts of bodies—restricted in

the case of solids and liquids, extending to perfectly free

excursions in the case of gases—we will proceed to consider

the effect of radiation, as, for instance, of difi'used daylight,

upon the piece of apparatus just described. Light traverses

the glass envelope freely, because, as we may assume,

there is no correspondence between the periods of the

luminous waves and those of the molecular vibrations in

glass. With the lampblacked surfaces of the vanes,

however, the case is vei-y different. Here the periods of

Fis. 1.

the vibrations accord so nearly with those of waves of

light that complete absorption takes place before an
appreciable thickness of the substance has been penetrated.

Just as the swing of a pendulum is amplified by properly

timed impulses, so the swing of a molecule responds to

transverse ether waves of suitable frequency ; and light

waves are quenched by the lampblack in consequence of

the conversion of their energy into molecular motion, that

is to say, heat. Mica, like glass, and like most gases, is a

transparent substance, whence it follows that light falling

upon the clear surfaces of the vanes will also be trans-

mitted to the layers of lampblack, and by them absorbed,

with corresponding elevation of their temperatures. So
little absorption takes place in mica that practically all

light falling on the bright sides of the vanes is either

transmitted as described or is reflected. But, in some
instruments, the mica surfaces are coated with a bright

metallic film, and in such cases, excepting only at the

blackened parts, nearly all of the incident light wiU be

reflected. Where light is not absorbed, of course it cannot
be the source of heat ; and therefore no increase of

temperature, corresponding to that which takes place

in the lampblack, can occur at the polished surfaces of

the vanes. Undoubtedly some heat will be conducted

through the mica from the blackened to the polished side
;

but since this material is an extremely bad conductor, the

amount of heat thus transmitted must be smaU. On the

other hand, heat will pass rapidly from the warmed
lampblack to the air or other gas with which it may be

in contact ; and it wUl presently be shown to be this kind

of transference of heat that accounts for the rotation of

the light mill.

To make this matter clear we will suppose, m the first

place, that the glass bulb contains gas at the ordinary pres-

sure of the atmosphere, and we will confine our attention

to one only of the four similar and similarly situated mica

vanes. As the molecular vibrations at the surface of a

solid body, such as lampblack, will take place with most
freedom when normal to that surface, we may expect

every gas molecule that strikes the warmed face of the

vane to be thrown back in some direction, making a

smaller angle with the perpendicular than does the direc-

tion of incidence. Thus the lampblack will give rise to a
" molecular wind," made up of gas molecules whose paths

are, upon the average, nearly perpendicular to the heated

surface. But the mean free path of gaseous molecules at

the normal temperature and pressure is extremely smaU.
It is estimated by Maxwell, in the case of hydrogen, at

965 meter tenths (say lo-^o m^i-)' '"^ ^^^ ''^se of oxygen

and of carbonic acid at 560 and 430 meter tenths"' respec-

tively. Hence the molecules rebounding from the

heated surface wiU encounter others, and wUl thereby

have the direction of their motion altered many times

before they travel an appreciable distance ; and hence

the extra speed acquired by the gas molecules by collision

\\ith the hot lampblack—^the extra temperatm-e, in other

words, of these free molecules—will be difi'used in every

direction through the atmosphere within the bidb. Now,
since the blackened surface of our vane is bombarded by

molecules having an average velocity corresponding to (say)

15° (or whatever may be the initial temperature of the

instrument) and since these molecules are thrown off again

with an average velocity corresponding to (say) 15-1°, it

miglit be thought that molecular pressure should be

developed, even in the circumstance we have supposed,

that is, in gas at the normal pressure of the atmosphere.

For action and reaction must be equal and opposite ; and

* Im. tenth = 1 m. xlO-'"
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provided the same nimiber of molecules per second struck

the warm and the cold face of the vane, it is certain that

the additional work of repulsion done upon them at the

former surface would react upon the vane itself, and
drive it in the opposite direction from the shower of

heated molecules. As a matter of fact, however, this does

not take place ; for the density of the gas in that thin

heated layer, contiguous to the lampblacked surface, is

less in proportion as its temperature is higher than in any

other part of the bulb. The quickened molecules, shooting

away from the lampblack, beat back a proportion of those

that move more slowly ; and thus the number of impacts

on the heated surface is reduced, and the equilibrium of

the two sides of the vane is almost perfectly maintained.

Nest consider the effect of exhausting the glass bulb of

the radiometer. The mean free path of the gas molecules

will increase directly with the exhaustion, while the

average distance from centre to centre of the molecules

will only increase with its cube root. Hence, by a sufficient

degree of rarefaction, the free path can be made quite

considerable, though the molecules are still crowded
together in enormous number. At an exhaustion of one-

millionth of an atmosphere, the free path will be a million

times augmented—that is, to a length of about ten centi-

metres—and it is under pressures ranging fi-om this point

up to about fifty-milliouths of that of the atmosphere

that light mills exhibit the highest eflScieucy. As
exhaustion of the bulb is carried out, new conditions of

cooling begin to manifest themselves before the heated

lampblack. As the free path increases, the " molecular

wind " that has been spoken of blows further, and cooler

particles of gas crowd in upon the blackened surface from
the sides. By-and-by the shower of molecules (moving
at a velocity corresponding to 1-5-i', and in a du-ection

normal to the surface of the vane) will extend to the glass

envelope, and will communicate their heat to it directly.

Comparatively few wiU now collide with the colder mole-

cules travelling in the opposite direction ; and these colder

molecules, no longer unduly checked in their journeys to

the blackened surface, encounter it as often as they do the

other side. The reaction, or Crookes' pressure, at the

warmed surface will therefore assert itself, and occasion

the rotation of the fly.

When first the radiometer was exhibited, it was suggested

that the sunny side of the earth would suffer a force of

repulsion comparable with that upon the vane of such an
instrument. It is almost unnecessary to say, however,

that there is no foundation for this idea in the now accepted

explanation of Prof. Crookes' discovery. Crookes' pressure

is only indirectly due to radiation, and it is quite distinct

from that estimated by Maxwell (see his Electricitii tind

MaijHttisin, vol. ii., p. 402) at about 2i lbs. per square mile

of the sunlit surface of the earth.

>^ Prof. Crookes' mechanism is applicable

to the conversion of radiant energy, of

probably almost any wave length, into a

form convenient for approximate measiu-e-

ment. But, from the definition that has

been given of absorption, it follows that

the layers of lampblack on the vanes may
have to be replaced by various other

materials, according to the quality of the

radiation that it is desired to measure.

Eadiometers sensitive to actinism and to

radiant heat have been constructed, and it

may be presumed that such instruments

can also be made to respond to the

electrical radiations that have been studied

by Prof. Lodge and others.

The constructive details of the apparatus can be modified

in very many ways. For instance, a fly having several

plain mica vanes, skewed like the blades of a screw propellor,

may be placed in the path of the shower of molecules

proceeding from a fixed disc of lampblacked material. In

consequence of the favourable situation of the reacting

surfaces, very rapid rotation takes place in this modification

of the radiometer. It has been named by Prof. Crookes

the otheoscope, and is shown in Fig. 2. If the skewed

vanes of the otheoscope could be rotated sufiieiently rapidly

by mechanical means, a stream of molecules would be

generated, not unlike that which is set up by the heating

of the lampblacked disc. The study of molecular motion

under such conditions is not without practical interest.

Indeed, with every difl'erent point of view from which the

radiometer can be regarded, some attractive suggestion

presents itself.

Ctjcss Column.
By C. D. LococK, B.A.Oson.

All coiiiiTJNicATioNs for this column should be addressed

to the " Chess Editor, Knowledge Office," smi posted before

the 10th of each month.
Solution of June Prohlem (by C. D. Locock).— 1. Q

to R5, and mates next move.
Correct Solutioss received from Alpha and C. T.

Blanshard.
H. S. Brandivth.—U 1. Q to Bo, Black replies P x R,

or Kt to K6, and no mate results.

./. (
'. A'n,ot/.cr.—There is a flaw in your conclusion.

After 1. Q xP, Black provides an escape for his King by

Kt to K6.
C. Leeson I'rincf.—After 1. Q x Ktch there is no mate.

Alpha.— '• Dummy Pawns,' as they are called, are no
longer allowed. There is also a prejudice against any
promotion on the first move, just as there is against checks

and captures.

C. T. Blanshard.—Thanks for the Problems. The pro-

motion problem is a little too simple, apart from the fact

that HP becomes a Queen is equally effective. The other

seems all right. The three-maver is neatly solved in one

move. In the variation you give the Rook and not the

Bishop mates. Perhaps the diagram was wrong.

PROBLEM.
By .J. JucHLY, Munich.

(From the Field.)

Black.

'^m" ^p ^^p ^^p

11 ^

«i¥.
'^M 9

m^
White.

White mates in thi-ee moves.

Fis. 2.
We fully endorse a statement in the Harhie;/ Mercury

as to the difficulty of the above. The chief difficulty lies
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in finding defences against other key-moves than the
correct one.

Consultation Game played at the Boston Chess Club, on
the 8th April, by W. Steinitz against Messrs. J. F. Barry,
C. B. Snow, and H. N. Pillsbury. The score is from the
Liverpool Mfiriiri/.

[King's Gambit Declined.]

1.

2.

3.

4.

6.

6.

7.

H.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

28.

24.

25.

26.

Steinitz.

P toK4
P to KB4
KKt to B3
B to B4 (a)

P toB3
Q to K2
P to Q3
P to B5 (?)

P to Kt4 ((•)

PxB (rf)

PxP(e)
P to Q4
B to E3
Q to K4
Kt \ Kt
Q to K2
K to Bsq
BxKt (h)

Kt to K4
K to Kt2
PxE
QxE
K to Bsq
K to Ksq
K to K2
Eesigns.

{'/)

'{i)

Allien.

1. P to K4
2. B to B4
3. P to Q3
4. QKt to B3
5. Kt to B3
6. Q to K2 (//)

7. B to KKt5
8. Castles, QE
9. B X Kt

10. P to Q4
11. KtxQKtP (/
12. B to KtS
13. KKtxP
14. KtxQBP!
15. ExP
16. Q to E6ch
17. ExB
18. ExB
19. E to Qsq
20. E X Kt !

21. E toQ7 (/)
22. Q to Kt5ch
23. Q to B6oh
24. QxEcb
25. QxE

Notes.

(a) 4. Kt to B3 is at least equally good. 4. P to B3
may also be played.

(6) With a view to castling on the Queen's side if

desirable.

(() Prematm-e, as Black's excellent play demonstrates
;

but in any case his centre must be broken up by P to Q4.

(rf) If 10. Q X B, Kt X KtP ; 11. P x Kt, B to Q5, &c.

(<•) Messrs. Pillsbury and Barry, in their notes to this

game, suggest as an alternative 11. B to Kt3, Kt x KtP
;

12. P X Kt, B to Q.5 ; 13. B to Kt2, Q x P cb. ; K to Bsq,
Kt to E4 ; with a strong attack. The position after these
moves is most remarkable. White bavmg scarcely a move
which he can make without loss. Perhaps, therefore, his

safest course at move 11, was simply 11. PxB, PxB; 12.

PxP, QxP; 13. B to K3, Q to E4 ; 14. Castles, with
fair prospects of ultimate safety.

(/) A very ingenious sacrifice. If the Knight be taken.

Black clearly wins back the piece by 12. ... B to Qo.

((/) Overlooking Black's crushing reply. But even after

14. BxKKt, Q to E5ch; 15. K to Bsq, KtxB, he
would have a very bad game.

(h) If 18. Kt to K4 at once. Black wins by 18 . . .

E to B7, for the Knight must cover.

(«) Black threatened to win a piece by ExKt and
Q to EGch, &c. 20. Kt to KtS is useless on account of

20 . . . Q to Q5 and 21. ... E to Kt7.

ij) A beautiful final coup which wins a clear Book.
Black's play throughout against their formidable opponent

has been of the very highest order. The innovation of
castling on the Queen's side turned out most successfully.

CHESS INTELLIGENCE.

The American Championship Match was concluded last

month, the final score being Lipschiitz, 7 ; Showalter, 1
;

drawn, 7. Mr. Showalter is well kuown as a rising, and
at times a brilliant player, but in the present match the

brilliancy seems to have deserted him. Nor are his

previous performances in any way to be compared with
those of his opponent, who is evidently in America second
only to Mr. Steinitz. The large proportion of drawn
games is noticeable.

The Hdckufi/ Mtiruri/ announces an Autumn Problem
Tourney. Entries to be sent in by September 1st. Under
certain conditions corrected versions of previously published
unsound problems will be admitted. There are two
sections (for two-move and three-move direct mates respec-

tively), and four prizes in each section. Composers are

limited to one problem in each section.

The Divan Handicap has again been won by j\Ir. F. J.

Lee, with the good score of 12i out of a possible 16. Mr.
Mollard (Hon. Sec. of the South Norwood Chess Club)
was second, with 11 J. Mr. Loman, who made such a fine

score against the rest of the first class that his ultimate

victory was looked on as assured, failed signally as a giver

of large odds ; his last game gave Dr. Alderson his solitary

victim.

The long-expected match at the British Chess Club,

between Messrs. Blackburne and Lasker, ended in a
decisive wtory for the young German master by 6 games
to 0, with 4 games drawn. This performance, coming as

it does after his two previous tournament successes, seems
to settle the Championship of England question probably

for some time to come. Possibly Mr. Blackburne was not
at his best throughout, notwithstanding his splendid com-
bination in the middle of the ninth game. Mr. Lasker's

play is not always intelligible to the general public
;
in the

words of Mr. Bird, he is "a very mysterious player."

Perhaps the mystery is partly explained by the fact that

when he sees nothing to do he is content to do it. Bold
and unexpected Pawn-play is his speciahty. Probably
altogether he has no equal in Europe except Dr. Tarrasch.
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THE LIQUEFACTION OF GASES.

By Vaughan Cornish, M.Sc, F.C.S.

THE commou liquids, such as water, rock oil, mercury,
and so on, can be readily converted into gases ;

but many of the commou gases, on the other hand,
for instance oxygen, nitrogen, and hydrogen, can
only be brought into the liquid conclition by the

use of special methods and powerful agencies. Tempera-
ture and pressure are the two factors on which it depends
whether a body remains in the state of gas or assumes the
liquid condition. Low temperature and high pressure are
the conditions favourable to liquefaction.

The history of experiments on liquefaction of gases is

mainly a record of devices for producing high pressure and
low temperature. Sulphurous acid gas is condensed at the
temperature of an ordinary freezing mixture, or at the
pressure which can be obtained by a hand-worked piston in

a tube or barrel. It had been prepared in the li(iuid state

before the year 1800 a.d. Chlorine was condeused by
Northmore in 1805, but his experiments attracted little

attention till years later, when Faraday had made a
speciality of the liijuefaction of gases, and the atten-
tion of the scientific world was drawn to the subject.

Then, as usually happens, forgotten records were found of
earlier work on the same lines. The later, but indepen-
dent, observation by Faraday (1823) of the liquefaction
of chlorine is, however, the commencement of the
systematic study of the subject. Faraday has the only
kind of priority which is of real importance in scientific

discovery— that, namely, of baing the first to make the

subject fruitful, and the first to make its importance
generally understood. Faraday had been experimenting
on the solid hydrate of chlorine which separates out in

yellowish crystals when ice-cold water is saturated with
chlorine gas. Sir Humphry Davy, to whom at that time
Faraday acted as assistant, suggested that the crystals

should be sealed up in a glass tube and heated. Davy
gave at the time no reason for his suggestion, and
Faraday himself did not know what to anticipate from
the experiment. The crystals of the solid hydrate were
placed at one end of a A-shaped glass tube, which was
then closed by sealing up the glass in the blow-pipe fiame.

The crystals being warmed to 60° F., underwent no
change, but at 100° F. " the substance fused, the tube
became filled with a bright yellow atmosphere, and on
examination was found to contain two fluid substances

;

the one (chlorine water), about three-fourths of the whole,

was of a faint yellowish colour, having very much the

appearance of water ; the remaining fourth was a heavy
bright yellow fluid, lying at the bottom of the former
without any apparent tendency to mix with it." At 70' F.

the pale portion congealed {i.e., the hydrate separated out),

although even at 32° F. the yellow portion did not solidify.

Heated up to 100° F., the yellow fluid appeared to boil,

and again produced the bright coloured atmosphere. It

was found that by heating to 100° F. the yellow liquid

(fluid chlorine) could be distilled from the pale coloured

liquid (chlorine water) so as to get them in difierent limbs
of the bent tube. " If, when the fluids were separated, the

tube was cut in the middle the parts flew asunder as if

with an explosion, the whole of the yellow portion dis-

appeared, and there was a powerful atmosphere of chlorine

produced ; the pale portion, on the contrary, remained, and
when examined proved to be a weak solution of chlorine in

water with a little muriatic acid."

The paper from which the above extracts are taken was
read before the Royal Society by Sir Humphry Davy in

1823. In a note at the end of Faraday's paper, Davy says

that " in desiring Mr. Faraday to expose the hydrate of

chlorine to heat in a closed glass tube, it occurred to me
that one of three things would happen : that it would
become fluid as a hydrate ; or that a decomposition of

water would occur (forming hydrochloric acid) ; or that

the chlorine would separate in a condensed state." Further
on he remarks, " I cannot conclude this note without
observing that the generation of elastic substances in close

vessels, either with or without heat, oft'ers much more
powerful means of approximating molecules than those

dependent upon the application of cold, whether natural or

artificial, for as gases diminish only about ^-J-^ m volume
for every degree of Fahrenheit's scale, beginning at ordinary

temperatures, a very slight condensation only can be pro-

duced by the most powerful freezing mixtures, not half as

much as would result from the application of a strong

flame to one part of a glass tube, the other part being of

ordinary temperature, and when attempts are made to

condense gases into fluids by sudden mechanical compres-
sion, the heat, instantly generated, presents a formidable

obstacle to the success of the experiment, whereas in the

compression resulting from their slow generation in close

vessels, if the process be conducted with common pre-

cautions, there is no source of difficulty or danger, and it

may easily be assisted by artificial cold, in cases where
gases approach near to that point of compression and
temperature at which they become vapours."

This " bent tube " method was successfully employed by
Faraday in the liciuefaction of a number of other gases.

In 1822, the year preceding Faraday's experiments on
chlorine, C'aignier de la Tour had examined the effects
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produced by heating volatile liquids, such as alcohol or ether

ill closed tubes. In these experiments the liquid put into

the tube was sufficient to till it half-full, and the whole of

the tube was heated ; so that the conditions were different

from those of Faraday's experiments. De la Tour observed

that up to a certain temperature the liquid continued slowly

to evaporate, the bulk of liquid diminishing, and the quantity

of vapour increasing. This was the ordinary process of

evaporation, which the eye can trace by observing that the

position of the mcniscux which separates the liquid and the

vapour becomes lower and lower as the temperature

increases.

When, however, a certain temperature is reached the

meniscu.f suddenly disappears, and there no longer appears

to be any hquid in the tube. On cooling the tube, the

inverse change takes place with equal suddenness, a mnusciiti

(the line of separation between liquid and vapour) suddenly

appears, showing that on lowering the temperature a large

auiount of liquid is suddenly formed. De la Tour's

experiments point to conclusions quite opposite to those of

Davy, quoted above; since the "approximation of

particles " brought about by pressure was more than

counterbalanced by the repellant action of heat.

In 1845, in a second paper on Liquefaction of Gases,

Faraday writes with a mastery of the subject which neither

he nor Davy possessed in 1820 He says (Phil. Trans.,

1845, p. 155) :
" My hopes of success beyond that heretofore

obtained depending more upon depression of temperature

than on the pressure which I could employ in these tubes,

I endeavoured to obtain a still greater degree of cold.

There are, in fact, some results no pressure may be able to

effect. Thus, solidification has not yet been conferred on

a fluid (/.(., a gas) by any degree of pressure. Agaui, that

beautiful condition which Caignier de la Tour made
known, and which comes on with liquids at a certain heat,

may have its point of temperature for some of the bodies to

be experimented with, as oxygen, hydrogen, nitrogen,

&c., below that belonging to the bath of carbonic acid and

ether, and in that case no pressure which any apparatus

could bear would be able to bring them into the liquid or

the solid state." The " bath of carbonic and ether" here

referred to, was a device for obtaining a very low tempera-

ture, a land of improved freezing mixture in fact. Thilorier

and afterwards Natterer had constructed apparatus in

which carbonic acid gas could be liquefied by pressure

alone. When liquid carbonic acid is exposed to the air at

the ordinary pressure, some of the liquid evaporates very

rapidly, thereby chilling the lower layers of liquid to such

an extent that they freeze, forming solid carbonic acid. If

ether be mixed with this solid carbonic acid, and if the

pressure be diminished by means of the air pump, the

further cooling due to evaporation of the ether reduces the

temperature to - 110° C. This extremely low temperature

was employed in experiments by which Faraday endeavoured

unsuccessfully to liquefy hydrogen, oxygen and nitrogen.

Andrews employed the same means of producing cold, but

used more powerful apparatus for compression. Although

by combined cold and pressure the above-named gases were

reduced to less than -g^j^ of their original volume no lique-

faction took place. Andrews also conducted experiments

upon the phenomenon observed by De la Tour, and showed

that above the " critical temperature " of 31° C. the greatest

pressure which he could bring to bear was not sufficient

to liquefy carbonic acid, but that if the temperature were

lowered the liquefaction took place at once.

In the later and successful experiments on the lique-

faction of the "permanent" gases, such as nitrogen,

oxygen, and hydrogen, the skill of the experimenter has

been chiefly shown in the means devised for obtaining

temperatures below the "critical point" of these gases.

Pictet, of Geneva, who liquefied oxygen in 1877, relied for

the production of a low temperature upon the well-known
principle of latent heat of evaporation. The novelty in

his application of this principle lay in the fact that he
employed tiro evaporating substances—namely, sulphur-

dioxide and carbonic acid. By the use of the doubly-

acting pumps employed in refrigerating machinery (vide

Knowledge, March, 1891, "Artificial Cold") liquid

sulphur-dioxide can be obtained having a temperature of

— 65° C. In Pictet's apparatus the cold liquid sulphur-

dioxide is contained in an annular vessel, which forms a

jacket round the tube in which carbonic acid is condensed

by the action of another doubly-acting pump.
The liquid carbonic acid is reduced to a temperature of

G5° C. by the cooling action of the " jacket," and,

consequently, when the pump is reversed and used as an

exhaust pump, the evaporation of the cooled liquid produces

an extremely low temperature, and the vapour can again

be condensed so as to form a liquid jacket round the oxygen
tube, having a temperature of —130° C. This tube of copper

was made very strong to withstand pressure. The oxygen
gas was passed into the tube direct from a strong iron

retort in which it was evolved, and thus the pressure

continued to rise as more and more oxygen entered the

tube. At a pressure of about 500 atmospheres, the

manometer remained stationary, showing that liquefaction

had begun. The whole of the tube was at length filled

with liquid oxygen, which was examined by opening

a stoiJcock, when a jet of a lustrous liquid issued with

great force from the tube, to be speedily dissipated by

evaporation.

Cailletet, who worked independently at the same problem,

first succeeded in liquefying oxygen on the very same day

as Pictet. He employed simpler appliances, and worked
on a different principle. He relied for obtaining his

frigorific effect upon the chaleur de ile.tcittf, or latent heat of

expansion, of the gas with which he was working. The
term " latent heat of expansion " is not a very good one,

as gas is not cooled by merely expanding to fill a vacuum.
When, however, a gas is allowed to expand in such a way
as to do mechanical work, the gas loses in heat the

thermal equivalent of the mechanical work performed.

In Cailletet's experiments, the gas was contained over

mercury in the capillary bore of an immensely strong

glass tube. The tube was screwed into an hydraulic-

press worked by the leverage of a large wheel. The
experimental glass tube was surrounded by a freezing

mixture of which the temperature for the experiments was

not lower than about —30° C. So that in CaiUetct's

experiments no attempt was made to surround the gas

with a very cold atmosphere. When the pressure attained

300 atmospheres the oxygen still remained in the gaseous

condition, being much above the critical temperature, but,

on suddenly withdrawing the constrahiing force from the

piston of the press, the gas as suddenly expands, the

elasticity or spring of the gas drives back the liquid and
the piston, and the sudden mechanical eflbrt of the gas is

accompanied by a sudden chill sufficient to brmg the

temperatirre below the critical point. The liquefied oxygen

was seen in the tube immediately the pressure was

released. Cailletet's method had the advantage, that the

process could be watched through the glass walls of the

tube. On the other hand, Pictet's arrangement enabled

him to prepare a larger quantity of the material, and to

observe its behaviour when exposed freely to the atmos-

phere. As we have said, the liquefied oxygen was
dissipated immediately by evaporation, so that no ex-

amination of its properties could be made. A fine mist, or
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clond, which formed wlien the oxygen evaporated may have
beeu due to small particles of solid oxygeu.

Experiments conducted since those of Cailletet and Pictet,

fifteen years ago, have been designed so as to permit of the

examination of the physical properties of the liquefied sub-

stances. This has been efl'ected by obtaining such low tem-

peratures of the material, and such a low temperature of its

immediate surroundings, that the evaporation of the liquid

(whether hydrogen, oxygen, or nitrogen) only takes place

slowly under ordinary atmospheric pressure. In Cailletet's

experiments, a liquid was obtained under low pressure,

but the surroundings of the liquid were relatively warm,
so that the substance could not long remain liquid. In

Pictet's experiments the liquid could only be examined by
removing it from the cold atmosphere. In the experi-

ments conducted by Dr. K. Olszewski, the gas to be
experimented on was contained in the innermost of four

glass tubes placed one within the other. In the outermost
tube was placed solid carbonic acid and ether. By placing

this in connection with an air pump, the temperature of

the neighbouring tubes was reduced to —100^ C. This was
the method for obtaining low temperatures, employed by
Faraday in his later researches. Now comes a novelty.

Ethylene gas, brought from a Natterer's cylinder, is led

into the (second) inner tube. Here it is liquefied by low
temperature, and under a considerable pressure. The two
innermost tubes (into which the oxygen or hydrogen are

presently to be brought) are now surrounded by a tube

containing liquid ethylene at about —100^ C. This liquid is

protected from the warmth of the air by the outermost
jacketing tube of carbonic acid ice. By the action of an
air pump the pressure on the liquid ethylene is reduced to

10 mm. of mercury (about y^th the ordinary atmospheric
pressure) ; dry air at the same time is cautiously blown
through the ethylene to prevent its evaporation from
becoming violent. The gas (say oxygen) is now passed
into the two innermost tubes. The intense cold produced
by the evaporation of the liquid etbylene, the liquid being

to begin with at about — 100'^ C, liquefies the oxygen, which
is under a considerable pressure. But one more device

remains to be mentioned, the most singular of all in

Dr. Olszewski's process. The tiro innermost tubes, as has
been said, contain the liquefied oxygen. They are now both
put into connection with the air pump, and the pressm-e

is cautiously diminished. The liquid in both tubes begins

to evaporate and is thereby chilled. Presently, the liquid

in the outer tube begins to evaporate more quickly than
that in the innermost one, owing to the fact that it is in

contact with the (relatively) warm ethylene tube. The
whole of the liquid in the outer tube consequently evapo-
rates whilst there still remains a considerable portion of

the liquid in the innermost tube. The temperature of the

innermost tube has now sunk considerably lower than
that of the liijuid ethylene. Nitrogen can be frozen in this

way. By diminishing the pressure on the solid nitrogen,

and thereby causing evaporation, Olszewski obtained a

temperature of —225"" C, or less than 50° C. from the

supposed absolute zero of temperature, that is to say, the
point at which all the heat has been extracted from a

body.

The exceedingly cold liquid contained in the innermost
tube is protected from the relatively warm ethylene by the

non-ccndueting layer of rarefied gas in the intermediate
tube. Consequently, the substance remains liquid at

atmospheric pressure, or even at lower pressure for a

space of time (five to fifteen minutes) sufficient to allow of an
examination of some of the important physical properties.

Thus the specific gravity is determined by measuring the

height at which the liquid stands in the tube, hence

deducing the volume of the liquid ; then collecting the gas

after evaporation, and measuring its volume. The weight

of a given volume of //'is is, of course, well known. This is

necessarily equal to the weight of the liquid before evapo-

ration. Hence we know the weight of the liquid in the

tube. Its volume having been ascertained in the way
described, the specific gravity is readily calculated imder

atmospheric pressure ; it is found that

—

Melts at. Boils at. Critical Temp.

Oxygen ... — -101° - 118-8° C.

Sp. gr. of litiuid.

1-121 at -181-4° C.

Nitrogen ... -2U° -191-4° -146° C.

Sp. gr. of liquid.

-885 at - 194° C.

Hydrogen at — 213°C. lii|uefied under a pressure of

190 atmospheres ; with Pictet's temperature of 140° C. a

pressure of 650 atmospheres was required. The tempera-

tures recorded in the above observations were aU registered

with a hydrogen thermometer. The critical point of

hydrogen is — 220' C.

BEE PARASITES.-II.
By E. A. Butler.

(Continued from pa^/e 128.)

THE economy of the solitary bees is, of course, quite

unlike that of the social species, and it will be

anticipated that the parasitism from which they

sufl'er is also of a dift'erent type. In solitary bees

the species consist only of males and females, and
hence all the labour necessary for the rearing of the young
falls upon the latter sex. They excavate tunnels in sandy
or clayey banks, posts, trees, or wherever else the habits of

the particular species dictate, and in these burrows cells

are arranged, each intended for a single grub ; the eggs are

deposited upon a previously provided stock of food, con-

sisting chiedy of the pollen of fiowers, often made up with

a little honey into small pellets. As the larva, like that of

the hive bee, is a footless maggot, quite unable to leave

the cell in which it is cradled, and is not continuously

tended by its parent, the amount of food provided must be

such as wiU last it during the whole of its larval life. This

quantity is not large, considerably less in fact than might

have been expected, but its amoimt has, in some inscrutable

way, to be correctly estimated by the mother bee. A slight

deficiency in the amount would probably not be fatal to

the life of the grub, but would rather result in dwarfing

the size of the insect produced ; hence the physique of the

race would seem to depend in great measure upon the

accuracy of the mother's estimate of the amount of food

her offspring will require.

When the pea-like globtde of bee food has been provided,

the egg laid, and the cell closed, the mother's work, so far

as concerns that particular member of her family, is done
;

her other toils consist simply of repetitions of these opera-

tions on behalf of the remainder of the brood. Many
journeys abroad and much diligent work therefore devolve

upon her before she has fully discharged the function she

has to perform in the world ; and as the collection of

pollen and the construction of the burrow and its cells are

dependent to a great extent upon weather, since bees have

a great dislike to cold and windy or damp days, the com-

pletion of the important task of laying the foundation for

next year's race will often, in the uncertamties of our

English climate, become a rather protracted business. As
so much outdoor work is involved, it is clear that the

burrows will often be left by the solitary owner unprotected.
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so that abundant opportunities are afforded to parasitic

insects of various kinds to effect a surreptitious entrance.

Disguise therefore would, in such cases, serve no good
purpose, and accordingly we find that the parasites of the

solitary bees do not mimic their hosts, but are often as

unlike them as could well be imagined ; they seem, in fact,

in some cases to have gone to the other extreme of casting

caution to the winds, and boldly advertising themselves in

the brightest of colours. For obvious economic reasons the

diameter of the burrow is usually not much more than suf-

ficient to admit of the easy passage of the bees along it.

This, no doubt, has some effect in determining what insects

shall be parasitic upon any given species of bee, for it evi-

dently fixes a maximum limit of size for the invader, none
being able to gain entrance whose dimensions are too

portly. Moreover, as in the majority of eases the stranger

will be reared either upon the food stored up for the young
bee or upon the young bee itself, we may expect that for

this reason also the size of the parasite will not exceed that

of its host.

Our British insect fauna would yield many illustrations

of the above general principles, for there is probably no
species of industrious bee that is not subject to parasitism

of some sort or other. A few of the most remarkable of

these may be given, and, as in our former paper, we will

first consider the parasitism of bee upon bee. There is

an insect commonly found burrowing into banks which is

no doubt often mistaken for a humble bee. The female is a

stout-bodied, densely hairy, black creature, with blunt

round body, and thick reddish brushes on its hind legs
;

the male is altogether different, being yellowish brown,
with long shaggy tufts of hairs on its feet. Notwithstanding
that it has somewhat the appearance of a l^amhus, it is not

a social insect, though it is gregarious ; by which is meant,
that the species does not consist of large numbers of

individuals of three sexes inhabiting the same nest, but of

pairs of individuals of two sexes not living in the same
nest, but each female constructing a separate burrow for her
own young, though in close proximity to those of her
neighbours. They may be distinguished from the social

humble bees by the structure of the hind legs, on which no
" corbicula " is found, such as a Bomhus would have.
This bee is called Antlwphura pilipcs, and it is one of the

earliest to appear in spring time. It builds, or rather
excavates, in steep bare banks or other exposures of earth,

and will often take advantage of artificial accumulations of

this kind. Thus I once saw a large colony which had
formed their burrows in the walls of a thatched shed built

up of turf, clods of earth, and dried mud ; the bees were
flying in swarms round the building, busily engaged in

constructing their cells or provisioning their nests.

This insect has associated with it an extremely handsome
parasite called ilch'cta annntn, which is a bee of an
intensely black colour, with ash-coloured hairs on the head
and thorax, and beautiful snow-white tufts adorning in

elegant contrast the sides of its otherwise jet black abdomen.
It has a pointed body which is nearly bare, save for the

snowy patches, and, of course, its legs do not carry brushes
for the conveyance of pollen ; in fact, milike most bees,

parasitic or otherwise, it ajipears to visit flowers very
seldom. From this description it will be seen that the
parasite is quite unlike its host, both in shape and adorn-
ment. There is great difficulty in accurately determining
the dstails of the life-history of many of these bees, as will

be evident from the fact that their nurseries are situated

several inches below ground at the ends of narrow and
dark passages, and that all the incidents of their domestic
history are transacted in these retreats, remote from the
curious eye of man ; but it is pretty certain that in these

cases of the association of bee with bee, the egg of the
parasite is laid upon the store of food provided by the
industrious bee, and the larva of the parasite, instead of

that of the host, is nourished upon this store. Thus, from
the habit of laying their eggs in other bees' nests, and
leaving their young to be fed with materials furnished

by a foster parent, these and other bees with similar habits

are often called cuckoo-bees. It is a curious fact that

there is another species of Anthophora very closely allied to

the above insect, so closely indeed, that it needs a keen
scrutiny to detect the points of difference, and that this

too has a Mclecta parasitic upon it, which agam is specifi-

cally distinct from the other, though equally closely allied.

Hence it would appear that the association of these bees is

of long standing, and that whatever causes have produced
the differences between the two hosts, have in like manner
affected the parasites, though not quite to the same
extent.

We have a large genus of elegant bees with bare legs

and bodies, which latter are very prettily variegated with
bands of brilliant yellow, reddish, and black ; hence they
are often called wasp bees. They are, however, true bees,

and are not vindictive like the wasps, for, though the

females are possessed of stings, they cannot do much
dama.ge with them. They have the additional advantage
of exhaling a fragrant odom'. The genus is called Xmnacld,

the name being given in consequence of their roving
habits ; for they appear to be entirely parasitic, being in

fact structurally mcapacitated for the collection of pollen.

Very little is definitely known of their economy, but
it would appear that their eggs are laid in the nests of

sober-coloured industrious bees, especially those of the

large genus Andrena, and it has been thought that

they are laid before those of the rightful owner, so

that, when the latter finds the store of food she has
accumulated appropriated by a stranger, she deserts

the cell, and forms another, leaving the intruder in

undisputed possession. Sometimes two eggs are provided
for a single cell, in which case one or both of the resulting

bees is often smaller than usual. These parasitic bees

must, in fact, often be driven to considerable straits in their

endeavours to make a fair provision for their progeny,

being so entirely dependent upon charity ; visits to many
a burrow may be necessary before a cell can be found with

a sufficient store of pollen already accumulated, and after all

the egg may have to be laid in an insufficiently provisioned

cell, so that, in return for their shiftless habits, they have
to run the risk of great variations in size, some being much
dwarfed by a deficiency of food. As a compensation for

these risks, they are spared an immense amount of labour,

especially in the excavation of burrows and the collection

of pollen. The hollowing out of a main tunnel to the

depth of six inches or a foot, with short branch tunnels

opening out of it, and all by the successive snipping off' of

fragments of earth with the jaws, and their conveyance
outside, represents for a small insect a great deal of hard
labour. And then the search for suitable wild flowers,

growing within reasonable distance of the nest, and the

collection from them of pollen to be worked up successively

into pellets, one for each cell, involves a great many
journeys and a considerable expenditure of time, which
must often tax the energies of the industrious bees to the

utmost. From all these toils the Xomaihr are exempt,

unless indeed the closing up of the cells after they have
laid their eggs devolves upon them as some have supposed

;

notwithstanding the risks therefore, they must, on the

whole, find the practice of parasitism pay, or they would
have become extinct ere this.

The Nomiidie are not interfered with by their hosts,
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nhich, oil the contrai-y, calmly acquiesce in the appropria-

tion which renders much of their labour abortive ; hence

the parasites fly freely about amongst them, and pass in

and out of the burrows without opposition. An interesting

observation of Mr. F. Smith may be quoted in point. The
host in this case was a brownish stout-bodied bee, the

female of which (Fig. 3, a) is a good deal like an Anthaphoni

A B
Fig. S.— A. Solitary bee {Eiicera loiigicornis, female). B. Its

parasite (Xomada sexf-asciala), slightly magnified.

in shape, while the male may be easily distinguished from

all other British bees by its enormously long antennsp,

which are nearly as long as the body, whence its name
F.wcni loni/iconiis, both parts of which refer to this feature ;

when freshly out it is a handsome insect with rich brown
hairs on its thorax, but it soon fades on exposure to

the sun and becomes weatherworn, old specimens

appearing with dirty grey thorax and ragged wing-edges.

The Xomailn parasitic upon this is one of the largest and
finest of the genus ; it is called A', .s/wfuscintti (Fig. 3, b),

in reference to the six yellow adornments of its abdomen,
which consist of three bands and three pairs of spots. Mr.

F. Smith says that, whilst watching a colony of Km-era,

the males of which were sportively flying round in circles,

while the females were intent upon their maternal duties,

returning every now and then heavily laden from their

expeditious, he saw the piarasites sometimes enter the

burrows. Sometimes a laden female would return to its

burrow just after a Xamadn had entered it. On discovering

the presence of the intruder she did not give battle, though
much the stouter and heavier insect, but would simply

retreat, fly off to a little distance, and wait patiently till

the parasite issued from the burrow, when she would
return to deposit her load. At a later season he unearthed
some of the cells, and found the young parasites in them,
two in each cell. The bees of this genus, Xomoda, have
not got their parasitism so definitely settled as those of

the former genus Mehctn ; some of them are attached to a

single species of industrious bee, but others are less

particular, and depend upon a variety of hosts. Moreover,
they do not, as a genus, confine themselves to a single

genus of hosts, but divide their attentions amongst several

that are of similar habits.

In the leaf-cutter bees we have a very peculiar and
distinct set of insects, and, as might be expected, then-

parasites are equally distinct. The hosts line the cells

they construct for their yoimg with fragments of the leaves

of shrubs, and everyone has probably noticed the ap-

pearance the leaves of rose-bushes present in gardens when
they have been mutilated by these insects for this purpose.

Semi-circular pieces are seen to have been cleanly cut out
from the sides of the leaf; several such cuttings being
often made from the same leaf when it is large enough.
The bees themselves are not so often noticed ; they belong

to the genns Mniiichlle, and are remarkable, not only for

the leaf-cutting habit, but also because they have the
whole of the under surface of the abdomen densely covered
with hairs, which they use as their pollen-collecting

apparatus. After visits to flowers, this part of the body

Fio. 4.—Section of
cell of leaf-cutter bee
(^eg a chile), with
cocoon. Magnified
2 diameters.

may be seen to be heavily laden with the precious grains.

The construction and furnishing of the cells is quite a

work of art. A tunnel is first excavated to a length

sufficient to accommodate perhaps half a dozen or more
cells; the cells themselves (Fig. 4), which are composed
entirely of leaves, are fitted into this,

and placed one after the other along

its length. An oval leaf fragment

being placed so as to cover the end
and a little of the sides of this tunnel,

a number of semi-oircular, neatly cut

fragments are next placed round the

sides in regular order and laid close,

one upon another, each partially over-

lapping its neighbour, thus making a

lining to the tunnel of several layers

thick ; the number of layers appears

to depend upon the nature of the

material in which the tunnel is ex-

cavated, and its condition as regards

moisture, kc. : a specimen now before

me has four such layers. A mass
of mixed honey and pollen is now introduced, an egg is

laid, and then some rin-iilnr pieces of leaves brought to

cover up the opening, just in the same way as the house-

wife puts a layer of paper over the jam in the recently

filled jar ; the specimen above mentioned has also four of

these. A second cell is then built up in a similar way at

the end of this, and so on till the whole set is complete :

the whole tunnel is thus lined with leaves, and there are

at regular intervals cross partitions, which are the tops

and bottoms of the cells, and the leaves serve to protect the

food from contamination by the walls of the tunnel, as

well as to prevent loss of its more liquid component by
soakage. When the larva has devoured the food, it is full

grown ; it then forms an oval lining of silk in the cylindrical

cell, taking care to shut in the excrement which has
accumulated during its larval life, between the walls of

this silken lining and the outer leafy hangings of the cell.

Within this cocoon it becomes a pupa.

These leaf-cutters are subject to the parasitism of a

genus of cuckoo-bees called CnUoxi/s, which are black,

almost hairless, cruel-looking insects, with pointed abdomen.
They present a great contrast to our last illustrations, the

Xoiini(hr, for instead of the gay colours, graceful proportions,

and fragrance which distinguish that genus, they exhibit

a sombre and funereal appearance and a less elegant form,

and give out a disagreeable odour, which, no doubt, helps

to secure them from attack. It is evident that they must
keep a constant watch on the doings of their hosts, in

order that they may introduce the egg just in the nick of

time, after the cell has been sufficiently provisioned, and
before the first layer of its many-plated lid has been put

on, and hence they are usuaUy to be found in the

neighbourhood of the burrows of the leaf-cutters.

(To be continued.)

ON THE CAUSE OF EARTHQUAKES.
By the Eev. H. N. Hutchinson, B.A., F.G.S.

RECENT investigations have shown that terni lirmn

is a phrase indicating a condition of things which,

scientifically, has no existence. The crust of the

earth is in a state of constant movement. Geo-
logists have begun to study systematically the

phenomena of earth-movements of all kinds, and some of

the results are such as cannot fail to interest even the

general reader. We aU have a stake in the condition of our
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planet. However, those •who live in a region seldom visited

by earthquakes are apt to overlook the importance of the

subject. " Out of sight is out of mind," but as new
methods of investigating and recording earth-tremors, or

throbs, are invented, these things are brought more pro-

minently before us. Seismology, or the study of earth-

quakes, has lately been making great advances, and has

revealed slight movements, the existence of which was
previously unsuspected.

In ^^ew of these additions to our knowledge of an im-

portant branch of natural science, we propose to say a few

words on earthquakes and earth-tremors of all kinds,

dividing the subject under three heads : (1) IVlmt they are,

(2) Wliat tJic;i (hi, and (3) Ihm' tlieij are caused.

An earthquake has been defined by a high authority,

the late Mr. Louis Mallet, as a wave or series of waves, of

elastic compression, through the crust of the earth, in any
direction, and from any given "centre of impulse." To
understand this definition, think of what takes place when
a stone is thrown into a pool. A disturbance is made at

the place where the stone strikes the water ; that spot

corresponds to the " centre of impulse," the particles there

communicating the movement to those next them, and
these in their turn to others, and so on. In this way a

series of concentric waves is produced, which get fainter

and fainter, until finally they reach the edge of the pool.

This is very similar to what happens when a sub-

terranean disturbance gives a blow to the earth's crust,

and a series of earthquake waves is produced from some
seismic centre. But, in both cases, the waves really travel

in spherical shells. (See figure.) These waves, be it re-

A, Centre of impulse ; 1, 2, 3, 4, 5, 6, Waves ; A C B, A D B, Angles
of emergence.

membered, are due to wave-motion, like waves of sound,

and are by no means waves of translation. Each particle

of earth merely moves as the ears of corn move in a

field when they bend to the wind, and produce waves
which travel across the field before the wind. It is

clear that the undulatory movements due to an earth-

quake shock must strike the surface of the earth at

difl'erent angles, according to the distance of the seismic

centre. Thus, a person who might liappen at the time to

be standing on the spot B in a vertical line above such a

centre would feel an up and down movement, and a block

of stone lying near him might be thrown straight up in the

air ; but if the person were some miles away from this spot,

it is evident that the waves coming sideways would strike

him to the ground he stands on obliquely ; and " the angle

of emergence " becomes less and less the further we recede

from the spot lying just over such a centre. Now, it is

possible, by observing the effects of earthquakes on
buildings, to determine the direction in which the shock

arrived, and to calculate the " angle of emergence." This

is done chiefly by studying the cracks produced in buildings,

and makmg allowance for the circumstances of each case.

If, then, this angle can be ascertained for two places, and
the distance between them is known, a triangle is obtained,

the base of which is known, and the angles at the base

;

hence it is easy to calculate the depth of the centre of

disturbance. Such calculations have been made in

several cases, and the results arrived at are of considerable

interest ; for they tell us that in no case is the seismic

centre at a greater depth than thirty miles. In some
cases the earthquake has been found to have originated

at a much less depth. If these results are trustworthy, as

there is reason to think they are, the conclusion is that

earthquake phenomena are not connected with the deeper-

seated portions of the mass of the globe, but with those

superficial portions commonly included in the earth's crust

;

and probably with the stratified series of rocks and their

associated volcanic and plutonic rocks, rather than with

the original mass which we believe to have solidified from

a molten and highly-heated state.

Earthquake waves can be measured, and it is found that

they are quite small, haAing amplitude of perhaps only

a few inches. The crust of the earth vibrating in response

to a seismic blow may be compared to a big bell resounding

after its inner surface has been struck by the clapper. In

either case the amplitude of the vibrations is capable of

measurement, but the undulatory movements are not

visible as we look at a sounding bell, though a marble

suspended by a string and allowed to touch the bell's

rim would at once demonstrate their existence by
oscillating to and fro. The reboimding marble aptly

illustrates the case of a block of stone being hurled up into

the air by an earthquake wave. It is known that sound
travels with different velocities through different substances,

according to their compactness and elasticity. Hence we
need not be surprised to learn that earthquake shocks

have sopietimes been heard twice ; once through the solid

rock, and so up to the ear, and again through the air wliich

transmits the waves more slowly. Mr. Mallet made some
interesting experiments on the velocity of transmission of

waves due to a blow, through difl'erent substances.

In air the mean velocity of sound-waves is 1138 feet per

second, but it varies with the atmospheric temperature and
pressure—in water 4692 feet, and in a bar of iron 11,040

feet per second. The movements of the gromid during an
earthquake are of a complicated character. In addition to

the two kinds of movement which have generally been

observed—namely, the upward shock, and the long

undulations, spreading in all directions, like marine waves
—most authorities have added a rotating or gyratory

movement. This causes a twisting of the ground, which
has not only been seen but felt. Humboldt says that in

Chili three great palm trees were seen to twist round one

another like willow-wands, after each had swept a small

space round its trunk. Pinnacles of buildings have likewise

been found to be twisted. The noise accompanying an

earthquake often resembles that of an explosion. Since

the velocity is afl'ected by the hardness of the rocks, it

follows tliat strata containing any hollows partly break and
check the waves, as stakes driven into a shore break the

force of sea-waves in a storm. Hence we find that the

early (rreeks and Romans dug wells to fortify some of their

cities, and prevent their complete destruction. In South

America the natives have long ago adopted the same plan.

Springs and natural underground passages for this reason

afford considerable protection to cities which are liable to

be visited by earthquakes.

Much has of late years been learned regarding seismic

disturbances by taking observations which give the

direction of the wave or waves, its velocity (obtained from

the exact time at which it reached difl'erent places), and tlie

" angle of emergence " as previously explained. The
results are mapped out, and thus an " earthquake chart"

is made, somewhat resembling the "weather charts"

published daily in the Times newspaper. This done, it is

invariably found that the greatest destruction is eft'ected
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directly over tlie " centre of impulse," and that the waves

run roighlv in circles or in ellipses from such a central

spot. But the shapes as mapped out are often very

irregular. This will be due to the nature of the surface of

the ground and of the rocks below. It appears that in

mountainous countries, like Switzerland and the Pyrenees,

the great undulations are propagated in the direction of the

valleys. In striking against the tilted strata at the bases

of mountain masses they behave like waves of a river

which dash against a bank, breaking up and changing their

courses, and running along at the foot of the heights in the

same direction as the stream of the valley. Earthquakes,

though -^-ioleut in their etfects, are fortunately of very short

duration. The great Calabrian earthquake lasted barely

ten seconds

!

We must now pass on to our second question, and
consider the crl't'cts of earthquakes. First, they make many
noises, variously described as resembling explosions of

mines, distant artillery, peals of thunder, roar of cataracts,

&c. Sometimes the shocks are felt before they are heard.

Take the famous Lisbon earthquake of 175.5. Towns in

Portugal were overthrown, and places even in Morocco
suffered considerable damage. The undulations extended

over one-twelfth of the earth's surface ! Thousands of

persons were killed in Lisbon, and the sea was greatly

disturbed. In England, lakes and pools oscillated to and
fro like water in a basin suddenly tilted. Even Iceland

was affected. The sea rose in a great wave round the

coasts of Britain, and ten hours after, the sea round the

West Indies was greatly disturbed ! Shocks occurred for

some months afterwards.

Sometimes, as at .Jamaica in 1G02, the sea-wave does

more damage than the land-wave. At Port Royal, 2500
ho'.ises were covered with water to a depth of 33 feet. It

is interesting to note the behaviour of animals before an
earthquake. They seem to be able to detect slight tremors

of the ground which we ourselves do not notice, and which
precede earthquakes. Eats and mice leave their holes.

The ground is frequently rent asunder, and sometimes
permanent changes of level take place.

But it is not of the effects of seismic disturbances that

we wish now to speak ; they are well kuown, and have

been repeatedly described. Their nature and origin, though
less clearly understood, afford more interesting matter for

a brief paper such as the present. Let us therefore

pass on at once to consider our third question : how
earthquakes are caused. It has been shown in Switzer-

land that they 'are more frequent at night than during the

daytime ; and during winter than during summer. Facts

of this nature seem to indicate that the contraction of rock

masses, due to a lowering of temperature, such as absence

of sunlight would involve, is intimately connected with
whatever causes are at work in the earth's crust to produce
earthquakes. Such contraction might produce dislocations

in the rocks, and these would set up vibrations. Again,

by burying charges of gunpowder and guncotton, and
exploding them, Prof. Milne has succeeded in producing,

on a small scale, phenomena closely resembling seismic

disturbances. Experiments of this nature lead to the

conclusion that some sudden blow, or impact, is the most
frequent cause of earthquakes. But we must be careful

not to assume that only one cause exists, and that aU
earthquakes are due to the same cause. Evidently this is

not the case. During volcanic eruptions, and also previous

to an eruption, the ground trembles, and rumblings are

heard, as of earthquakes. In Switzerland, avalanches of

snow in slipping down a mountain side cause slight earth-

tremors. The occasional falling down of great masses of

rock produces similar effects.

The distribution of earthquakes helps to throw light on
this difficult and, as yet, rather obscure subject. Thus
they are found to be more frequent in mountainous regions

than in flat, low countries. They have a connection also

with volcanic regions, but rather an indirect than a direct

one ; for it is clear that earthquakes in general are not

due to volcanoes or volcanic phenomena. Some geologists

wrongly considered that all earthquakes were to be

regarded as incomplete or unsuccessful attempts to estab-

lish a volcano. In other words, they are not caused by
the struggles and efforts at escape made by superheated

steam retained at high pressure l3elow the surface of the

earth. Steam undoubtedly is the power chiefly concerned

in the production of volcanoes and of volcanic phenomena.
But although earthquakes are concomitants of volcanic

action, they are not to be attributed generally to the same
causes. Volcanoes are associated with great mountain
chains, because it is only along these lines of weakness in

the earth's crust—where the strata has been contorted,

crumpled, folded, and cracked, over and over again, on a

stupendous scale—that the masses of heated rock below

the surface, charged as they are with superheated steam

at enormous pressure, can hnd relief and come up to the

surface.

By burying telephones and microphones in the earth, it

has been found that slight noises and tremors which would
otherwise never be noticed—unless by animals—can be

detected. Transient shiverings of the earth's crust are thus

found to be very frequent. Even in Britain we have a soil

subject to storms of microscopic earthquakes which, in

other countries, would be the forerunners of actual earth-

quakes. Wherever these little earthquakes occur the

earth sends forth a medley of confused sounds—crackings

and snappings—probably caused by the rocks creeping

toward relief from the strains which urge them to change
their position. Thus we begin to reahze that the world is

quivering Uke a mass of jelly ! It is hardly too much to

say that this method of observation has enabled us in part

to perceive the constant working of the great telluric

machinery which continually builds our lands ! Between
these tiny movements and those which cause ordinary

earthquakes there is only a difference of degree. They
are essentially of the same nature. By means of delicate

spirit levels, the bubbles of which move ver\' easily, certain

other movements, called " earth pulsations," have been

detected by Prof. Milne. All these phenomena must be

taken into account if we wish to find a satisfactory ex-

planation. Mr. Mallet submitted for consideration the

following possible causes :— (1) The sudden formation of

steam by water coming in contact with highly-heated rock;

(2) The escape of steam at a high pressure through fissures

in the rocks and its condensation on reaching the sea
;

(3) Volcanic explosions
; (4) (Ireat fractures and disloca-

tions in the earth's crust, suddenly produced by pressure

or contraction, in any direction. The first three of these

suggestions are not sufficient to account for earthquakes

which occur outside volcanic regions ; the last one seems
to supply what is wanted, namely, an explanation which
connects earthquake phenomena with those movements of

the crust of the earth which (as shown in a piredous

article)'' raise our continents, elevate our mountain chains,

and afford means of escape for highly-heated rocky matter
and associated steam from those deeply buried regions

where the internal and external portions of the earth react

upon each other. In mountain building and the folding

of strata we may look for the main cause of earthquakes.

It is titanic work, and must necessarily involve innumerable

* Knowledge for June, 1891.
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snappings and much slipping of rocks past each other.

Probably the slipping movements —the existence of which
is abundantly proved by the numerous " faults " so familiar

to geologists—took place gradually, that is, only a few

inches at one time ; so that a single fracture may have

given rise to hundreds, or even thousands, of earthquakes.

There is in mountain building a chance for many slight

shocks with but a small amount of motion. In the

formation of such folds as those composing ]\Iont Blanc

the tremors may have been numbered by the million.

If earthquakes are associated with the raising up of

mountains, who shall say that they are of no use ?

PLANETARY NEBULAE.

By Miss A. M. Clerke, ^i/iAoj-e.ss nf'A Popular History of

AKtronomy durini/ the Nineteenth Centiiry," and "The System of

the Stars."

THE question "What is a Nebula?" put by our

editor to himself and his readers in the last

number of Knowledge, must have brought home
to many minds, with startling distinctness, the

extreme difficulty of forming a rational conception

as to the real physical status of cosmical clouds and
cloudlets. They lie indeed so far beyond the range of our

immediate experience, that observations of them are apt to

become more perplexing the more they are rendered minute
and detailed. Speculations regarding their nature have
hitherto been sternly checked by the collection and verifi-

cation of facts. They flourish only under the shelter of a

certain amount of vague generality, while the test- questions

which every theory worthy of the name must sooner or

later put to experience, have so far uniformly been answered
in the negative. Added knowledge has not, accordingly,

in this direction, brought clearer understanding. In the

registration, for instance, especially by pliotographic means,
of- lines in the nebular spectrum, and in the accurate

determination of their places, much has of late been done

;

but their interpretation remains as backward as ever.

Nebular chemistry has scarcely yet entered upon the path

of progress ; what it has done hitherto has been mostly to

put a veto upon mistaken identifications, leaving affirmative

propositions to the future. It is acquainted with but one
terrestrial element ; almost the only positive assertion

warranted by the evidence at its command is that hydrogen
is extensively present in the " flre-mist " of the skies, and
present in a state of high molecular agitation. This

indeed is a most important piece of information ; the

possibility of obtaining it proves nebular to be separated

by no impassable gulf from terrestrial conditions, and
gives good hope, accordingly, of eventual advance along

this line of investigation.

A peculiar interest, then, attaches to the detection and
demonstration of structural resemblances between nebulae

and other heavenly bodies. Mr. Ranyard pointed out some
few years ago the faithful imitation of solar prominence-
forms by some of the gigantic outgrowths of shining fluid

from the trapezium of stars in Orion ; and the resemblance
is accentuated by the undoubted presence in the nebula of

the solar element helium. Cometary analogies, on the

other hand, are backed by no well-ascertained chemical
coincidences

; yet they are prevalent and remarkable. The
wings and wisps, the taOs, rays, and trains, the complicated
varieties of tenuous veils and envelopes that develop

together or in succession during the rapid sweep of a
great comet round the sun, are reproduced over and over

again, with endless modifications, in the " lucid matter" of

remote space. But they are stereotyped in being repro-

duced. Forms that might well be concluded to be purely

transitional, and that are in the highest degree suggestive

of evanescence, are nevertheless maintained, decade after

decade, without appreciable modification. Processes of

change are no doubt meanwhile progressing ceaselessly,

but on so vast a scale in space, and at so leisurely a rate

in time, as completely to baffle human observations during

the short span available for them. Hints as to their

character may, however, in the course of years, be gathered

by studying the distribution of matter brought about by

their action. The curious discovery, moreover, has of late

been made that data on this subject may difi'er widely, and
lead to widely different conclusions, accordmg as visual or

photographic means are employed to procure them. This

incongruity between effects to the eye and impressions on

the sensitive plate first became apparent in M. Trepied's

photograph of the annular nebula in Lyra (Knowledge,

vol. xiii., p. 253) ; it has now been found to cliaracterize

two well-known planetaries, and may be inferred to belong,

more or less, to all members of the same class.

The distinction between annular and planetary nebuhe
has been to a great extent abolished by the use of improved
optical appliances. Each kind seems to be made up of

three essential parts ; a faintly shining disc—or globe pro-

jected into a disc— a ring-like condensation near its outer

margin, and a central nucleus, presenting the appearance

of a star. This last feature is often seen only with extreme

difficulty, but there is reason to believe that it always

exists. Mr. Burnham, who has measured a large number
of these objects with the Lick Sfi-inch, for the purpose of

providing a standard of comparison for the determination

of their possible future movements, goes so far as to

suggest that the presence of a central star should be

regarded as the criterion of classification for planetary

nebulae.* He adds :
—" Various powers have been used in

studying these central stars, and particularly the brighter

ones. In no instance has any one of these stars presented

under any power any peculiar appearance. Bo far as it

can be determined in this way, they all appear to be true

stars, differing in no sense from the comparison stars.

Many of the nights on which these measures were made
were of the best quality, and any nebulous or other unusual

appearance should have been apparent if it really exists."

Nevertheless, photography has a very different story to

tell, as we shall see presently.

A small bluish disc observed by the elder Herschel near

the star v Aquarii was estimated by his son as equal in

light to a 6-7 magnitude star, and took its place as No.

4628 in his General Catalogue. It is No. 7009 of Dreyer's

New General Catalogue. With the Parsonstown reflector,

in 1850, the surface of the nebula appeared tolerably

uniform ; it was interrupted by no certifiable perforation,

and emblazoned by no central star. It gave the effect,

however, in 1878, not of strict eUipticity, but of being made
up of two overlapping circular segments.f It was seen,

besides, to possess a pair of singular appendages like the

" ansae " of the ringed planet in our own system ; and Mr.

Lassell's first impression of the object at Malta was that

of " a sky-blue likeness of Saturn." An interior ring, too,

measuring 26" by 16,j", and projected upon a hazy back-

ground, was plainly visible ; while a small star marked

the middle-point of the entire formation. Yet the great

Vienna refractor failed, in 1883, to display the star to Vogel,

although a power of 1500 brought out complexities of

internal nebulous arrangement strongly suggestive of an

essentially spiral structure. The results of Professor

* Monthlif Notices, Tol. lii., p.

t Trans. R. IJuhlin Society, vol. ii 159.





Photogmi.h ol LiiiUtuiiig Flaslji'.-. taken by Mr. F. II. Glew on the

28tli June. 1892, witli a lens mounted on the hammer of an electric bell,

vibratmg about nine times per second.

Photograph taken diiriu;; a lieavv tliu)idrr>tonn at Xewca^tle on the 17th

July, 1891, at 10.1.5 p.m., by Mr. W. F. Dunn, and believed by him to be a

photogi'aph of Ball Lightning.

The nearest house to the Lick Observatory, from a photograph taken

by Mr. S. W. Buexham.
The eye-piece end of the gi'eat Lick 36in. Eefractor, from a photograph

by Mr. S'. W. Burnham. The camp-stool is standing on the movable floor

of the Observatory, which can be raised or lowered by hydraulic machinery.
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Holden's scrutiny of the " Saturn planetary '' in August,
1888," with the Lick 30-inch, deserve careful considera-

tion. He found it to consist mainly of a star, or nebulous

nucleus, surrounded by an elliptical ring lying upon
an oval shield much less %-ividly luminous, while two
exterior nebulous patches, situated nearly in the pro-

longation of the major axis of the ellipse, seemed to be

connected with it by faint gleams of phosphorescent illumi-

nation. These represented the " ans;e " of earlier

observations, and indeed their detachment from the main
body had been suspected at Parsonstowu in 1852, and
pretty well made out in 1862. Possibly, they are embryo-
satellites of the nebulous system they are still partially

attached to ; nor can their position relative to its longest

diameter be easily regarded as accidental. We are irre-

sistibly led, on the contrary, to trace an analogy between
them and the nebulous efl'usions from the extremities of the

major axis of the annular nebula in Lyra , and to infer in

both cases the genuinely oval shape of the objects presented
to our view. For why should a mere perspective effect be
emphasized in any way by physical configuration ?

The nebula in Aquarius was perceived by Professor

Holden as of a pale blue, but its stellar nucleus as white
;

the difference of colour being in fact so decided as to require

a change of focal adjustment in passing fi'om one to the

other. The interior arrangements of the nebula were
evidently extremely intricate. The central oval, instead of

being bounded by a smooth curve, " looked like an elastic

link which had been warped." A sudden failure of light

in the glimmering ring near the southern extremity of its

minor axis enhanced the effect of distortion ; but a helical

form, though suggested, could not clearly be made out.

A strikingly similar object is situated in the constellation

Andromeda (N.G.C. 7662). Lnperfectly seen at first as a

unifonn. greenish-blue disc, an interior vacuity detected at

Parsonstown betrayed its true nature to be rather annular
than simply planetary. Nor is the ring it includes by any
means symmetrically shaped. Lassell considered it to be
bi-annular ; Professor Yogel was impressed with the warped
and twisted aspect of what may conceivably prove to be a

multiple combination of rings thrown off in various planes.

Closely-wound spiral branches, and a central star, were
perceived with the Eosse reflector ; but the object appeared
starless to Dr. Struve in 1847, as well as to Searle. using

the Harvard 15 -inch refractor, in 1866. Lassell gave
32" by 28" as the dimensions of the outer ellipse ; and saw
the " central star " in the guise of a minute planetary disc,

tinged with blue. To Vogel, however, it was entirely

in\asible, in spite of his best efforts for its discovery. Yet
he noticed the sparkling appearance which had misled
Father Secchi into the belief that he held in the field of

his equatorial a " magnificent ring of stars." f For the
" horse-shoe of star-dust " in Andromeda, like its niter eijn

in Aquarius, gives the usual gaseous spectrum of planetaries,

which is now known to mclude, as a fourth visible line,

the blue ray of wave-length 469, distinguishing stars of

the ^^'olf-Rayet type.

The photographic study of these two nebuhe, lately set

on foot by Dr. Scheiner at Potsdam, may be expected to

add much and rapidly to our knowledge of their nature
and conformation. The images obtained of them, although
only half a millimetre in diameter, show a considerable
amount of detail. They confirm the annular shape attri-

buted to them on the warrant of telescopic observations,

and bring out, with singular strength, the central nuclei

which the best telescopes have not always availed to

Monthly Notices, vol. xlviii., p. 391.

t Asfr. Xack.. Xo. 1018.

display. In the photographs these are, nevertheless, the
brightest joarts of each formation. Yet they are mere
irregular condensations, with no pretentions to a stellar

nature. The superiority of their actinic power repeats the
phenomenon first brought into notice by photographs of

the Lyra nebula, and seems to point to a general law.

Dr. Scheiner thinks it can only be accounted for by sup-

posing a predominant quantity of some peculiar gas
emitting, in the main, highly refrangible light, to be
collected in the central regions of planetary nebulae -,1 yet

the resulting nuclei, when they can be seen at all, shine
with a white light, bear a star-like aspect, and probably
give continuous spectra. The problem of their real con-
stitution is thus far from easy to solve. But, whatever the

secret of their photographic effectiveness, it is already

tolerably evident that they play a part of fundamental
importance in determining the structure of planetary
nebulae. They are perhaps the primary seats of the forces

by which these interesting objects are moulded into

characteristic shapes ; and the circumstance may be
regarded as a particularly fortunate one that the camera is

so well adapted to display and emphasize their complex
relationships with the nebulous masses organized, as it

were, under their immediate control.

M'

LIGHTNING PHOTOGRAPHS.
By A. C. Ranyard.

Pi. GLEW, whose lightning photograph appears
at the top left-hand corner of our plate, has
succeeded in roughly measuring the duration
of a flash of lightning. The ingenious
method he adopted will be foimd described

in his letter published in our correspondence column.
There is some doubt as to the direction in which the lens
with which the photograph was taken was moving during
the interval between the flashes. If, as seems most
probable, the lens was moving at the time of the flash

from the left-hand side of the plate towards the right,

the first flash must have been the faintest, and it must
have died away comparatively slowly to be succeeded after

an interval, which probably was not greater than about
the fortieth of a second, by a brighter flash, the duration
of which must have been less than the two-hundredth of
a second. Again, after a sUghtly longer interval (perhaps
the thirtieth of a second), there came the brightest of
the three flashes, which died away in an interval less than
the two-hundredth of a second.

If instead of moving from left to right the lens witli

which the photograph was taken was moving from right to
left during the interval between the flashes, the first flash

must have been the brightest, and it must have begun
with a faint glow which brightened gradually during an
interval less than the two-hundredth of a second until it

became intensely brilliant, and then suddenly ceased.
The scale of our plate is not sufficient to show this, but
the shading oft" of each of the photographic images of
the flashes towards the right hand is distinctly recognizable
in the silver prints from Mr. Glew's negative. Probably
the duration of the discharge, and its mode of ai-ri%-ing at
any particular point in its course, varies with the con-
ducting power of the air or cloud or the terrestrial bodies
from which it is derived. This is well illustrated by the
old experiment of placing a httle loose gunpowder over
the interval between two wires, and dispersing it without
explosion by the discharge from a Leyden jar sent through
the wires, after which a few inches of wet string are inter-

it: Asfr. ync/i,, 'So. .30b6.
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posed m the circuit, and the discharge is fouud to be
sufficiently prolonged to fire the gunpowder before it is

blown away.
From what we know of the travelling of waves along a

narrow channel, it seems probable that the maximum
electric disturbance would lead the way, and that it would
be followed by a decreasing wave, rather than that a small
disturbance should arrive first and be followed by an in-
creasing disturbance, but it is desirable that this question
should be set at rest

; possibly Mr. Glew, or somebody in
the future, may succeed in taking lightning photographs
with a lens moving uniformly in a circle of sufficient size,
with respect to the photographic plate, to enable us to
determine the part of the circular path which was being
described at the time that the photograph was taken.
The photograph at the top right-hand corner of our

plate is beheved by Mr. Dunn, who took it, and by his
father, who was standing beside him at the time, to be a
photograph of ball lightning. At about a quarter past ten
on the evening of the 17th of July, 1891, Mr. W. F.
Dunn and his father were standing at the open window of
an upper room of their house in Westmoreland Eoad,
Newcastle-on-Tyue. A severe thunderstorm was passing
over the town, and the sou had his camera pointed out of
the window ready to take a photograph. The window
overlooks the valley of the Tyne from a point above the
Elswick Works. Suddenly the father saw a ball of fire,

which appeared to him to be over the river, and to be
moving in an easterly direction down towards the sea— '

not very rapidly, but faster than a man could run. The
ball appeared to Mr. Dunn to be about two feet in '

diameter, and when nearly opposite to the house it
i

stopped and then disappeared. Mr. Dunn thinks that
j

about the time it stopped he called to his son to make
an exposure. The son says that he took off the cap of the

'

camera for an instant, and replaced it. The plate was
developed in the ordinary way. It was by no means

'

the first plate which Mr. Dimn, juu., had developed.
He had been practising photography for some months,
and had obtained several successful photographs, and

'

never before or since has developed a plate which showed
a patch or streaks similar to those found upon this plate.
Both father and son have made statutory declarations
before a magistrate as to what they .saw and beheve with
respect to the photograph, and they have kindly submitted
the statutory declarations, as well as the original negative,
to me for examination. I have also had anopportumty of
asking Mr. Dunn, sen., some questions as to what" he
remembers. He says that the ball of fire appeared to be
about twice the diameter of the moon. If it was two feet in
diameter, this would correspond to a distance of about
115 feet; but the place over the Tyne where the ball of
fire appeared to be is certainly at a much greater distance
than this from his house. The camera with which the
photograph was taken has a focal length of about
5i inches

; consequently, a photograph of the full moon I

taken with it would only have a diameter of about
|

oVth of an inch, but the bright patch which he beheves
1

to correspond with the ball lightning has a diameter
of li inches on the original negative. Therefore, if it

represents the ball of fire, the ball must have had a
diameter of about 1,5^, and it must have either been much
nearer to the window than Mr. Dunn supposed, or its

diameter must have been much greater than two feet. I
am far from feeling convinced that Mr. Dunn has succeeded
in photographing ball lightning, but it seemed desirable
to reproduce his photograph, with such particulars as I
could gather ; for a photograph showing somewhat similar
streaks and patches was shown to me in 1889. It had

been taken during the thunderstorm which broke over the
metropolis with great %-iolence on the Gth of -June, 1889,
and was believed by the young man who took it—and who
kindly called upon me and allowed me to question him

—

to be a photograph of lightning, though I was inclined to
attribute the marks upon his plate to want of care in
developing.

The two lower photographs shown on the plate
published with this number of Knowledge are copied
from photographs sent me by Mr. S. W. Burnham, who,
our readers will regret to hear, is about to leave the Lick
Observatory and return to his old profession in Chicago.

Utttcvs.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

To the Editor of Knowledge.

Dear Sir,—I beg to enclose a photograph of a discharge

of lightning. Tlie photograph was taken about 9.50 p.m.
on Tuesday, June 28th, 1892. The camera was pointed

S.E. from the door, at 156, Clapham Road. The lens was
secured to the hammer of an electric bell, giving nine com-
plete vibrations per second, the amplitude being about \ of

an inch. It is evident that the main flash and its side forks

all took place in less than the half of one vibration, and the
motion of the lens separated the three component flashes,

which to the eye would have appeared to be superposed.

I compute from measurements that the whole discharge

occupied about the o\jth part of a second, and the interval

between the components about ^^th of a second. It will be

seen that the right-hand side of each spark is fainter than
the left, showing that the duration of each component was
considerable, and not of the same intensity throughout its

existence. The original negative shows this a little clearer

than the print. Thomas's " Sandell " plates were used,

which being thickly coated, in separate layers, has prevented

halation defects. Some of the shadows of chimney-pots are

due to sheet lightning previous to the grand flash. The
vibrations of the lens were in the same plane as the plate,

and in the direction of its length.

Yours faithfully,

156, Clapham Road, London, S.W., F. H. Glew.
July 11th, 1892.

P.S.—It will be seen that one portion of the flash is

converted into chain lightning, this being due to the

motion of the lens being almost in the direction of the

length of this part of the flash, and in consequence of this

the diflferent curves have been more or less superposed m
direction of length, in the form of a chain. I think this

throws some light on the so-called chain lightning as seen

by the eye, for if the duration of a compound spark is so

much as j-^gth of a second, it is possible for the eye

(corresponding to the lens of the camera) to move through

a certain distance, and if this movement of the eye happens
to be in the direction of the length of the compound spark,

then its components will be drawn out into a chain-like

structure or complex ripple. Perhaps the duration may
be even greater than -r}^i\i of a second in some cases, and
the eye may be set in motion by the first component of the

flash. As the tendency of the eye would be to move in order

to bring the object into the best position for distinct vision,

so I think the ett'ect of chain lightning might be formed in

this way, or by accidental motion of the eye of the observer

during the display. —F. H. G.
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DOUBLE STAR ORBITS.

To the Editor of Knowledge.

Sir,—I am glad to hear that Mr. See is about to publish

a fuller exposition of his views as to the orbits of double
stars. I ask leave to add a few words, however, in order

that my objection may be more completely dealt with in

his forthcoming worli. I think I am correct in saying that

equality (or a near approach to equality) of mass is onr of

the circumstances which, in his opinion, tends to produce

the high eccentricitv of binary star orbits ; and if this be

so, we ought to obtain on the nivroiir a higher eccentricity

for binaries with equal than with unequal masses. I did

not, of course, intend to apply this reasoning to each
individual case, but I think the average in the two cases is

about the same.

A point of considerable interest raised by Mr. See is that

of the age of a binary system. It would follow, I think,

from his principles that the orbits of the close binaries

recently discovered by the spectroscope should be pretty

nearly circular. Further spectroscopic observation may
throw light on this subject. All the spectroscopic binaries

or variables of the Algol type have, so far as I know, spectra

of the first type. From this we might, perhaps, infer that

binaries with this spectrum, like Sirius and Castor, were
of more recent date than binaries with spectra of the
second (or solar) type, and that consequently their orbits

should be on the average less eccentric. I doubt whether
this is so.

We are, unfortunately, unable to observe the effects of

nearly equal masses in the binaries within the solar system.
The earth and moon are not far from the closest approach
in the case, but the ratio of the masses is eighty to one.

Is the mass of Neptune's satellite known ?

Truly yours,

W. H. S. MoNCK.

Notice of ISoolt.

Island Lit I- . By Alfi-ed Russel Wallace. Second Edition.

(MacmiUan & Co.)—It is about sixteen years since Mr.
Wallace laid the foundations of that branch of combined
biological and geographical science with which his name
will always be associated, by the publication of his great and
comprehensive work on the "Geographical Distribution of

Animals," a work followed in the course of four years by a

smaller volume containing a further exposition of his views
with regard to insular faunas and floras, and entitled "Island
Life." Now, after a further interval of twelve years,

we have a second edition of the latter work, and it is pretty

good evidence of the general soundness of the principles

originally enimciated that the author has practically

nothing to retract, and scarcely anything of his original

arguments e.ven to modify. The changes consist chiefly of

additions to the stores of facts already recorded about the

plants and animals of Great Britain, .Japan, the Galapagos,
the Sandwich Islands, Borneo, Madagascar, and New
Zealand, and these are the results of observations made
since the issue of the first edition. No better illustration

could be given than this book affords of the marvellous

change that has been introduced into biological studies,

and the immense amount of additional mterest that has
been imparted to them by the abandonment of the idea of

the fixity of species, and the acceptance of the principles

of natural selection and evolution. To one who imagined
that each species had been specially formed in the region

it now inhabits, and had always existed there since its first

formstJiion, what could have seemed more dry and
uninteresting than a catalogue of the fauna and flora of a

district '? On the other hand, to the thoughtful evolutionist

who recognizes that the whole of the present condition of
things is a product brought about by the inter-action

through long ages of various more or less opposing
influences, the very reverse is the case, and every name in

such a list becomes encircled with a halo of romance as the
questions arise. How came this organism to be what it is,

and where it is "? What past changes in its surroundings
does it bear witness to ? How can it be used to help to

unravel the tangled skein of the primeval history, both of
its race and of its present dwelling-place "? And these are

the questions which are ever kept in view by the author of
" Island Life," whence arises in the experience of the
reader a mental invigoration and stimulus as he

' follows the clear exposition of the argument.
Islands, in consequence of their restricted area and definite

boundaries, and the barrier the surrounding seas offer to

the migration of many organisms, are specially well

adapted for the study of questions connected with the
distribution of animal and vegetable life. But from the
point of view of the naturalist, there are remarkable
differences between islands, depending upon the time and
method of their origin. The Britisli Isles well illustrate

one of these types, that of the recent continental, the
'

comparative shallowness of the water that separates them
from the Continent indicating that their severance took
place at no very remote period. The plants and animals
accordingly show a close resemblance to those of the

Continent, and there does not appear to have been time
enough for the production of more than a few distinct

forms. From our poverty in indigenous species of the
larger animals, Mr. Wallace argues that the connection of

Great Britain with the Continent, after the last glacial

period had exterminated the previous and richer fauna,

was of short duration ; thus, while Germany has nearly

ninety species of land mammalia, Britain, having been early

cut off, has only forty ; it has also a still smaller proportion

of reptiles and amphibia. In none of these cases has the

effect of their isolation been such as to produce a distinct

species or even variety. Amongst birds, however, we
have the red grouse of the northern moors as a peculiar

i species, as well as two peculiar varieties of tits ; whUe our
lakes yield a goodly number of fishes which are found
nowhere else. The insect fauna exhibits more striking

peculiarities. A list of eighty-nine species and varieties of

butterflies and moths is given, which, so far as present

knowledge goes, are confined to Britain. These include

the splendid "large copper" butterfly, the glory of the

old collectors, but now, alas, extinct. Of beetles, again,

sixty-seven are enumerated which have not been dis-

covered elsewhere. Too much reliance, however, must
not be placed on these numbers, for it may well be that

many of these insects, especially the smaller species, have
hitherto been overlooked on the larger area of the Con-
tinent, and may be expected yet to turn up there. This

seems the more likely to be the case, inasmuch as, although

fifteen additional species have been included since the first

edition of '• Island Life " was published, there have been
' a still larger number removed from the old list in conse-
' quence of their having been since found on the Continent,

so that the total number of apparently peculiar beetles

is actually reduced from seventy-two to sixty-seven.

Whatever allowances be thus made, however, there

still remains, as Jlr. Wallace points out, enough to dis-

'• tinguish our insular fauna from that of the Continent.

The case of Madagascar is a great contrast to this
;

here we have an island separated by deep water from the

adjacent continent, indicating a much more ancient separa-

tion, and consequently there is much greater dissimilarity

in the types of both animal and vegetable life ; in fact, the
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fauna and flora of Madagascar, though showing African

affinities, is remarkable for the extraordinary differences

which exist between it and that of the continent opposite.

Hence, Mr. Wallace concludes that it was severed from
Africa before that continent received its present character-

istic assemblage of plants and animals, which apparently

migrated into it from more northerly parts. Madagascar
is thus regarded as having preserved its lemurs, tanrecs,

and other peculiar animals, as relics from a time dating

back at least to the Miocene period, before Africa itself had
received the baboons, antelopes, hi^jpopotamus, &c., which
now distinguish it, but which are absent from Madagascar.

The Sandwich Islands form a good type of the third

division, that of oceanic islands, which have never been
connected with any continent at all, but have been formed,

usually either as volcanoes or coral islands in mid-ocean.
In such cases we of course find no indigenous land
mammalia, since there would be no means for their con-

veyance thither, and whatever forms of life the islands have
received may be expected to have come from various

quarters, the winds and ocean currents being the chief

means of their introduction. Hence we find a somewhat
mixed assemblage, showing no close conformity to those of

any one particular continent. The flora of the Sandwich
Islands is very rich and extremely peculiar, there being,

out of 70.') flowering plants, no less than 574 which are

quite peculiar to the islands. Some of these, belonging to

genera which in other parts of the world are low herba-
ceous plants, attain the dimensions and habit of shrubs,
and even sometimes of trees ; such is the case with
certain lobelias, violets, and composittp.

In connection with New Zealand a most interesting

sketch is given of probable geological and geographical
changes in the remote past, by which Mr. "Wallace proposes
to explain the peculiar and puzzling character of the present
flora and fauna of the islands. According to this theory
New Zealand received the ancestors of its recently extinct

gigantic wingless birds, the moas, and of the present
rapidly disappearing apteryx or kiwi, by a connection with
north-eastern Australia, while that part of the island was
still unconnected with its western half, and had not yet

received its characteristic marsupial fauna, a route by
which also it received that part of its flora which is tropical

in character. Recent information as to soundings round
New Zealand, and the discovery of fossil tertiary and
cretaceous plants in both New Zealand and Austraha,
enable the argument here to be more fully elaborated than
was possible in the former edition.

RUMINANTS AND THEIR DISTRIBUTION.
By R. Lyuekker, B.A.Cantab.

FROM early times we find the function of ruminating,
or " chewing the cud," recognized as a peculiarity

of the group of mammals known in semi-popular
language as ruminants. Thus in Deuteronomy
the animals permitted for food are those that

" chew the cud and part the hoof" ; while the swine " which
part the hoof but do not chew the cud " are forbidden.
On the other hand, the camel, which chews the cud but
has not paired hoofs, is in the forbidden list. In the per-
mitted animals we thus have a recognition of the group of
ruminants as represented by oxen, .<:heep, and deer; of
which no better short definition can be given than that
they chew the cud and have each foot furnished with a
pair of hoofs symmetrical to a vertical line between them.
The want of the paired hoofs in the camels, which are
also cud-chewers, shows, however, that these two

characteristics will not hold good for the entire group. As
we proceed, we shall find that there are structural features,

common to the group, in addition to the peculiarity of

rumination ; but, before going further, we may observe that

the recognition of their paired hoofs, coupled with the

absence of rumination, is an exact statement of the rela-

tionship of the swine to the true ruminants.

The word "ruminant" comesfromthe Latin rumen, which
was applied both to the "cud" and to that part of the

stomach in which the latter is contained previous to

chewing. The Greeks had a word iiwruhi, or nwrulnzo

(from memo, to revolve), to express this action of cud-

chewing, and a derivative from the former was used by

Aristotle to designate ruminants, who tlms first

distinguished the group by a definite name. This early

recognition of the ruminants as a group is probably due

to their importance to man, the Biblical record .showing

that they yielded the only mammalian food permitted to

the Hebrew, and this pre-eminence as a source of food has

scarcely decreased to the present day. They are, moreover,

now the dominant type of larger mammals, as witness the

herds of bison which lately roamed over the American
prairies, and the droves of antelopes on the African
" veldt."

Commencing with the function of rumination, we may
observe that it is a re-mastication of grass or other

vegetable food, swallowed almost as soon as plucked, and
transferred to a special receptacle in the stomach. From
this, it is regurgitated into the mouth by a reversed action

of the muscles of the throat, and, after having undergone
mastication—or rumination—is transferred to the digesting

part of the stomach. Now, it is evident that this compli-

cated arrangement, so different from that of other animals,

must be of some special advantage to the ruminants. As
a matter of fact, these animals, like other large herbivora,

are obliged to consume a large quantity of food to obtain

sufficient nutriment ; and it is obvious that if this food had
to be masticated as soon as plucked, the operation of

feeding would be very protracted ; but by the arrangement
mentioned the requisite amount of food can be gathered

within a comparatively short time, and the animals can then

retire to ruminate in concealment. It is superfluous to com-
ment on the advantage this is to creatures which, Uke many
ruminants, have but little means of defehduig themselves

against carnivorous foes ; but we may mention that many
still further increase this advantage by feeding only at

dawn or evening, when they are far less conspicuous than

in the mid-day glare. There is, moreover, evidence that

when ruminants first appeared, this rapid feeding was of

more importance than at the present day, since while

many of the modern larger forms, like oxen, antelopes, and
deer, are provided with formidable weapons in the shape

of horns or antlers with whijh they can keep foes at bay, in

earUer times such weapons were either absent or but feebly

developed. Seeing, then, that the

function of rumination is

correlated with a special

compartment of the stomach
for the temporary reception

of the freshly-gathered food,

it would be expected tbat

animals thus provided would
also possess an efficient mas-
ticating arrangement for re-

ducing their food to the condition in which it yields the fullest

nutriment. Such, indeed, is the case, the grinding-teeth

of ruminants being of a complex structure, unknown
elsewhere. In our previous article on " Teeth and their

Variations," we have indicated the characteristic structure

Fig. 1.—The lirst upper molar
and last two premolars of a

Rinninaut.
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of the grinding or cheek-teeth of the rumiaauts, and have
shown how the last three in the upper jaw (Fig. 1) are

composed of four columns, of varying height, of which
the two inner ones are crescent-shaped. It was,

moreover, shown at the same tim3 how these sehnoihmt

(crescent-like) teeth could be traced back by grada-

tions to the simpler Inminhmt ( hillock -Uke) teeth

of the swine. The lower grinding-teeth having their

crescents directed the opposite way to those of the upper

jaw, and both upper and lower teeth consisting of layers

of different hardness, ve can scarcely imagine a better

masticating machine than is presented by the opposition

of the two series of grinding-teeth of these animals.

Bearing in mind this structure, the definition of cui-

chewing, selenodont mammals will sufKee to distinguish

the ruminants from all other animals. When, however,

we say that these characteristics distinguish them from
all other animals, it must be added that this refers

only to those of the present day. We have already

seen how the Mosaic law recognized the similarity

in the structure of the hoofs of the ruminants and the

swine, and it is curious that while iinder the Cuvierian

system of zoology these two groups were widely sundered,

modern pal»ontological researches have shown that they

are really closely related, the want of the power of chewmg
the cud, with the correlated absence of the selenodont

structure of the teeth, being the chief essential features in

which the latter differ from the former.

Here a curious problem is presented to those who put
their faith in a mode of evolution dependent only upon so-

called natural causes, in that it is impossible to give any-

adequate explanation of what pos-

sible advantage would be the develop-

ment of an incipient selenodont

structure in the teeth of the early

swine-like ungulata, or at what
precise stage the fimction of chewing
the cud, with the concomitant
development of a separate compart-
ment in the stomach, was superadded
to the normal mode of feeding

characteristic of the swine.

Here we must say a few words
as to the structure of the rumi-
nant foot. The "cloven hoof" of

ruminants and swme has become
such a proverbial expression that the

idea may still linger that this is due
to the fission of a single hoof, like

that of a horse. As we have en-

deavoured to show in our article on
"Rudimentary Structures," nothing
could, however, be further from
the truth ; the two hoofs of a
ruminant (Fig. 2) corresponding to

the terminal joints of our own
middle and ring fingers (or the
corresponding toes), which are the

third and fourth of the typical

series of five. The lateral or

spurious hoofs (not shown in Fig. 2)

of the ruminants represent our own
index (2nd) and little (5th) fingers,

or toes. It is a further peculiarity

of the true ruminants and camels
that the two separate bones which
in the swine connect the two large

digits with the wrist or ankle are

fused into a single cannon-bone

Fig. 2. — Bones of the
hind foot of a Rumin-
ant. The letters in-

dicate the lower bones
of the ankle. (Aft«r
Osboru.)

(Fig. 2) ; the primary dual origin of which is indicated by
the two distinct pulley-like surfaces at the lower end,
which carry the bones of the digits. The peculiar little

ruminants known asthechevrotains—of which more anon

—

retain, however, evidences of their kinship with the swine,

in that some of them have the two elements of the front

cannon-bone—or metacarpals as they are then called—quite

separate from one another. Indeed, as indicated in the
article last cited, in the same manner as we may trace a
transition from the selenodont teeth of the ruminants to

the bunodont ones of the swine, we maj- mark how the
two-toed and cannon-boned ruminants passed into swLne-
like animals, with four toes supported by as many separate
metacarpal bones.

Having now mentioned the leading characters of a
modern ruminant, as distinct from other mammals, we maj'
refer to a peculiarity, which, although by no means
characteristic of all, is a striking one, and one sharply
differentiating the group from all others. This is the
tendency to the development of appendages on the skull,

arranged in a pair at right angles to its longer axis, and
taking the form either of solid branching antlers, as in the
deer, or of hollow sheaths of horn covering bony cores on
the skull, as in the oxen and antelopes. The distinction

between antlers and horns, having been described in an
earlier article, need not further engage our attention.

Passing to the consideration of the various kinds of cud-
chewing mammals, we find that the true ruminants, or
those with hoofs, no upper front teeth, and a cannon-bone
in both limbs, arrange themselves in several minor groups.
The most important to man are the " hollow-horned
ruminants." such as oxen, sheep, goats, and antelopes, all

of which are characterized by the presence of horns, at
least in the males. The variety of form assumed by the
horns render this group one of the most attractive of all

animals ; and we have but to recall the curved and smooth
horns of the oxen, the equally massive but wrinkled ones
of the wild sheep, those ot the ibex with their knotted
points and scimitar-like backward sweep, the spear-like
form of those of the gemsbok, and the spiral twist of those
of the kudu and eland, to realize the variety of contour
assumed by these appendages.
The oxen (including bison and buffaloes) are, with the

exception of the American bison. Old World types, and
were formerly abundant in Europe, where, however, they
are now only represented by the bison preserved in the
forests of Lithuania and the Caucasus, and by the half
wild cattle (Fig. 3) of Chillingham and some other British
parks, which have been thought to be the direct de-
scendants of the British wild ox, or aurochs, of C»sar's time,
but are more probably derived from ancient domesticated
breeds which have reverted to a nearly wild state. True
wild oxen now exist only in India and the adjacent
regions, while wild buffalo occur both in India and
Africa.

Equally characteristic of the Old World are wild sheep
and goats, the " big-horn " being an outlying Nortla
American type. Both groups are essentially mountain
animals, the head-quarters of the former being the high-
lands of Central .\sia, while on the southern flanks of the
same mountain- barrier the latter are more abundant.
Both are also represented in the moimtains of Europe ; but
in peninsular India there is but the wild goat of the
Xilgerries, while in the whole of Africa we have only the
vnlA. sheep of Barbary and the ibex of Abyssinia. This
absence of sheep and goats from Africa may, perhaps, be
due to the fact that these animals are of comparatively late
origin, and were probably poorly represented at the time
when the other ruminants entered that continent from the
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north. The musk ox of Arctic America is an aberrant
form allied to the sheep.

The antelopes have a distribution nearl}' the reverse of
that of the sheep and goats, the great majorit_y being
restricted to Africa, where there are probably fully ninety
species, against about a score in all the rest of the world,
except Arabia and Syria, of which the fauna is allied to

disappeared from other regions ; and there is no better
instance of this survival than the giraffe, a ruminant that,

as regards its cranial appendages, stands midway between
the hollow-horned group and the deer. We are all

familiar with the ungainly and yet beautiful form of the
girafl'e ; but it is probably less well known that giraffes

once roamed over Greece, Persia, India, and China, where,

'fS^^^^^m^^^-

FiG. .?.—Tlie Whitp Cattle of Chillingham Park, H'oi-Himnberland. (From Jardinc.)

that of Africa. Indeed, the only typical antelopes found
beyond these regions are the black-buck, the nilgai, the
foui'-horoed antelope of India, the saiga of Tartary, the
chiru of Tibet, and several members of the widely dis-

tributed gazelles. The rings marking the horns of the
latter (Fig. 4) and many other antelopes are very distinctive

of the group, although by no means
universal. The European chamois,
the goat-antelopes of India and China,
and the Rocky ]\Iountain goat of

America, serve to connect the typical

antelopes with the goats, and it is

these alone which represent the group
in Europe, to the eastward of India,

and in North America. Seeing that

in Tertiary times, antelopes of African

types occurred in Southern Europe and
India, it is difficult to determine w'hy

the group should have so dwindled or
disappeared there ; although we can
readily account for their extraordinary

development when they once obtained
an entry into Africa, on account of

the immense area open to them, in

which there was no competition by
any other ruminants except buffaloes

and giraffes.

To the zoologist, Africa is indeed a
country characterized by the number
of animals living there which have

Pig. 4.—Horns of

Gazelle. (From
Griiiitlier.)

as in Africa at the present day, they were accompanied by
ostriches and hippopotami. And here again we are con-

fronted by the problem how to account for the disappear-

ance from regions apparently exactly suited to their habits,

of all these animals. The giraffe is, however, not only

the sole survivor of several extinct species of its owni kind.

Fig. 5.—Skull of Sivathere, from the Pliocene of India.

but it likewise represents a lost group of Old World
ruminants, intermediate between the horned and antlered

types. The head-quarters of this group was India, where,
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among other forms, occurs tlie gigantic sivatbere, ri%-alling

the elephant in bulk, and characterized by its two pairs of

horns (Fig. 5i, of which the hindmost were branching and
antler-like, although apparently never shed, and were

probably covered during life with skin and hair.

If our attention has been turned to Africa as the head-

quarters of antelopes and giraffes, it must be directed to

other regions when we come to the deer, since, with the

exception of the Barbary stag, there is no representative of

the group in all that continent. With few exceptions, deer

are characterized by the antlers of the males, the reindeer

alone having these appendages in both sexes. They are

the only true ruminants found in South America, where

most of the species have comparatively simple antlers, and
thus show affinity with the early fossil types, some of

which were antlerless. Allied species range through North
America, but it is not till the north of that continent that

we find in the wapiti a representative of our own red deer.

The red deer group extends through Europe and a large

part of Central Asia, but in India and the Malayan region

it is replaced by the rusine deer, like the sambar, in which
the antlers (Fig. 6, a) lack the bez-tine of the red deer

Fiff. 6.—Antlers of rod (A) and sambar (B)

deer, a brow, b bez, c trez-tinn. tJ e surroyals.

(After Blanford).

(}/;/(/., /(). Other marked varieties of antler are exhibited by
the elk, the fallow deer, and the reindeer ; but none of

these approach those of the extinct Irish deer, which may
have an eleven feet span from tip to tip. It is noteworthy

that in a few small deer in which the males have no
antlers, they are compensated by having long tusks in the

upper jaw.

The tiny oriental che^Totains, and the larger African

water-chevrotain, form a group quite distinct from all the

above, and are in some respects related to the swine.

None of them have antlers, and the African species is

the only li\"ing ruminant in which tlie two elements of

the front cannon-bone remain separate, thus affording

another instance of the survival of primitive forms in

Africa.

Lastly, we have the group of camels and llamas, which
differ from other ruminants in that their feet form cushion-

like pads, while their upper jaws possess front teeth.

According to the latest researches it is considered probable

that this group has diverged from primitive swine-like

animals quite independently of the true ruminants, an
inference which, if confirmed, is very remarkable, showing

that selenodont teeth, a complex stomach, the function of

rumination, and the single cannon bone, have been acquired

quite independently in the two groups. The present

distribution of camels and llamas is remarkable, the former

being confined to Africa and Asia, and the latter to South
America. Here, however, geology comes to our aid, for in

former times camel-like ruminants were abundant in

North America, while the fossil camels of India show
certain resemblances to the llamas, and we can thus

understand how the present distribution of the two
sections of the group has come about. With the possible

exception of some herds of the Bactrian species in Central

Asia, wild camels are now unknown, and we cannot even

determine the original habitat of the single-humped

species.

Thus ends our brief survey of tlie chief groups of living

ruminants and their distribution. Did space permit, we
might go on to refer to their extreme importance to man.
both as sources of food and of clothing, and as beasts of

draught and burden, but having reached our limits, we
trust that we may have aroused in our readers an interest

in these highly specialized animals which may induce

some of them to devote further consideration to the

subject.

THE CURRENTS OF THE NORTH ATLANTIC.
By Richard Beyxox, F.E.G.S.

THE development of our over-sea trade, especially

the Transatlantic section of it, has, during the

present century, been phenomenal. Oceanic
knowledge has, however, quite failed to keep pace
with it. It is matter for regret that our informa-

tion respecting the Atlantic, its currents, ice limits, and
the meteorological conditions obtaining in the atmosphere
superincumbent to its surface is far from satisfactory, and
greatly behind what the importance of Transatlantic

commerce leads one to expect.

We do not intend, in the present paper, to discuss the

theories which best account for the formation of the great

equatorial current of the Atlantic, but to deal with the

oceanic circulation which lies north of its point of bifurca-

tion off' Cape San Roque. In passing, it may be stated

that the western drift of the ocean in tropical regions has
been known ever since Columbus made his memorable
voyages across the Atlantic. That adventurous navigator

states, " I regard it as proved that the waters of the sea

move from east to west as do the heavens (apparently),

ro7i los ceilns."

The i^rogress of the north-westerly mo%-ing section of

the equatorial current of the Atlantic is so well known
that it needs but the briefest allusion. It skirts the shores

of Brazil, and then follows the trend of the shores of the

Caribbean Sea, and so reaches the most easterly point of

Yucatan. Here a di\'ision takes place, one part of its

waters making the tour of the Gulf of Mexico, while the

other section tiows along a more direct route by the

western extremity of Cuba to Florida, where a reunion

takes place, and the tinited current, its impetus increased

by north-westerly drifts, the portion of the current which
has been entangled among the West Indian Archipelago,

flows forth to carry vast stores of heat to the north-west

of Europe.
From Florida to Cape Hatteras the shores experience

the full benefits of a stream of warm water, whose tempera-

ture approximates to 80° F., and whose rate of flow is

some 70 or SO miles per day. At this point, however, the

easteriug influence of the cold water flowing equatorwards
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from the north Polar regions begins to be felt, and it is a

matter of considerable difficulty to assess the value of this

force, or to locate with any degree of accuracy the line

along which it is applied. The general direction of the

Labrador current and its ramifications was first discovered

by Cabot in 1-197, but although many attempts have been

made to give an exact position to the line of demarcation

between the waters of the Gulf Stream and those of the

icy current contiguous to it, our present knowledge of

the subject is yet far from being marked by scientific

precision.

Navigators report that the Gulf Stream swirls by its

antagonistic neighbour with a clearly defined ripple, that

on leaving the former current for the latter the transition

is rendered perceptible to the sight by the water changing

from deep blue to light green, and to the sense of touch by

a very marked reduction in the temperature. Scientific

research, however, fails to establish the existence of such

well-marked boundaries, although the fact of Admiral

Milne, in the line of battle ship Xilf, finding a variation of

temperature of some 25° between the sea at his stern and

at his bow is indisputable. The most reliable index that

a vessel is in the vicinity of the meeting of the waters is

the partial condensation of the aqueous vapour, for the

convergence of two air columns of differing temperatures

and humidities often results in dense fogs. But even this

hygrometrio evidence is not absolutely reliable as revealing

the exact locale of the dividing line. The variations of

the anti-trades are frequently the cause of the interposition

of a;r columns from the Gulf Stream between the atmos-

pheric masses superincumbent to the Labrador current.

The eastern side of Newfoundland has its mean annual

temperature raised considerably by its proximity to the

warm current, while Nova Scotia benefits in a lesser but

still marked degree. Halifax harbour is never blocked by

field ice, and the formation of sheet ice in the harbour

itself never obstructs the navigation of steamships. The
mean temperature for the month of May averages 41^ or

45° F.

Somewhere between the latitude of Cape Cod and that

of Newfoundland, the Gulf current undergoes the process

of division. One section Hows to the north-east towards

Northern ?]urope, while the other pursues an easterly

direction, which gradually becomes south-east and then

almost due south.

It will be readily seen that the difficulty of obtaining

accurate information relative to the direction and speed of

ocean currents is very great, and that it is only by many
observations extended over a number of years that

sufficient data can be procured to generalize from. The
Hydrographical Department of the United States has

conferred lasting benefits upon Atlantic na^•igators by

Explanalion of sleich showinr/ tlie :Sorih Atlantic Sargasso.—'i\\e arrows indii-ate tlie direction of the currents.

Tlie areas marked I, 2', 3, 4 show tlie accumulation of different 'quantities of Sargasso. Fig. 1 marks the area of greatest

density. The minimum of frequency is encountered in the zone numbered 4, while beyond that area weed accumulation

is hardly ever noticeable. The shaded coast-line signifies the presence of a weed there identical with the weeds occurrent

in the Sargasso Sea. In fact, the shaded coasts are the strips of littoral from which the Sargasso weed is detached. The

dotted ellipse signifies the areas of frequent calms. The shaded portion of the North Atlantic, marked A, B, C, marks the

limits of the Sargasso Sea as laid down by Humboldt.
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their efforts in this direction, and not the least valuable of

their contributious to North Atlantic lore is the determina-

tion, with approximate exactitude, of its currents and
di-ifts.

The general character of the drifts has been long known.
Drifted matter from the New World has been found cast

upon the shores of the Old since the days of Columbus.

tracks are laid down on the chart published by the Hydro-
graphic office at Washington, and an examination of those

which are laid down on the accompanying sketch-map will

reveal at a glance the system of oceanic circulation in the

North Atlantic.

The indraft into the Gulf of Mexico is clearly indicated,

as also is the di-ift of the icy Arctic current, which flows

Explanation of sketch ihoirinif lottle-drtfls.—The arrow-heads eliow the s]Jot where (he buttle was thrown OTerboard. Con-

sequently, the line of drift followed will be from the arrow-head to the other unmarked end of the line. In drawing the drift-lines

some attention has been paid to already-obtained knowledge relative to their direetion. for it is not always eoiTect to assume that

the drifting objeet moves in a straight line from the comraencenient of its voyage to where it is picked up This is most noticeable iu

the drift marked A, B, the bottle following a course almost identical with the eastern and southern boundaries of the Sargasso Sea.

The most remarkable drift on record is that effected by
the ship " W- L. White." This vessel, an American
schooner, was abandoned off Delaware Iiay during the

terrible snowstorm of 13th March, 1888. She drifted

across the Atlantic, assisted doubtless by wind as well as

set of current, and finally stranded, after a voyage of 5000
miles, upon one of the outer Hebrides. From March 13th,

1888, to .January 23rd, 1889, was the time occupied on
this drift. About 1760 a.d., an English man-of-war was
wrecked near St. Domingo, and her mainmast was after-

wards found stranded on the shores of the Pentland
Firth.

Such instances as these, however interesting they may
be, afford but little detail of the set of the ocean currents.

These details a bottle-chart issued by the United States

Marine Authorities supplies to a very material extent.

The plan adopted is the throwing overboard of bottles iu

which is a record of the ship's name, latitude and longitude,

and date. Of course the co-operation of the masters of

the merchant vessels trading to the United States is neces-

sary. The number of bottles which are traced bears but
a small proportion to the numbers thrown overboard, but

still they are sufficient to enable pretty accurate courses to

be assigned for the ocean currents. Seventy-five bottle-

equatorwards along a course lying to the westward of that

followed by the Gulf Stream. The track of the Gulf

Stream from Newfoundland is almost coincident with the

fiftieth parallel of latitude. Looking at the eastern portion

of the chart, it will be seen that the existence of a powerful

indraft from the north-west into the Bay of Biscay and its

enclosing shores is clearly demonstrated. It is the failure

to recognize aright the influence of this current during the

prevalence of south-westerly winds that has led to so many
ships being cast ashore in the vicinity of Cape Finisterre.

Of these disasters that of H.M.S. Serpent was the most

terrible, but the current is a veritable danger-trap to ship-

masters given to corner shaving, as the records of wreck

enquiry courts show but too plainly.

The bottle-chart shows an elliptical area of ocean water

whose principal axis lies along the thirtieth parallel of lati-

tude, and this area is identical with the Sargasso Sea. From
the incipience of Transatlantic voyaging down to the past

few years, our knowledge of this sea has remahied almost

stationary. Columbus discovered it, and commented upon
it, and the nautical world has since been content with his

description, and has added but little to it. He reported

pretty fully upon the pntdeiias de yerva, or seaweed

meadows, which the Santa Maria encountered, and subse-
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quent navigators contented themselves with corroborating

his statements, or striving to gain a reputation as ocean

explorers, by attributing fresh wonders to the region of

Sargasso. The principle underlying the accumulation of

such quantities of weed as are met with, is a very simple

one. To quote the words of Humboldt, " the waters of the

Atlantic between the parallels of 11° and 13° are carried

round in a continual whirlpool." Such being the case,

drift-weed must of necessity accumulate within the area

of the whirl enclosed by the circle of oceanic currents.

Finality, as regards knowledge of the Sargasso or weedy sea

of the North Atlantic, is yet far from attainment, but much
reUable information has been obtained of late years by the

researches of German scientists. The captains of the

German mercantile marine have been pressed into the

service as observers, and the famous I'lanktmi expedition

has also contributed its quota to swell the stock of reliable

information relative to this Sargasso Sea. The ancient

belief relative to it was that it was a " muddy,
coagulated, dense sea, covered with weed which prevented

the advance of a ship." Columbus nowhere affirmed

that the weed materially interfered with the navigation

of his vessel. Oveido, however, does, and in the hands of

subsequent writers the density of the Sargasso increases

until it becomes a dense mass, an effective barrier to the

passage of ships. This idea is, however, long exploded,

and the Sargasso Sea of to-day is simply an area of com-

parative calm into which drifts the weeds detached by the

currents from the shallows over which they flow. This

seaweed drift is densest between 70° and 10° West longi-

tude and 20° and 35° North latitude, where the Sargasso

may be said to cover the surface of the sea to an extent

vai-ying from 10 to 2.5 per cent. Outside this ellipse is

a region where the Sargasso is less abundantly distributed,

and outside that again a zone marked by the presence of

still less floating weed, until to the north of the fiftieth

parallel of latitude the weed ceases to be found. It is re-

markable that the main axis of the Sargasso proper is

identical with that of the region of summer calms, with

the exception that the latter is continued farther to the

eastward. The sources from which the Sargasso weed is

derived has always been a vexed question, but the researches

of Dr. O. Krummel, of Berlin, have brought the solution

within a more appreciable distance than it has ever been

before. The Flnnkton expedition of 1889 threw much
light on the matter.

The main supplies of the Fucux natans of Linnaais are

now pretty accurately determined. The science of sea

botany has discovered that a portion of the Sargasso weed
comes from the shores of the Caribbean Sea and the West
Indian Islands. Other supplies are torn from the confines

of the Gulf of Mexico, while some of the weed found float-

ing in Mid-Atlantic has been identified with species

attached to the shores of the north of Brazil. That the

eastern shores of America produced the weed of the

Sargasso Sea was long doubted. Columbus, it is said, was
afraid lest the weed should mask some sunken rock, upon
which his ships might strike. Others maintained that

the " social weed " grew at the bed of the sea, even v.'here

the ocean was deep, and that after fructification it easily

became detached from the rocks and rose to the surface.

The experiments of Bouguers relative to the intensity of

the light, which penetrated to a depth of 200 feet below

the sea surface, were held to dispose of this theory, because

the absence of sunlight in the depths of the sea was held

incompatible with the existence of any but hhachcd vegeta-

tion. The species of marine weed known as Ltiminaiia

lii/rifini has frequently been found to possess a stem over

850 feet in length.

The amount of weed discernible in any part of the

North Atlantic varies wth the season. Northward from
45° the scattered weed is only encountered in the late

summer and autumn, while it fails completely in the

spring. The further we go to the south the greater is

the mean annual quantity of weed observed, and the

increase is pretty equally divided between the seasons.

Near 80° N. the maximum of weed is encountered in

the winter, while to the southward of 25° the densest

season is spring. These facts prove pretty conclusively

that the Sargasso floats in summer time from the current

of the Gulf Stream in a south-easterly direction. The
rate which this drifting weed assumes in travelling along

the convolutions of its course, until it becomes merged in

the region of densest Sargasso, varies considerably ac-

cording to its distance from the coast of Florida.

Supposing a bunch of weeds were detached, say, from the

Bahama Eeef, it would require a fortnight in which to

make the journey to Cape Hatteras. The next portion of

its voyage—north-east, to the sixtieth degree of west longi-

tude—would be accomplished at about half the siJeed, and
would occupy a month to perform. From 60° W. to 40° W.
the speed would have fallen to half-a-knot per hour, and

the 950 knots would take ten or eleven weeks to traverse.

From this point there are approximately GOO knots to be

covered by the now heavy and saturated weed before the

south of the Azores is reached. The weed now moves at

the rate of seven or eight miles per day. When this point

is reached the weed moves still more sluggishly, and
gradually becomes merged in the dense Sargasso, where its

only motion is an undulatory one, produced by the motions

of the Atlantic swell. How long the floating weed en-

countered in the centre of the Sargasso Sea remains upon
the surface is not known, but much of it when it takes up

its position there is extremely water-logged, and soon sinks

to the bed of the sea, to make room for fresh supplies of

fucus.

Such is a brief summary of our present knowledge of the

current system of the North Atlantic. It is far from

perfect, and wiU probably continue to be so until the

observing powers of the average British shipmaster are

more scientifically developed than they are at present.

THE FACE OF THE SKY FOR AUGUST.

By Herbert Sadler, F.R.A.S.

GEOUPS of sunspots of considerable magnitude
continue to diversify the solar surface. The
following are conveniently observable minima of

Algol : August 9th, llh. 26m. p.m. ; August 12th,

Bh. 16m. P.M.

Mercury is too near the Sun to be conveniently observed

in August, being in mferior conjunction on the 26th.

Venus is a most conspicuous object in the morning sky,

and is at her greatest brilliancy on the 15tli, more than

three times as bright as she will be at the end of the year.

She rises on the 1st at 2h. 28m. a.m., or lb. 58m. before

the Sun, with a northern declination of 16° 46', and an
apparent diameter of 46", about j^ths of the disc being

illuminated. On the 12th she rises at Ih. 50m. a.m., or

2h. 33in. before svmrise, with an apparent diameter of 38^",

and a northern declination of 17° 11', exactly one quarter

of the disc being illuminated. On the 31st she rises at

Ih. 24m. a.m., or 3h. 49m. before the Sun, with a northern

declination of 17° 26', and an apparent diameter of 29:}",

just four-tenths of the disc being illuminated. About the

time of the planet's rising on the 11th an 8i magnitude

star will be about 1' north of Venus, and on the morning
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of the 27th a 9th magnitude star will be seen very near

the planet. During the month Venus pursues a direct

path through Gemini, without approaching any couspicuo-as

star very closely.

Mars is an evening star, and but for his very great

southern declination would be admirably placed for obser-

vation, coming as he does into opposition (the most

favourable one since 1877) with the Sun on the -Ith. He
is at his greatest brilliancy on the Gth, when he is distant

from the earth about 30,0.54,000 miles. He rises on the

1st at 8h. 42m. p.m., or 47 minutes after sunset, with a

southern declination of 23'' 22', and an apparent diameter

of 24f". On the 12th he rises at 7h. 43m. p.m., or

17 minutes after sunset, with a southern declination of

24° 13', and an apparent diameter of 24-^". On the 31st

he rises at Gh. l-jm. p.m., wth a southern declination of

24° 19', and an apparent diameter of 22|". During the

month he describes a retrograde path in Capricornus.

Jupiter is an evening star, and is getting well situated

for observation. He rises on the 1st at lOh. 4m. p.m., with

a northern declination of 8° 15', and an apparent equatorial

diameter of 42^". On the 31st he rises at 81i. 5m. p.m.,

with a northern declination of 8° 3', and an apparent

equatorial diameter of IGi". The following phenomena of

the satellites occur before midnight while .Jupiter is more
than 8'" above and the Sun 8' below the horizon. An
eclipse disappearance of the third satellite at llh. 28m. 49s.

on the 1st. An occultatiou reappearance of the first

satellite at llh. 31m. p.m. on the 3rd. A transit ingress of

the shadow of the thu-d sateUite at lOh. 39m. p.m. on the

7th. An occultation reappearance of the second satellite

at lOh. 48m. p.m. on the 9th. A transit egress of the first

satellite at lOh. 40m. p.m. on the 11th. A transit ingress

of the third satellite at llh. Im. p.m. on the 12th. An
eclipse disappearance of tiie first satellite at llh. 47m. 57s.

P.M. on the 17th. A transit ingress of the first sateUite at

lOh. 17m. P.M. on the 18th, and a transit egress of its

shadow two minutes later. An eclipse disappearance of

the second satellite at lOh. 57m. 6s. p.m. on the 23rd. A
transit egress of the second satellite at 9h. 52m. p.m. on

the 25th, and a transit ingress of the shadow of the first

satellite at lOh. 59m. p.m. An occultatiou reappearance

of the first satellite at llh. 2(jm. p.m. on the 20th. An
occultation reappearance of the third satellite at 9h. 39m.
P.M. on the 30th. During the month Jupiter is almost

stationary on the borders of Pisces and Aries.

Neither Saturn, Uranus, or Neptime are favourably

placed for observation by the amateur.

This month is one of the most favourable ones for

observing shooting stars in. The most noted shower is

that of the Pi'rtiei(li<, with a radiant point at the maximum
display on August lOth in R.A. llh. 52m., decl. + 56°.

Observations of this region of the heavens with an opera

glass will no doubt show stationary meteors, or meteors

which shift their positions very slowly. Their place, and
the direction of their shift, should be noted for the purpose

of determining whether the radiant is a geometrical point,

or a circle, or an elliptic area, as suggested with regard to

the November meteors (Munthh/ Xuticc.f of thf H.A.S., vol.

xlvii., pp. 69-73). The radiant point souths at 5h. 37m. a.m.

The Moon is full at llh. 57m. a.m. on the 8th ; enters

her last quarter at Ch. 37m. a.m. on the 15th ; is new at

lOh. 59m. A.M. on the 22nd ; .and enters her first quarter

at Ih. 29m. p.m. on the 30th. She is in perigree at

lOh. 5m. A.M. on the 12th (distance from the earth 228,510
miles), and is in apogee at Ih. 3m. a.m. on the 28th (dis-

tance from the earth 251,536 miles). The greatest eastern

libration takes place at 2h. 40m. p.m. on the Uth, and the

greatest western at 5h. 13m. p.m. on the 20th.

(K^fss Column.
By C. D. LococK, B.A.Oson.—I • I

—

All communications for this column should be addressed

to the " Chess Editor, Kiwivkdye Oriice," and posted before

the 10th of each month.

Solution of July Problem (by J. Juchly, Munich).

Key-move, Kt x P.

If 1. ... B to K4, 2. Q to E8, &c.

If 1. . . . Anything else, 2. Q to Qsq, &c.

There are excellent " tries" by 1. Kt to B7, B to K4 !

andl. Q to Qsq, B to B5 !

CoRRKCT Solution received from Alpha, who has
appreciated the points of the problem.

Betid II.—Your problem has been carefully preserved for

a solution tourney, which seems still distant.

A.B.S.—Too late to notice further. This column goes

to press about the middle of the month.

PKOBLEM.
By D. E.

Black.

White.

White to play, and mate in two moves.

The following game was played in the National Tourna-
ment of the British Chess Association, March, 1892.
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HOW OLD IS THE WORLD?
By the Eev. H. N. Hutchinson, B.A., F.G.S.

GEOLOGY is not one of the exact sciences with a

mathematical basis, like chemistry or electricity.

Nevertheless, problems arise now and then which
are capable of mathematical investigation. The
problem of the earth's antiquity, or rather, that

of the dm-ation of (jeiiloijk-al time, which is not the same
thing, is one that has attracted much attention, and has
led to a long controversy between certain physicists on the

one hand, and geologists on the other. According to the
" nebular hypothesis " now generally accepted, our planet

had cooled down from a molten and somewhat viscous

state long before geological time began—that is, before a

watery ocean settled down by condensation from a heated
atmosphere, and left our air as it now is, mostly composed
of the incombustible element nitrogen, with a little oxygen,

a variable amount of aqueous vapom-, and a trace of

carbonic acid. How many aeons passed away before this

state of things was arrived at, no one can say. Such times
were pre-geological. But at last an ocean fonned, then,

perhaps later on, dry land appeared ; the wind blew and
the rains fell, as they do now, and the earth reached a

phase which geologists believe to have been, generally

speaking, not very unlike that of the present day. The
question of geological time is the question of the duration
of this phase. The gi-eat series of stratified rocks (including

lava flows and intrusive igneous rocks, such as " dykes ")

were formed during geological time ; and these are the

pages on which the earth has recorded her history.

Naturally, therefore, the geologist endeavours to seek for

some means of calculating the length of time requhed by
Mother Earth to write her autobiography.

Now the earlier modem geologists, Hutton and his

followers, who, by teaching the great principle of uni-

formity in geological actions, placed the science on a sound
and reasonable basis, and gave it an enormous impetus,

were, unfortunately, so greatly impressed with this idea

that the}" could see no trace of a beginning or sign of an
end. Sir Archibald Geikie, in his recent address as Pre-

sident of the British Association, assembled in Edinburgh,
has thus eloquently described then- state of mind :

" When
the curtain was then first raised that had veiled the

history of the earth, and men, looking beyond the brief

span within which they had supposed that history to have
beei) transacted," beheld the records of a long vista of ages,

stretching far away into a dim, ilhmitable past, the

prospect vividly impressed their imagination. Thus the

idea arose and gained universal acceptance, that, just as

no boundary could be set to the astronomer in his free

range through space, so the whole of bygone eternity lay

open to the requirements of the geologist. . . . This

doctrine was naturally espoused with warmth by the

extreme imiformitariau school, which required an un-

limited duration of time for the accomplishment of such

slow and quiet cycles of change as they conceived to be

alone recognizable in the records of the earth's past

history."

This extreme teaching, in itself a reaction against the

old-fashioned previous teaching, produced another reaction,

and the pendulum of opinion swung back to some extent

;

only slightly, but still sufficiently to raise a controversy.

The physicists, led by Lord Kelvin (Sir William Thomson),
began to look about for some means of checking these

enormous demands. Lord Kelvin considered the question

of the world's antiquity from the physical standpoint.

His arguments, or rather calculations, were based on three

important considerations. These we must notice ; but
as our object in this paper is to consider purely (leolonk-al

measures of time, and his methods can only be judged by
the mathematician and astronomer, we must content our-

selves with a very brief account of his conclusions.

Lord Keh'in arrived at a very different conclusion, and
this was derived from three distinct lines of reasoning,

or rather calculation. First, he considered the internal

heat, and rate of coohng of the earth ; secondly, the tidal

retardation of the earth's rotation ; and thirdly, the origin

and age of the sun's heat.

With regard to the earth's heat : the rate of increase of

temperature downward from the surface is known, for a

certain distance, by observations in mines. As many of

our readers are akeady aware, it is about 1° F. for

every 50 or 60 feet. But this rate is not maintained, and
becomes less at great depths. Then with regard to the

earth's present temperature—about 36^ F. at the bottom
of the oceans. From such available data he calculated

that the earth could not have consolidated, from its former
molten state, less than 20 millions of years ago, nor more

than 400 millions. In the one case the undergroimd heat
would have been greater than it actually is ; in the other

there would have been no sensible increase in temperature
downwards. He afterwards iuchned towards the lower
limit rather than the higher one, and said that we ought to

be quite satisfied with 1 00 millions of years for the duration
of geological time. Professor Tait would even limit the

* Viz., the 4tKXl years of Archbishop Ussher's Chronology, a mere
"pious opiniou" nowhere expressed in Scriptme.
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period since the earth's consolidation to 10 or 15 millions

of years.'"

We pass on to the argument from the tides. It is

generall.v admitted that the daily tidal waves must, in some

degree, diminish the rate of rotation of the earth on its

axis. Its action has been compared to that of a brake on

a wheel. At one time, then, the rotation was more rapid ;

in other words, the earth's day was shorter, and has since

been steadily getting longer. If we assume any antiquity

for the globe greater than 100 million years, he thinks

the flattening at the poles would be greater, owing to

greater centrifugal force having been formerly exerted by

the more rapid rotation.

Lastly, Lord Kelvin has attempted calculations based

upon the radiation of heat from the sun, and also upon the

amount of heat generated by the falling together of meteoric

masses, such as by clashing together may have given .
rise

to the sun. He admits, however, that his conclusions

from this source are, from the nature of the case, less

reliable. Still, like the other calculations, they point to a

comparatively small number of millions of years, perhaps

about twenty. The sun may, however, have continued to

receive showers of meteorites, and thus to be replenished

with heat ; which would disturb these calculations. More-

over, certai-n chemical changes may be the means of

liberating heat in the sun.

But we will not dwell on these difficulties here. It is

hardly necessary to say that most geologists consider that

conclusions such as these are too sweeping. Seeing what
vast changes have taken place on the earth—so many
thousands of feet of solid rock formed by slow deposition

in water, so many new forms of life introduced at certain

epochs, while others were extinguished—the geologist

cannot bring himself to believe that all the changes (only

fully realized by those who study the record of the rocks)

could have taken place within 20 or even 100 millions of

years. Some, doubtless, would demand much more time,

and refuse to accept even the limit of 100 milhons. No
one distrusts the actual calculations ; but many do

seriously distrust the data (or want of data) upon which

they are founded. Hence a serious difference has arisen

between geologists and physicists with regard to the

duration of geological time. Mathematics are an excellent

mill, and will grind out beautiful results ; but what you

get out of this mill depends very much on what you put

into it, and if you put in material based upon imcertain

assumptions, you must not be surprised at getting a result

tainted with similar uncertainty.

Let us quit this somewhat unsatisfactory region of

speculation, and see what further light can be gained from

the science of geology. It will be interesting to compare
any results that may be obtained with those above

mentioned, and to see whether they harmonize.

The geologist knows only two time-keeping processes

;

one is rock fonnntion (deposition), the other ruck destruction

(denudation). A third is sometimes referred to, namely,

changes in the organic world, involving the appearance,

from time to time, of new species, genera, families and

* There is some uncertainty as to tlie amount of heat radiated by

the sun. Assuming Helmboltz's theory as to the source of the sun's

heat, that is that it is due to the slow contraction of tlie sim's bulk, and
assuming that the sun has derived its heat solely in this ivay, we may say

with some certainty that the contraction of the sim to its present size

from a diameter as large as the earth's orbit would not ha\e furnished

more than 20,000,000 times as much heat as the sun now supplies in a

year. But from theoretical considerations it seems probable that a

gaseous mass losing heat by radiation, and contracting under its own
gravity, must rise in tempei-ature. So that itispossiblethat theannual

loss of heat in former times may have been less than at present, even

thou"h the radiating surface •iras then greater.—A. C. Eanyaed.

orders of plants and animals—changes which are compre-
hended under the one word " evolution." But this kind of

change, which has been going on ever since the oldest

(Archfean) rocks were first formed, concerns the biologist

more than the geologist. The biologist, as Professor

Huxley said, has no clock, and must take his time from
the geological clock. In other words, when, on passing

from one rock formation to another, a great change in the

fossils is noticed—as, for instance, in passing from
Primary rocks to Secondary or from Secondary to Tertiary,

the lapse of time required to bring about such evolutionary

change can only be gauged by the thicknesses of the

strata in which the different fossils are found, and partly,

in the two cases above quoted, by the " stratigraphical

break " between the two sets of strata; that is, the amount
of rock denuded during the interval between the two eras.

As the Greeks used to detect " the lazy foot of time " by
the slow dropping of water from a clepsydra, so the

geologist measures his periods by the work of water, either

as a rock destroj'er or as a rock former. This is our

water-clock, and our two measures of time are (1) depth of

rock denuded, (2) depth of rock deposited. Now the

condition of the water-clock's accuracy as a time-keeper

was uniformity of action, that the drops should continue

falling at the same rate ; so with the geological clock.

These two processes, so closely related to each other, must be

supposed to have been working throughout geological time

(that is, the time during which the great series of stratified

rocks were being formed) with considerable unitormity.

This brings us back to the "theory of uniformity"

originated by the illustrious Hutton, and expanded and
explained by Playfair and Lyell.

Eeaders of Knowledge will hardly need to be told that
" dBuudation '' is chiefly efi'ected by " rain and rivers.''

The consequence of denudation in one place is rock

formation in another ; the one is complementary to the

other. In other words, the clcbrix of continents is carried

by rivers into lakes, seas and estuaries, there to settle

down and " sow the dust of continents to be." Now rivers

depend for their supplies on rainfall; hence, rainfall is one

of the main factors in problems about denudation.

Geologists believe (from a mass of evidence in the

stratified rocks which it would take too long to expound
here) that the rainfall has, in past periods, been pretty

much what it is nou- in various parts of the world

—

not necessarily in Europe. It inaij, however, have been

somewhat greater as far back as the Archajan and
PaliEOZoic times, when, perhaps, the earth was sensibly

warmer and the sun sensibly hotter. Hence, geologists

consider that they are justified in attempting to form some
kind of estimate of former periods of time from the two
processes above referred to. Not only is it possible thus

to compare one period with another and to say which was
the longest, but we venture to think that it is justifiable to

attempt to calculate the limits of geological time on the

basis of the rate at which strata may be formed. We
want to translate feet of rock formed into years. To give

a mathematical basis to geology is one of the great

problems of the future. What degree of success awaits

such efforts we cannot say, but certain attempts have been

made to gauge denudation, and to see at what rate it goes

on. With regard to deposition of strata, very little, if

anything, has been done, and we cannot help thinking that

important results might be obtained in this direction ; but

of that we shall speak presently.

Let us briefly consider the first operation, namely , the wear-

ing away of land. The subject of atmospheric denudation

has been arithmetically investigated, in order to ascertain

at what rate a given contiaent, or portion of a continent,



September 1, 1892.] KNOWLEDGE. 163

is at present being worn down by " rain and rivers."

Take the great area drained by the Mississippi, which is

what geographers call its " basin." The area of this basin

is reckoned to be 1,147,000 S(iuare miles. It is clear that

all the mud, sand, Ac, brought don-n by this great river

to the Gulf of Mexico must be derived from the rocks and

soil in that area ; the nest step is to find out how much
solid matter is brought down every year. Most extensive

and accurate determinations upon this subject have been

made by the United States Government. As the mean of

many observations carried on continuously at different

parts of the river for months together, Messrs. Humphreys
and Abbot, the engineers employed to investigate the

physics and hydraulics of the Mississippi, found that the

average proportion of sediment contained in the water is

__Ljjth by weight, or jr^Votli ^J volume. But, besides the

matter held in suspension, they observed that a large

amount of coarse detritus is constantly being pushed along

the bottom of the river. They estimated that this mo^•ing

stratum carries every year into the Gulf of Mexico about

750,000,000 cubic feet of sand, earth, and gravel. Their

observations led them to conclude that the annual dis-

charge of water by the Mississippi is 19,500,000,000,000

cubic feet, and consequently that the weight of mud
annually carried into the sea by this river must reach the

sum of" 812,500,000,000 pounds. Then, taking the total

annual contributions of solid matter, whether in suspension

or moving along the bottom, they found them to equal a

prism '2GS feet high, with a base of one square mile.

But, besides all this, there is in every river a large

amount of matter chemically dissolved. This consists

chiefly of carbonate of lime, dissolved by rain-water in

filtering through rocks before it reaches the river.

Properly to estimate the loss sustained by the surface of a

river basin, we ought to know the amount of mineral

matter thus removed, as well as that referred to above ; and
to make sure of good results, we ought to have the total

volume of water discharged, from measurements made at

different seasons nnd extending over a series of years.

Such data have not been fully collected from any river,

though some of them have been ascertained with approxi-

mate accuracy, as in the cases . of the survey of the

Mississippi and the Danube. As a rule, more attention has

been paid to the amount of mechanically suspended matter

than to the amount in solution. We must therefore

confine ourselves to the former, but it must be borne in

mind that the following estimates are under-statements of

the truth, because the amount of dissolved matter is left

out. Some of the results obtained are as follows :—The
Mississippi, with a basin of 1,147,000 square miles,

discharges annually 7,459,267,200 cubic feet of solid

matter; the Rhone, with a basin of 25,000 square mUes,
discharges 600,381,800 cubic feet of solid matter; the

Danube, with a basin of 234,000 square miles, discharges

1,253,738,600 cubic feet ; the Po, with a basin of 30,000
square miles, discharges 1,510,137,000 cubic feet. Now
as all this solid matter comes off" the surface of so much
land, the area of which is known, it can easily be calculated

what thickness of rock must have been removed (on an
average) to produce the amount brought down to the sea, as

given in cubic feet. On elevated laud, where moimtain
streams run faster, more rock is removed than over low
plains or gentle slopes, where rivers run slowly. But we only

want a general average for the whole area. An illustration

may serve to make this clear. Given a lump of butter,

containing so many cubic inches, and a slice of bread,

with area so many square mches ; any schoolboy could

find what the thickness of the butter would be when spread

evenly over the bread. The results for the great rivers were

as follows :—The Mississippi removes ^J^^ foot from its

area in one year, or one foot in 6000 years ; the Rhone
removes i-Vs, or one foot in 1528 years; the Danube

removes ^ sV'e- o^' o^^ foot in 6846 years ;
the Po removes

yig, or one foot in 729 years. Now these are very

important results, and since the physics of the Mississippi

have been more carefully studied than those of perhaps

any other river, and as that river drains so extensive a

region, embracing so many varieties of climate, rock and

soil, we shall probably get the best restilts by taking the

Mississippi rate of denudation as a fair one. Let us see,

then, what that rate means. It means that the surface of

its basin will be lowered 10 feet (generally) in 60,000

years ; supposing the rate to continue, 100 feet in 600,000

years, and 1000 feet in 6,000,000 years. Apply this to the

whole of North America, the mean height of which,

according to Humboldt, is 748 feet above sea-level, and we
find that this continent would be worn away in about 4^

millions of years. The same kind of calculation, based

upon the rate of denudation by the Upper Ganges, has

been applied to the continent of Asia, and a shorter length

of time was found to be required to wear it all down to

sea-level. But the Ganges rate seems to be hardly a fair one

;

so we wUl keep to the Mississippi. Such calculations are

made on the assumption that no serious changes take place

in the way of earth-movtments, raising or depressing a

continent. Upheaval would undoubtedly quicken the rate of

denudation, by giving greater velocity to the rivers (on

account of increased fall), and in the same way depression

would check the rate of denudation. But in spite of this

possible element of disturbance, the result above given is

an important one. Now the amount of denudation that

might thus take place over the North American continent

is a mere trific compared to the vast denudation which

must have taken place in order to provide the prodigious

amount of solid matter contained in the whole series of

stratified rocks. Their total estimated thickness is about

100,000 feet ! It is clear, then, that a much greater

number of millions of years was required to lay down this

great series of sedimentary rocks on ocean beds, especially

when we reflect that such material had to be distributed

by ocean currents over vast areas, and also that many of

these rocks were built up very slowly in the deeper parts

of oceans by the slow accumulation of organic remains.

This applies, for example, to the carboniferous limestone,

the oolites, and the chalk formation.

Evidences of great denudation abound both in Great

Britain and in Europe, and in all parts of the world.

Thousands and thousands of feet of solid rock have been

removed, and yet such phenomena were by no means

spread over the whole of geological time. We can often

prove that even in the interval between two successive

periods enormous denudation took place, and the mind is

bewildered in endeavouring to combine with any reasonable

amount of time required for such intervals the much
greater periods required for the accumulation of the sub-

sequent or overlying strata. Any student who is familiar

with geological sections can call to mind numerous

examples of great denudation. For instance, what a vast

period of time is indicated by the upheaval and subsequent

denudation of the pre-Cambrian (or ArchiBan) rocks before

those of the PaliEOzoic era were deposited on their upturned

edges ! No attempt has been made to estimate in years

this interval. Or, to take another case, it is found that in

many parts of our country a great thickness of the carbon-

iferous rocks, especially the coal measures, was denuded

away before the advent of the Secondary or Mesozoic era.

Sir Andrew Ramsey has calculated (from sections drawn

to scale) that a covering of rock to the depth of one mile
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was removed from the surface of tbe Mendip Hills, and
most of this destruction took place during the above interval.

No one has yet attempted to apply a rate of denudation to

this case, for the uncertain elements in such a problem are

many. The Mississippi rate of one foot in 6000 years
would hardly be applicable, being an average for a large

area including mountains, valleys, and plains ; whereas
the Mendip HUls are a small hilly area. If we could find

the rate at which some of our present mountainous regions

are being worn down, and obtain an average therefrom, it

might be justifiable to apply such an average to the case in

point. But mountains are composed of hard and often

crystalline rocks, and this fact would tend to counteract
the more rapid erosion due to the velocity of mountain
streams.

We will now endeavour to point out a method that might
possibly lead to valuable results if followed, and from
which an average rate of rock formation might be obtained.

Take the case of the Mississippi. What becomes of all

the soHd matter brought down by this river ? It mostly
finds its way into the Atlantic, for the Gulf of Slexico is

swept by that powerful cun-ent the Gulf Stream. It

would not be spread till unr the Atlantic bed, for some may
be carried up to the North Sea and Arctic Ocean ; and
again, there are large areas in the Atlantic where no
ticdimi ntanj dejjosits are forming, but only globigeriua ooze,

pteropod ooze, or the red clay ( believed to be volcanic and
even cosmic dust). These areas are far from land, and
some of them are the deepest recesses of the Atlantic.

Suppose that all the d'hris from the North American con-

tinent were being washed into the Atlantic only. Now
this o:ean is larger than North America in actual area,

but we may subtract the areas devoted to globigerina ooze
or red clay. What these areas are could doubtless be
estimated by Mr. Murray, of the CliaUciKjer expedition. We
do not know how much they are ; but let us suppose that

when this is done, an area remains equal to the continent

of North America. Then it would follow that all the rock

material removed from that surface of laud settles down to

form new rocks on an area e<jual to that of the hind from
iihich it came. Now if, takuig the Mississippi rate, one
foot is removed from the former area in 6000 years, it

follows that about one foot is added to the latter surface in

the same time. It would really be rather more, because
the new material would be soft and imhardened by pressm-e,

whQe the old rocks from which it came were compressed
and hardened before they came up to form a land smface.
But this difference may be neglected. It will thus be

seen that a result of some value is obtained, namely,
just what we have been seeking—an average rate of rock
formation.

The question arises—" Is this rate of rock formation
over a large area of sea bed, viz., one foot in 6000 years, too
rapid '?

" We are inclined to think that it is. It might
apply to strata formed in shallow waters, but it seems too

high a rate for those formed in deeper waters, and
certainly is inappUcable to slow-growing deposits like

globigerina ooze. However, let us see what we can
make of it. The whole series of stratified i-ocks is

generally estimated at 100,000 feet—taking all the forma-
tions and adding their thicknesses together. Here would be
a measure of geological time, if only we knew the average
rate at which they were built up. Suppose we apply
the rate just obtained and see what it leads to. If one
foot is formed in 0000 vears, 100 feet wiU be formed in

600,000 years, and 100,000 feet in 600,000,000 years. Six
hundred millions of years ! This is more than Lord
Kelvin's extreme limit for geological time, or the time
since the earth consolidated fi-om a molten state. And yet

we have taken a rate of rock forulation that appears not to

err on the side of rapidity ; and, moreover, this calculation

makes no allowance for those great " gaps " or " breaks
"

in the 100,000 feet of the geological record with which the

student will be familiar. Again, it makes no allowance
for the necessarily slow rate at which organic deposits were
formed, and formations of this kind occupy no small
fraction of the whole series of rocks. For example, the
great moimtain limestone in one district is 4000 feet thick

;

the chalk in the Isle of Wight is 1000 feet thick ; then
there are the oolites between, to say nothing of Silurian

limestones below.
It is therefore not surprising that geologists are

dissatisfied with the limits laid down by Lord Kelvin and
others. They demand much more time than he will allow,

and we think that the calculation above given justifies

such a demand. His later estimate of only 100 millions of

years certainly seems too small. Professor Huxley, some
years ago, endeavoured as it were to make peace between
the two parties in this controversy by taking the latter

limit of 100 millions and applying it to the sti-atified rocks.

If 100.000 feet of rock were formed in 100 millions of years,

then the rate of rock formation would be one foot in 996
years—say, roughly, 1000 years. Now the result we
obtained above was one foot in 6000 years, so that our
rate is six times slower than that which follows from Lord
Kelvin's computation, and we venture to think that it

would be more acceptable to geologists.

One cannot help hoping that before long some attempts
will be made to observe the rate of deposition in different

seas. Would not observations of the amount of sediment
suspended in sea-water, taking samples from various

depths, be useful ? But it would be better still if someone
would let down vessels (like rain gauges) on to the bed of

the sea in various spots, leave them there for twenty years,

and then take them up and measm-e the amount of solid

matter contained in them. They could be attached to

buoys by thin wire ropes ; thus the sites would be indicated

and they could be pulled up. Or again, perhaps in the

future an international committee of scientific men may
be formed to observe and measure the amounts of dehris

brought down to the }*Iediterranean by all the principal

rivers flowing into it ! It would take a long time, but the

work could be divided up, and when done we should have
a fair idea of the amount of sediment settling down in that

area of sea, and so could calculate the rate of rock

formation that obtains there.

BEE PARASITES.-III.
By E. A. BuTLEK.

{Continued from paije 145.)

THE parasites from which solitary bees suffer belong

chiefly to two orders, the Hymenoptera and the

Coleoptera. We have already seen how the stores

of food they accumulate for their young are liable

to be appropriated by cuckoo bees ; we have now
to show what persecutions are inflicted upon them by
other Hymenoptera, and by some very remarkable beetles,

examples of the order Coleoptera. And first as to the

former. Some of the most resplendent of all British

insects are the ruby-tailed flies, golden wasps, or fire-

tails (Fig. 5). They constitute the family Chri/sididii , a

carnivorous group of small extent, and not unlike small

bees in shape. If they were only of larger size, they

would vie with the most gorgeous productions of the

tropics in splendour, but small as they are, then- brilliance



September 1, 1892.] KNOWLEDGE. 165

Fig. 5.—Riiby-tailod Fly (Chrij-

six igiiUaJ. Parasitic en bees.

Magnified 2i diameters.

and beauty never fail to elicit exclamations of delight and
admiration when seen for the first time. The general

type of coloration is much the same in the various species.

consisting of a sparliliug me-
tallic green or blue head and
thorax, and a polished ruby-

red abdomen. To see them
at their best, one should

take up one's post on a hot

summer's day by the side of

a steep, bare, clayey bank,

perforated with insect bur-

rows ; a specimen will soon be

seen coming flashing tlu'ough

the sunshine and settling on
the bank, where it will either

rest displaying its beauty

like a sparkling gem of ruby and emerald, or else run

about over the surface, quivering its antenna', and every

now and then tapping the ground with them in apparent

excitement.

The diifereut species of this family frequent the burrows

of various Hymenoptera, and amongst others those of

certain bees, and lay their eggs in the cells in order that

the larviP hatched from them may devour the grubs for

which the cells were made. By the bees they seem to be

regarded with hostile feelings, whence the mtroduction of

the egg becomes a hazardous proceeding. But they have

a novel method of defence, which sometimes stands them
in good stead. The last few segments of the abdomen,
which taper away to a point, are, in a state of rest, tele-

scoped up and withdrawn into the body, which thus

appears to be more or less bluntly rounded at the end.

When these segments are thus retracted the abdomen
beneath is concave, and its junction with the thorax

being a small one and extremely flexible, the whole

abdomen can be bent under and folded back on the

under side of the thorax, the insect thus becoming,

but for its wings, almost globular. In such a condi-

tion, its hard and shining convex dorsal covering is all

that is exposed, and enemies cannot make much more
impression upon this than a dog .can do on a hedgehog
similarly folded up. When, therefore, hard pressed, the

Clinjxis is apt to adopt the policy of passive resistance, to

fold itself up, and drop to the ground, lying motionless till

the danger is past. The brilliant colours seem as though
they might be protective in function, dazzling, and there-

fore warning off the foe ; and it is conceivable that some
insects or other enemies might be deterred in this way
from attacking such bright objects. But if this be the

case, the insect saves itself by inspiring a fear that is

almost entu'ely unfounded, for though the C'lii/sidiihe are

bold and daring adventurers, they are not able to do much
damage, having but a feeble sting, or rather no real

poisonous sting at all, but. only a sharp o\apositor which
can give a slight prick. Moreover, their brilliance does

not always secure them immunity from attack, as the

following incident will show. Lepelletier de Saint Fargeau
records that he once saw one of these insects, named
Uediji-hium n'l/iuiii, enter the burrow of a solitary bee, and
being apparently satisfied with the arrangements within,

it came out and, turning round, began as usual to enter

backwards, in order to bring its telescopic abdomen into

position for depositing eggs. Just at that moment, how-
ever, the bee returned laden with provisions, when ensued

a scene very difi'erent from that witnessed by Smitli in the

case of the cuckoo bee related last mouth ; on seeing the

intruder, the bee at once pounced upon it, when the

parasite fell back on its usual defence of doubling up into

a ball, becoming thus invulnerable to the bee's sting. The
latter, however, was not to be defeated in this way, and
proceeded to bite off its enemy's wings, dropping the body
to the-grotmd. Thus victorious in the contest, it entered

its burrow and deposited its load, and then went off on
another expedition, no doubt reckoning that it had nothing

further to fear from its humiliated foe. But the latter

was quite equal to the occasion, and, as soon as the coast

was clear, unfolded itself, crawled back to the biuTOW, and
successfully accomphshed its task.

There is also a large family of exceedingly minute
Hymenoptera, called the Clcilrididir, which are parasites,

and which are equally resplendent with the ruby-tailed

flies, and sometimes even more so ; they are mostly of a

brilliant metallic green, or golden green, and may often

be found in great numbers amongst long herbage of

various kinds ; but they are so minute that they would
not be noticed unless carefully looked for. By sweeping
amongst such herbage with a net, large numbers of

specimens may often be found. Several members of this

large family are parasitic upon bees, and, as they are so

small, one laee's cell frequently contains a great number of

their larvse ; in the cells of the Anthoplumi , referred to in

our last paper, two species have been found together, and
it seems probable that one of them is parasitic on the bee

larva, and the other upon it, a by no means unusual

arrangement in the family. The larvte that feed upon the

bee-grub are exceptional in being extermd instead of

internal parasites ; they cling to its body and suck out its

juices, till it is completely exhausted.

Few more remarkable life-histories are to be found

throughout the whole range of the Insecta than those of

the beetles which constitute the family Mdoidir, and which,

in some stages of their career, are entirely dependent upon
bees for their support. So strange and unexpected, indeed,

are the details of their metamorphoses, that they were for

some years a great puzzle to naturalists, and the combined
efi'orts of several most careful investigators were needed to

clear up the mysteries. The commonest members of this

family found in Great Britain belong to the genus MAnii,

and are generally known as oil-beetles (Fig. 6), because

they have the power of exuding from
their bodies, when handled, a yellow,

acrid, oily liquid. They are heavy-

looking insects of a dull bluish- black

colour, and wingless, although the

elytra or wing-covers are developed as

two flexible oval pieces lying over the

base of the abdomen. The abdomen
of the female becomes enormously
distended by the development of

the eggs, which, though individually

minute, are extremely numerous,
as many as four thousand having

been estimated to be contained in

the ovaries at one time. This enormous
fecundity has relation to the life of

hazard the young larva lives in its earliest days, in

consequence of which no more than a very small percentage

of those hatched from the eggs in all probability reach

maturity. The eggs are laid m a cavity in the ground,

which the female MrhiH excavates for the purpose in early

spring. The larva? hatched from these are minute but

very active yellowish creatures, with six legs and two pairs

of hair-like appendages at the end of the abdomen (Fig.

7). As soon as hatched, they climb up the stems of flowers,

such as buttercups and dandelions, lying in wait in the

flowers for that chance which may help them on to the

next stage in their life. Now, as the perfect insects are

Fig. 6.—Oil-Beetle
CMeloe proscara-
hretisj.



166 KNOWLEDGE [September 1, 1892.

Fig. 7.—Larva of

Meloe, much mag-
nified. (After

Newport.

vegetarians, feeding upon flowers, especially the two just

mentioned, it might be imagined that the young larvfe

possessed similar tastes, and had climbed into the flowers

to satisfy them. But such an idea would

be altogether erroneous, for in their

present condition they are not vegetarians

at all ; their true diet consists of bees'

eggs, and therefore they can make no
further progress with their development

until they have reached the inside of a

bee's cell. Hence ona would have thought

that, active and enterprising as they are,

they would have marched straight off

in search of bees' burrows, which could

not fail to be found somewhere near by
;

but this they show no intention of doing.

Their entry into their new pasture

grounds is to be made in a much more
romantic fashion, for they must wait till

theycan secure the services of some aerial

steed, on whose back they may ride in

triumph to their destined quarters. Here,

then, is the explanation of their- presence in the flowers,

for some chance bee alighting on them is to become the

wished-for Pegasus. Not that any bee will do—it must be

one of the Anthophonr described in our last paper, or else

an Andiimi ; should such an insect pay the flower a ^-isit,

the little parasite is ready to scramble on to its back while

it is busy rifling the flower. One can understand with

what a firm grip it would seize the bee's hairs, for it is a

matter of life and death, and should one chance be missed,

another may not occur for a long time. This, no doubt,

explains the very peculiar shape of the parasite's feet ; for,

in addition to the usual pair of claws at the end of each

foot, there is a central pad whicli looks like a third claw,

and gives the foot the exceptional appearance of a three-

fingered hand. These little insects are also sometimes

found on the bodies of flies, but whether this is due to

miscalculation on their part, or to intention, cannot be

stated, nor is it known what afterwards becomes of such

larvffi. There is, indeed, some doubt as to the exact course

followed by the Meloe. larva after it has gained the bee's

back, but as the transformations of an allied species called

Sitaris munilis, which occasionally occurs in this country,

have been fully worked out by M. Fabre, and as those of

the Meloe are probably almost identical with these, we will

now follow the fortunes of the Sitaris larva.

The Sitiii-is is a brown beetle which is parasitic upon an

Anthophora. Unlike those of },leloe, its eggs are laid at the

entrance of the burrows of the bee. They are hatched in

September or October, but the young larvae, instead of at

once effecting an entrance into the cells of the bees, remain

where they are till the following April, taking no food all

this time. The larv;r of Meloe seem to be equally well

able to endure ]Drolonged fasting, a very needful thing in

their case, as they may have to wait long for the bee's

visit which is to give them their great opportunity in life.

The males of the Anthophora are the first to issue from

the burrows in spring, and as they pass out the young
parasites attach themselves to them. Soon, however, they

transfer themselves to the females, and thus secure the

means of entrance into the newly-made cells. When a cell

has been provisioned by the careful mother with a supply

of honey and pollen, an egg is laid and floats on the semi-

liquid mass. Now is the chance of the Situris larva ; as the

egg is laid, the parasite drops upon it, apparently unnoticed

by the bee, which proceeds to fasten up the cell. The
parasite now has everything its own way, though care is

needed, for if it were to fall oft" the egg it would perish in

the sticky mass beneath. Sitting on its tiny raft therefore,

it nibbles a hole in the egg-shell and begins to devour the

contents ; so small a creature is it, that this egg lasts it

for a week's meals, and then it undergoes its first trans-

formation on the empty egg-shell. No fairy's wand ever

produced a more st irtling change than the simple process

of skin-changing now efl'ects ; the active, enterprising, six-

legged, slender larva becomes a fat, lethargic, almost legless

grub (Fig. 8— 1), whose tastes are as much revolutionized

as its appearance. Animal matter not being now obtainable,

a vegetable diet must perforce be substituted for it, and the

grub succeeds to the inheritance of the young bee whose
birth it has prevented—viz.,thecell-fullof semi-liquid honey;

on the surface of this it floats, with its mouth buried in the

mass, so that it has but to lie still and eat, and no
exertions are necessary to enable it to take its fill. Its legs

are therefore reduced to mere stumps, and locomotion

Fro Grub of Melon, slio\\-ing its tbree stages.

becomes to it a lost art. It is so constructed that its

spiracles are situated high up on its back, and therefore

out of reach of the sticky sea in which it floats, and which,

if it came in contact with them, would inevitably clog them
up and suffocate the grub. When the honey is all consumed,
a further change takes place ; the grub contracts, detaching
itself from its skin, which darkens and hardens, and becomes
a barrel-shaped body (Fig. 8—2), within which the enclosed

larva proceeds stiU further with its development. After a
while another moult occurs, and again the form is changed,
the insect appearing as a fat six-legged grub, with spiracles

in the natural position (Fig. 8—3). After this it changes
into an ordinary chrysalis similar to that of other beetles,

and finally, after all these wonderful adventures, in the

month of August the perfect beetle appears, and we are

again brought back to the starting-point of the marvellous

cycle of transformations. The life of an oil-beetle is very

similar to this, though perhaps a trifle less complicated.

From facts such as these, and the instance is by no means
a solitary one. Sir -lohn Lubbock has been led to the con-

clusion that, while the form of the larva of any insect is

to some extent dependent upon the order to which it belongs,

yet it is also greatly influenced by the external condition's

to which it is exposed ; in other words, that there are often

changes through which an insect passes which are not to

be explained by reference to the form the insect will

ultimately assume, but are determined solely by the cir-

cumstances in which it then finds itself, and that therefore

we may find the usual form that belongs to the larv;D of

one order imitated in another, provided the circumstances

of the larval life are similar, although the perfect insects

produced will be totally unlike.

There yet remains for consideration a species of para-

sitism which affects our wild bees far more intimately than

any we have yet passed in review, influencing not merely

their comfort and well-being, but even their very form.

The parasites in this case constitute an extraordinary

family of insects which are apparently not distantly related to

the Meloidic ; for in them we find the same transformation

from an active six-legged larva to a footless grub, com-

plicated, however, by the fact that the grubs are internal

parasites and live, not upon the bee's food, but upon the
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bee itself. The family is called Sti/hpiihn, from the chief

genus Sti/Inps. But we must defer the consideration of

these interesting parasites till our next paper.

[To be continued.)

T

THE CLIMATE OF MARS.
Bj' E. W. Maunder, F.R.A.S., Asxhtant sniienntendinq the

Sular and Spectroscopic Drpartnunts of the Rcnjal Obserriitori/,

(jrcenuich.

I
HE analogy between Mars and the earth is

perhaps by far the greatest in the whole solar

system." Such, we have been pretty frequently

reminded during the past few weeks, was the

opinion of Sir W. Herschel, and it may seem

very presumptuous to attempt to traverse the dictum of so

great an astronomer. Still, it may be worth while to

look a little closely into what we know of the Red Planet,

in order to ascertain if the facts of the case really bear out

this view. There are two great points of difference between

Mars and the earth which strike ns at once as havmg a

very important bearing on the climates of the two planets
;

first, the greater distance of Mars from the sun, involvmg
its receiving a much smaller supply of light and heat, and
next, the greater length of the Martian year, rendering the

effect of its seasons more pronounced.

Under the first head we find that Mars only receives, on

the average, three-sevenths of the light and heat which
falls upon a similar area of the earth. This would be a

serious matter, even if it only meant that the mean
temperature of Jlars lay three-sevenths of the distance

from freezing-point to the mean temperature of the earth.

But as it is, we must take the absolute zero of temperature

as om- starting-point ; that is, as is well known, 273°

Centigrade, gi^"ing us fi-om 130° to l-tO° below zero for our

result.

This will be the mean temperature of the whole planet.

But Mars must have its various zones, differing from each

other as much as similar zones differ on the earth, and
if we confine our attention to the equator of Mars as the

hottest region, we may get a .somewhat closer ap-

proximation to its condition, for it is easy to find a zone

on the earth, where, owing to the oblique presentation of

the surface towards the sun, the light and heat incident

on any square mile is but three-sevenths of that falling on
an equal area at -the equator. This we find in Lat. 02°.

We may therefore take the difference in mean tem-
perature which we find between Iceland and Archangel
on the one hand, and Cayenne and Singapore on the

other, as affording some indication of the difference

between the equatorial temperatures of the two planets.

This is, of course, to put the best possible construction

on the matter, for the circulation which goes on con-

tinuallj' in air and sea tends greatly to diminish the

difference between the climates of the several terrestrial

zones ; so that Singapore is cooler and Iceland wanner
than it should be if we considered latitude alone. This
second mode of approaching the problem confirms the

'first to this extent at least, that it gives the mean
temperature of even the hottest region of Mars as below
0° C, and consequently the mean temperature for the
planet as a whole must be lower still.

Nor is this all. We know that the atmosphere of Mars
is far less dense than that of our own world. This is not so

obvious a difference as the two already mentioned, but
it is not less certain, for it is a direct conclusion from the
smaller size and mass of Mars, two points which might not

at first seem to have anything to do with temperature.

For the mass of Mars is only one-ninth of that of the

earth, and this implies, when its smaller diameter is taken

into consideration, that the force of gi'a\'ity at its surface is

less than two-fifths of that which prevails here. If the

strength of terrestrial attraction were diminished till it

only equalled the Martian attraction, our atmosphere

would at once expand upwards to more than two and a

half times its present extent, and the pressure on the

surface of the earth (as measured by a spring balance)

would be only 5j pounds instead of 14 pounds to the

square inch, and the aneroid barometer would read 11-|

inches. So, if we assume that there is the same quantity

of air above every square inch of the surface of Mars that

there is for our earth, it would extend to a greater height,

and exert a smaller pressure in this proportion.

This makes the condition of " our nearest neighbour
"

yet worse. To find a terrestrial parallel, we must not

compare Archangel or even Spitzbergen with Cayenne, but

must compare the summit of a mountain more than four

miles high in the Arctic regions with a place at sea-level

on the equator. The result would appear to be conclusive

—

that the mean temperature even of the equator of Mars lies

far below the freezing-point.

Of course, it might be that Mars had so extensive an

atmosphere that the pressure at the surface was as great

as here, or even greater. If we could imagine the pressure

double that which we experience, we might suppose that

such an atmosphere would go far to compensate for the

diminished supply of solar heat. But that would mean
a total atmosphere over the unit of surface more than five

times as great as we have here ; and we may feel

perfectly sure that such is not the case.

For, under such circumstances, we could not perceive

the surface markings of the planet. Now there is a very

marked gradation in the distinctness of the surface

markings of the different planets. Those of the moon are

perfectly distinct ; no atmospheric veil hides them from

us. The marlcings on Mars are much less apparent,

and yet are tolerably distinct. It needs but a small

experience to prove that the trouble in distinguish-

ing them, down even to the very limit of telescopic

minuteness, lies far more with our own atmosphere than

with that of the planet. This present opposition seems to

be a hopeless one for English astronomers, but that is not

in the least because Mars is modestly concealing himself

behind any cloud veil ; it is simply that he rises so little over

our horizon that we have to observe him through a great

thickness of our atmosphere. Venus, again, is a far more
difficult object, and such of its markings as are permanent,

if any deserve that designation, are only to be made out

under specially good conditions and by trained observers.

Jupiter, of course, shows us a wealth of beautiful details,

but it does not require a long scrutiny to see that these are

purely atmospheric, and few observers will be prepared to

affirm that we have ever seen any part of its real surface.

It is clear, then, that so far as these four bodies are

concerned, the denser and less transparent atmosphere is

always found in connection with the larger planet. Mars,

on this principle, should have a less atmosphere than the

earth, not a greater one.

Further, Prof. Langley and Prof. Pickering have shown
us that the loss of light of a ray entering our zenith is

probably just about one half, the rest being partly absorbed

by our atmosphere, but mostly reflected and diffused by
the minute dust particles with which it is filled. It is

clear, then, that an observer on Venus would have the

greatest difficulty in making out the chief features

of our geography, for a large proportion of the light

he received from us would come from our atmosphere,
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and of the light which fell on the actual surface only a

small proportion would be reflected back, and this would

again be reduced on its outward journey. It is scarcely

likely that the difference in the reflective mdices of land

and water, especially when we remember how much of the

former is covered by dark vegetation, would be sufficiently

great to make itself noticeable. Of course, whenever our

sky was covered by cloud the details of oui- geography

would be effectively hidden. We may take it as pretty

certain that our earth, so far from being as easy to observe

as we find Mars, would be probably more like Venus ; so

that, instead of giving a greater amount of atmosphere

above each square inch to Mars than we possess, there is

little doubt but tbat there must be less. Lideed, if the

total amount of the Martian atmosphere bears the same
proportion to the mass of the planet as is the case here, then

its density at the surface will be one-seventh of ours, corre-

sponding to the state of things we should find if we could

ascend in a balloon to a height of very nearly ten miles.

All these considerations point to the existence of intense

cold upon Mars, cold distinctly below the freezing-pomt

even for the equator ; and yet observation does not seem

to confirm this view.

Instead of the white icy glitter we should expect if Mars
were one vast glacier, he sends to us a most conspicuously

ruddy light. The intensity of its redness is, indeed, the

most obvious thing about the planet. Then, again, it

seems that its atmosphere contains a very appreciable

amount of water vapour, a thing which we cannot recon-

cile with an extremely low temperature, for Dr. Huggins,

obsening the spectrum of the planet on February 14th,

1867, detected traces of some of the telluric bands due to

water vapour, and though the observation is a very

delicate one, and one may readily be deceived in the

matter, I have repeated it myself on two occasions, and

have little doubt as to its accuracy. If we accept these

observations, then the wliite polar caps may be reasonably

ascribed to ice or snow ; mdeed, as Proctor pointed out,

even if we had never seen them, we could, after Dr.

Huggins' observation, have confidently predicted their

j)resenee, and their gradual increase during the planet's

winter, and diminution through its summer. Take the

two facts together, and we come as nearly to a demon-

stration of the existence on Mars of land, water, ice,

snow, and cloud as we could hope with our present

resources, and sceptics must be able to produce a very

strong case to overthrow it.

But how is it then that we do not find Mars completely

ice-bound ? For it clearly is not. In the summer of the

southern hemisphere the white pole cap has been watched

to shrink, until in 1877 the pole itself was actually clear,

and the cap itself had a radius of only 180 miles ;
much

as if the legend of "an open polar sea,'' so false for the

earth, were true for Mars, and only the highland glaciers

of some Martian Greenland were left unthawed under the

summer sun.

So that the ]\Iartian summer would seem to be actually

hotter than our own. And the winter, on this way of

looking at it, is no colder. For the winter pole cap

only reaches Lat. 40° or 4.5°, iif mdeed so far as that
;

that is to say, no lower than it does for terrestrial con-

tinents. Thus, if we refer to a beautiful series of drawings

by Mr. Knobel, the President of the Royal Astronomical

Society, published in Vol. 48 of the Memoirs of that

body, we find that the Newton Sea was clear on February

11th, 1884, up to S. Lat. SO'', the Zollner Sea on February

26th to S. Lat. 50°, and the Maraldi Sea on March 8th up
to S. Lat. 40^ These dates were all after February 3rd

;

the mean date between the autumnal equinox and winter

solstice. Another series by Dawes, in Vol. 34 of the same
publication, shows us Nasmyth Inlet in N. Lat. 4.3° on
November 20th, 1864, the Delambre Sea in N. Lat. 55°

on November 26th, and the Campani Sea in N. Lat. 6.5°

on December 1st ; the winter solstice having fallen on
July 28th, and the spring equinox not coming on until

.January 4th, 1865 ; whilst the superb series by Mr.
Green in Vol. 44 show the Nasmyth Inlet in N. Lat. 43°

on September 10th, 1877, only a fortnight before the

winter solstice, September 26th.

Now, although broad oceanic expanses are not covered

here on our world to any low latitudes, none of these

Martian markings can fully claim to be of that character.

The Nasmyth Inlet is most strictly a " mediterranean "

sea, and may fairly correspond to the Black Sea, Sea of

Azov, and Caspian Sea. But the northern portion of the

latter is ice-covered every winter ; the Straits of Yenikale
are often bridged with ice, and na\"igation is stopped on
the Sea of Azov. It would seem therefore that the winter

of Mars is little if any severer than here. And we must
remember, in addition, that we cannot discriminate

between snow and cloud, and that Mars is free fi'om hotit

to as high a latitude as the earth is free from snow.

How are we to reconcile results so contradictory '? The
first circumstance to bear in mind is that the heat and
hght incident upon a planet are no measure of that

effective upon it. Of that which falls upon the earth,

probably nearly one half is reflected off again from the

atmosphere alone, and a yet further amount is reflected

from clouds. All this is ineft'ective in warming either air

or soil, and if we could assume that all the heat falling on
JIars was used directly by it, we should find it would be
practically as well off as ourselves. And no doubt some
approach is made to this condition, for although the deter,

miuation of the alhcJoea of the respective planets has
been much neglected, and such results as have been
obtained are very rough, yet it is most plain that the

albedo of Mars is very low, not differing much from that

of white sandstone, whilst the albedoes of Jupiter and
Venus are very high, and are best explained by supposing

that the reflection takes place from a cloud shell. Zollner

gives the moon as below Mars, the former being one-sixth,

and the latter one-quarter. Chacoruac rates Venus as

five times the moon ; whilst Seidel only credits Mars with

an albedo of an eleventh. It is plain that we cannot put

much reliance on the actual figures, but at the same time

we may safely conclude that the reflection fi'om Mars is

almost as completely from the surface as it is with the

moon, whilst from the earth, and yet more from Venus,
it is chiefly fi'om the atmosphere, either from cloud or

from suspended dust, the latter agent being probably the

more effective in the case of the earth, and the former

with Venus.
It may be concluded then that the effective amount of

heat received by the three planets is far more nearly equal

than would at first appear. Mars is, therefore, much
warmer than its distance from the sun would imply ; but

on the other hand its mean temperature is by no means
so high as we might infer from the size of its polar caps.

For we must not forget that we see the planet at the best

advantage ; the side it turns to us is the side it turns

towards the sun ; the parts of Mars with which we are best

acquainted are its tropics at midsummer and at noon.

The experience of our elevated plateaux and mountain tops

shows how great may be the dift'erence between the

highest and mean temperatures where the air is rare, as it

certainly is on Mars. There is nothing improbable in

supposing that even if the mean temperature of its tropics

is considerably below zero Centigrade, the day temperature
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may be consistently above it, and hence the ice and snow
formed during the night would soon be melted during the

day, and we should see only the indications of water and

not of snow.

The sky of Mars by day is almost cloudless. We know
this by observation, but we know it far more surely by

inference ; for observation at such a distance is apt to be

deceptive. Here a most fruitful source of condensation

is the lowering of temperature, consequent on the expansion

which rising currents of air experience as they attain a

greater height. On Mars this cause is far less eft'ective.

For that a body of air may expand to double its former

volume, it must rise nearly nine miles instead of three and
a half, and it will take more than six times as long to do

so. Nor IS this all. Its temperature would not be lowered

so much by such an expansion, for less work would be

done, and even an equal loss of temperature would make
a less ditt'erence to the power of the air to hold water
vapour. For whilst the boiling point of water would be

lowered some 24° Cent, by an ascent to the height of half-

density here, it would on Mars (assuming an atmosphere
proportional to the mass) be lowered only 1H°. It would
be tairer, however, to compare the etfects of an equal motion,

for the nine miles rise, which would lower the boiling point

on Mars by but 13', would lower it on the earth by 86°,

or six and a half times as much.
It is easy to see how it comes to pass that the spectrum

of Mars atibrds evidence of the presence of water vapour.

For evaporation would be easy and rapid, the boiling point

of water being (on the assumption made before of an
atmosphere proportioned to the mass) 10° Cent, instead of

100°
; whilst condensation would be difficult and slow.

The tendency would be during the day for the atmosphere
to become as fully laden with water vapour as it would
hold. At night condensation v.ould indeed set in,

but the formation of a continuous cloud canopy would
probably interfere to check radiation, and would prevent

the temperature falling as low as we should suppose. The
traces of this night cloud canopy are probably seen in the

white rim always observed on the east and west limbs, and
always somewhat broader on the side emerging from dark-

ness ; for both mornings and evenings are always cloudy on
Mars, but more especially the mornings. The low density

of the atmosphere would prevent differences of pressure

being set up at all comparable to those we know here ; the

feeble gravity of the planet would make the movements in

response to such, differences far more languid. There are

no hurricanes in Mars. The clouds wiU be cirri, not

cumuli, hoar frost will be far more common than snow,
and the currents, such as they are, will not bring moisture

enough to the pole in winter to cover it with snow to any
great depth, so that the succeeding summer may well be

able to melt it nearly all away.

If these considerations be correct, it is Venus and not

Mars which bears the greatest analogy to our own planet
;

it is more nearly equal to the earth in size and mass, and
hence I would suggest its meteorological conditions are

more nearly similar, ilars with the smaller amount of

heat that it receives, its thin atmosphere, and sluggish

meteorology will, in spite of our knowing the configuration

of its surface so well, present more dift'erences than analogies.

And what we do see is probably deceptive : the ruddy glow
and apparently open seas of the part turned towards us are

very likely perfectly consistent with the part which we do
not see being bound in ice, or perhaps we should rather

say in frost.

Eeii.\rks by a. C. Eanyard.
[I do not feel as certain as my friend Mr. Maunder

that the atmosphere of Mars is less dense than our own
;

but I agree as to the strong e\'idence tending to show that

the Martian atmosphere is more transparent than the

earth's, and with Mr. Maunder's conclusion that it must be

loss dust-laden. This seems to follow naturally from the

more languid character of the storms which Mr. Maunder
has so ingeniously shown to be a natural consequence of

the ieeble gravity at the Martian surface. Most of the

larger dust particles in the earth's atmosphere are suspended

within a mile or two of the surface. During the last

few years, it has been shown that the dusty state of the air

is intimately connected with cloud formation. Thus on

Mars we never observe white seas of cloud such as Hoat

so frequently over the earth's surface, and which must
obscure its oceans and continents with a snow-white sheet,

ever drifting and changing as it forms or dissolves.

The intense polarization of the sky, as seen from a

mountain-top, proves that our upper air is full of very fine

dust, which is possibly partly of terrestrial origin and partly

derived from the dehris of meteors which have been driven

into vapour in the upper air. But it does not even follow

that the number of meteors which plunge into the atmos-

phere of ^lars correspond with the number met by the

earth. The large majority of meteors which we encounter

evidently belong to elliptic streams, and—whether we
assume with Proctor and Sir K. Ball that such streams

had a terrestrial origin or, as I think more probable, that

they represent the remains of comets captured by the

earth—it seems likely that the earth would encounter

more of such closed streams of meteors than Mars ; for, on
the one theory. Mars, during its sun-like stage, must have

been a feeble little centre of disruptive action as compared
with the earth, and, on the other theory, Mars' power of

captiu-ing comets must be feeble compared with the

earth's.

It is evident that the red colour of Mars is not due to

the absorption of its atmosphere, for, as Webb remarks,

its polar snows never have a ruddy tinge, even on the limb.

We see no evening and sunrise tints on Mars. When it

presents the gibbous form, the terminator where twi-

light effects should be visible seems somewhat more sharp

than the limb or outer edge of the planet, which always

appears rather whiter and more misty, as Mr. Maunder
remarks, than the rest of the planet. On the earth,

twilight lasts till the sun has sunk about 18^ below the

horizon, and if there were such a band of soft degrading

Ught on Mars, it ought to be easily recognizable when
Mars presents its most gibbous form. But this absenc3 of

detectable twilight is quite consistent with a very dense

Martian atmosphere, if the air were very clear and free

from dust.]

ON SOME RECENT ADVANCES IN THE STUDY
OF SOLAR PROMINENCES AND TACUIJE.

By A. C. Eanyard.

IT
may be said that till recently photography has

lagged behind direct observation in the study of

solar phenomena. The first great advance was
made by -lanssen, who, more than ten years ago,

photographed details of suuspots and of the sun's

' surface which the eye could not recognize. Prof. C. A.

Young, some years ago, obtained a few photographs of

!
bright solar prominences, but they showed very Uttle

j

structure compared with the wonderful detail which can

i

be seen with the spectroscope around the sun's limb.

I

There is no lack of light for the study of solar structures,

I but the very abundance of light and heat increases the

I
difficulties presented by the troubled ocean of atmosphere,
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through which we look up at all the phenomena of the

outer universe.

The bright light from the body of the sun lights up the

dust in the atmosphere, and forms a luminous veil which is

drawn over the whole sky and hides from us, under all

ordinarycircumstances, the brilliant prominences and fainter

corona which surrounds the sun. At first it was only when
the dust veil was rendered transparent by being plunged into

the shadow of the moon that the veil was, as it were,

rent for us, and for a few moments, during a total eclipse,

we were permitted to look upon the wonderful structures

about the sun. Then came the method of stretching out
into a spectrum the white light dispersed by the dust veil,

and observing upon the band of colour the unstretched
coloured images of the gaseous structures behind the white
veil. But, under all ordinary conditions, when the coloured

images are bright enough to photograph, only a narrow
slit can be looked through, showing a very narrow slice of

the solar structiu'e.

The ingenious advance made by Prof. Hale of Chicago,
which has enabled him to photograph large prominences
and monochromatic images of the whole disc of the sun,

consists in employing a moving slit which is carried across

the prominence intended to be photographed, or across

the whole image of the sun, by a clepsydra, while another
slit is evenly moved at a corresponding rate just in front of

a photographic plate, so that the slit only allows one
coloured image to fall upon the sensitive plate and screens
it from the action of all other coloured images, and a
photograph printed by monochromatic light is obtained.

The apparatus at first used consisted of a cylinder in a
closed box, at the eye end of the observing telescope of a
large diffraction spectroscope. The axis of the cj'liuder

was parallel to the lines in the spectrinn, and the cylmder
could be rotated at a uniform rate by a small clepsydra
driven by a supply of water mixed witli spirits of wine, so
as to avoid the chance of freezing m cold weather. A strip

of flexible celluloid photographic film on the circumference
of the cylinder was slowly moved in the plane of dispersion
behind a narrow slit at the focus of the observing telescope.

The diffraction grating was rotated until the k line in the
foiu-th order spectrum passed through the slit and fell

upon the sensitive film. By changing the rate of the
driving clock of the telescope, the sun's image was made to

drift slowly across the first slit of the spectroscope, while
the film rotated at the proper speed. In this way, if the
motion of the cylinder is properly proportioned to the
motion of the driving clock, a chcular image of the sun
can be built up. In the image of the sun shown on the
lower half of our plate the two motions were not
properly proportioned, and consequently the image is

elliptical. Our plate is by no means a satisfactory one.
The glass photograph kindly sent by Prof. Hale as a speci-

men of his work, shows two bands of bright facuhe running
across the sun's disc in the region where spots are most
frequently found.

The facul*, shown in this photograph, all correspond
to the bright monochromatic solar image k, though no
doubt they shine with other light as well, but the k line is

generally the most active photographically in the spectra
of the prominences, to which the faculse are evidently
allied. Under ordinary circumstances, when examining
the Sim with a telescope. facuLe of much less extent are
seen, and they are only clearly recognizable near to the
sun's limb. The photographs made by the new method
reveal the fact that they do not merely equal the spots in

area but that they are far more extensive—in fact the spots
sink into relative insignificance beside the facula? which
surround them.

Prof. Hale has recently succeeded in making photographs
in which the faculff, spots, chromosphere, and prominences
are all shown on a single plate in their proper relative posi-

tions. This cannot be done with Prof. Hale's instrument
in a single exposure, as the time required to bring out the

prominences is much too long for the faculse. A diaphragm
covering the sim's image at the focus of the equatorial is

therefore employed, and the slits are made to move across

at the speed required for the prominences. At the end of

the stroke the diaphragm is removed, and the slits are

made to move back over the image at a much higher speed

by adjusting the valves of the clepsydra. An image of the

sun's surface is thus formed on the plate exactly within the

image of the chromosphere formed during the whole
exposure, and the whole operation can be completed in a

minute. One great advantage of the photographic method
is that sudden and short-lived eruptions, with which all

solar observers are famiUar, can be studied and measured
at leisure.

The upper pictiu-es on our plate represent a fine

prominence photographed by Prof. Hale in May last.

Much of the faint and delicate detail visible in the glass

picture sent by Prof. Hale is lost in our copy, but our

readers will no doubt be able to recognize several dark tree-

like forms cutting out the light of the bright prominence.
These, no doubt, correspond to a cooler group of

prominences situated between us and the larger bright

prominence, and they are seen reversed on the bright

background.

'^'e heartily congratulate Prof. Hale, and wish him stUl

further success in the fruitful hne of research which he
has made for himself.

3ltttrrs.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

THE XOVA AURIG,E.

j

Extract from a letter from the Rev. T. E. Espin, (/nfcrf

Toulaif, Ddrihiyton, 22h(/ Aniiufyt, 1892.

. . . I had a letter from Mr. Henry Corder yesterday

telling me that the Nova was again visible. I looked it

up last night, and found it 9-2 mag., white or yellowish

white. The spectrum has changed to a monochromatic
one, all the star's hght being concentrated in one intensely

i

bright line, which is probably X oOO'O. The Nova, like

the Cvgnus one, seems to have become a planetary

nebula. . . .—T. E. Espix.

[The changes observed in the spectrum of the Nova
Cygni as it vanished seem to show that the nebular type of

spectrum was not the last that it presented. Dr. C'opeland

and Lord Crawford at Dimecht noted the single greenish

line of the nebular spectrum, A 500 ±, as the only line in

the spectrum of the Nova on 2nd September, 1877''-\

Some three years afterwards its spectrum was examined

with the ly-inch refractor at Harvard College Observatory,

and found to correspond with the spectrum of an ordinary

star. Dr. C'opeland was, in 1881, imable to see any trace

:
of light with the spectroscope at Duuecht, which is suffi-

cient proof that its spectrum could not then have been

monochromatic. By 1885 it had decreased to a star of

the 15th magnitude. Dr. J. G. Lohse, who examined it

with Mr. Wigglesworth's 15|-inch refractor near Scar-

borough, was unable to detect any • spectrum when
examined with the spectroscope. It then appeared bluish in

colour and nebulous. Thus the monochromatic nebular

* Copernicus. Vol. II., p. lOS.
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type of spectrum seems to have been presented only during

a compai-atively short stage in the development of this

remarkable nebulous variable.

The Auriga Nova is evidently not diminishing uniformly

in brightness. According to an article by Dr. Copeland,

published in the August number of Professor Hale's

Jiiiiniiil (if Astroni'iiii/ and Astro- Plii/sics, p. 600, the Nova
exhibited continual and irregular changes of brightness

throughout the month of February. On the •20th of March
it had dropped to the 9-1 magnitude, and by March 28th

to the ll'O magnitude.* Its present estimated magnitude,

92, would indicate a rise of more than 2t magnitudes.
These irregular changes in brightness and in spectrum
favour the theory, suggested in the June number of Know-
ledge, that the light of the Nova is due to its passage

through an irregular nebula rather than to a single collision

or near iipproach of two stars moving in nearly opposite

directions, as suggested by Dr. Huggins.—A. C. Hanyard.]

To the Editor of Kno^xedge.

Sir,—An active aurora of' great brilliancy was visible

here on the evening of Friday last from 9 till 10 p.m.
The whole of the sky, fi-om N.'\\'. to N.E. and from

horizon to zenith, was filled with a mass of streamers.

The light was sufficient for reading moderately large type.

The streamers and rays were projected from the upper
edge of a low arch of dark-coloured vapour resting on the

northern horizon. The space occupied by the points of

the streamers covered the constellations Ursa Major on
the west and Cassiopceia on the east, and the intermediate

region. Among the brilliant sheaf of white streamers, an
occasional dark ray shot upwards from the generating
arch. J. Lloyd Bozward.

Worcester, 17th August, 1892.

AEE THE LIXAR CLEFTS RIVER BEDS," OR
FRACTURES OF THE CRUST?

To the Editor of Knowledge.

Dear Sir,—One of the most remarkable geological

discoveries of modern times is the fact that the floors of

our great oceans are vast areas of slow permanent sub-

sidence, by the steady sinking "in of which, through
shrinkage due to secular cooling, the persistent degradation

of the continents is counteracted. Mr. J. Murray tells us

that " the result of many lines of investigation seems to

show that in .the abysmal regions we have the most
pennanent areas of the earth's surface '

; and M. Faye
points out that " under the oceans the globe cools down
more rapidly and to a greater depth than beneath the

surface of the continents—at a depth of 4000 metres the

ocean will still have a temperature not remote from O^C,
while at a similar depth beneath the earth's crust the

temperature will be not far from 150° C." This greater

relative density of the crust beneath the oceans compared
to the continents has been amply proved by a long series

of pendulum experiments, and is accepted as an axiom.

According to Mr. Murray, •' the general aspect of the

abysmal regions must be that of vast undulating plains,

interrupted here and there by huge volcanic cones," which
rising to the surface occasionally, form the oceanic

(volcanic) islands. Lying at an average depth of three

miles, these areas of permanent subsidence cover i-oths of

the globe's surface, and the proofs that they have never
formed part of a continental surface are very clear in

several ways, one being the entire absence of stratified rock

* According to Professor E. C. Pickering's measures, it liacl dropped
to the 14'3 magnitude on April 13tli. See Astroaomii and Astro-

Phiisiis. May, 1892, p. 417.

fragments (sandstones, &c.') from the ejecta of oceanic
volcanoes, while so common in those existing on continents.
The area of the shallow and enclosed seas is put at f'jths of
the earth's surface, that of the land being t'b'^Iis, the mean
elevation of the latter being 900 feet. Both of these con-
trast strongly with the abysmal plains, inasmuch as they
are marked by great inequalities of level, the fluctuations

being revealed in the strata. The fact for us to note
specially in the foregoing is, that the slow shrinkage of
our globe—due to secular cooling—is mainly taken up
in and by the steady subsidence of our ocean floors, which
are the coldest, densest, and hea\-iest portions of the
earth's crust. This slow, persistent, and invariable sinking
in of the sea bottoms is such a momentous feature in

terrestrial surfacing that we may well keep it in view when
endeavouring to solve the mystery of lunar details. The
question arises, Can we trace on the moon any evidence of

subsidence in the marea, or seas ? To begin with, we
may legitimately assume that whether the surfaces we see

are composed of sand or alluvium—the sea beds laid bare

—

or whether they are the actual seas, solidified and floe-

covered, the absence of vegetation, and of all atmospheric
and pluvial erosion, would render all fractures of the crust

due to mareal subsidence both more permanent and con-
spicuous than they would be on our earth. 'We may also

assume Ijeforehand that repeated (if slow) subsidence of

any large circular area, such as Mare Serenitatis, would
eventually result in the formation of a series of marginal
tangential fissures, visible or invisible. Now, on examin-
ing the borders of this sea for evidences of subsidence, we
at once find tlie most remarkable confirmation of the above.
Beginning at the southern margin near Plinius, we find on
the great incline a triple system of tangential clefts,

one of which, 8, extends in a straight line from Taquet B
to Dawes, while another, s, of still greater length, runs on
the north towards Mount Argieus. From thence, an
almost continuous series of clefts runs tangentiallv around

Saulk

the western border of the mare, past Littiow, Le Monnier,

and Chacornac, to, and across the walled plain Posidon, on

the north-west, taken up faintly in crossing Lacus Som-
uiorum, and at the foot of the cliffs east of E, in longitude

20' W.—the northern coast line. Again, on the eastern

border at N, we have another cleft, tangentially placed,

like two others, N and E, at the Sulpicius Gallus on the

southern margin, thus completing the circuit of the mare,
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as per diagram A. That such an arrangement of " clefts
"

as the above could have ever been " river beds," or due to

river action, is simply incredible, the more so, as many of

them traverse inclines athwart the drainage slopes, the

" gape " of the clefts being precisely what it should appear

if they were vast fissures, or marginal fractures of the

crust, "due to subsidence of the adjoining mare. Clearly, we

are not justified in ignoring all this evidence, derived from

the arrangement of the " clefts "' surrounding Serenitatis.

It is distinct and positive evidence against the view that

they are due to river action, and equally clear that they

are marginal fractures of the crust, due to the subsidence

of the enclosed sea ; In other words, a proof that the sub-

sidence of sea bottoms is a lunar as well as a terrestrial

phenomena. This type of arrangement is seen elsewhere,

as in Mare Humorum, and may be called type A. Another

type of arrangement, B, is at times seen, where two

the floor,

who says

to exist

mares are divided by what appears to be a .shoal, as

between Humorum and Nubium, over and along which a

large group runs more or less parallel to each other.

In this case (see diagram B) the group of clefts runs

parallel to and over what woiild be the " water parting
"

which divides the two seas, an arrangement directly

opposed to the view that they are "river beds," but pre-

cisely that which we should naturally expect if the clefts

were due to subsidence of the marea on each side, east and

west. A third type of arrangement, C, is where we see the

clefts conspicuously forked and crossed,

S as in the walled plain Gassendi, at

Ramsden, Triesnecker, &c. In these

cases it is equally difficult to understand

K .- how such clefts- could be regarded as

\ due to river action ; not only do they

(o E cross each other in all directions, in a

/ manner quite opposed to our experi-

ence of terrestrial river beds, but in

the case of Gassendi the entire system

lies within the ring of the walled plain.

r' If, however, there has been an exten-

sive subsidence, not only of Mare
Humorum to the south, but also of

on the north-west and west, and of the ring

to and around a rigid centre, or cluster of

peaks, such a comphcated series of fractures will be at

once intelligible. In the case of Gassendi, indeed, there is

remarkably good internal evidence that this view is

correct. It will be seen on reference to diagram C, drawn

mainly from Nelson's map of Gassendi, p. 337 of his

" Moon," that the ring of this formation is gapped in

two places on the southern border 1 and 2, and that

each of these gaps, or passes, coincides with the extremity

of a cleft on the floor inside ; also that the ring is gapped

in two [places, 3 and 4, on the western border, each

gap again coinciding with the extremity of a cleft on

A'-'-'

CASSEIVBI

the mare
itself, on

This peculiarity was observed by Neison,

at p. 312, " Some connection appears also

system and the peculiar

C,«S5«'r,.Z; \\

>orrt

between the riU

passes in the walls of the

formation." The connection

referred to seems to be this,

that the mareal subsidence

and displacement to the

south-west and west, which

opened the crevasses or clefts

on the floor, in line with 1 , f/ l\___-'^'|fi'^

2, 3 and 4, at the same time-^ l[ I /I \'"S i*"",

neci'fisitiilii gapped the ring at

these same places. This re-

markable coincidence, there-

fore, of the extremities of

clefts with gaps in the ring,

amounts almost to a de-

monstration that adjoining

mareal subsidence, involving,

as it necessarily must, some
little lateral displacement, has by the same operation both

cleft the fioor and gapped the ring.

Thus in the foregoing, while we have seen in A, B
and C three quite distinct types of arrangement of the
" clefts," they have in all cases, on exammation, told the

same tale— /.<., that instead of being river beds, they are

fractures of the crust or fissures, due to adjoining mareal

subsidence. This view is indeed confirmed on a large

scale by the vast series of clefts, extending from Hyginus,

past Sabine, Censorinus, and Capella, as far as Goclenius,

which border the Marea Vaporum, Tranquilitatis, and
Fcpounditatis, and is also seen on a small scale in many
places. But there are occasionally instances wherein it is

not so easy to adduce " mareal subsidence " as a cause for

the cleft, yet easy to show that it cannot have been a river

bed. The great cleft of Sirsalis, for instance, which runs

in a fairly straight line, crosses hills, valleys, craters, and

mountain ranges quite impartially for some 400 miles, a

series of feats which no terrestrial river is ever likely to

accomplish.

But quite apart from the evidence based on the

arrangement of clefts, we have in their forms alone fairly

good proof that they are fractures of the crust and not

river beds. As Proctor points out in his " Moon," page

176, they extend " with perfect straightness for long dis-

tances and changing direction (if at all) suddenly, there-

after continuing their course in a straight line." This

notorious peculiarity is utterly opposed to all our experi-

ences of terrestrial rivers, the sinuosities of which are well

known. But the straightness and angularity is what we
should naturally expect to see if clefts are fractures in a

tolerably thick, brittle, and semi-rigid crust, induced by

the subsidence of adjacent areas—they are not at all the

features we should expect to see either in a thin crust, or

one of open friable nature like sand or alluvium ; in the

latter we should certainly see a maze of short, irregular

reticulations, instead of the great length, straightness,

and angiilarity.

But a smgularly conclusive and beautiful proof that the

" clefts " are fractures, or fissures in the crust, which pass

through an outer shell, down to moister and warmer sub-

strata, is seen in their frequent structural association with

small craterlets and crater cones. These are so often seen

at the angles, or jimctions of clefts, that they are ob-

viously due to some deeply-seated cause for unusual dis-

location of the strata. At times we see, as in Hyginus,

three or four ci'aters isolated along the cleft, in other cases

they may lie close together, the well-known " crater row,"
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as many as eight or ten all touching each other, as near
" Eomer." These little hills, haviug oritices on the sum-

mits, lie directly over the cleft. The so-called

" river bed " does not avoid them and go round
the base, hence the proof that the cleft was
made first, and the eraterlet, or cone, arose on

it afterwards. There can be no doubt, there-

fore, that these craters and cones are piled-uj)

formations, and hence that their invariably

snow-white material has been derived fi-om

beneath the surface—through the cleft—at

isolated localized passages. If these little piled

cones were occasionally coloured reddish, light or dark

brown, or dark grey, we might suspect they were formed

of volcanic ejecta ; their absolutely uniform whiteness,

however, all over the globe, whether at the poles or equator,

whether on mountain regions or marea, forces us to the

conclusion that they are all formed of snow, exhaled as

aqueous vapour through orifices along the clefts, which
here and there pass down to warmer and moister sub-

strata. Thus, while this frequent structural association of

craterlets and crater rows, with clefts, is intelligible, if we
look on the latter as profound fissures in the crust, it is

latterly imintelligible if they are viewed as water-courses.

On the moon, as on our earth, there is yet evidently a

vast store of internal heat ; as this is slowly dissipated,

and induces internal contraction, the lunar marea, like our

tcrrc.-itrial sea hottoiiis, slowly sink in, fracturing the outer

crust, as we have seen, by doing so, in several different

ways, as in A, B, and C ; showing us also that the outer
" crust " of the globe is of a somewhat brittle nature and
of considerable thickness ; and, lastly, that the dissipation

of hoat-energy is largely effected all over the surface, by
the exudation of aqueous vapour through pores or passages,

over and around which it piles as minute cones or
" craterlets " of snow.
From the equator to the poles they are seen in count-

less thousands as a late or recent feature, and one of

them quite naturally arising in Linue would explain the

change seen therein, and solve that celebrated mystery.
Sibsagar, Assam. S. E. Peal.

[The evidence brought forward by Mr. Peal with regard

to the general subsidence of the great lunar marea seems
to me conclusive. The passage from Mr. Nelson's book
on the Moon, quoted in the June number of Knowledge
(p. 115), does not refer to the rills or clefts as river beds,

but only speaks of them as bearing " some resemblance
"

to water-courses, and as frequently commencing " at the

end of a system of branched valleys leading from a high-

land." Mr. Neison says (p. 72), " With regard to the true

nature of these rills or clefts absolutely nothing is known,
whilst they are too delicate objects to allow much, if any,

of the detail of their formation to be made out. It has
been supposed they are cracks or fractures in the lunar

surface ; but their intersection and general conditions of

existence seem quite inconsistent with such a supposition,

more especially in their behaviour with reference to the

various formations they pass through, round, or over. In
many points they bear some resemblance to the dried beds
of lunar water-courses or rivers, but in many features do
not seem in accord with such an origin, though perhaps it

presents the most feasible explanation of their nature of

all ; but their true nature will not be ascertained until they
have been made the subject of a searching examination
with a powerful telescope of the highest excellence, and
thus details of the method of their construction have been
obtained. Perhaps, unlike the terrestrial river beds, these

rills may have arisen independently, but have served after-

wards the purpose of river beds ; their connection with the

system of delicate valleys renders such a view somewhat
probable. Thus many of these rills commence at the end
of a system of branched valleys leading from a highland,

whilst others can be detected winding along the bottom of

extensive valley regions. At other times they appear
however, entirely independent of such formations."]

THE OLDEST FISHES AND THEIR FINS.

By R. Lydekker, B.A.Cantab.

IN
the article on " Mail-clad Animals," published some
time ago in Knowledge, it was shown how the fishes

of the more ancient periods of the earth's history

were frequently characterized by having their bodies

protected by a coat of armour, and also how this

armour has been lost by most of their modern descendants.

At the same time it was mentioned that a few of these mail-

clad fishes, like the gar-pike of the rivers of North America,
and the many-tinned bichir (roli/jiterus) (Fig. 1) of the

Fio. 1.—The Bichir.

Upper Nile, still linger on, as if for the purpose of showing
us what their ancestors were like.

In addition, however, to their armour, and its gradual

loss with the advance of time, there are many other points

of view from which these ancient fishes are of more than
ordinary interest, and we accordingly propose in this

article to consider the curious modifications which have
taken place in the structure of their fins as we ascend in

the geological scale. We shall, moreover, be led to notice

briefly one of the most remarkable types of fossil fish

teeth found in the older secondary rocks, since it proves

that one of our living fishes is the oldest kind of

vertebrate now inhabiting the earth.

Before going further, we must mention that existing

fishes have been divided into several main groups, dis-

tinguished from one another by structural peculiarities.

One such group includes the sharks and rays, charac-

terized by their cell-like gills and scaleless bodies. Then
we have the smaller group of lung-fishes, now represented

by the baramunda, of Queensland (figured in the article

on " Mail-clad Animals "), and the mud-fishes of the rivers

of Africa and South America, all of which can breathe

either by gills or by lungs. Another group is formed by
the so-called ganoid fishes (Fig. 1), many of which have
the bony armour already mentioned ; while the great

majority of the fishes of the present day, although nearly-

related to these ancient ganoids, have been generally

separated as a distinct group, under the title of bony
fishes. That name they take from the circumstance that

their skeletons are fully ossified, and do not partake of the

cartilaginous nature of those of a shark or a ganoid.

Now if we look at the paired fins (or those which
correspond with our own limbs) of any ordmary bony fish,

such as the perch (Fig. 2), we shall see that they are

formed of a number of bony rays, starting from a single

point of origin, and thence spreading out in a fan-like

manner. We shall also not fail to observe that the tail of

such a fish has a very similar kind of structure, likewise

consisting of bony rays, symmetrically arranged, and
starting from a curved line where the scales suddenly stop.

We may also see from the figure of the skeleton of such a

fish that the backbone likewise stops suddenly where the
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Fig. 2.—Skeleton of tlie Percli. a— c, ^aws; rf, eye; e f, portions

g 1)', backbone ; h, pectoral fin ; i, pelvic fin ; k /, first anil second

w, anal fin ; » «', tail ; /' and )' are the paired fins.

tail begins, and that the rays of the latter start from the

expanded end of the backbone itself.

The same general type of structure obtains in the paired

fins of some of the later ganoids, sucli as the living

sturgeons, as well as certain extinct forms, and it is also

universally present in all the living sharks and rays. If,

however, we were to go to the Natural History Museum
and examine the baramunda of the rivers of Queensland,

or the gar-pike
(
Lepidastewi) of those of North America, or

the bichir {I'ohjjiti'nis) of the Upper Nile and the rivers of

western equatorial Africa, we should tind a totally dif-

ferent structure obtaining in the paired fins. In all these

three fishes (of which, be it carefully noted, the first is a

representative of the lung-fishes, while the second and
third are ganoids) the first pair, or pectoral fins, as is well

shown in the bichir repre-

sented in Fig. 1, are seen

to have a long central lobe

running for some distance

up the middle of the fin,

and completely covered with

scales, while the rays of these

fins form a kind of fringe,

radiating ou all sides from the

central lobe, the skeleton of

a fin of this type being shown
in Fig. 3.

From this it will be seen

that such a fin consists inter-

nally of a long cartilaginous

axis, composed of a number of

joints (1-9), and that from one

or both sides of such joints

there are given ofl" obliquely

other smaller jointed rods

terminating in the fine rays

forming the free edges of the fins. How totally diflerent in

construction is this kind of fin from that of the perch wiU
be manifest from our description, and a comparison of

Fig. 3 with Fig. 2. Fishes with paired fins like those of

the perch may be well termed fan-finned fishes; while

those with fins of the type represented in Fig. 4 may be

known as the fringe-finned fishes.

At the present day the only fringe-finned fishes are the

baramunda and the African and American mud-fishes

(which, as we have said, are the sole living representatives

of the lung-fishes), together with the bichir and an allied

species, and the gar-pike, which, as we have seen, belong

to the ganoids. All the oldest ganoids, such as those

found in the old red sandstone of Scotland, of which an
example is figured in the article on "Mail-clad Animals,"

of skull

tack-fins

seen.

Fig. 3.—Skeleton of pectoral fin

of an extinct Shark. (After
Fritseh.)

are, however, likewise of the fringe-finned type
;

and since a gradual passage from these primeval

ganoids can be traced tbrough later ganoids

found in the upper palreozoic and secondary rocks

to the bony fishes so characteristic of our present

seas and rivers, there can be no manner of doubt

but that the fringe-finned type is the most ancient

one, which has gradually become modified into the

modern fan-finned form.

The evidence that the fringe-finned type is the

r-«s5^Si oldest does not, however, stop here
;

for, curiously
** enough, not only had the early ganoids and lung-

fishes this kind of fin, but the same type likewise

obtained in the primeval sharks. The fin-skeleton

represented in Fig. 3 belongs indeed to a member
of the same group of sharks as does the species of

which the entire skeleton is shown in Fig. -1, where
the rod-like axis in both pairs of fins is distinctly

Now we have already mentioned that modern sharks

and rays have fan-like fins ; and it is, therefore, clear that

both in the sharks and in the compound group represented

by the ganoid and the bony fishes there has been an inde-

pendent transition from the fringe-finned to the fan-finned

type. On the other hand, in the lung-fishes, which, as we
shall see shortly, are a very ancient race, the fringe-iinned

structure has been preserved without alteration throughout

countless ages.

\Ye are still unacquainted with the habits of some of the

living fringe-finned fishes, but at least the lung-fishes are

species living partially buried in the mud, and are evidently

not adapted for swimming rapidly. On the other hand, the

fan-finned modern fishes, whether they be sharks or

whether they be bony fishes, are generally adapted for

rapid motion in the water. Any person who has watched

a bowl of gold-fish will not have failed to notice the

incessant and rapid motion of their film-like fins, and it

is quite evident that this rapid motion could only be

produced by fins of the fan-like structure. The fringe-fins

are, indeed, more like clumsy paddles, capable only of

comparatively slow and steady motions ; such movements

being sufficient for fishes protected either by the bony

armour of the ganoids, or by the spines with which the

early sharks (Fig. 4) were armed. The fan-like fin is

therefore obviously the most specialized type of structure,

and as the ganoids in their advance towards the bony

fishes gradually acquired this fan-like fin, and with it, we
may presume, increased speed, it was essential that their

enemies the sharks should follow suit in order to be able to

catch their prey. This would appear to be a sufficient

reason for the attainment of the fan-like structure of fin in

both these groups of fishes. It is, however, very remark-

able that this structure of the fins having been indepen-

dently developed in the two groups should have become so

alike' as it is. On the other hand, the lung-fishes,

together with the gar-pike and the bichir, never having

had occasion to abandon the mud-loving and sluggish

habits of their palieozoic ancestors, have fortunately

preserved for us intact the old fi-inge-finned type of

swimming organs.

It is not, however, in regard to these paired fins alone

that fishes show a modification from a long, jointed, axial

structure, to one which stops suddenly in an expanded

termination, from which arises a fan-shaped arrangement

of rays, the same kind of modification, although far less

generally, having also taken place among fishes in the

structure of their tails.

Thus, in all the primeval fishes the backbone (as shown

in Fig. 4) is continued right to the very end of the tail,

where it terminates in a point. On either side of the
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backbone are fringes of fin-rays, so that (as shown in

Fig. 1) in scaled fishes the scaly part of the tail is con-

tinued nearly to its extremity. This type of tail is there-

fore exactly similar in structure to the fringe-finned type

of fin, and may be similarly known as the fringe-tailed

type. In some fringe-tailed fishes the fringes on either

side of the tail (as in Fig. 1) are of nearly equal depth.

In other instances, however, the fringe of rays on the

lower side is somewhat deeper than that on the upper
;

and a further development of this inequality results

ever, whose movements largely partake of vigorous rushes,

it is probable that the forked modification of the fringe-

tailed type is more advantageous than would have been a

tail of the fan type.

Before leaving the subject of the tails of fishes, we
cannot foi'bear to mention that the alteration from the

fringed type, with its long central axis formed by the back-

bone, from each joint of which springs a pair of rays, to

the fan-like type, with all the rays arising together from a

blunt and shortened backbone, is precisely paralleled among

Fio. 4.—Skeleton of nn extinct Sliark, greatly reduced. (After Fritsch.)

in the partially-forked tail of the sharks, where the

end of the backbone is bent upwards into the upper
and longer half of the tail, the lower lobe of which is

formed solely of rays. Sharks and lung-fishes have, indeed,

never advanced beyond one or other of these two modifica-

tions of the fringe-tailed type. On the other hand, the

compound group, including the ganoids and the bony
fishes, was by no means satisfied with the primitive arrange-

ment of matters. Starting from a fish of the fringe-tailed

type like the one represented in Fig. 1, we may trace a

gradual shortening of the central part of the tail-fin,

accompanied by an increasing development of the rays on
its lower side, until we finally reach the completely -forked

tail of the perch (Fig. 2), in which, as we have seen, the

backbone stops short of the fin-rays, and ends in an ex-

panded extremity from which these rays are given off in a

fan-like manner. The bony fishes have, therefore, not
only succeeded in developing the fringed fins of their

ancestral ganoids into those of a fan-like type, but have
likewise effected a precisely similar modification in the

Fio. 5.—Eight upper tooth of an extinct lunji-fish

(CeratodusJ. c. Point of contact with opposite
tooth. (After Teller.)

structure of their tails. That the fan-like tail of the
perch is an improvement as a steering organ upon the
fringed tail of the early ganoids there can be no doubt

;

and it is such an organ which alone could regulate the
movements of the bony fislies in the delicate manner
observable in a bowl of gold-fish. To the sharks, how-

birds. Thus the ancient birds of the Jurassic rocks,

known under the name of Anlueopterijx, had their back-

bone prolonged into a long tail, from each joint of which
there arose a pair of feathers. Such a tail was therefore

essentially a fringed one. In modern birds, however, as

we all know, the backbone extends but a short distance

behind the haunch-bone, and tlien extends into a plough-

share-like bone, from which the feathers of the tail expand
in a fan-like manner, very similar to the rays of the tail of

a bony fish ; with the exception that, whereas in fishes the

fan is placed vertically, in birds it is expanded horizontally.

In many groups of animals besides these we have men-
tioned it appears, indeed, that long tails have gone out of

fashion, as being useless encumbrances. We have instances

of this in the higher apes and bats, in bears, in guinea-

pigs, and in the more specialized kinds of flying-dragons,

or pterodactyles, described in an earlier number of this

magazine.

Having said this much as to the fins of the ancient

fishes, we may conclude our article by giving some
particulars relating to the geological history of the

baramunda, which, from the structure of its fins, we have
already seen reason to regard as one of the most ancient

types of existing fishes. For a number of years there have

been known from the triassic, or lowest secondary strata

of Europe, fish-teeth of the peculiar type of the one

represented in Fig. 6. The remarkable horn-like form of

the ridges on these teeth suggested the name of Ceratodm
for the otherwise unknown fish to which they pertained.

Nothing more was discovered as to the nature of this

problematical fish, and it was even doubtful in what
position these teeth were placed in the mouth, or how
many of them there were in each jaw. Thus matters

stood till some twenty years ago, when naturalists were
startled by hearing that a large fish had been discovered

living in the rivers of Queensland, which had teeth like

these problematical fossils. This fish was no other than

the baramunda, which, as we have seen, is one of the few

living species still retaining the ancient fringed fins. It

was found that the baramunda had one tooth on either

side of each jaw, placed in the same position as the figured

example ; and it was naturally considered that the living

fish belonged to the same genus as the Ceratodiis of the

trias. Here, then, we are confronted by the remarkable

circumstance that a kind of fish first made known to
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us by fossil teeth from the very lowest secondary strata

of Europe, was actually represented by one apparently
belonging to the same genus in the rivers of

Australia. It is true, indeed, that a recent discovery

has shown us that the living baramunda differs

slightly in the structure of its skull fi'om the fossil

Ciratodus, and that the teeth of the opposite sides of the
jaws were not in actual contact with one another, as were
those of the latter. Although these points of difference are

considered sufficient to warrant us in regarding the

baramunda as not actually belonging to the same genus
as the fossil teeth, yet this does not detract from the
extreme interest of this fish as being by far the oldest

type of back-boned animal now living. This type of fish

is, indeed, thus proved to have endured throughout the
whole of the immense period during which the entire

series of secondary and tertiary rocks were deposited
;

and when we reflect that the secondary rocks include
those enormous accumulations of strata known as the trias,

lias, oolites, greensands, and chalk, while the tertiary com-
prises the threefold divisions termed eocene, miocene, and
pliocene, we can scarcely fail to be almost lost in wonder
at the prodigious length of time during which baramundas
have existed, with but comparatively slight structural
modification. The fossil baramimdas occur in the
secondary rocks of Europe, Africa, India, and North
America, and it is an interesting subject of speculation
why the group should have totally disappeared from all

those regions, to find a last home in far Australia.

The existing baramunda lives mainly or entirely on
leaves, and we may therefore conclude that the fossil teeth
hkewise pertained to fishes which subsisted on somewhat
similar nutriment. If, however, we were to infer that all

the teeth of fossil fishes which have a ridged or flattened

grinding surface belonged to herbivorous types, we should
be sadly in error, since many of them, approximating more
or less markedly to the Cenitodiis type, really indicate fishes

allied to the well-known Port Jackson shark, in which the
mouth is covered with a complete pavement of flattened

teeth adapted for crushing sheU-fish and other hard animal
substances. In all such investigations, the truth can,
indeed, only be found out by careful induction, and by
availing ourselves of every scrap of information left to us
among the relics of former epochs.

RADIANT MATTER.
By A. Jameson.

AN
article on " Kadiometry," that ajipeared in a recent
issue of Knowledge, shortly described how some
of the energy of ether waves, striking an absorbent
surface, and being transformed into heat—that is,

into disturbance of the molecules of matter—

•

may give rise to what is known as Crookes' pressure, and
to mechanical motion. It was explained that light mills,

as ordinarily made, will only operate when surrounded by
a gas in " the fourth condition," i.e., where the free paths
of the molecules were long compared with the diameter of the
light mill. It is now proposed to relate briefly some of
the other experimental facts through which the discovery
of this condition of matter has so much improved our
knowledge of the actual condition in which gaseous matter
exists—that is, of the way in which the molecules of gases
are continually moving.

It is perhaps unnecessary to preface the remark that
this nominal distinction between gaseous and ultra-

gaseous matter is, although a useful, a purely arbitrary
one, and that the two conditions are really in the strictest

sense of the word continuous ; for the accepted definition

of a gas is that it is matter, any portion of which is

capable of expanding indefinitely, so as to exert a pressure

upon the walls of any containing vessel, however large.

Not that even this broad definition is altogether unex-
ceptional. It might be said, for instance, to be inapplicable

in the case of those gaseous masses that were described

in Mr. Eanyard's article last July, and the extreme
limits of which could probably be calculated in the

same way and with the same degree of precision as

that of the earth's atmosphere was calculated in

Knowxedge for November last. But this point is only

mentioned incidentally ; we are not much concerned with
it at present. Gas molecules at a given temperature, or

that are moving relatively to one another at a given average

speed, are, one might suppose, unaffected individually by

the pressure of the gas of which they are constituents.

But there are slight exceptions to be taken to this statement
also. We have, for instance, the mutual actions (attractions,

and perhaps some additional inter-molecular action of

adjacent molecules) making themselves felt in proportion

to the square of the density, and constituting the well-

known deviation from Boyle's law.'' Another distinction

that will be mentioned is of greater interest in connection

with the subject of high exhaustion. It must be premised
that molecules themselves are elastic bodies whose consti-

tuent parts are capable of oscillatory motions (intra-mole-

cular vibrations). These relative motions of the parts of

individual molecules are excited by transverse ether waves,
and by molecular impacts. The average velocity of trans-

lation of the molecules of a gas represents its sensible heat

;

while in addition to this we have the energy concerned in

the pulsations of individual molecules or chemical atoms.
The intra-molecular vibrations, excited as has been
described, are capable in their turn of causing loco-

motion of the molecule, by virtue of the reaction

that takes place when this pulsating body comes in

contact with any resisting body. They also give

rise to radiations of transverse waves in the ether, and
in fact Prevost's law of exchanges of radiant heat holds as

perfectly between the molecules of a gas as in any other

circumstance. Each molecule is continually throwing oft

ether waves at the expense of its intra-molecular energy,

and is continually deriving reinforcement of that energy

from the ethereal radiations of neighbouring molecules, or

of surrounding substances. Now in the case, for example,

of a gas undergoing the process of cooling, the oscilla-

tions of the chemical atoms die away to some extent

between successive encounters, owing to the radiation of

their energy. Just asavibrating bell throws off aerial waves,

so a vibrating molecule generates waves of a somewhat
dift'erent character in the medium with which it is sur-

rounded ; and if the material vibrations excited by striking

the elastic body are renewed less frequently, the result,

similar in each case, is a diminution of the average intensity

of those oscillations. Hence very highly rarefied gases, in

which the interval of time between successive collisions is

considerable, I in which, that is to say, the mean free

path is greatly extended, must cool more slowly by radia-

tion than would be the case were they in a condition of

greater density. Such distinctions as these between the

gaseous and ultra-gaseous states serve, however, to accen-

* Boyle's law, as the reader is doubtless aware, asserts that the
pressure and volume of a gas are inversely proportional to one
another.

f This interval in hydrogen at the ordinary temperature and
pressure is, according to Professor Tait, only one 17,700,Oi)0,OOOth part

of a second, that is to say, each particle of hydrogen has the direction

of its motion changed on an average 17,700,000,000 times per second.
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tuate the fact that for all essential purposes the slii,'ht

differences between them are simply of degree and not of

kind.

We have adopted provisionally, and merely for the sake

of simplicity, the view that inter-molecular motions (the

relative motions of molecules as wholes) take place in

perfectly straight lines. This is certainly a near ap-

proximation to the truth. It is therefore reasonable

to expect that in gases of ordinary density—in the open air

for instance—eflects identical with those described under
" Radiometry " in the July issue of Knowledge should be

obtainable ; all that is necessary being that the hot and

cold surfaces should be brought sufficiently closely into

proximity. This has been accomplished in several ways :

notably, by means of an " otheoscope " specially constructed

with this object by Prof. Crookes. Another example,

familiar to everyone, of molecular pressure exhibited in gas

not much removed from the normal density is furnished

by the so-called calorific parados or spheroidal state.

When a globule of water is placed on a red-hot stove-plate,

evaporation gives rise to such a shower of radiant molecules,

raining down on the hot metal from the lower surface of

the liquid spheroid, that a mechanical reaction is produced

equal to sustaining the weight of the drop, so that this

rolls on, without touching, the heated surface. Everyone
must have noticed the rapid tremulous agitation of a drop

"of water undergoing slow evaporation in this way ; and it

may not be out of place to suggest, for illustrative purposes,

that these oscillations exemplify very crudely what is

meant by intra-molecular ^ibration ; only, of course, just

as a molecule is very much smaller, so its vibrations are

very much more rapid than anything within the cognizance

of our senses.

Now to return to the consideration of gases so condi-

tioned that the peculiarities of their inter-molecular motions

may be most directly and readily shown. The description

of only a few of the experiments by which Prof. Crookes

has so thoroughly explored these matters, will give exten-

sion and confirmation to such explanations as have already

been given. One of the first questions that presents itself

is, Does speinlar reflection take place at the surface of a

body from which a molecule rebounds, and is the angle of

rebounding equal to the angle of incidence '.' The
answer to this question is in the negative ; for if specular

reflection occurred, the only effect that could be produced

by the impact of molecules would be a pressure norimd to

the surface struck. The oblique component, if any, of the

molecular pressure, acting in the line of incidence, would be

exactly neutralized by the oblique reaction in the line of

reflection. But it is weU known that the obUque com-
ponent of molecular pressure is not compensated in this

way. Fig. 1 shows a form of radiometer by which this

fact is very prettily demonstrated. The
skewed vanes are, as usual, coated with

lampblack, but do not rotate. They are

. permanently fixed to the upright in the

position shown. Above them is a movable
disc of thin, smooth mica, supported in

the centre upon a needle point. The
upper surface of the disc is painted in

sectors with pigments representing the

different colours of the spectrum duly

proportioned ; and it is made to rotate

with such rapidity by the oblique streams
of molecules fi'om the skewed lamp-
blacked vanes, that the colours blend

with one another to a neutral grey. Al-

though it is true that some highly polished

sm-faces are moved by the oblique com-
Fio. 1.

ponent of molecular pressure in a way inconsistent with

simple reflection, there is of course considerable loss of

power in such an application of the molecular pressure

to the production of molar motion. Thus with the

ordinary form of radiometer one is not surprised to

learn that much more energetic eflects are obtained when
a narrow hoop of metal, transversely stepped or corrugated

and painted with lampblack, is placed, for a reacting surface,

horizontally within the glass globe. Under this arrange-

ment the energy of the projected molecules is more
perfectly absorbed at the moment of impact; and the

"cooled," i.e. retarded, molecules may even be returned

directly back upon the vane or fly. Indeed, a single mole-

cule may thus be bandied very many times in succession

between the vane and the reacting surface ; and Prof.

Crookes has pointed out that with a sufficient degree of

rarefaction differences of molecular pressure may exist

between different parts of the apparatus for twenty minutes

or longer.

It has been asserted that the molecular wind from a

heated surface blows verynearly normally to the surface ; but

the fact that radiant matter is also thrown ofl" in oblique

directions has been shown by the following experiment.

A single " vane " resembling the half of a cone of perhaps

one inch in height was made (hollow for the sake of

lightness) out of thin sheet mica, and it was fixed on the

end of an arm, centrally pivoted, in the same way as a

magnetic compass needle. The opposite extremity of the

arm carried a small metal counterpoise ; and the whole
was mounted in a radiometer bulb, exhausted of course,

and having within it, below the pivoted arm, a large

horizontal disc of lampblacked material. The semicircular

base of the mica vane was horizontal, and therefore

parallel with the blackened or radiant surface. The
triangular (flat) surface of the vane was normal to

the blackened disc, and its apex was uppermost. Hence
molecules thrown off vertically from the blackened surface

would simply exert an upward pressure on the semi-

circular base of the vane. They could not act in any way
upon either the straight or the curved side thereof.

Molecules projected obliquely might, on the other hand,

impinge on the vertical plane side, or, but to a less ejctent,

on the sloping curved side of the vane. For the same
degree of obliquity of the molecular showers, the angle of

incidence would be great on the vertical side and small on
the sloping side of the vane. Hence it is clear, upon the

whole, that oblique molecular currents would be deflected

to the greatest extent by the vertical plane surface ; and
that their existence involves the manifestation at this

surface of an excess of molecular pressure. As a matter

of fact, the pressure on the plain side of the vane is enough
to set the arm in rotation.

Radiometers have been made in which one of the

horizontal arms to which the vanes are attached is a

magnetic needle. Of course, the rotation of the vanes in

such an instrument can be stopped by simply bringing a

powerful bar magnet into the neighbourhood of the bulb.

If this is done while the instrument floats, like a hydro-

meter, in a glass jar filled with water, the showers of

molecules from the stationary vanes wiU set the glass

envelope itself into rotation. A paper index, of say one

foot in length, may be attached to the upper surface of the

glass globe and will make this revolution more evident.

Such an arrangement, in which the motion produced by

light is not only visible but tangible, makes an exceedingly

attractive scientific toy. Prof. Crookes suggests also that

the rotation of the magnetic needle within such an instru-

ment as this might be made to induce electric currents in

wires placed outside the bulb, thereby operating self-
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recording de\'ices that would be most useful in meteoro-

logical work.

The efficiency of the light in different parts of the solar

spectrum for producing motion at the lampblaoked surface

in a radiometer has been found to be as follows : Assuming

that of the ultra red waves to be represented by 100 the

extreme red gives 85 per cent, of this standard repulsion
;

red, 73 ; orange, 66
;
yellow, 57 ;

green, 41 ; blue, 22 :

indigo, 8 J ; violet, 6 ; and ultra violet 5 per cent.

It has been suggested that a kind of mechanical process

of photography might be based upon the different repulsive

powers of difterent kinds of light. A still more interestmg

adaptation of the phenomena of radiant matter to purposes

connected with photography, and one that has been prac-

tically carried out by Prof. Crookes, is in the study of those

thermal changes which accompany photographic action at a

surface. Suppose a miniature Daguerreotype plate delicately

suspended in a " radiant matter bulb," the exhaustion and

sealing of the bulb having been carried out in non-actinic

light. If, when the apparatus is at rest and in thermal

equilibriimi in a dark room, a beam of actinic light is directed

upon the sensitive surface, of course a certain amount of re-

pulsion, due to molecular pressure, will take place ; but such

repulsion is a result of the conversion of light into heat. And
hence, for so long as a great part of the incident radiation

is engaged in performing the work of chemical .separation,

the repulsion due to that radiation must be considerably

below the normal. Space will not permit, or rather it

would be inappropriate to the subject of these articles, to

introduce a discussion of the results of these experiments,

and of others equally interesting, bearing on the absorp-

tion of the different coloured powders used as coating

upon radiometric vanes. Of course, the wave-length of the

radiant heat or light that is employed is an important

factor that has to be kept in view in the iBterpretation of

all such experiments.

When radiation of very low frequency is employed, it

may be so largely absorbed by the glass bulb that this, in

consequence of the increase of its temperature, becomes
itself a generating surface for molecular

wind. Effects of this kind, which may be

produced also by placing a warm finger on
the bulb, give rise to movements of the

vanes that are at first sight very puzzling.

Again, a thin platinum wire, mounted
within the exhausted globe (see Fig! 2),

may be so heated by being made part of

a galvanic circuit as to generate very

powerful currents of radiant matter, and
produce mechanical effects of propor-

tionate intensity on a " turbine wheel
"

radiometer. The skewed vanes in this

little heat engine are usually made of

sheet mica ; but, of course, the nature of

the material is unimportant, so long as

for the turbine wheel simply plays the

in relation to radiant matter that the paddles

of a water-wheel, or the sails of a windmill, do to currents

of water or air.

Fio. 2.

rigid and
same part

light.

THE FACE OF THE SKY FOR SEPTEMBER.
By Herbert Sadler, F.E.A.S.

HE solar disc shows little or no diminution in the

fi-equency of groups of spots and faculffi. The
following are conveniently observable minima of

Algol : September 1st, Oh. 49m. p.m. ; September
4th, (Jh. 38m. p.m. ; September 24th, 8h. 20m. p.m.

T

Mercury is a morning star throughout September, and
is well situated for observation during the second and third

weeks of the month. On the 8th he rises at 3h. 49m. a.m.,

or Ih. 3Gm. before the Sun, with a northern declination

of 111° and an apparent diameter of 7^", about youths
of the disc being illuminated. On the 13th he rises at

3h. 51m. A.M., or Ih. 42m. before the Sun, with a northern

declination of 10'^ 46' and an apparent diameter of 6|",

about T%'Viths of the disc being illuminated. On the ICth

he rises at 4h. Om. a.m., or Ih. 39m. before the Sun, with a

northern declination of 9° 36' and an apparent diameter of

60', yr.ths of the disc being illuminated. On the 23rd he

rises at 4h. 38m. a.m., or Ih. 12m. before the Sun, with a

northern declination of 5° 22' and an apparent diameter

of 5i", about f'-ths of the disc being illuminated. After

this he approaches the Sun too closely to be conveniently

observed. He is at his greatest western elongation (18")

on the 11th, and his greatest brightness about the 17th.

While visible, Mercury describes a direct path through Leo,

being near Kegulus on the 7th'.

Venus is still a very conspicuous object in the morning
sky, but both her brightness and diameter decrease con-

siderably during the month. She rises on the 1st at

lb, 24m. a.m.. with a northern declination of 17° 23' and
an apparent diameter of 2BJ", jf^Po^^^s of her disc being then

illummated, and her brightness being about the same as

in the middle of May. On the 30th she rises at Ih. 44m.
A.M., with a northern declination of 13° 6' and an apparent

diameter of 21", -fVoths of the disc being illuminated, and
her brightness having diminished to what it was at the

beginning of April. She is at her greatest western elonga-

tion (46°) on the 19th. At 3h. 50m. a.m. on the 22nd a

7i magnitude star will be 1' south of the planet. During
the month Venus describes a direct path from the boundariei

of Gemini through Cancer into Leo.

Mars is an evening star, but is still wretchedly situated

for observation in these latitudes. On the 1st he rises at

6h. 10m. P.M. with a southern declination of 21;^° and an
apparent diameter of 22|", the defect of illumination on
the following limb becoming now very perceptible. On
the 30th the planet sets at Oh. 33m. a.m., with a southern

declination of 21° 11' and an apparent diameter of 17'0",

his brightness towards the end of the mouth being less

than half of what it was at opposition. During the month
he describes a direct path in Capricornus. The minor
planet Pallas will be in opposition on September 20th, on
which evening she souths at midnight with a southern

declination of 6° 8'. The present opposition is not a very

favourable one, the stellar magnitude of the planet being

only 7i. During the month Pallas describes a retrograde

path in Cetus.

.Jupiteris nowbecominga magnificentobjectintheevening

sky, being actually visible to the naked eye in sunlight at the

end of the month, the coming opposition being a very favour-

able one. He rises on the 1st at 8h. Ira. p.m., with a

northern declination of 8° 1' and an apparent equatorial

diameter of 46i^". On the 30th he rises at Oh. 3m. p..m.,

with a northern declination of 6° 54' and an apparent

equatorial diameter of 49". During the month he describes

a retrograde path in Pisces. The following phenomena of

the satellites occur before midnight, while -lupiter is more
than 8° above and the Sun 8° lielow the horizon. A
transit ingress of the second satellite at 9h. 49m. p.m., and
a transit egress of its shadow at lOh. 24m. p.m. on the 1st.

An eclipse disappearance of the first satellite at 101i.5m.26s.

on the 2ud. A transit egress of the shadow of the

first satellite at 9h. 86m. p.m., and of the satellite itself at

lOh. 30m. p.m. on the 3rd. An eclipse reappearance of the

third satellite at 9h. 49m. 483., and an occultation dis-
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appearance of the same satellite at lib. 23m. p.m. on the

6th. A transit ingress of the shadow of the second satellite

at lOh. 27m. p.m. on the 8th. An eclipse disappearance

of the first satellite at midnight on the 9th. A transit

ingress of the shadow of the first satellite at 9h. 16m. p.m.
;

an occiiltatiou reappearance of the second satellite at

9h. 25m. P.M. ; a transit ingress of the first satellite at

lOh. -Im. P.M. ; and a transit egress of the shadow of the

same satellite at llh. 80m. p.m. on the 10th. An occultation

reappearance of the first satellite at Uh. 26m. p.m. on the

llth. An eclipse disappearance of the third satellite at

llh. 'SSm. 13s. p.m. on the 13th. An eclipse disappearance

of the second satelUte at 7h. 59m. 53s. p.m. ; a transit

ingress of the shadow of the first satellite at llh. 10m.
P.M. ; an occultation reappearance of the second satellite

at llh. 41m. p.m. ; and a transit ingress of the first satellite

at llh. 49m. p.m. on the 17th. An eclipse disappearance
of the first satellite at 8h. 23m. 203. on the 18th. A
transit egress of the first satellite at 8h. 27m. p.m. on the

19th. A transit iu^'ress of the third satellite at 7h. 58m.

;

a transit egress of the shadow at 8h. 8m. p.m. ; a transit

egress of the satellite at 9h. 42m. p.m. ; and an eclipse dis-

appearance of the second satellite at lOh. 35m. Is. on the

24th. This transit should be carefully watched. An eclipse

disappearance of the first satellite at lOh. 18m. lis. on the

25th. A transit ingress of the first satellite at 7h. 33m.

;

a transit egress of the shadow of the second satellite at

7h. 35m. P.M. ; a transit ingress of the first satellite at

7h. 59m. P.M. ; a transit egress of the second satelhte at

8b. 20m. P.M. ; a transit egress of the shadow of the

first satellite at 9h. 46m. p.m. ; and a transit egress of the

shadow itself at lOh. 10m. p.m. on the 26th. An occulta-

tion reappearance of the first satellite at 7h. 21m. p.m. on
the 27th.

Both Saturn and Uranus are invisible, and as Neptune
does not come into opposition till December we defer an
ephemeris of him till next month.

Tbere are no very well marked showers of shooting stars

in September.
The Moon is fuU at 9h. 7|m. p.m. on the 6th ; enters

her last quarter at Oh. 50m. p.m. on the 13th ; is new at

lb. 16m. A.M. on the 21st ; and enters her first quarter
at 6h. 19m. a.m. on the 29th. "She is in perigree at

11-Oh. P.M. on the 8th (distance from the earth 225,550
miles), and is in apogee at 60h. p.m. on the 24th (dis-

tance from the earth 252,140 mOes). The greatest western
libration takes, place at 9h. 15m. a.m. on the 3rd, and the
greatest eastern at 5h. 10m. a.m. on the 16th.

^ijcss Column.

By C. D. LocooK, B.A.Oxon.

All communications for this column should be addressed
to the " Chess Editor, KnowUdtje Ojjice" and posted before
the 10th of each month.

Solution of Auijust Problem (by D. E.)

1. B to E6, and mates next move.

Correct Solutions received from Alpha, H. S. Brandreth,
W. Pennett, G. Burt, and A. R.

(t. Burt.—Some of your variations, however, are in-

con-ect. There are four different mates for the moves of
the Black Bishop. (The Queen cannot mate.) After
1. ... P to Q3, 2. Kt to B4 is the mate.

Alpliu.^GeneraMy speaking, the more variations the

easier the problem ; for some of the variations have to

be ready-made. Duals result from Kt to Esq or R5.

a. K. AtisAl.—Thanks for the problem, which has been
returned to you for revision.

PEOBLEM.
By C. D. P. H.A.M1LT0N.

(2nd prize in Illustrated American Tourney.)

Black.

* Si I -a^'#?^W^>
^.;fmm '>mM,

v^A.

i Rf

White.

White to play, and mate in two moves.

The following fine game was played in the fourth round
of the Dresden Tournament.

EuY Lopez."
White (Mason).

1. P to K4
2. Kt to KB3
3. B to Kto
4. B to E4
5. P to Q3
6. P to B3
7. QKt to Q2
8. Kt to Esq
9. B to B2 !

10. Q to K2 (i)

11. Kt to Kt3
12. Castles

13. Kt to Ksq
14. B to E4 (</)

15. P to QB4
16. P to B4
17. P takes P !

18. B takes B (</)

19. Kt to B3
20. K to Esq (/()

21. Kt to B5
22. B to g2
23. E to KKtsq !

24. P to KKt4
25. QE to KBsq (A)

26. P to Kt3
27. P to Kt5
28. P takes R
29. Q to Qsq
30. B takes Kt (w)

31. E to Kt4
32. P takes P
83. P to B5 (o)

84. P takes B
35. P takes P !

Black (Scheve).

1. P to K4
2. Kt to KQ3
3. P to QE3
4. KttoBS
5. P to Q3
6. B to K2 (a)

7. Castles

8. P to QKt4
9. P to Q4

10. E to Ksq
11. P to Q5 (,•)

12. P to E3
13. P to Kt5
14. B to Q2
15. B to KBsq
10. Kt to Ktsq (e)

17. E takes P (/')

18. QKt takes B
19. R to Ksq
20. Kt to B4
21. Kt to K3
22. P to QE4
23. PtoE5 (i)

24. E to E4 {j)
25. P to E6
26. K to E2
27. E takes Kt (/)

28. Kt to B5
29. KKt to R4
30. Kt takes B
31. B to Q3 (n)

32. P takes P
33. Kt to Q4 !

34. Kt to K6
35. Q to Esq {p)
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86. Q to Bsq
37. Q to KB4
38. E to KKtsq
39. P to B6 !

40. E takes Kt

36.

37.

38.

39.

iO.

Kt takes KE
Kt to K6
Q to B3 (q)

Kt to Kt5 (;•)

Eesiens.

Notes.

(a) A very questionable defence, adopted by Lasker in

one of his games with Blackburne. After casthng the

Bishop becomes a fixture, hampering the movements of

Queen and Queen's Knight. P to KKtS is the con-ect

defence.

(b) Preventing the exchange of Queens : rule Steinitz

r. Tschigorin.

(f) Here, as usual, a weak move, for the Pa-ssTis are

liable to ultimate disintegration by P to KB4. Perhaps

his best course was 11. . . PxP, 12. PxP, B to Q3.

His -next move is probably made with the intention of

answering 13. Kt to Ksq by 13. . . P to KKti, a plan

from which he imprudently diverges.'

(rf) This excellent move prevents P to KKt4, for White

would get in with the Knight to B5, gaining time by

attacking a Pawn.

(e) 16. ..PxP was certainly a lesser evil. He could

then play the Knight to K2.

(/) Obviously 17. . . . B xB ; 18. PxKt, Px P ; 19.

Kt to B5 would be fatal to Black.

(r/) Best, for it secures possession of KB5 for his Knight.

(/i) 20. Kt X P is wisely rejected. Black recovers the

Pawn by B to B4 followed by Kt to K4, or even simply by

Kt to K4. The King's move accordingly is not much use.

Perhaps he feared 20. Kt to B5, B to B4, threatening

Kt X P: but thatcouldbe guarded against when the necessity

arises. Black now gains time for ingeniously defending

the Pawn twice by bringing his Knight to a better square.

(/) In new of the coming attack it may seem better to

play K to E2 at once, but the King would be strangely but

promptly sent back by 24. Kt to K5 ! Better to have

played P to B4 last move, and followed it by K to R2 and

P to Kt3 ; for Black could have then answered Kt to K5
by Q to B2.

{j ) PreventingKt to K.5 as in the last note, andpreparing

to sacrifice the exchange if necessary. See also note (A-).

The defence is most ingenious, and the game now becomes

full of surprises.

(A-) To defend the advanced Knight : for otherwise he

cannot play P to Kto on account of ultimately ExKt.
It seems doubtful whether it would not be better to move
the Queen to B2, attacking a Pawn at the same time, even

if it is not quite sate to take it.

(/) A highly ingenious resource, which makes the game
very difficult for both sides.

(w) Over-estimating his advantage. This exchange

merely brings the other Knight (which has no move) into

play, and loses the command of the point at K3. E to

Kt4 looks good.

(») A very clever trap, into which Mr. Mason un-

necessarily, though probably intentionally, falls.

(()) 33. Kt X P is probably quite as good.

(;)) Best. If 35. . . . Q x P, 36. Q to Ksq. wins.

(7 1 A mistake, which at once Icses a hard-fought game.

E to Ktsq was essential (not 38. ... P to B3, 39. Q to

Kt3 and wins). Even after 38. . . . K to Ktsq, 89. P to

BG must win shortlv.

(r) There is nothing to be done. If 39. ... R to

KKtsq, 40. E X R, K x R ; 41. Q to Kt3ch, K to Bsq ; 42.

Q to Kt7ch, K to Ksq ; 43. Q to KtSch, K to Q2 ; 44. Q to

Q8ch, etc.

CHESS INTELLIGENCE.

Srdj
4th

Prizes

Prizes

The International Tournament at Dresden resulted as

follows :

—

1st Prize . . Dr. Tarrasch (Nuremberg).

2nd) •„_: (Makovetz (Austria).

jPorges (Himgary).

(Marco (Vienna).

5th )^'""
• iWalbrodt (Berlin).

6th
) p . ( von Bardeleben (Berlin).

7th f^"^®^ . . (S.Winawer (Warsaw).
The failure of the English contingent is most noticeable,

though Mr. Blackburne secured the special prize given for

the best score made against the prize winners. Mr. Mason
was also for once unplaced, while ]\Ir.Loman was absolutely

last. This is Dr. Tarrasch's third consecutive victory in

International Tournaments, in which, out of 52 games, he
has lost only one—this was to Albin at Dresden, the

result of inferior play in the opening.

The winners of the other chief prizes are comparatively

unknown in England. Makovetz is perhaps the most
talented of the four, Walbrodt being the most diflicult to

beat. The veteran Winawer made a fine start, but failed

to sustain his form.

The Brighton meeting of the Counties Chess Association

resulted, as last year, in a victory for Mr. J. H. Blake, of

Southampton, who scored 6j out of a possible 8. Mr.
W. V. Wilson, of Brighton, was a good second with a

score of 6. Mr. H. W. Butler, also of Brighton, was
third ; Messrs. Thorold and Trenchard dividing the fourth

prize. The remaining players in order were E. Lambert
(Exeter), A. Guest (London), A. Eumboll (Bath), and the

Eev. A. B. Skipworth, who failed to score. Mr. Skipworth
nearly won last year, and must have been handicapped by
his duties as Hon. Sec.

The seventh volume of Mr. Morgan's Chess Library

consists of a complete collection of aO the 46 games played

in matches and tournaments between Steinitz and
Tschigorin. There are numerous diagrams, and a useful

index of the openings, but no notes. The two telegraphic

games are included. The price is one shilling.
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BEE PARASITES.-IV.

By E. A. Butler.

(Continued from pane 1G7.)

TO
conclude our papers on the parasites to which
British wild bees are subject, it yet remains to

consider the most extraordinary of them all, the

extremely aberrant beetles belonging to the family

Stijlopidcc. It will be best to introduce these

remarkable insects to our readers as they were in the first

instance introduced to the British scientific world, and
in fact, one may almost say, to the scientific world at large.

In the year 1802 the Rev. W. Kirby, Rector of Barham
in Suffolk, well known as the joint author with Spence of

the " Introduction to Entomology," published an important

monograph on British bees, a group of insects to which he

had devoted much study, and which he was the first to

properly classify and describe. It was while collecting

materials for this work that he came across the first

Sttflop.s ever recorded to have been seen by any English

naturalist, and in the above monograph he inserted a

description of his discovery in a passage which has since

become classical to the student of the StiiUipidir.. With
the acuteness of observation which distinguished him, he

had noticed minute protuberances on the bodies of certain

bees. These, he thought, were possibly mites of some
kind, as he well knew that such creatures are often found

on bees' bodies ; but whatever they might be, the mere fact

that there was something of a mystery was quite sufficient

to impel him to inquire into the matter and endeavour to

get at the truth of it. He was thus led to his great

discovery, but what follows had better be told in his own
words. In reference to his examination of the first of

these little knobs, he says, " What was my astonishment
when, upon attempting to disengage it with a pin, I drew
forth from the body of the bee a white fleshy larva, a quarter

of an inch long, the head of which I had mistaken for an
Acarus." This was half the discovery, but we shall see

presently that Kirby was mistaken in supposing that the

maggot-like creature he had extracted from the bee's body
was a larva ; it was, on the contrary, a perfect insect,

being in fact the female Stylops. For many years,

however, it was imagined, and very naturally, considering

its form, to be a larva ; but further facts as they were
discovered were seen to be more and more difficult to

reconcile with such a supposition, and at last it was
recognized that the footless grub-like creature was the last

stage in an eventful history, a mature insect of an
extremely degraded type.

But, as we have said, this maggot-Uke grub was only

half the discovery, and that the less romantic half. Mr.
Kirby continues :

" After I had examined one specimen I

attempted to extract a second, and the reader may imagine
how greatty my astonishment was increased when, after I

had drawn it out but a little way, I saw its skin burst and
a head as black as ink, with large staring eyes and
antenuffi consisting of two branches, break forth and move
itself briskly from side to side. It looked like a little imp
of darkness just emerging from the infernal regions. I

was impatient to become better acquainted with so

singular a creature. When it was completely disengaged,

and I had secured it from making its escape, I set myself

to examine it as carefully as possible, and I found, after a

careful inquiry, that I had not only got a nondescript, but

also an insect of a new genus, whose very class \_i.e. order]

seemed dubious." This was the other member of the

Sti/loiis family, the active little male fully equipped with

wings and legs, and as great a contrast to his mate as

could possibly be imagined. Mr. Kirby had been extremely

fortunate in securing both sexes on the same occasion,

for the males are far less numerous than the females ; F.

Smith estimated that; the usual proportion was about one
male to twenty females. Of course, Kirby did not re-

cognize the two creatures as thus related to one another,

but looked upon one as the larva and the other as the

perfect insect, never dreaming that there would be such

discrepancy in the forms of the adult insect. As he did

not know anything of the life-history of his nondescript,

he failed to see any close resemblance between it and any
of the types of the usually recognized orders of insects : he
therefore proposed to put it in an order by itself, or at

least accompanied by another very similar insect, which
had just been discovered by a continental observer in the

body of a wasp, and had been thought by him to be a kind

of ichneumon tly. This new order was called Strepsiptera

(twisted wings) in allusion to the curiously bent or twisted

form of the rudimentary fore wings. When, however, its

life-history came to be unravelled, it was seen that there

were strong resemblances between Stylops and Meloii, so

that the most natural place for its family was evidently

amongst the Coleoptera, near to the oil beetles. There it

and its few relatives which have been thus far discovered

are therefore at present resting.

Let us now look a little more closely at our two insects,

and then w'e may enquire how they came to be imbedded
in the bee's body in which they were found. And first as

to the male (Fig. 9). There are several species of
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Styhjriila;, but they are

Fig. 9.- -Italp Sfi/lojis.

Westwood.)
(After

all very minute ereiatures, the

largest being not more
than a quarter of an
inch long, while the

rest are considerably

smaller. The species in

question has a jet black

body and a pair of large

milk-white wings. Its

eyes are large and star-

ing, appearing almost

as if perched on the end
of stalks, but the facets

of which they are com-
posed are very few, not

more than about fifteen to each eye ; the antenna, most

unusually, are each composed of tica branches side by side.

The fore wings are reduced to extremely minute dimensions,

and bent as above described ; what their use can be is

quite conjectural. The hind wings, on the other hand, are

ample, each spreading, when fuUy extended, over about a

quadrant of a circle. Connected with this great develop-

ment of hind wings is the large size of the hinder portion

of the thorax, to which the wings are attached, and which,

therefore, lodges the muscles by which they are rapidly

vibrated. When not in use, the wings are folded

longitudinally and laid along the back. The body is small

and weak and, when the insect dies, soon shrivels up. F.

Smith says, "The texture of all parts of the body of a male
Sti/lops is of so delicate a nature that within two hours after

death the entire appearance of the insect is changed,

bearing no nearer a resemblance to the living creature

than a shrivelled mummy does to the once manly and

graceful Egyptian."

The little creature lives apparently but a few hours, and

during that time takes no food, though it has a pair of

jaws, being intent upon its sole business, the discovery of

a mate. But in the pursuit of this business it manages to

squeeze a good deal of activity and movement into its brief

existence. As may be imagined, it is a by no means
frequent occurrence to see these ephemeral beings on the

wing, and only a few such opiportunities have been recorded.

Dale describes a Sti/lojis as flying " with an undulating or

vacillating motion amongst the young shoots of a quickset

hedge," and adds, " I could not catch it until it settled

upon one, when it ran up and down, its wings hi motion,

and making a considerable buzz or hum I

put it under a glass and placed it in the sun ; it became
quite furious in its confinement, and never ceased moving
about for two hours It buzzed against the

side of the glass with its head touching it, and tumbling

about on its back." Thwaites, again, speaks of them as

being " exceedingly graceful in their flight, taking long

sweeps as if carried along by a gentle breeze," usually

flying so high as to be out of reach, but " occasionally

descending and hovering a few inches from the ground.

. When captured they are exceedingly active,

running up and down the sides of the bottle in which they

are confined, moving their wings and antennte very

rapidly."

The search for a partner cannot be a very easy matter,

seeing that the destined bride is completely imbedded in

the body of a bee, and no part of her is visible outside

except the minute knob-like fore-part, and this must be

quite unnoticeable while the bee is on the wing. Hence,

this matrimonial hunt must be an exciting occupation,

especially as the hours pass by, and the sands of the

hunter's little life are running rapidly down. No wonder,

therefore, that its senses are preternaturally quickened, as

we conclude to be the case from the fantastically com-
plicated antennas and the prominent eyes, so placed as to

take m the whole horizon at a sweep.
The female is shaped something like a phial bottle, the

narrow part being connected with the broader by a

still narrower constriction. The small anterior part
consists of the head and thorax fused into one, and it is a

portion of this that projects between the segments of the
bee's back. The res; of the creature lies buried in the

bee's abdomen in the manner shown in Fig. 10, occupying,
sometimes,as much as one-

fifth of the whole space.

As regards organization,

the condition of this

curious being might be
not inaptly expressed in

the words with which
Shakespeare closes his Fig. 10.—Outline of female S^//o/w

description of the seven in abdomen of Bee. (After

ages of man :

Paskard.)

" Sans teeth, .*ans eyes, sans taste, sans evpri/thinf/."

She has neither legs nor wings, and never leaves the body

of her host. Such food as she takes appears to enter her

body by absorption from the surrounding tiasues of the bee,

and her abdomen becomes simply a chamber for the

development of the eggs and the hatching of the young.

She produces an immense number of larvfe viviparously,

which, as soon as hatched, escape through an aperture in

her thorax, which is the natural orifice of the reproductive

organs transposed fi-om its usual position to the only spot

in which it would be of any use. The hatching of the

larviB is followed by the death of their parent. The
larv« are extremely minute, being not more than Jjith of an

inch in length ; they swarm in hundreds over the body
of the bee, clinging to its hairs, and giving it the

appearance of being covered with dust. From Fig. 11 it

will be seen that the larva in its first condition bears not

the slightest resemblance to either

of its parents, being an active six-

legged creature with long hair-like

appendages at the tail, just as is the

case with the newly-hatched larva

of the oil beetle. It has, however,

no claws at the end of its feet. The
bee seems to object to the presence

of the larvae on its body, and their

emission apparently causes it con-

sideralile annoyance and irritation,

and renders it very excited. A
stylopized ieraale oi AikIivtui Trim-

mcrana was once kept for some days

by F. Smith, enclosed in a gauze-

covered box, and continually kept

supplied with fresh flowers. One day
he noticed the bee " running about

apparently in a very excited state, j.,^ ji_LarTaof S/y/oy-.v.

burying herself beneath the leaves (After Newport.)

and flowers, then issuing forth and
running round the sides of the box ; sometimes she would
stop, bury her head in the petals of a dandelion, and then

commence brushing herself with her posterior legs, passing

them quickly over the upper surface of the abdomen."
Closer examination showed that she was covered with

Stylojis larvas which she was doing her best to get rid of.

No doubt large numbers of the larvie perish in this way,
being brushed off and falling into situations in which they

get no chance of mounting on bee-back again.

Like the larvie of Meloii, it is now essential that the

yoimg Sti/hijis should be conveyed to the cell of a bee, since
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its next move must be to enter the body of a bee larva,

wbioh will tlms be selected as its lifelong host. Now here

arises a very nice question ; in order to take this step in

its advancement, will it avad the Sti/lojis larva to remain

on the body of the bee that produced it, or is it necessary

that it should leave its foster parent and seek out an

unstylopized specimen ? This evidently turns again on

the question whether the stylopized bee is capable of re-

producing its kind, a question somewhat more complex

than miijht at first be imagined, and in our endeavours to

answer it we must consider for a while what effects the

parasitism of the Sti/lnji.-: produces on the bee. These are

very considerable, and may be classified into two groups,

internal and external effects. The internal effects run

chiefly in the direction of the reduction in size of the

various organs of the bee's abdomen. It is obvious that

the presence of so large a foreign body amongst the bee's

vitals must produce pressure upon surrounding parts and
interfere with their proper growth and development.

Thus the digestive tract of the bee is lessened in size

and its walls become thinner, whereby the fluids it

contains more easily pass through into the bcdy of the

parasite. But the eii'ect is most marked in the case of

the reproductive organs, which are much reduced in

size and retarded in development. Both sexes of the bees

are liable to the attack of the parasite, though the females,

as a rule, seem to be the more frequently selected. The
exact amount of interference with the bee's well-being

which the parasite produces varies a good deal, according

to the species of bee, the sex of both parasite and host, and
the number of parasites present, which may be as much as

four or five in one specimen, though most frecjuently they

are solitary. Dissection of the bee's body has, therefore,

led to somewhat conflicting results, some observers

chronicling the almost entire abortion of the reproductive

organs and the entire absence of their characteristic

products, and others noting only their reduction in size

and retardation in development.

But even supposing the female stylopized bee to be able

to produce fertile eggs, this is by no means all that is

necessary to ensure the production of a brood. The young
bee grub must be provided with food, and to this end poUen
must be collected, and this cannot be done in the absence

of the pollen-collecting organs. This leads us to consider

the external changes produced by stylopizatiou. The exact

details here again will differ in difl'erent cases. Our present

business is with the female bee, and we will therefore

consider only the changes produced in the external appear-

ance of a female bee of the genus Andremi. These have
been very clearly pointed out by Prof. Perez in a commu-
nication made to the Linnsuan Society of Bordeaux, and his

observations have been confirmed by other observers. The
head of the bee becomes smaller and the abdomen more
globose, while the hairs tend to become less densely

distributed and paler in tint, and to form bands at the

edges of the segments. The two chief parts of the pollen-

collecting apparatus in an Andrcmi consist of a brush of

hairs on the outside of the posterior tibije, and a little curl

or lock of rather long hairs on the posterior trochanters,

the minute joint which is situated between the basal joint

which attaches the leg to the body and the thigh. Now in

the stylopized bee these masses of hair l)ecome shorter,

and therefore less fitted for the collection of pollen. In fact,

ill most respects the female bee approaches the condition

of the male, while the stylopized male, on the other hand,

tends to assume the characters of the female. M. Perez,

who has examined great numbers of these bees, says that he

has only met with one single specimen of a female stylopized

Andivna which was carrying poUen on its collecting brushes.

Now if it be the case, as is generally believed, that a bee

does not collect pollen till it is fertilized, this would seem
to indicate that stylopized bees do not become fertilized.

If this be so, then, evidently, the only chance that the

newly-hatched larva;, which we left scrambling about

amongst the forest of hairs on the body of their foster

parent, have of further development is to dismount their

present steed and seek another which is not thus

handicapped ; and it is clear that such a step will, under
any circumstances, be absolutely necessary in the case of

those produced from lunlf bees. This is evidently, then,

a dangerous and critical period in the little creature's

career, and amid its many risks no doubt vast numbers
perish, just as do the Mi-hili larvffi. That such must be

the case is indeed evident from the contrast between the

multitudes of larvie produced and the comparative scarcity

of the perfect insect.

Suppose, however, that a larva has successfully gained

the back of an unstylopized female bee, and is by her

conveyed to the cell she has made and provisioned for her

own larva. The Sti/hi/is larva now dismounts, and in some
way insinuates itself into the body of the bee grub,

subsequently casting its skin and losing its legs, becoming
itself maggot-like, anil thus adapted to the new phase of

life upon which it has entered. In this larva it remains,

growing with its growth, and passing through its own
metamorphoses as its host does, so that it becomes
matured at the same time that the bee puts on its final

form. During its preliminary stages it lies with its head
towards the head of the bee, tlie position in which it made
its entrance into the bee's body, but previously to maturing
it reverses its position, and thus is enabled, if a male, to

make its exit into the outside world head firic, just as

Kirby witnessed it, or if a female, is placed in a suitable

position for fulfilling the functions that yet remain for her

befoi'e she can give birth to her enormously multitudinous

family. Having thus followed the course of the development

of the Sti/hiji.s throughout its life-history, we see that it does

not, as so many internal parasites do, cause the death of the

individual host, though, if the bees are really rendered abor-

tive by its presence, it tends to the extinction of the .^im-ics.

Stylopization, in some cases, so greatly alters the bee's

appearance as to have led to the erroneous creation of

pairs of species, the stylopized form having been described

and named as a distinct species from the bee in its natural

condition. Besides the sexual reversals already enumerated,

there is one very curious result of stylopization for which

it is difficult to find a physiological explanation ; this is the

alteration that takes place in the colour of the face in some
bees. There are certain bees of the genus Andrena, notably

A. Iiibiiilis, in which the face of the male is yellowish white,

while that of the female is blackish. Stylopized specimens

of such species, if they are males, tend to have the pale

parts reduced in size and altered in shape, while the

females show a tendency to appear with spots of yellow on

the usually dark face.

Erratu.m.—In Mr. E. A. Butler's article, " Bee
Parasites," on page 164 of our last number, the inscription

under Fig. 8 should read, " Stages of larva of SiUiris

iinirii'is. (After Fabre)."

I

THE FUEL OF THE BLAST FURNACE.
By Vauoii.vn Counish, M.Sc, F.C.S.

N a former article (Knowledge, February, 1892) we
traced the progress of our knowledge of the element

carbon, from the time when it was recognized a.s a

reducing principle by means of which ores could be

made to yield the metah, to the time when Lavoisier
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showed that in this process of reduction the element carbon
abstracts tlie oxygen from tlie ore, forming carbonic acid. It

was pointed out, also, that in such reducing processes the

carbon plays a two-fold part, for while one portion unites

with the oxygen of the air, and in this process generates

heat, the high temperature thus brought about enables

the remainder of the carbon to abstract the oxygen from
the ore, forming more carbonic acid, and leaving the

metal. It is merely a matter of arrangement and of dis-

position of the parts of apparatus whether one portion of

carbon is used as the heating, and a separate portion as

the reducing agent, or whether the two processes are

carried on simultaneously in the same parcel of the
material. The former condition obtains, for example,
when a powdered metallic oxide mixed with finely-divided

charcoal is placed in a glass or porcelain tube, which is

heated in a charcoal furnace. The second condition would
obtain when the common hiBmatite iron ore (an oxide)

was mixed with charcoal m the old-fashioned iron furnace

of Spain, and the charcoal having been set alight, and the

heat having been urged by a blast of air, the iron was
reduced to the metallic state by the action of the carbon.

In any process of iron smelting in which an oxide of

iron is reduced by some foriu of carbon the initial and the

final states may be represented thus :

—

Oxide of iron + carbon ^ metallic iron -I- carbonic acid.

The symbol = must here be interpreted "may be caused
to yield." But as our acquaintance with a chemical
process becomes more intimate we generally find that a

knowledge of the initial and final states of matter is not
sutlicient either for a proper understanding of what goes
on, or, in many cases of manufacturing processes, for regu-

lating the process so as to obtain a good " yield " of the

valuable product. For this it is often necessary to learn

tlie steps between the initial and final stages, even if the

"intermediate" bodies formed have but a transitory

existence. This is especially the case in the reduction of

iron ore in the blast furnace. The modern improvements
which enable manufacturers to keep pace with the demand
for iron roads and iron ships are based upon the conditions

of formation and decomposition of the lower oxide of

carbon, carbon monoxide gas, which is formed either in

the incomplete combustion of carbon, or when heated car-

bon acts upon carbonic acid. Carbon monoxide gas readily

takes fire in presence of oxygen, burning with formation of

carbonic acid. In so doing the carbon takes up a second
dose of oxygen, being combined in carbonic acid with just

twice as much oxygen as in the lower oxide. Carbon
monoxide also acts as a reducing agent, the gas at a high
temperature extracting the oxygen from metallic ores.

If, in any metallurgical process a portion of the coal, coke,

or charcoal used is only burnt to carbon monoxide, then,

in respect of that portion, we only get a part of the heating

effect of the fuel, and half the reducing effect of the

reducing agent. True, the hot carbon monoxide issuing

from the apparatus burns in the air, forming the final

product, carbonic acid, and producing more heat ; but we
want that heating effect in the apparatus, not outside it,

and we wish, if it be possible, that the extra dose of

oxygen required for complete combustion of the monoxide
should come from the ore and not from the atmosphere.

In the blast furnace the materials put in at the top are

oxide of iron, coke {i.e., cltarrcd coal), and limestone. The
lime of the limestone combining with siliceous matter
mixed with the ore removes these impurities in the form
of a light fusible slag, which floats upon the top of the

liquid iron collected at the bottom of the furnace. The air

is supplied in a forced blast through tubes called twyeres,

placed near the bottom of the furnace. The furnace is

always kept full, or nearly full, and we may consider the

conditions at any part of the furnace as remaining con-

stant, as, when once lighted, the furnace is kept always in

operation till it is "blown out," after perhaps twelve or

fourteen years' work. The furnaces used at the beginning

of the century were about forty-eight feet high. Those
used now ai-e eighty feet. It was found that by giving

more time to the ascending current of carbon monoxide a

greater proportion of ore was reduced. A great deal of

the gas in the smaller furnace escaped without, so to speak,

having the chance of becoming fully oxidized.

A still more important improvement was the introduction

of the hot liliist. It appears paradoxical that one ton of

coke burnt to heat the air before entering the furnace

should serve three tons of coke in the furnace itself; yet

so it is. The heating (with hot blast) being partly

done from outside, it is not necessary to put so much coke

into the furnace ; consequently, there is room for more of

the ore. The power of the ore and limestone to intercept

heat is double that of the coke which has been replaced,

and there is a greater surface of the ore to act on the

diminished and slower current of carbon monoxide.

Hence, greater economy in the production of pig-iron was
effected by the use of the hot blast, and by raisiug the

height of the furnace to eighty feet. Some furnaces

were built of one hundred and three feet, but it was
found that no further economy was effected. The
present approved dimensions of furnace and temperature

of blast appear to give a better yield of metal than if the

furnace be larger and the blast hotter, and a better yield

than if the furnace be smaller and the blast colder.

The reason is as follows: — We have together in the

furnace, carbon monoxide and iron ore, carbon dioxide

and coke. If the heat contained in the carbon monoxide
is more completely intercepted before passing out of the

furnace, then, as we have seen, more of the ore is reduced

and more of the monoxide is burnt to dioxide. But, on the

other hand, if the temperature of the carbon monoxide be

still further increased by the use of a still hotter blast, and
if the heat of the up-flowing carbon monoxide be yet more
completely intercepted before the gas issues at the mouth
of the furnace, then we find that the temperature of the

other materials is raised so far that the incandescent coke

reduces the carbonic acid to carbon monoxide as fast as the

ore oxidizes the monoxide to carbon dioxide. Consequently

we have two opposite reactions which balance one another

under certain conditions. When the temperature rises so

much that the reduction of carbon dioxide is more rapid

than the oxidation of carbon monoxide, it is obvious that

we have passed the point where the furnace works most
economically, for the reduction of the carbonic acid is

accompanied by an absorption of heat. It appears there-

fore, as the result of practical experience, that we must
always be content to only half burn in the blast furnace a

large proportion of the fuel, sending out a niixtnir of carbon

monoxide and of carbon dioxide from the mouth of the

furnace.

One of the first great improvements m blast furnace

practice was that of heating the blast. A more recent

improvement has been to utilize outside the furnace the

burning of that proportion of the carbon monoxide the

presence of which in the escaping gases is, as we have
shown, a necessity. In the modern furnaces the mixed
carbon monoxide and carbon dioxide are drawn oft' near

the top of the furnace, instead of being allowed to come in

contact with the air. The hot gases are only admitted to

the presence of oxygen when they have been brought by

pipes to the furnace where the air for the blast is heated.

The combustion of the carbon monoxide not only heats
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the air for the blast, but furnishes power sufficient to drive

the blast engine. The arrangements for utQizLng the

formerly " waste " gases of the blast furnace have effected

a saving of more than half the total heating power of the

coke, a saving equal, in Great Britain alone, to about four

million tons of coal per annum.

GRASSES.
By J. Pextland Smith, M.A., B.Sc, Lecturer on Botany

at the Horticidtnral Colhye, Stranley.

THE exceedingly natural group of plants known as

grasses constitutes a large part of the flora of the

British Isles, and is found generally diffused over

the surface of the globe, " from the utmost limits

of phrenogamous vegetation towards the poles, or

on alpine summits to the burning plains of equatorial

Africa." Some species arrest the traveller's attention' by
the'r wealth of numbers, some by the commanding height

which they attain, and others by both features combined.
They may li%"e for one, two, or many years ; some spread

by means of underground stems, which send out roots

here and there to fasten the plant in the soil and obtain

fresh supplies of nourishment. In this way, certain

species become troublesome
weeds, as the well-known couch
grass (Aiiiipyrum rcpenx). The
roots vary much in size ; in this

country, fi'om compact tufts, as

in the vernal grass [Anthox-

anthuni), to the enormously de-

veloped vertically descending
shoots of the wheat, which find

their way many feet down into

the soil. The root of the em-
bryo soon ceases to grow, and
numerous roots are developed
further itp on the stem to take

its place. These adventitious

roots are characteristic of mono-
cotyledons, or plants with one
seed leaf, to which the Gramineae
belong, although they are not
confined to this class. In Fig.

I., r, these adventitious roots are

seen ; the primary root is also

here, but even in tins early stage

is barely to be distinguished

from its adventitiousneighbours.

Each fibril is furnished with a

distance behind is clothed with

Fig. I.— Germinating Oat.

1. Showiug palese which re-

main attached to fruit ; i.p.,

inner palea; o.^jjOuterpalea;

<•., earvopsis ; r., adventitious

rootlets ; a. .r ..portion of axis

of spikelet; «/., stem.

2. Ihid, with paleae stripped

off. The origir^ of the root-

lets is clearly seen, eo., coleo-

rhiza ; v^, stem.

3. Other side of 2, showing
origin of stem ; st., stem.

root cap, and at some
absorbent root-hairs.

At the points where the subterranean runners, or stolons,

send off" roots atrial stems also arise. These places are

called nodes, and the portions between internodes. Nodes
and internodes alternate in the same manner in the aerial

stem from whose nodes leaves only are normally developed.

Excepting at the nodes the aerial stems are hollow, and
there they are characteristicahy jointed. The nodal septa,

or divisions, are formed by the growing together of the

vascular bundles which, as continuation of the veins of the

leaves, run down the stem parallel to one another and to the

periphery. The sedges (natural order Cyperacese) are

nearly related to the grasses, and some of them are very
similar in appearance to their allies. The tubular stem of

the grasses and the solid stem of the sedges is, however,
a point of distinction easily noted. It is true that in hot
regions a few grasses, like the sugar-cane (Swrh.inim), have

solid stems, and that the stolons of our British grasses are

not fistular, but a hoUow aerial stem is characteristic of

aU British species.

Grass stems are always very slender. A remarkable
instance of this is found in the bamboo, which may grow
to a height of fifty feet, although the stem is only five

inches in diameter. The holljw nature of the structure

and the development of its strengthening tissue towards the

circumference render it able to resist effectively the strains

to which it is subjected. The result of the non-development
of the normal strengthening tissue, or sclerenehyma
{(TKXripi)^, hard, and ivyjiiLo., a tube), is sometimes seen in a

field of closely sown wheat, especially if the crop be a heavy
one and the season wet. The lower portion of the stem is

so shaded that assimilation is almost quite prevented, and
in consequence that portion is deficient in sclerenehyma,

resulting in the " laying " of the wheat. A large amount
of silica is present in some grasses, and this was considered

to be the strengthening material. " The thoughtless

assumption that the rigidity of the haulms of cereals is

essentially promoted by the sUica which they contain

impelled agriculcimsts, thirty years ago, to manure their

wheat fields with
costly preparations of

silica, hoping thereby

to prevent the lay-

ing of the wheat."*
Large deposits of

silica occupy the in-

ternodes of the bam-
boo. This substance,

known as tabascheer

or tabaxir, possesses

pecuUar optical pro-

perties.

The leaves are

arranged on the stem
in two rows. They
have no petiole or

leaf-stalk, but the leaf-

sheath, which is split

down one side, is well

developed, and com-
pletely embraces the

stem. Where it joins

the blade or lamina,

there is a tongue or

ligule, generally of a
scarious nature. The
veins of the leaves,

as in monocotyledons
generally, run parallel

to one another.

The flowers are

arranged indefinitely

on their axis, the older

flowers being below,

the younger above.

One flower, or two or

more arranged closely
together on one stem,
form a spikelet or

Uttle spike, + and „ ^ -n •
, t j-

,, 11 1 iio. V.

—

ramvie of A.iri ctespiosn.
there are all grada- '

tions from a spike of one-flowered spikelets, as in the Timothy

* Sichs, Phi/sioloifi/ of Plants, page 289.

t A spike is an indefinite or racemose form of inflorescence, in

wliich the main axis is elongated and the individual floTvors sessile.

A raceme only differs from it in having stalked flowers.
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grass (Phleum pratenae), to a compound loose raceme or
panicle of many-flowered spikes, as in Aira rusjiitasd, Amin
(the oat), and lluUus Idimtiis (the Yorkshire fog). Fig. V.
represents the panicle of Aim cirxjiitiiK,/, Fig. IV. a spikelet

oilliilius hi nut i(s, a.nd Fig. III. that of the perennial rye-grass

(LoUiiin pcrenne), whose inflorescence is a spike of many-
flowered spikelets.

We will now examine the two spikelets figured. At
Fig. IV., st is the short stalk of the spikelet, by which it

is fastened to a lateral branch of the main axis of the
inflorescence. It bears first two leaves {tj. //.), called the
glnmes; in the young condition these enclose the flowers
borne on its upper portion. One of them is furnished with
an arista or awn {n). There are two flowers in this spikelet.

Each arises in the axil of a leaf called the outer palea
(0. jj.), which is morphologically a bract, as the definition

of a bract is " a leaf in the axil of which a single flower
arises." In dicotyledons— for instance, in Leguminosne
—two small greenish bodies may sometimes be observed,
situated laterally on the peduncle or flower stalk,

and in monocotyledons one placed opposite the bract, their
number thus coinciding with that of the cotyledons. These
structures are called prophylls or bracteoles. What is

commonly called the inner palea ( /. p.)oi the graminaceous
flower is thus a prophyll. The outer palea often bears an
awn. In fjalrus lanatm the outer palea* of the upper
flower only is furnished with this appendage, and it arises
from the middle of the back.
The structure of the flower is peculiar, and departs rhnch

from the typical monocotyledouous type. In the Liliacene
(lily order), which may be selected as the typical form of

this class, there are five whorls
of floral organs—the perianth
(re/it, around, and avSoc, a
flower) or floral envelope, two
whorls of three members each

;

the andrircium {avrip, a man,
and o'lKOj, a house), two
whorls of three stamens each

;

and the gynoi'cium [yuvq, a

woman) of three carpels united
together. The members of

the successive whorls alter-

nate with one another, and
the odd sepal is anterior, that

is, it is situated next the
observer who holds the flower
between himself and the axis

on which it arises. This ar-

rangement is seen in Fig. II.

1. In the Liliacew there is a
conspicuous perianth denoting
that the flowers of that order
are indebted to insects for per-
forming the work of cross-

fertilization. The flowers of
the Gramineffi are wind pol-

linated, or anemophilous
(avE/y.of, the wind, and <^iXi:a,

to love), and as is usual iu

is inconspicuous, being here
represented by insignificant, generally microscopical, scales,
usually two in number, termed lodicules (Fig. II., /).

These swell and push the bract outwards when the stamens
and stigmas are ripe, and thus expose the organs of repi-o-

of

axis ;

,
stamen

the

Fig. II.

1. Floral diagram
Liliaee.T ; o., iloral

sepals ; p., petals ; st-.

r., carpels.

2. Ditto of Bamboo (Bnm-
hiisa ariniillnrtcea); /..lodicules

;

o. p., outer palea ; /. y^., intu-r

)i.ilca.

3. Ditto of Eieo (Ori/za)
; .,/.,

glume.

4. Ditto of Oat {.i i-i'iia satira).

such cases the perianth

one m
These are thus

* The outer palea lias also been termed the flowering glume, anj
the glumes the outer glumes. As a rule, the latter organs do not bear
flowers in tjjeir axils.

duction for the purpose of pollination. The two lodicules

alternate in position with the outer palea ; if a third one is

present it stands opposite the inner palea. The stamens
(Figs. III. and IV. '(») are generally three in number.
Their very fine filaments appear to be fastened to

the back of the anthers—versatile condition—owing to

the downward growth of the anther lobes. The odd
stamen is anterior ; it is thus the inner whorl that

is undeveloped. The two carpels (Figs. II. and IV.

c) are united together or synearpous ( o-uv, and Kainto;,

a fruiti. The two large feathery stigmas (Fig. III., -s-f)

are admirably suited to intercept the pollen grains wafted

thither by the wind.

A nearer approach to the structure of the typical

monocotyledonnus flower is made by that of the bamboo
(Fig. II. 2), which possesses six stamens and carpels,

but only three instead of six perianth segments. Six

stamens are also present in some half dozen other genera,

while in Ulicrolceno, Ti'trarrliena, and AnomdrMcti there are

four. But two are iound in Antho.mnthum—Anthoxdntluini

iiihiratum is the sweet-scented vernal grass—and
Uniola and Monandraia (Fig. IIa.

more anomalous in form
than Lolium and Holcus.
Holcus, however, presents

the anomaly of having
hermaphrodite and male
flowers on the same plant,

a condition known as

andro-monrecious (f/.oyos,

one)—see Fig. IV., where
the lower flower of the

spikelet is hermaphrodite,

the upper male. Andro-
monnpcism is also found
in some members of the

Fescue tribe. The rice

{Ori/:ii) has six stamens
like the bamboo, but has
only two carpels. In the

maize [Xca Mais) the

flowers are male or female,

and both kinds are found

forming female spikes and
a male panicle on the one
plant. The maize is thus

monfpcious. A curious

change occurs in the fe-

male flower of .Tob's tears

(Coi.r liicliri/iiiii), a native

of tropical Asia. The
outer glume becomes bony
and completely invests the

mature spikelet, making the whole appear like a seed with

a very hard case. The diagram of this anomalous form
(Fig. IL\., 0) shows the position of the parts.

Fig. IIa., 7, is a diagram of a spikelet of the oat (Arena).

The fruit is usually composed of two carpels, which
enclose a single cavity containing a single ovule. It is

generally the case that the seed or seeds are free from the

wall of the ovary, but in grasses they are united together,

and the resultant dry fruit, which does not open to allow

its seeds to escape, is called a ((iriiojmi.s. A longitudinal

section of the maize fruit taken through the centre of the

embryo exhibits the parts shown in Fig. IV. The pericarp

(iTspi, around, and Kapvos, a fruit) is formed from the

united nucellus or wall of the ovule, and true pericarp or

ovarian wall. The embryo occupies a very small portion

of the cavity of the ovule, the remainder of the embryo

Fig. IIa.

5. Floral diagram of Monayidrain
fllnvca.

(>. IMtto of Job's Tears (Coix
lachripnn) ; //, outer glume, forming
bonv involucre investing the spike-

let
;

//', inner glume. (After Le
Maont and Decaisne).

7. Spikelet of Oat ; a. f.. aliorted

llower.
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sac being fiDed with nourishing matter called endosperm
('evJo, within, and atrspij.a,, a seed). Only a small part of

S

J^?-^>^^,
J.*t*^

' P,.

Fig. III.

1. Spikelet of the Pereunial Rye Grass (Lolitnn

perenne) ; _/"., filament ; an., anthers ; i. p., inner palea
;

o.y>., outer palca ; .9^., stignia
; j., glume.

2. Gvniecium of Lolhim perenne.

the endosperm is sliowu in the figure, but enough is

portrayed to show tliat it is diiJ'erentiated into a yellowish
and a whitish jjortion,

f^;* the former rich in ni-

trogen (albuminoid),
the latter starchy.

The embryo is com-
posed of two main
portions, the radicle

and plumule. The
lower portion of the

radicle is the primary
root, and the upper
part the hypocotyl
('i/TTo, under) or por-

tion below the cotyle-

don or seed leaf. The
plumule is the epi-

cotyledonary part covered by its young leaves. This will

afterwards form the greater part of the stem of the plant.

The growing apex of the plumule is seen at "/'. The embryo
lies outside the endosperm, but it is attached to it by a

large shield-shaped development of the hypocotyl, which
at ihe same time nearly encloses the embryo itself.

The epithelium of the scutellum, as this extraordinary

structure is called, secretes ferments which digest the

nourishing matter of the endosperm, changing the in-

soluble starch into soluble sugar, and the insoluble nitro-

genous matters into soluble forms. These chemical changes
commence when tlie mature fruit is placed in a moist
medium, supplied with oxygen, and kept at a proper

temperature. The soluble nutritive substances are trans-

ferred to the embryo plant by way of the scutellum, which
thus acts like a placenta, and the seed commences to

germinate. The radicle is pushed out of the fruit and the

pirimary root penetrates the soil. Then the plumule makes
its appearance, but the scutellum still remains attached to

the endosperm, so that the seedling is still parasitic on the

Fic. IV.—.'^iiikolct of Yorkshire Fog
(Holriis lannliis); «.!., stalk of spikelet;

ax'., axis of ilowers of spikelet ; g., glume ;

(/. p., outer pajea ; i. ji., inner palea ; a..

awn of glume; «'., awn of outer palea of

upper llower; "«., anthers; c, gyncpcinm.

seed. Gradually the endospei-m is used up, and by this

time the roots have penetrated the soil and chlorophyll

bearing leaves have so developed as to enable carbon

assimilation to proceed sufficient for the needs of the seed-

ling. The young plant can then elaborate food material

for itself.

The delicate apex of the root is protected by a cap of cells

(»•.(•). The roots of grasses

are enclosed in a sheath

(r. s), which they break

through in germination,

and which then surroimds

their base like a coUar. It

is called ihevolvorliha I'/i-i^a,

a root). This structure oc-

curs in some other mono-
cotyledons and in a few

dicotyledons. Adventitious

roots are developed from
the hypocotyl, and rupture

the enclosing tissue, .which

remains like a collar, as in

the ease of tlie root-sheath.

The primary root of the

maize remains for a com-
paratively long period much
larger than the secondary

roots. In the oats, at a

very early period of germi-

nation, it is a matter of

some difficulty to deter-

mine the primary root (see

Fig. I.). But in any case

the primary root soon dies

away, and the development
of a large number of adven-

titious roots produces the

fibrous roots common to the majority of monocotyledonous

plants.

The products derived from grasses are extremely various,

and the plants furnishing these are very numerous. The
most familiar examples of economical products are derived

from the cereals—wheat, barley and oats. The origin of

the two former is shrouded in mystery. They have both

been cultivated i)i prehistoric times, and consequently to

establish the home of the wild species in each case is a

matter of great difficulty. " Very ancient Egyptian monu-
ments, older than the mvasion of the Shepherds, and the

Hebrew scriptures show this (the wheat) cultivation

already established, and when the Egyptians or Greeks

speak of its origin they attribute it to mythical personages,

Isis, Ceres, Triptolemus." * De Candolle also states that

the Chinese, who cultivated wheat in b.c. 2700, considered

it a gift direct from heaven, and that it is one of the five

species of seeds annually sown in the ceremony of sowing

five kinds of seeds—rice {Unjzu), sorghum (a kind of

millet), Si'tarii) itdlini (another kind of millet I. and soy

being the others. He considers the Euphrates valley to

be the probable home of the species. The account given

by the same authority of the supposed mummy-wheat
is worth quoting. " No grain taken from an ancient

Egyptian sarcophagus and sown by horticulturists has

ever been known to germinate. It is not that the thing

is impossible, for grains are all the better preserved that

they are protected from the air and from variations of

temperature or humidity, and certainly those conditions

are fulfiJled by Egyptian monuments ; but, as a matter of

* De CaniloUe, Origin of CulUvafeil Plants, page 3.54.

Fig. TI.— Longitudinal seetion

of Maize fruit, showing only a por-

tion of the endosperm. ep., epi-

thelium of seutellum ;
per., peri-

carp, composed of wall of ovule

(nueellus) and ovarian wall united

together; pi., plumule; ap., apex

of stem ; a. r., adventitious root

;

r. c, root cap ; r- s., root sheath.
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fact, the attempts at raising wheat from these ancient

seeds have not been successful. The experiment which

has been most talked of is that of the Count of Sternberg,

at Prague. He had received the grains from a trust-

worthy traveller, who assured him they were taken fi-om a

sarcophagus. Two of these seeds germinated, it is said
;

but I have ascertained that in Germany well-informed

persons believe there is some imposture, either on the part

of the Arabs, who sometimes slip modern seeds into the

tombs (even maize, an American plant), or on that of the

niiphijes of the Count of Sternberg. The grain known in

commerce as mummy-wheat has never had any proof of

antiquity of origin."
"

r>arley {Honlrum ruhiai-e) may probably belong to

Mesopotamia, but there exists a doubt with regard to the

matter. De CandoUe believes that all species of oats

(Arma) cultivated are derived from a prehistoric form,

and a native of eastern temperate Europe and Tartary.

The common species is Arena sutira, of which, as in the

cases of wheat and barley, there are numerous varieties in

cultivation.

The most wonderful of all the grasses is the bamboo
( Ilaiiihum <imiidinficea).-f It may attain a height of even

eighty feet, and the rapidity with which it grows may
fairly be said to be extraordinary — sometimes two to

two and a half feet a day. The young shoots are

eaten by the Chinese as we eat asparagus. Water
buckets and water bottles are.made from its stem if the

joints be large enough. The stem is also ixsed as

timber in a variety of ways ; and finer kinds of

paper are manufactured by the Chinese from the inner

portion of it. It can also be used for masts, and for

agricultural and domestic implements, and we are familiar

with it in the form of umbrella handles and walking

sticks. A writer in the (Tardoiers' Chronicle of July 25th,

1891, records a remarkable phenomenon he witnessed in

the province of Malabar—the seeding of the bamboo.
" Hundreds of square miles were thickly covered with

graceful clumps of this plant, many specimens being from

sixty to seventy feet high. The leaves left the lateral

branches and at the same time the inflorescence made its

appearance, changing the aspect of the country as if by

magic. No one was prepared for such an eventuality,

and the English planters in the district were struck

with something akin to dread when the fact dawned
upon them that, hi the course of a very brief period,

not a living bamboo would be left in the forest. A
few there were who refused to believe that the

culms woiild perish after ripening their seeds, and were

only persuaded by the actual realization of the fact." In

the middle of May the seed came to maturity, and then

there only remained the dead stems where once was a

leafy forest of green waving plumes.

Of Sacchnrum, ojficinarum, the sugar-cane, another

interesting member of the Graminere, want of space

prevents us speaking.

THE REV. JOHN MICHELL, ASTRONOMER
AND GEOLOGIST.

By JouN EicHARD Sutton, B.A.Cantab.

THE world of to-day has almost forgotten John
Michell, but no more bold and original thinker
ever devoted himself to the study of the
earth or the heavens. He lived at a time im-
mediately preceding the advent of William Smith

* De Candolle, Origin of Cullivafed Plants, page 362.

t There ave other species, as Bambusa veriicillaia, etc.

and Sir William Herschel, and his greatness has been

kept in the background by the honour which the world

has awarded to his successors. His name is mentioned

occasionally, in authors' footnotes chiefly ; and some later

writers—notably Sir Charles Lyell, Prof. Grant and

Arago—give him a share of commendation, though with

little enthusiasm.} Of all the great cyolopjedias, the

EncydopiTiUii fh-itannica alone deigns to mention him at

all, and eventhen incorrectly, though everyone of them gives

whole pages to lesser men. To a certain extent this is

due to the fact that Michell's speculations were a full

century before his age.

Michell was entered at Queen's College, Cambridge,

and graduated fourth wrangler in 17-18§—a position

scarcely worthy of his powers.

In many ways there is something incongruous in

associating Michell and his severe mental characteristics

with the ivy-clad cloisters of Queen's and their memories

of Erasmus and Ridley. Newton at Trinity. Wordsworth
at St. John's, Young at Emmanuel, Cromwell at Sidney

Sussex, where altar-candles are still waging an unequal

battle with the persistent spirit of the old Puritanism—
these are all natural figures in keeping with their college

surroundings. But if college walls breathe inspiration at

all, then assuredly neither Art nor Nature ever intended

Queen's to be the abode of the hard and realistic sciences.

All the same, Michell flourished at Queen's. He took

holy orders, and was elected to a fellowship immediately

after taking his degree. He was elected Pr;elector

Hebraicus and Prfelector Arithmeticus in 1751, Censor

Theologicus and Examinator in 1752, PriPlector Georaetri-

cus in 1753, Censor Theologicus in 1754, Prailector

Grfficus in 1755. From 1756 to 1759 he was Senior

Bursar (Thesaurius Superior). In 1762 he was again

Prfelector Hebraicus.
Ij

In 1750, only two years after taking his degree, he

published his first work, an interesting little book of

eighty-one pages, entitled " A Treatise of Ai'tificial

Magnets, in which is shown an easy and expeditious

method of making them superior to the best natural ones,

and of changmg or converting their poles
"—a most

charming little volume, evidently the production of a mind
above the common. Some of the experiments he describes

indicate almost an instinct for tracing the workings of

Nature, and are none the less interesting because of his

most fascinating command of language. In this respect,

indeed. Sir John Herschel was scarcely his superior.

In 1760, Michell was elected to the fellowship of the

Eoyal Society, and in this year he published a paper on

the cause and phenomena of earthquakes. The paper,

which is very lengthy, is what such a scientific discussion

sliould be ; first a collection of facts, and then intelligent

reasoning upon them. Certainly Michell shows, at this

early stage of his career, a power of reasoning upon his

facts which, up to that time, had been unknown in the

history of geology. No available sources of information

were neglected. The spirit of Epicurus was in the man
tenfold. His words, to modern readers, convey the idea of

prophecy fulfilled, rather than of deductions likely to have

much weight at the time. " Some of his observations

anticipate in so remarkable a manner the theories

established forty years afterwards, that his writings would

probably have formed an era in the science, if his

X It is due, however, to Mr. Kanyai'd to acknowledge that in the

Old and New Asfroiioin// he lias spoken of Michell's work in ;i most
appreciative way.

§ Also M. A. "in 17.52 ; B.D. in 1761.

II
The author is indebted to the Rev. ,1. H. Gray, M.A., T>.:in of

Queen's College, for these facts.
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researches bad been uninterrupted," as an eminent man of

science admitted.* Tbe whole paper should be studied.

When the Woodwardian Professorship of Geology at

Cambridge became vacant in 1762 it was rightly felt that

Michell was the man for the post, " and there is every

reason to believe that had he retained the office for any
length of time he would have done much to rescue the

title of Woodwardian Professor, as well as the museum,
from the species of contempt in which both were long

allowed to remain. Unfortunately, however, after two short

years he took leave of Cambridge and the Woodwardian
possessions, attracted by the superior chai-ms of a wife and
a living. "+

Of these two crowning blessings the wife came first, the

li\-ing not until the end of another three years ; for after

176-4 Michell is not heard of at Queen's, and the natural

inference would be that he vacated his fellowship in order

to marry. It was obviously no flighty marriage, since he
was pretty nearly forty years of age at the time and his

wife seven years younger. Fortunately, marriage and his

living did not withdraw him from scientific work, for the

period between 1764 and 1767 (the latter year dating the

commencement of his residence at ThomhiU) was one of

the most fruitful periods of his life.

In 1765 he was one of a committee of six (" three

gentlemen skilled in mechanics and three watchmakers '),

appointed by the Commissioners of Longitude, to examine
the chronometers then recently invented by .John Harrison.

An Act of Parliament had been passed in 1711, offering

for an exact chronometer a reward of " i'lO.OOO if it deter-

mine the longitude to one degree of a great circle, or sixty

geogi-aphical miles ; i'lo,000 if it determine the same to

two-thirds that distance : and £20,000 if it determine it to

one-half that distance "'
: adding, " that one-half of such

reward shall be due and paid when the said Commissioners,
or the major part of them, do agree that any such method
extends to the security of ships within eightj- geographical

mOes from the shore, which are places of the greatest danger

;

and the other half when a ship by the appointment of the

said Commissioners, or the major part of them, shall

sail over the ocean from Great Britain to any such port in

the West Indies as those Commissioners, or the major part

of them, shall choose or nominatefor the experiment, with-

out losing her longitude for the limits above mentioned."
After many delays and much bickering from Harrison, who,
asapracticalman, had strong objections to "men of theory,"

the committee was made up of " the Rev. .John MicheU,
late Woodward Professor of Geology, the Rev. Will Ludlam,
Fellow of St. -John's College, Camb.. John Bird, mathe-
matical instrument maker, with Thomas kludge, William
Matthews, and Larcum Kendal."^
A better man than Michell eotild not have been selected

for this examination, and it is pretty clear that the

committee as a whole did then- duty very well. Harrison's

chronometer was found on trial to keep the time so

accm-ately as to allow the longitude to be ascertained to

within one quarter of a degree, a perfection not anticipated

* Sir Chiirles Lvell : J'riiiciples of Geologti, 9th ed., p. 41.

t From an historical sketch of the Woodwardian lluseiun in

Smith's Cambridge Portfolio, bv David Ansted, formerly Fellow of

.Tesus College. Sir David Brewster has observed that Michell held
the Woodwardian Professorship for eight years, and Lyell repeats the
statement. But ilichell eoidd not have held it "for more than two
years, for in 176.5 he is spoken of as laie Woo<lwardian Professor;
nor would he have been allowed to hold that office and live at

Thomhill at the same time. It is said that we owe to Michell manv
of the terms now in use among geologists, such as " Gault." '* Coal-
measures, " &c. See also Woodward's Geology of England and
Wales.

X Dodsley's Annual Segi»ter for 176.5.

by Parliament. The clever but slightly over-reaching

watchmaker at once thought himself entitled to the prize,

without disclosing the principle of his instrument, a con-

sideration which would have completely nulhfied the

purpose of the Act. Then the bickerings commenced
afresh— Michell, and those with him, rightly declining lo

reccmmend the award unless the whole plan and construc-

tion of the chronometer were forthcoming ; Harrison,

whose temper was none the more docile for certain shabby
treatment he had received from the Government, declining

to divulge it, claiming that he had done all that the law
required in makiinj the instrument—and it was not imtil

many words had been wasted on all hands that he could

be persuaded to give way, to the great profit of

navigation.;

Michell next appeared before the scientific public with
two useful papers on the use of Hadley's quadrant for

surveying and pilotage, and on a new method for measur-
ing degrees of longitude, respectively, neither of which,

however, need be explained here.

Finally, before settling down as a country parson, he
published " An Inquiry into the probable Parallax and
Magnitude of the Fixed Stars, from the quantity of light

which they afi'ord us, and the particular ckeumstances
of their situation."* A finer paper has probably never

been read before a scientific assembly—indeed, modem
stellar astronomy has not got so very far beyond the veri-

fication of the conclusions it set forth. First, in a course

of elegant arguments, Michell shows that the nearest fixed

star is not very likely to be more remote than 220,000
times the radius of the earth's orbit. His procedure is

simple, so simple indeed as to make one wonder why it

was not thought of before. He compares the total light

received from the sun with the average amount received

from the first magnitude stars. To do this with absolute

accuracy it would be necessary in the first place to obtain

the actual amount of light received from the brightest

stars by some such method as the use of, say. Prof.

Pickering's photometer, or a wedge, and then to compare
this with the light of the sun. But this would be a

most laborious process, and not to be lightly undertaken
;

nor, in truth, were any such accurate means of light-

measurement then known. Yet, even though the days of

wedge and meridian photometers had not come, Michell

could still show a very short and simple way of dealing

with the question. Consider the planet Saturn when in

opposition, and when both Saturn and the earth are at

their respective mean distances. In this case, it takes but

a rough observation to show that Saturn is not much
brighter than the average first magnitude star. Take
away the planet's ring and they will be nearly equal.

Now, assuming that Saturn reflects all the sun's light

which falls upon him—an assumption not strictly true,

but near enough— and combining this with the con-

sideration that the Ught received from a bright area varies

inversely as the square of its distance, we have the follow-

ing easy calculation :—The intrinsic brightness of Saturn
is to the intrinsic brightness of the sun as the square

of the distance of the sun's surface from its centre is to the

square of Satm-n's distance from that centre. Now,
Saturn is about 2082 times fiu'ther from the sun's centre

than the sun's sm-face is ; therefore the brightness of

Saturn is to the brightness of the sun as unity is to

2082 X 2082. Again, the sun's diameter is about 105
times the diameter of Saturn ; hence the sun's disc

will be 105 X 105 times greater than Saturn's, And to

§ Ibid.

II
Fhil Trans, for 176.5 and 1766.

T Phil. Trans., Vol. LVII., p. 234.
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compare the actual amount of liglit sent oat by each, we
have to multiply the numbers representing the areas by
the numbers representing the intrinsic brightness. Making
the calculation, we see that the light of the sun is to the

light of Saturn as 2082 x 2082 x 105 x 105 is to unity.

Now, the square root of the product just given is 218,210
;

which means that we should have to remove the sun to

about 218,210 times its present distance before it would
shine as a first magnitude star.

This, of course, is only an approximation, and only
useful (but very useful, nevertheless) in framing first and
elementary ideas as to the extent of the visible universe.

Michell was cai-eful to point out that although his method
might be trusted to give trustworthy ijencral data to start

with, it would not be applicable to special cases ; for, as he
warns us with one of bis touches of inspiration, most likely

the stars are not by any means of an equal size, and the
surface brightness may differ very greatly in different stars.

The paper then goes on to discuss methods for deter-

mining the actual sizes of the stars, and the difficulty

—

nay, the impossibility—of ever solving this great problem :

' There seems to be little chance," says Michell, " of dis-

covering with certainty the real size of any of the fixed

stars, and we must consequently be content to deduce it

from their parallax, if that should ever be found, and the
quantity of light which they afford us compared with that
of the sun. And in the meantime, till this parallax can be
found, or something else may arise to furnish us with a
more general analogy, we can only suppose them, ' at a
medium,' to be equal in size to the sun, this being the
best means which we have at present of forming some
probable conjecture concerning the extent of the visible

universe. That we may be the better enabled to do this,

it seems to be an object worth the attention of astronomers
to inquire into the exact quantity of light which each star
affords us separately when compared with the sun ; that
instead of distributing them, as has hitherto been done,
into a few ill-defined classes they may be ranked with pre-
cision, both according to their respective brightness and
the exact degree of it."

Let us pause for a moment to see what modern astronomy
has to say to Micliell's results. Seventy years had to pass
before Mr. Henderson and Sir Thomas Maclean could prove
to the world from observations on the parallax of Alpha
Centauri that Michell's theoretical estimate was not far

from the truth. Moreover, the qualifications he had laid

down as to the various sizes of the stars were also shown
to be justified by the results of a comparison between the
discoveries of Henderson and Maclean, and those of Bessel
on the star 61 Cygni ; for this latter star, although only
about three times as far away, gives us scarcely a two-
hundredth part of the light of Alpha Centaiu-i, whereas if

all the stars were equal in size and brightness it would
send us nearly thirty times as much light as it does. If it

should be urged that Michells speculations were nothing
but lucky guesses, it may be retorted that such luck comes
only to genius. For the rest, it may be worth noting
that Michell's dream of a star- catalogue, in which all the
stars should be "ranked with precision," has only begun
to be realized within the last twenty years or so.

The best part of Michell's extraordinary paper is his
application of the theory of probabilities to the distribution
of the stars. It has always been the custom to divide the
stars mto gi-oups or constellations, for religious or historical
purposes, or for convenience of reference. Generally
speaking, these groups or constellations are well-defined :

Orion, Ursa Major, and the Tleiades, for example. From
the time of Copernicus this grouping had been regarded
as accidental, and the constellations were supposed i

to result from the projection of a number of bright
stars, differing greatly in distance, upon small portions
of the imaginary sphere of the heavens. Michell then
took up the parable, and applied the doctrines of

probability to the question for the first time in the
history of astronomy. Dealing with the brighter stars

in the Pleiades, as being the most convenient for

his purpose, he was able to show that the odds were
500,000 to one against any six physically unconnected stars

scattered at random through space being found projected

upon the sky so closely as these are.'' Hence it is

nearly certain that the Pleiades (and other similar groups,

of course, by the same reasoning) are in reality physically,

as well as optically, associated. Unfortunately, this grand
result, so valuable in itself, and so full of promise to

further research along the same lines, was practically

neglected, and astronomers took over a century to redis-

cover that which ^lichell with good reason regarded as

demonstrated. The observations of Bessel, Wolf, and
Elkin shows that the greater number of stars in the
Pleiades group have a common small proper motion, which
seems to indicate that the whole group is a connected
system ; and the more recent application of photography
has confirmed this theory by revealing the remarkable
fact that a gigantic nebula envelopes the whole or the

greater part of the whole group. An additional and strong

argument was also advanced on the same side by the late

Mr. Proctor, founded upon the small number of stars in

the sky-space adjacent to the Pleiades, suggesting, so great

is the contrast, a sea of darkness enclosing an island of

light. Surely, if the greatness of Michell needed demon-
stration these facts ought to be enough. It may be added
that the laws of probability aj)ply in exactly the same
way to cases where two, or ten, or any number of stars

are seen close together on the sky, though the odds in

favour of a physical connection in such instances are much
reduced as the number of stars so situated is less.

The remainder of the paper is taken up with a discussion

of the relations presented by particular circumstances of

star-grouping, and the possible position of the sim amidst

the stars. The results in the main are nothing less than
what astronomers during the last twenty or thirty years

have begun to see clearly. But singular injustice has
been done to Michell in this as in all things else.

Kecent writers have either appropriated his work with-

out acknowledgment, or have too generously handed it

over to others. So the intimation that stars optically

close are almost certain to be physically connected has been
placed to the credit of Sir WiUiam Herschel, who simply

determined the orbital niations of some of these close stars,

and describes himself as surprised at the discovery of their

connection. In speaking of the discovery, he says that

he went out like Saul to seek his father's asses, and found

a kingdom—the dominion of gra\itation extending to the

stars. It had been known for a very long time that many
of the stars which appear single to the naked eye are

double or triple when seen in the telescope ; and Michell's

paper was a satisfactory proof of the significance of the

phenomena. The great telescopic powers which Herschel

used enabled him to split up a great many more stars

which were not previously known to be double, but so far

was he from grasping the physical explanation of his facts

that, in his first catalogue (published in 1782), he sees no
other reason for a change of position in the components of

a double star than " by admitting a proper motion in either

* Sii" John Herschel points out that when the stars of the

southern lien\isphere are included in the investigation these figures

have to be considerably reduced. The correctness of the argument
is unaltered, however.
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one or the other of the stars, or in our solar system."

But iu 178 1 Miohell pointed out that the great and
iaereasing number of known double stars could leave no
doubt in any properly-balanced mathematical mhid (even

if his former paper, in spite of its lesser basis of knowledge,
were not sufficiently convincing j

" that by far the greater

part, if not all of them, are systems of scars so near each
other as probably to be liable to be affected sensibly by
their mutual gravitation ; and it is therefore not unlikely

that the periods of the revolutions of some of these about

their prmcipals (the smaller ones being on this hypothesis

considered as satellites of the others) may some time or

other be discovered." * Very little notice seems to have
been taken of this confident prediction. Twenty years

])assed, and the scientific world exclaimed. How wondciful .'

when Herschel's observations forced him to acknowledge
that many of these double stars were really binary

systems, whose components revolve about each other in

tlie same way as the earth and moon.
All tliis is in Michell's one paper of 17671 . Had he

never after put pen to paper, nor engaged in any further

ssientihc pursuits, enough had been accomplished to place

him in the front rank of English philosophers. Not only

did he invent his own method of procedure in his researches,

but as its result he confidently announced the solution of

problems which men of that day almost thought it pre-

sumptuous to speak of. The theory of probabilities not
being then appreciated and relied on as now, there seemed
more of shadow than of substance iu his speculations.

More attention would have been accorded him by his con-

temporaries, perhaps, had he, like Hersohel, done some-
thing sensational. Herschel attracted little attention until

his discovery of Uranus burst upon the world. But
Michell did nothing to take the world by storm.

(To be iOHti)nu-d.)

* Phil. Trans.

+ Mr. Sutton has not referred to what seems to me to be the most
striking and remarkable suggestion in this pajiev, in whieh Miebell
antieipates Piekering's and Monek's methods of comparizig tiie

brightness or density of double stars. It is contained in a note on
page 238 of his paper, and most concisely points out how, if we know
the period and brightness of a double star, we may neglect its parallax,

and directly compare its brightness anil mass with that of the sun.

Prof. E. C. Pickering, in 1880, sliowed how, iu dealing with a binary

star system, the parallax might be neglected, and the density or bright-

ness of the double st.ir might be comparod directly with th;it of the

sun. Mr. Monck. in the Ob.ie/-rafoi\i/ of 1887, showed how the

brightness or ^lensity of one binary system might be compared with

that of another binary system. Neither Pickering nor Monck seeiu

to have known of MicheU's note which anticipates their whole line

of reasoning. It runs as follows :

—

" If, however, it shoulrl hereafter be found that auy of the stars have others
revolving about Ibem (for uo satellites shinini? by a borrowed liijht could
pjssibly by visible), we should then have the means of discovering the
proportion between the li^ht of the sun and the light of those stars, relatively

to their respective quantities of matter, for in this case tlie times of the
revelations and the greatest apparent elongations of those stars that revolved
about the others as satellites being known, the relation between the appai-ent
diameters and the densities of the central stars would be given, whatever was
their distance from us, and the actual quantity of matter wliich they contained
wtiuid be known whenever their distance was known, being greater or less in

pr.>i>i)rtion to the cube of that distance. Hence, supposing them to be of the
same deusit,v with the sun, the proportion of the brightness of their siu-faces,

compared with that of the sun, would be known from the comparison of the
wlioW of the light which we receive from them with that wliich we receive

from the sun ; but if they should happen to be either of greiter or less density
than the sun, the whole of their light not being atfected by these suppositious,

their surfaces woald, indeed, be more or less Inmiuous, acordingly as they
were upou this account less or greater, but the quantity of light corresponding
to the same quantity of matter would still remain the same.
" The apparent distances at which satellites would revolve about auy stars

would be equal to the semi-annual parallaxes of those stars, seen from planets,

revolving about the sun in the same periodical times with themselves, supposing
the parallaxes to be such as they would be if the stars were of the same size

and density with the sun."

At the date of Michell's paper (1767) less than seventy close double

stars were known, and none were known to be moving about one

another, but in this paper, as well as in a second paper published in

the Phil. TraiLi. for 1781, he speaks with confidence as to the

pliysical connection between such closely situated pairs.—A. C.

Ranyaed.

WHAT IS A NEBULA?
By A. C. Banyard.

THERE can be little doubt that the nebulse are, as a
general rule, very transparent, for it cannot
reasonably be doubted that by far the greater
number of the stars which appear to us surrounded
by nebulous matter are really involved in the

brighter and central parts of the nebuliB which appear to
surround them, and are not merely seen by chance
projected on a nebulous background. A very elementary
application of the doctrine of chances will show the
enormous improbability of the hundreds of nebulous stars
known, all being seen projected (generally pretty centrally)
upon a nebulous background. In the ease of the great
nebula in Orion, and of the Pleiades nebula, as well as in
some of the smaller nebulfe, we actually see nebulous
structures which appear to spring from stars or groups of
stars like the trapezium in the Orion nebula ; the nebulous
structures grow gradually fainter as the distance from the
star from which they appear to spring increases, and in some
instances the nebulous structures branch or divide in a
direction away from the star in a manner which leaves no
room for doubting that the seat of origin of the structure

(that is, the place from which it was belched forth)

must have been within the star.

We may therefore feel practically certain that we receive

the light from many stars after its passage through many
thousands of millions of miles of nebulous matter. We
know how the light of our own sun is dimmed at sunset
and sunrise by its passage through a few hundred miles of
our atmosphere, so that the eye can easily gaze on the
sun's disc ; and a photograph which at midday can be
obtained in a fraction of a second, takes at sunset or sim-
rise many seconds, or even some minutes, to give it a
suitable exposure. The almost perfect transparency of
this nebuloits matter will be best realized by the student
of physics who knows that if half the light were absorbed
in its passage through ten million miles of nebula, only a
quarter of the light radiated by the star would get through
twenty million miles of similar nebulous matter, and only
an eighth part through thirty million miles, only a six-

teenth through forty million miles, and so on ; for each
succeeding ten million miles of similar nebulous haze
would halve the light which had succeeded in getting

through the nebulous veil between it and the source of light.

Thus at a distance of '200 million miles from the nebulous
star the star's light would be reduced to about one unllionth

of the emitted light; at a distance of 400 million miles it

would be reduced to a millionth of a millionth of its original

brightness ; and after passing through 1000 million miles
its light would have been reduced 75 magnitudes in the

stellar scale of brightness.

Such vast distances are triflingly small when measured
by the scale of architecture on which nebultB are built. A
nebula a thousand million miles in diameter at the distance

of a Centauri (our nearest neighbour amongst tlie stars)

would only appear to have a diameter of 8'12" seconds of

arc, while the nebula in Orion has a diameter of nure than
half a degree, and the great nebulous and stellar structure

shown in our plate has a diameter of more than 20
'.

There is another class of reasoning which enabli's us in

a vague and rough way to fix a superior limit for the
density of these nebulous masses. If we suppose the
Orion nebula to be a uniform sphere of only a third of a
degree (20') in diameter, with an average density of only
one millionth of our atmospheric air at the sea level, the
mass of the nebula would be such that at the di.siaiice of

a CenUinri, assuming gravity to act across interstellar
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space," it would be capable of giviup our sun a velocity of

255'2 miles per second if it fell towards tbe nebula from

an infinite distance, and tbe velocity of our sun in a
|

circular orbit about such a nebula, situated at a distance '

equal to the distance of a Cciitaiiri, would be 180'4 miles
i

per second. If tbe nebula contained such a vast mass of i

attracting matter we should expect to see many stars in

the neighbourhood of the nebula moving across the line of i

sight with very large proper motions, for a velocity of

100 miles a second across the line of sight at the distance

of a. Centanri would give an annual proper motion of 25-5",

that is a proper motion more than three times as great as

that of 1830 Groombridge, which is the swiftest moving
star which has at present been discovered.

But instead of finding tbe stars in tbe immediate '

neighbourhood of the Orion nebula exhibiting large proper

motions, we find tbe stars in this region of the heavens,
!

which appear to be associated with the Orion nebula, show
hardly any detectable proper motion, and the same remark
applies to all the stars connected with the stream of

nebuliF which appear to link up the great Orion nebula

with the Milky Way. The stars of the Pleiades group, '

which also appears to be connected with the Milky Way
and to be surrounded by a very extensive nebula (see

Knowledge for May, 1891), also exhibit only small annual '

proper motions, and the same remark applies to the

nebulous star a Cijfini, which appears to be associated with

the nebulosity of the Milky Way (see Knowledge for

October, 18!»1).

If, instead of assuming the distance of the Orion nebula

to be equal to the distance of a <'i'nt<nui, we had assumed
its distance to be double as great, the velocities referred to

above, of our sun in a parabolic orbit or in a circular

orbit about the nebula would need to be doubled. For at

twice the distance a nebula subtending tbe same angular

diameter would occupy eight times the volume, and, the

density remaining the same, its mass would be eight times
!

as great, and the periodic time in a circular orbit about
\

such a nebula at double distance would be unchanged,
'

therefore the velocity in the larger orbit would be doubled.

That the periodic time is independent of the distance of

the nebula will be evident when it is remembered that the

square of the periodic time, in any orbit, is inversely

proportional to the attracting mass. Therefore, if the

central attracting mass be multiplied by eight, the size of

the orbit remaining unaltered, the periodic time will be '

reduced in the proportion of 1 to
.^l/^-

On the other hand,
j

if it is evident from Kepler's law connecting the squares

of the times with the cubes of the distances, that if the

attracting mass remains unaltered, and the size of the orbit

be doubled, the periodic time will be increased in the ratio of

1 to 2\/2 ; therefore, if the size of tbe orbit be doubled, and

the attracting mass be multiplied by eight, the periodic

time will remain unaltered,
I
and the velocity in the orbit

j

will be doubled if we double the distance of the nebula.

If we assume the distance of the Orion nebula to be \

equal to the distance of a Centauri, that is, taking the

parallax of a. Centanri as 0-75", or that it is situated at a

* In view of what we know of the motions of binary stars about

one anotlier, the philosopher who has serious doubts whether the

action of gravity extends across interstellar space must have a very

highly-developed organ of philosophic doubt. He must be willing

to assume that while gravity extends apparently, according to law,

across the space which separates the sun and Neptune, and across

the probably still wider spaces which separate many of the binary

stars, its action ceases or is interfered with in passing across the

interstellar spaces which separate the systems within which gravity

reigns.

t The above reasoning only holds when the mass of the sim may
be neglected as compared with the mass of the nebiUa.

distance of 274.900 times tbe earth's distance from tbe

sun, and that the mean density of the nebulous matter is

one hundred millionth of the density of atmospheric air

at the sea level—that is, that the density of the nebula
is about Ta 2,T7ro^ooo,oijotl' of ^^^ density of the sun—for

water is about 846 times as heavy as an equal volume of

air at the sea level, and the density of the sun is about
1-444 as compared with water; the mass of the nebula,

supposing it to be spherical and to have an angular
diameter of 20' would be 330,200 times the mass of the

sun, and the periodic time in a circular orbit about such a

body at a distance equal to the distance of a. Centauri from
the sun would be 281,450 years, which corresponds to a

velocity of a little more than 18 miles a second. If we
suppose the nebula to be at double the distance of

a Centauri the velocity in a circular orbit would be 3G miles

a second, and so on, the velocity increasing directly as the

distance of the nebula is increased.

^^'e may probably feel quite sure, from the small observed

proper motions in the neighbourhood of the Orion nebula,

that its average density does not exceed one ten thousand
millionth of the density of atmospheric air at the sea level.

This would about correspond to the mean density of the

solar nebulous mass, supposing it to have been spherical

when its radius was a little more than 107 astronomical

units, or when the sun occupied a sphere with a radius of

a little more than S.j times tbe distance of Neptune.
In examining the forms of nebulse we find comparatively

few oblate spheroids, such as the hypothesis of La Place

assumes. There are many apparently spherical masses, a

few spirals and rings, and a great many nebulous masses
of irregular form. If the stars we see are of very different

ages, and the nebular stage of condensation occupies, as

has hitherto been supposed, a very lengthy period compared
with the stellar stage, we should expect to see a far greater

number of nebular masses than of fully-formed stars, but

the number of brightly shining stellar points greatly

exceeds the number of nebular masses hitherto discovered.

Possibly we are mistaken in supposing that the iaintly

shining nebular masses we observe afford ocular evidence

of the truth of La Place's bold hypothesis. The nebulje

we see have, it seems to me, a greater analogy with the

solar corona than with the fiery condensing mists conceived

of by La Place ; they are very generally associated with

stars, and in some cases the nebulous structure clearly

indicates that the nebulous matter has issued from the

star, and sometimes from a starless region. The forms of

nebula? are certainly in general inconsistent with the theory

that stars are condensing from nebulas.

The dark tree-like structure which extends diagonally

from the right lower corner of our plate up towards the left

hand upper corner clearly tells the story of matter projected

into a resisting medium, and not of nebulous matter slowly

condensing under the influence of steady rotation. If the

reader will take the trouble to compare two copies of the

plate—one a dark print and the other a print in which

the nebulosity is whiter—he will recognize several smaller

tree-like forms extendmg laterally on either hand from the

main trunk of the dark structure, as well as several streams

of stars evidently springing from the dark region.

[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]

THE ATMOSPHERES OF CELESTIAL BODIES.
To the Editor of Knowledge.

Sir,—In discussing the atmospheres of the moon or of

Mars, I think we rely too much on the analogy of our own
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atmosphere, which consists mainly of permanent gases

whose quantity is not altered by evaporation or liquefaction.

With this is joined a much smaller atmosphere of aqueous

vapour, which varies greatlv with the conditions of time

and place. But these variations would be much greater if

the permanent gases were removed ; for I think there is no
doubt that their presence retards both evaporation and
precipitation of vapour.

^Yhen a star is occulted by the moon, the disappearance

is usually instantaneous ; but to this rule there are many
exceptions. It seems to me that both rule and exceptions

can be explained by ascribing to the moon an atmosphere

of vapour which never attains large dimensions, and is at

many times and places wholly, or almost wholly, condensed.

It need not, of course, be aqueous vapour. Oxygen and
nitrogen would probably act in the same way if the

temperature were sufficiently low, but it is not likely to be

low enough for this purpose on tlie moon. The absence of

cloud may be considered an objection to the theory of an
atmosphere of vapour. But, as you pointed out in the last

number, dust has a good deal to do with the formation of

cloud, and so I believe has atmospheric air. In the

absence of air and dust, precipitation would perhaps take

place with little or no formation of clouds or fog.

The existence of water on the moon is doubtful. On
Mars, however, it appears to be certain, and it is not un-

likely that vapour plays a much more important part in

the Martian atmosphere than in ours. On one point, how-
ever, we are at present wholly in the dark, viz.. What is

the effect of a diminution in the force of gra\-ity upon
water ? We have only the power of studying this to a

very limited extent on the earth, and I am not aware that

it has been studied at all. From the marked effects of

pressure on both the freezing and the boiling points of

water it seems probable that variations in the force of

gravity would affect these points also ; but how, we can
only conjecture. Water, however, might exist in the

Uquid state at a temperature far below freezing point if it

were sufficiently salt. Again, supposing that Mars has no
atmosphere of oxygen and nitrogen, the result would be to

modify the properties of water considerably. Water when
deprived of air becomes viscous, its boiling point is raised

and it boils with explosive \-iolence ; even its visible

appearance is altered.

Aqueous vapour, according to the experiments of

Tyndall, has a very high absorptive power. This might
account for the small reflection of light from the surface

of Mars. If, moreover, it absorbs blue or green rays by

preference, the red tinge of those reflected from the solid

body of the planet would be accounted for. The red tinge

of the eclipsed moon has sometimes been ascribed to a

similar cause, the absorbing agent being the vapour in our

own atmosphere. The atmosphere would probably be more
dense in the equatorial than in the polar regions, but this

would be modified by the distribution of water on the

planet and the existence of mountains or high table-

lands.

With regard to the relatiiv albedo of difl'ei'ent planets, it

ought, I tbink, to be easy to detect. Supposing that the

entire surface of the planet is illuminated (otherwise

allowance can be made), the illuminated surfaces are pro-

portional to the squares of the planets' diameters. If the

whole of the incident light was reflected the intensity, for

different planets, would vary directly as this square, and
inversely as ths square of the planet's distance from the sun
multiplied by the square of its distance from us. If the

relative Ughts thus computed for -Jupiter and Mars diS'er

from those directly observed, the difference is due to the

relative albedo of the two planets. One planet should be

taken as the standard and the albedo of each of the others

expressed in tjrms of its albedo.

Trulv yours,

IG, Earlsfort Terrace, Dublin. W.' H. S. Moxck.

[The presence of an- or other gases makes no dif-

ference in the amount of water that will be evaporated

at a given temperature, but it makes a considerable dift'er-

ence in the rate of evaporation. Thus, if a pint and a half

of water were brought into a room measuring ten feet each

way, and filled with perfectly dry air, or any other gas or

vapour, at a temperature of 80° Fahrenheit nearly the

whole of the water would be evaporated, and the air would
still remain transpai-ent, and the walls of the room dry.

When this amount of water had been evaporated the pro-

cess would stop, and no more vapour would be given off"

unless the temperature of the room was raised. Experi-

ments show that the same amount of water would be

evaporated, at the same temperature, whatever amount of

dry air there was in the room to start with ; even though

the room was devoid of air, the samg amount of water

would disappear, and the pressure of the resulting water

vapour would raise a column of mercury in a barometer

by about an inch. On Mars the same tension of water

vapour would raise the column of mercury a little more
than two and a half inches. I do not feel as sure as Mr.

Monck or my friend Mr. Maunder as to the evidence with

regard to the absorption of the sun's Ught by aqueous

vapour in the atmosphere of Mars, and I am quite

prepared to believe that the white polar caps of Mars are

due to the white snow-like crystals of carbonic acid gas, or

even to condensed atmospheric air.—A. C. Raxvard.]

CAX A PLANET ABSORB ITS OCEAXS WITHOUT HAVIXi;

ITS SURFACE TEMPERATURE LOWERED ?

To the Editor of Knowledge.

Sm,—In the June number of Knowledge, p. 114, the

editor criticizes the suggestion that if Mars formerly had

more extensive oceans than n3w, owing to internal cool-

ing they might have been absorbed. He makes the point

that in the case of the earth such an absorption could

only occur in case the sufface temperature, even in the

equatorial regions, were reduced, owing to internal cooling,

below the freezing point.

Now it seems to me that the internal temperature of the

earth has no influence whatever upon our climate, and

that if its internal temperature should be reduced to that

of interplanetary space our surface temperature would

still be practically the same as at present. Let us imagine

an iron bar one thousand feet long and several feet in

diameter, surrounded by some perfectly non-conducting

substance. Let one

end, CR, be main-
tained at a constant

temperature of 1000^ t-

C, and let the other

end, SF, be exposed

to the outside air,

which we will say has "' ^^'^

a mean temperature of 0" C. In the course of several days

variations of temperature inside the bar will cease, and

the temperatures at varying distances from CR can be

represented by the ordiuates of the line TF. Thus, at one-

tenth of thedistance from F to R, that is at one hundred

feet distance, the temperature will be 100° very nearly.

If, instead of iron, the bar were made of clay we should

have practically the same condition of aft'airs, only instead
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of having to wait several days for a permanent condition of

temperature to be established, we should have to wait

several centuries. There would then still be one other

diii'ereuce between the two cases. Owing to the high con-

ductivity of the iron, the surface SF would be a few

degrees above the temperature of the outside air, while

the surface of the clay would be almost exactly equal to it.

This difference would depend upon the radiating capacity

of the surface SF. In this respect our earth resembles

the clay ; in other words, the radiating and absorbing

power of the surface SF so far exceeds the conductivity

of the long bar of clay that the temperature of the surface

depends practically entirely upon this radiating and
absorbing power, and will be the same whether the

temperature of CE is 0° C. or 1000° C.

Suppose now that the temperature of CE should be

permitted to fall to 500°. Since the temperature of SF
still remains at 0°, we should now be able to advance twice

as far from F before we should reach the temperature of

boOing water.

Applying this experiment to the case of our earth, let us

assume that half of the free water of the planet is at

present underground, and that all the microscopic cavities

that are not too hot are already filled with water. When
the internal temperature of the earth is lowered to one-half

of its present figure, there will, other things being equal,

be nearly twice as much space for the underground water,

and as a result we may expect that our oceans will dis-

appear, learaig our earth a warm but arid desert. Indeed,

this might occur at an earlier date, since at the greater

depths water would remain in the liquid form at a higher

temperature.
WiLLi.Uii H. Pickering.

Arequipa, Peru,

Ai(!imt 6tli, 1892.

P.S.—In printing my letter in the June number the

word if has been left out ; it makes a very material dif-

ference in my meaning. What I wrote was, " In the case

of this planet (Mars), however, we have good reason for

thinking that if it formerly had extensive oceans upon its

surface, that tiy the gradual cooling to which it has been

subjected there has been room formed for them in its

interior."

[I agree with Prof. Pickering as to the increase in under-

ground temperature being probably slower in the body of

Mars than in the earth.

The great range in the mean temperature in passing

from the earth's equatorial to its polar regfons shows that

if it were not for heat derived from the outside the whole
surface of the earth would have a mean temperature below
the freezing point of water. No amount of atmosphere could

increase theheatof the surface derived directly* from the sun.

One might as well expect to hasten the cooking of a joint

before a fire by covering the joint with a glass shade or

with a blanket, and we may be sure that the heat derived

from the outside by the surface of Mars is, area for area,

less than that derived by the earth's surface from the sun
in a proportion which varies with the inverse squares of

the distances of the two planets from the sun. If, there-

fore, as Prof. W. H. Pickering assumes, " the internal

temperature of the earth has lui injhiencc irhnicriT upon our

climate, the mean temperature of even the equatorial

regions of Mars must be far below the freezing point of

water.—A. C. Eanyard.]

THE CRETAN LABYRINTH.
To the Editor of Knowledge.

* TliougU an atmosphere which ivas trausparent to short wave-
lengtlis but absorbed long-wave lengths would tend to accunuilate the
lieat of the surface by preventing the return from the earth's sui'facc

into space of long wave-lengths, corresponding to heat of low
teni])craturc derived from solar radiation of shorter wave-length.

Dear Sir,—That there was some kind of a maze or

labyrinth at Cnossus in Crete need not be doubted, as

there are coins or tokens of Crete with the device of a

labyrinth impressed upon them. Several of these coins

are displayed in the glass cases accessible to the public in

the British Museum. There is also, of course, the myth
about Theseus entering the labyrinth by the help of a

thread given him by Ariadne, when he slew the Minotaur
or Man-Bull who lived in the centre, and put an end to

the cruelties [practised by the monster. This legend,

beautiiul enough when taken in the anagogic sense, was
probably in existence before tlie maze shown on the coins

took any definite shape, or it may be that several successive

mazes were built and kept as long as any profit could

be made out of those who came to \isit them. I mention
this because some of the mazes shown on the coins are

circular, while others are rectangular, although the twists

and turns are practically the same in both plans. Now,
unfortunately, the labyrinths depicted on the coins are

apparently of such a simple character that anyone could

find his way to the centre and out again by the simple

process of following his own nose, because the maze seems

to consist of a roundabout path, leaving at no point any
choice of routes to the explorer.

It has occurred to me that the device on the coins was

never intended as a map or plan of the labyrinth, but only

as a key or clue to the right path, leaving out the wrong
ones. By taking the maze as shown on the Cretan coins,

and treating the circular dividing walls as tlouliU , and each

containing a passage of the same width as the road shown
on the coins—in fact restoring the design to that shown on

the diagram accompanying this paper— one can see

that penetrating the maze to the very centre by the nearest

road and at the first attempt would be a matter of very

serious difficulty. Some of your younger readers will find

it not quite easy to trace the white path with the point of

a bone knitting needle ; or, if they take the trouble to

trace the maze large on the sea sand, they will find that

their companions not in the secret will get a good deal of

exercise before arriving at the centre. They must remember



October 1, 1892.] KNOWLEDGE 195

too that they have the advantage of a bird's-eye view,

which anyone entering a real structure made of walls or

hedges would not.

I have at the principal doubling points merely left open

two more of the roads than would have resulted from simply

treating the dividing wall as another path. Though not

necessary, this seems to give a little more variety to the plan.

It will be seen that there are four places where the right

way has to be chosen between five, and as no one would
be so stupid as to choose the road by which he had just

entered, the chances are about three to one against his

taking the right one of the other four. This difficulty is

repeated four times in the course of the labyrinth, so that

it would seem on a first calculation that his probability of

getting in by the best route is about J of ^ of ^ of -^, or,

say, 1 to 81. But anyroad will, after an uncertain number
of turns and doublings, take him either to the centre or

back again to the entrance ; so that the task is not nearly

so difficult as it would at first sight seem, nor, indeed, is

it at all probable that the designer would have made it too

difficult, especially if any body of men had to thrive on the

profits, like the artificers who made silver images of Diana at

Ephesus. Perhaps even the labyrinth coins took their origin

from tokens, given to those who had visited the maze and
duly paid for the privilege. They might also serve as a sort

of pass token and souvenir of the visit, as well as a key to the

mystery. The legend of the colom-ed thread of Ariadne

becomes intelligible on this plan of the maze as now shown,
because, on returning to any place where he had been

before, Theseus would see his own thread and retrace his

steps, gathering up the line until he could make a better

start—while of course the thread would serve him as a

guide to enable him to get out again. If I gave the coin

plan, it would simply be each alternate circle of this one,

and it would furnish a key by which anyone could imme-
diately find the way to the centre.

The solution, when put into words, is—avoid every

alternate circle or path.

Yours faithfully, Richard Inwards.

A FLAKE OF FLINT AND ITS HISTORY.
By R. Lydekker, B.A.Cantab.

IN
our article entitled "A Lump of Chalk and its

Lessons," published in Knowledge for June last, it

was stated that the upper white chalk, so far as

hand specimens are concerned, is a nearly pure lime-

stone. This, indeed, is a perfectly true statement as

regards such hand specimens ; but when we consider the

upper chalk as a whole, we must not omit to regard the

numerous bands and nodules of Hint with which it is

interstratitied as a very important constituent of the whole
rock. We say a constituent of the whole rock advisedly,

because although the flint is now separated from the white

limestone which we call chalk in the form of nodules and
bands, yet there is e\-idence that it was originally dissemi-

nated throughout the entire mass, and that the upper chalk

then formed a slightly siliceous limestone. Probably
everybody is more or less familiar -nith flint as it occurs in

a chalk pit, or in the form of gravel derived from the
disintegi'ation of chalk strata ; but it may be taken for

granted that comparatively few have ever seriously

considered how the solid masses of flint have originated in

the soft chalk limestone. As this is a subject of consider-

able interest, and one which has given rise to much
discussion, we propose to devote the greater part of the

present article to its consideration, while we shall add
some observations on the history of flints after they have
been removed from their native chalk.

We shall assume, in the first place, that all our readers

are aware that flint is one of the manifold forms assumed

by that abundant constituent of the earth's crust technically

known as silica—the oxide of the element silicon. When
crystallized, silica occurs in the form of rock-crystal, or

quartz ; but flint is one of the many non-crystalline, or

amorphous, developments of the mineral. It is generally

defined as a massive dark-coloured or black, semi-trans-

lucent, dull-looking variety of silica ; which when pure

burns to an opaque white, and has what is termed a

conchoidal or shell-like fracture. The dark colour, it may
be added, is due to the presence of a smaU quantity of

organic matter, or carbon.

If we fracture a nodule of flint freshly taken from a

chalk pit, we shall find that the thin edges of the sharp

flakes which are seen to be produced have a pale-brown

horn colour when viewed by transmitted light, and that

as the flake becomes thicker the colovn- gradually darkens

till it assumes the blue-black tint characteristic of the

mass. If, however, our flake contains a portion of the

external coat of the nodule, we shall see that for about a

quarter of an inch in depth the outer layer is far less

compact than the rest of the flint, and is of an opaque

white colour. In other specimens, again, we shall observe

that the colour, instead of the usual deep blue-black, is

of a pale whitish blue, frequently marked by more or less

distinct bands. Needless to say that on trying to scratch

our flint flake with a knife we shall signally fail, and if

any result happens it will be that a thin film from the

metal of the blade will be left on the stone at the point of

contact.

FlQ. 1.—A Chipped Flint Implement, from Iclilingham, half

natural size. (From Sir J. Evans' " Stone Implements.")

Our flake will likewise exhibit in great perfection the

characteristic conchoidal fracture of flint ; that is to say,

its surfaces will be smooth and undulating, swelling here

into a prominent convexity, and falling there into a deeper

or shallower hollow. Frequently, moreover, there may be

observed a number of small parallel wavy ridges on the

fractured surface. If we submit the edges of the freshly-
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Fig. 2.—Artificial

Cone of Flint.

(From Sir J.

Evans.)*

broken flake to a series of taps from our hammer, we
shall find that a number of smaller flakes will be readily

chipped off, each leavinj; a separate conohoidally-fractured

surface on the original flake. It is this facility with which
flint can be chipped, coupled with its hardness and the

sharpness of its fractured edges, that induced our paheo-

lithic ancestors to adopt it as the material for their

various weapons and tools. The foregoing figure of

one of these implements exhibits ' in great perfection

the characteristic conchoidal fracture of flint.

The extreme development of this peculiar and character-

istic fracture is, however, exhibited when a large flat

surface of flint is struck at right angles by a round-ended
hammer. The hammer then comes in contact with a

minute portion of the surface of the flint, which may be
represented by a small circle, and as the flint is elastic,

" this small circle," as Sir .John Evans
observes, "is driven slightly inwards into

the body of the flint, and the result is that

a circular fissure is produced between
that part of the flint which is condensed
for the moment by the blow, and that

part which is left untouched. As each
particle in the small circle on which
the hammer impinges may be con-

sidered to rest on more than one other particle, it is

evident that the circular fissure, as it descends into the

body of the flint, will have a tendency to enlarge in

diameter, so that the piece of flint it includes will be of

conical form, the small circle struck by the hammer
forming the slightly truncated apex." A little practice

will enable anyone to make these flint cones with ease.

The size of the cone, and the degree of steepness of its

sides, vary with the nature of the flint, the weight and
form of the hammer, and the force of the blow.

When examined with a lens or microscope, chalk-flint

frequently exhibits a perfectly uniform structure throughout,
without the least trace of the presence of any organic body.
In other cases, however, traces of sponges, corals, shells,

echinoderms, diatoms, &c., are more or less apparent in

flint. Perhaps the most common of all these organisms
are the mushroom-shaped sponges known as ventriculites

;

and if we examine a flint containing one of these sponges
we shall frequently observe that there is a complete
transition from portions of the perfectly preserved sponge
to homogeneous flint, without the least trace of organic
structure. In the case of echinoderms, we shall find that

while in some cases the whole interior of the shell (or, as it

is technically called, test) is filled with flint, the shell

itself retaining its original calcareous structure, in other
instances the original shell itself has been completely
removed and replaced by flint. In some cases the original

structure of the shell has been preserved in the flint, but
more generally this has been completely lost, and the flint

is structureless.

This replacement of a calcareous by a siliceous structure

is an instance of pseudomorphism. Similar remarks will

apply to the shells of molluscs, and likewise to corals. It is

important to mention that the sponges found in flint were
not originally of the horny nature of our bath-sponges, but
were themselves composed of minute spicules and fibres of

silica, like the so-called Venus's flower-basket of our modern
seas.

With regard to the mode of occurrence of flint, we have
first to mention that it is by no means confined to the
chalk, but may occur in limestones of any age. In this

* We are indebted to Messrs. Longman and
and the figure on the previous page.

G-reen for this

country it is, however, more abundant and purer in the

chalk than in any other formation, and may, indeed, be

considered characteristic of the upper part of that

formation.
I

Flints are found in the chalk either in the

form of nodules or in thin continuous lamina?. The
nodules are generally of very irregular shape, and may
vary in size from a walnut to masses of a hundred-weight
or so. As a rule they occur in strings at comparatively
regular intervals in the chalk, generally conforming more
or less closely to the original planes of bedding, and the

individual nodules being sometimes at considerable distances

apart, but at others closer together and more or less

connected by long root-like pieces. On the other hand,

the laminated or tabular flint may cut the bedding-planes

of the chalk at any angle, and is often found in joints and
fissures, which may emerge at the surface. As a rule, this

tabular flint is devoid of organisms. Not unfi'equently

flints may be found which near their surfaces gradually

become paler and paler in colour, and contain an increasing

amount of calcareous matter, till they pass imperceptibly

into hard siliceous chalk. Again, flints may be hollow,

and contain in their cavities either corals or sponges, or

masses of that variety of silica known as chalcedony.

The latter, it may be mentioned, is a semi-transparent

waxy-looking stone, generally with a more or less decided

pinkish tinge, and forming mammillated or botryoidal

masses. The milky and reddish varieties of chalcedony

constitute carnelian, while when it is arranged in dif-

ferently coloured bands it forms agate. Occasionally

small crystals of quartz occur in the hollows of flint.

It has still to be mentioned that in some districts—and
more especially near Norwich—in addition to the hori-

zontal layers of nodular flints, there occur in the upper
chalk a number of huge cup-shaped masses of flint placed

one above another in vertical lines ; these masses being

locally known as "potstones," and presenting a remarkable
resemblance to certain giant sponges called Neptune's
cups.

The proportion of the flint to the chalk in the upper
chalk of England varies, according to Prof. Prestwich,

from fom- to six per cent. It is important to add that the

masses of nodular flint may not irafrequently be found to

be traversed by fractures which have subsequently been
reunited ; thus showing either that the substance must at

the time have been in a semi-plastic condition and capable

of reunion, or that the fracture has been united by the

subsequent deposition of siliceous matter. It must also be

mentioned that, as a rule, the white coating is confined to

the outer surface of the nodules, and that we do not find

layers of pure flint overlain with white coats and then
again by other similar layers ; thus indicating that the

formation of the white coat was the final act in the

development of flint.

With these observations on the structure and mode of

occurrence of flint, we are in a position to enter on the

more diflicult subject of its origin. From the very first it

was recognized by all geologists that such a peculiarly

hard and homogeneous substance as flint, occurring in

irregular nodules among the pure white chalk, could not

have been deposited in its present condition directly from
the waters of the cretaceous sea ; and the problem there-

fore presented itself to account adequately for its mode of

formation. The problem soon resolved itself first of all

into two questions, namely, whether the silica was originally

part and parcel of the chalk as first deposited and that it

t It also occurs abundantly in the lower part of the Portland stone

series of the Isle of Fori land, but is there generally less pure, and
has tlie conchoidal fracture less marked.
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subsequently gained its present condition, or whether it

was added at certain intervals during the deposition of the

chalk from a totally different source, or was introduced

subsequently to the deposition of the whole.

I believe 1 am right in saying that there is still a current

notion among many persons who are not scientific geologists

that dint is a kind of igneous rock ; and its hardness and
superficial resemblance to some kinds of obsidian may at

first sight lend some countenance to such an idea. Never-

theless, it is almost superfluous to add, such a notion is a

totally erroneous one, and the mode in which flint occurs

—

without altermg the limestone with which it is in contact,

or the fossils which it contains—is of itself suflicient to

refute any such origin.

From the hardness and insolubility of flint, it would

appear a very natm-al inference that silica in all forms is

likewise insoluble, but, as proved by siliceous springs,

silica in a certain condition is freely soluble in alkaline

waters. This naturally suggested to the earlier geologists

that flints had been deposited by the aid of hot springs or

heated waters in the cretaceous sea at certain intervals

during the formation of the chalk sea. Thus, the late

Dr. Mantell wrote that " the nodules and veins of flints

that are so abundant in the upper chalk have probably

been produced by the agency of heated waters holding

sdex in solution, and depositing it when poured into the

chalk sea." It will, however, be obvious that there are

very serious difliculties in accepting any such explanation.

In the fii-st place, we should require the introduction of

floods of heated water containing silica at certain irregular

intervals during the whole period of the deposition of the

upper chalk : and it would also be essential that these waters

should have extended over vast areas of ocean. Secondly,

the mode in which nodular flint occurs could not

adequately be explained by any theory of this kind ; while

it would leave the origin of the tabular flint, which we have

seen may occur in joints and fissures, totally unaccounted

for. Another idea was that the silica had been, at least

partially, introduced from above after the deposition of the

chalk; but, although this explanation may, and perhaps

does, partly account for the formation of some of the

upper tabular flints, it is quita impossible that it could

explain the formation of the numerous layers of nodular

flints throughout the body of the chalk.

There is, however, an explanation which will readily

account for all the features presented by the chalk-flints,

and requires the aid of no foreign factors in the process.

This explanation is based on the phenomenon known as

segregation. Now segregation is the tendency presented

by a small quantity of one substance, when diffused

through a much larger quantity of another substance, to

collect together in nodules or strings, which generally

accumulate either around some fragment of their own
nature or some foreign body— especially an organic one

—

as a nucleus. We have well-known examples of this

segregating process in the huge lenticular calcareous masses

termed " septaria," found in the London and Kimeridge

clays, and also in the iron-nodules of other formations.

Premising that soluble silica has a peculiar affinity not

only for any kind of silica, but likewise for gelatinous

organic substances (both of which were presented by the

sponges of the cretaceous seasj, it will be obvious that if

we can only satisfy ourselves that at the time of its

deposition the chalk contamed diffused among its substance

a sufiieient amount of soluble silica, we shall at once be able

to account for the formation of its flint. Now, as we pass

upwards in the cretaceous system from the lower green-

sand to the upper chalk, we find a gradual change fi'om

a completely siliceous to a calcareous rock. Moreover,

while in the gault, upper greensand, and lower chalk (in

which in the south of England there are no flints) tliere

is a large but decreasing amount of soluble silica, varying

from 40 per cent, in the upper greensand to 31 per cent, in

the chalk-marl, when we reach the upper chalk with

flints such soluble silica is reduced to a mere trace. As

it is at the base of the white chalk that the sponges attain

their greatest development, and as it is also here that

flints first commence, the disappearance of the soluble

silica may be safely attributed to its segregation by means
of the sponges and other bodies, and its conversion into

dint. Prof. Prestwich, writing on this subject, observes

that in presence of the siliceous spicules of the cretaceous

sponges and thek gelatinous animal matter, " the soluble

or colloidal silica, dispersed through the soft chalk-mud,

slowly segregated from out of the surrouudmg pulpy mass,

and gradually replaced part or the whole of the organic

matter, as it decayed away. Nor has it stopped there
;

owing to the affinity of the particles of colloidal silica

amongst themselves, the segregation has not ceased with

the replacement of the organic body, but has continued so

long as any portion of silica remained in the surrounding

soft matrix ; whence the frequent excess of flint beyond the

interior or body of the shells, echinoderms, itc, and whence
also the irregular shape arising from this overgrowth of the

flint nodules.'' Next to sponges, echinoderms seem to

have afforded the most attractive centres of segi'egation
;

and while in some cases only then- shells have been filled

with flint, in other instances we find a mass of these shells

cemented together by a nodule of flint.

In some parts of the Continent, and also in Yorkshire,

we find that for some reason or other—not improbably a

greater development of sponges and a smaller amount of

soluble sihca—the segregating process has extended down-
wards to the lower chalk, where flmts are then found ; and
we suspect that in such cases analysis would also show in

these beds a corresponding absence of free soluble silica.

With regard to the so-called "potstones" of the

Norfolk chalk, some of which may be upwards of a yard

in height, with a diameter of a foot or so, the only adequate

explanation of their formation that has yet been offered is

that they represent gigantic cup-like sponges which have

grown one upon the top of the other, as they were succes-

sively buried in the newly-formed chalk, and that they

have been subsequently silicitied by the same segregating

process.

We conclude, therefore, that the flints of the chalk were

originally an integral portion of the rock itself, which was

then a slightly sihcated limestone ; and that the present

purely calcareous character of the chalk is due to the

separation of the silica by segregation. We have, however,

still to account for the relatively large amount of soluble

silica present in the cretaceous rocks, since this is far in

excess of what would have been brought down by most

rivers of the present day, in the waters of which the

amoimt of this substance is almost infinitesimal. It has

been suggested that the unusual supply may have been

afforded by the cretaceous rivers being largely fed by

siliceous springs ; but although this may have been one

factor in the case, a more probable theory is that the

drainage area supplying the cretaceous sea with sediment

was largely composed of decomposed felspathic rocks, in

which the amoimt of this silica would have been amply

sufficient to have furnished the quantity present in the

chalk.

It is, however, not only with regard to its mode of

origin that flint is of more than ordinary interest. Being

an excessively hard substance, it is one exceedingly diffi-

cult to be worn to powder by the action of water, and the
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flint gravels of the valleys of the south of England, as

well as the beashes of our southern coasts, and the

numerous tertiary deposits composed of flint pebbles,

remain to us as silent witnesses of the vast denudation of

the upper chalk which has taken place in this country.

Eemembering that the proportion of flint to chalk is only

from four to six per cent., and also bearing iu mind that all

the flints in our gravels have been considerably reduced in

size by the action of water, we may fairly say that every

cubic yard of pure flint gravel represents the removal of

at the very least twenty cubic yards of pure chalk ; and to

this we have to add all the lower chalk which has been
denuded without leaving any solid residue. Moreover,

when we recollect that this denuding jirocess has been
going on ever since the eocene period, and that our river

gravels only represent a small portion of the flints left by
the denudation of the chalk during the latter jmrt of this

protracted period of time, we may gain some faint concep-

tion of how enormous this denudation must have been.

Although the flint gravels of our rivers afl'ord some
estimate, however faint, of the denudation of the chalk

during the pleistocene period, it would be quite incorrect

to assume that the flint pebbles forming the beaches of

om- southern coasts present a record of the amount of

denudation which has taken place during the modern
period. We have already mentioned that a freshly-broken

flint presents a uniform blackish-blue colour throughout
its interior, and any flint pebble on the seashore which had
been recently derived from its native chalk would, when
broken, present a similar appearance. As a matter of

fact we shall find, however, that at least ninety per cent,

of such pebbles are stained yellow, brown, red, or black

internally, and as most of the flint fragments in many of

our older gravels are likewise similarly stained, we shall

have little hesitation in coming to the conclusion that our
modern sea-beaches are largely derived from the breaking

up of such old gravel beds, and the subsequent rounding of

these irregular fragments of flint into pebbles by the action

of the sea. The staining of the flints is of course due to

the large amount of ferruginous matter contained in the

gravels, and owing to the banded nature of the original

flint it frequently gives rise to an agate-like appearance in

the pebbles. Many of the pebbles in our beaches are,

however, derived from stiU older sea-beaches, like the one
now remaining at the southern extremity of the Isle of

Portland, while others, again, owe their origin to the
breaking up of the eocene Woolwich and Reading beds,

which are largely composed of flint pebbles. Sometimes,
indeed, fragments of those old beds also occur iu the river

gravels, where blocks of the Hertfordshire conglomerate

—

the equivalent of the Woolwich and Reading beds—may be
met with.

We have thus abundant evidence of the exceeding in-

destructibility of fliat, and how it may go on from one
formation to another to tell, when rightly interpreted, the
various steps in the denudation of our country.

In addition to being frequently stained internally, the
observer will also not fail to notice that all of the flints

in our river gravels have acquired a white or yellow porce-

laneous external coating, quite diflerent from the interior
;

and it is beheved by Sir .John Evans that this white
coating has been produced by the removal of a portion of
the flint which was still soluble " by the passage of in-

filtrating water through the body of the flint." That such
a process must have been of inconceivable slowness, and
must have required countless years for its accomplishment,
goes without saying. We have, indeed, some inkling of

how extremely slow this process must be, by the circum-
stance that the fractured surfaces of the flints built into

the walls of our very oldest churches show not the

slightest change from their pristine condition. When,
however, we examine the chipped flint implements of

our river gravels and caves, like the one shown in our

first illustration, we find their surfaces altered precisely iu

the same manner as the flint fragments by which they are

accompanied. Hence we gain, from a totally independent

source, some idea of the immense antiquity of the period

when the old palreoUthic hunters inhabited the south of

England.
Having thus reached the subject of flint implements,

we feel tempted to enter into the consideration of some of

their diflerent types a,nd the beds in which they occur, but

editorial limitations of space forbid our wandering into

such entrancing paths. Even, however, without entering

into this part of the subject, we trust that what we have

written will serve to show that a " Flake of Flint," when
considered from all points of view, is to the full as in-

teresting as a " Lump of Chalk."

THE FACE OF THE SKY FOR OCTOBER.

By Hekbekt Sadler, F.R.A.S.

THERE does not seem to be any visible diminution

in the number of spots and facuhiB on the solar

disc. There will be an eclipse of the Sun, visible

over a great part of North America, on the 20th,

y^y^jths of the disc being obscured. Conveniently

observable minima of Algol occur at lOh. 10m. p.m. on
the 11th, and Gh. 58m. p.m. on the 17th. The Nova Aurigfe

has made a brief reappearance, but appears to be sinking in

magnitude.
Mercury is too near the Sun to be visible in October,

being in superior conjunction on the 8th. Venus is a

morning star, and is still well placed for observation,

although her brightness at the end of the month is only

about one-half of what it was at the beginning of June,

and her diameter is also decreasing notably. She rises on
the 1st at Ih. 4Gm. a.m., with a northern declination of

12° 50^', and an apparent diameter of 20.1", y'y'yths of the

disc being illuminated. On the 17th she rises at 2h. 19m.
A.M., with a northern declination of 7° 44', and an apparent

diameter of 18", iVij^'^s of the disc being illumaiated.

On the 31st she rises at 2h. 49m. a.m., with a northern

declination of 2° 10', and an apparent diameter of 16",

-j'jjths of the disc being illuminated. During the month
she passes through Leo into Virgo, being near llegulus on

the 5th.

Mars is an evening star, and is better situated as to his

elevation above the horizon, though his apparent diameter

has markedly decreased, and, of course, his brightness

also—at the end of October being only a quarter of

what it was at opposition. He rises on the 1st at 4h. 10m.

P.M., with a southern declination of 20"^ 59', and an
apparent diameter of IG-U", the defect of illumination on

the following limb being very marked. On the 31st he

rises at 2h. 30m. p.m., with a southern declination of 15° 13',

and an apparent diameter of 12i", the gibbous form of the

planet being very apparent. During the month he is in

Capricornus, and makes an exceedingly near approach to

the third magnitude star 8 Capricorni on the 25th. Un-
fortunately, at the time of nearest appulso. Mars will be

below the horizon in England.
Jupiter is a superb object in the evening sky, and, as we

remarked in the "Face of the Sky for September," is

visible to the naked eye in sunlight, the present opposition

of the planet being one of the very favourable ones which
occur once every twelve years. Jupiter rises on the 1st at
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oh. 59m. P.M., with a northern declination of 6' 50', and
an apparent equatorial diameter of iQ-1". On the 12th he

rises at 5h. 11m. p.m., with a northern declination of G^ 17',

and an apparent equatorial diameter of 49J". This is the

day of opposition, the distance of Jupiter from the earth

being 36H millions of miles. On the 31st he sets at

5h. 6m. .\.M., with a northern declination of 5° 23', and an
apparent equatorial diameter of -481". He is occulted b\'

the Moon on the evening of the Gth (not visible in England),

and the same evening a 9^ magnitude star will be occulted

by the planet, the time of central occultatiou being about

8h. P.M. During the month he describes a retrograde path

in Pisces. The following phenomena of the satellites occur

while .JuDiter is more than 8" above and the Sun 8° below the

horizon. On the 1st a transit ingress of the shadow of

the third satellite at 9h. 47m. p.m., and a transit ingress of

the third satellite at llh. 13m. p.m. On the 3rd a transit

ingress of the shadow of the second satellite at 7h. 39m.
P.M., of the satellite itself at 8h. 11m. p.m. ; a transit ingress

of the shadow of the first satellite at 9h. 27m. p.m., of the

satellite itself at 9h. t2m. p.m. ; a transit egress of the

shadow of the second satellite at lOh. 12m. p.m., of the

satellite itself at lOh. 36m. p.m. ; a transit egress of the

shadow of the first sateUite at llh. ilm. p.m., of the

satellite itself at llh. 54m. p.m. On the 4th an eclipse

disappearance of the first satellite at 6h. 41m. 58s. p.m.,

and an occultation reappearance of the same sateUite at

9h. om. p.m. On the 10th a transit ingress of the shadow
of the second satellite at lOh. 18m. p.m., and of the

satellite itself at lOh. 27m. p.m. ; a transit ingress of the

shadow of the first satellite at llh. 21m. p.m., and
of the satellite itself four minutes later. In this case

and the nest transit attention should be paid to a possible

projection of the satellite on the shadow. On the 11th

an ecUpse disappearance of the first sateUite at 8h. 37m. 5s.

P.M., and Its reappearance from occultation atlOh. 49m. p.m.

On the 12th an occiUtation reappearance of the second satel-

Uteat7h. 29m. p.m. ; a transit egress of the shadow of the

first satellite at 8h. 3m. p.m., and of the sateUite itself one
minute later. On the 18th an occultation disappearance

of the first satelUte at lOh. 21m. p.m. On the 19th an
occultation disappearance of the third satellite at 7h. 8m.
p.m., of the second at 7h. lom. p.m. ; a transit ingress of

the first satellite at 7h. 34m. p.m., and of its shadow at

7h. 46m. P.M. ; a transit egress of the first satellite at

9h. 46m. P.M. ; an ecUpse reappearance of the third sateUite

at 9h. 53m. 46s. ; a transit egress of the shadow of the

first sateUite at 9h. 58m., and an eclipse reappearance of

the second satellite at lOh. 3m. 7s. It will be observed

that for some time this evening, as on the 26th of the

month, Jupiter will appear attended only by the fourth

sateUite. On the 20th an echpse reappearance of the first

satelhte at 7h. 10m. 23s. p.m. On the 26th a transit

ingress of the first satellite at 9h. 18m. p.m., of its shadow
at 91i. 39m. p.m., an occultatiou disappearance of the

second sateUite at 9h. 28m. p.m., an occultation disappear-

ance of the third satelUte at lOh. 23m. p.m. ; a transit

egress of the first sateUite at llh. 30m. p.m., and of its

shadow at llh. 53m. p.m. On the 27th an occultation

disappearance of the first sateUite at 6h. 31m. p.m., and its

reappearance fi-om eclipse at 9h. om. 43s. p.m. On the

28tU a transit egress of the first sateUite at oh. 56m. p.m.,

of its shadow at 6h. 22m. p.m. ; a transit egress of the

second satellite at 6h. 35m. p.m., and of its shadow at

7h. 26m. P.M.

Saturn does not rise on the last day of the mouth tiU

3h. o2m. .\.M., and Uranus is in conjimctiou on the 29th.

Neptune is an evening star, rising on the 1st at 8h. Om.
P.M., with a northern declination of 20" 34'. and an

apparent diameter of 2-6". On the 31st he rises at

6h. 2m. P.M., with a northern declination of 20^ 29'.

During the mouth he describes a short retrograde path to

the N.E. of e Tauri.

October is rather a favourable month for observations of

shooting stars, the most marked shower being that of the

Orionids, from the 17th to the 20th of the month, the

radiant point being situated in 7h. Om. k.a. and 15^ north
declination. The radiant point rises at the date named at

about 8h. 45m. p.m., and sets shortly after 4 a.m.

The Moon is full (the Harvest Moon) at 6h. 12m. a.m.

on the 6th ; enters her last quarter at 9h. 37m. p.m. on
the 12th ; is new at 6h. 24m. p.m. on the 20th ; and enters

her first quarter at 9h. 26m. p.m. on the 28th. She is in

perigee at 5'5h. a.m. on the 7th (distance from the earth
222,740 miles), and in apogee at 3-6h. a.m. on the 22nd
(distance from the earth 252,590 mUes). The greatest

eastern librations take place at Oh. 7m. p.m. on the 2nd,

and 8h. 8m. p.m. on the 29th, and the greatest western at

lOh. 9m. p.m. on the 10th.

^Ijcss ([Column.

By C. D. LococK, B.A.Oxon.

All coMMrxicATioxs for this columa should be addressed
to the " Chess Editor, Knowkdye Office," and posted before
the 10th of each month.

Solution of September Problem (by C. D. P. Hamilton).

1. B to Kt4, and mates next move.

CoERECT Solutions received from Betula, G. K. Ansell.

G. S. Cummimtx.—The criticism may be just, but was a
little premature. Black answers 1. Q to Q4 by B to Bsq.

L. Bourne.—If, as you probably mean, 1. KB x KKtP,
Black repUes P to Kt8 becoming a Knight (ch), an effective

resource.

A. <T. Felbiirs.—Thanks for the two-mover, but your
key-move fads against the defence 1. . . P to B4 (or 3)

;

whereas the problem h solved by 1. P to B3ch, K moves ;

2. P to Ql mate. Perhaps, however, the diagram is

incorrect ? You speak of 9 White pieces, of which 8 only
are visible.

Betula.—Your last question is the easier to answer.
Identical positions resulting from dilierent key-moves must
be regarded as practically one and the same problem. The
answer to the other question must depend chiefly on (1)
the number and (2) the importance of the similar variations.

There can of course be no fixed rule : but assuming that
a good two-mover contains four leading and more or less

original variations A, B, C, D ; and also about four miuor
variations, a, b, c, d, then a rough rule might be as follows :

" If mine of the leading variations are the same, any
or all of the minor variations may occur ; or if one
of the leading variations is present (provided it is not the
clii'f variation), one or two of the minor variations may
occur." Thus, if the original problem is represented by
A+ B-|-C + D-(-a-)-b-f-c + d,IshouldsaythatE+F+ G-)-H
+ a-|-b-fc-|-d, if by the same composer, might he regarded
as a different problem. So also C-|-E-|-E+ G-|-a-|-b-i-e-t-f;

not, however, A + E-{-F-f G-|-e ff+g-f h, where A Ls a
con.spirHvu.sti/ IcmHwi variation. No authority is claimed
for this rule, aud much, moreover, must depend on the
key-move and general nature of the problem ; but it seems
fairly safe to consider the leading variations chiefly,

neglecting the minor variations, unless of course these are
greatly in excess of the others.
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PEOBLEM.

By G. K. Ansell.

Black.

White.

White to play, and compel Black to mate in two moves.

Appended is the thii'd game of the recent Newcastle
Match.

" Sicilian Defence."

White (E. Lasker).

1. P to K4
Kt to KB3
P to Q4
KtxP
Kt X Kt
Q to Q4
Kt to B3
B to BQ4
Castles

B to K8
Q to Q2 (c)

KPi to Qsq
QR to Ktsq
P to QKt-l

B to B4
B to QKt3
P to Kto

18. P to QR4
19. B to Kt3

P to B4
K to Esq
P to B5
BxKt
Q toRG
Q X Pch

2G. Q to R6ch
27. Q to Kt7ch
28. QxPch
29. QxKP
80. P to BG
81. QxKtP
32. BxP
33. Ex Boh
34. Q to QB.5
35. Kt to Q5ch
36. PxPch

2.

8.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24.

25.

Black (H. E. Bird).

1. P to QB4
2. Kt to QB3
8. PxP
4. P to KKt8 (a)

5. KtPxKt
6. P to B3
7. B to KKt2 (h)

8. Kt to R3
9. Kt to B2

10. Castles

11. P to K3
12. Q to R4 (d)

18. R to Ksq (e)

14. Q to B2
15. Kt toK4 (/)
16. B to Bsq
17. E to Ktsq
18. B to K2 (v)

19. K to Kt2
20. B to B4ch
21. Kt to B2
22. P to K4 (h)

23. KxB
24. P to Kt4
25. K to Bsq
26. K to K2
27. K to Qsq
28. B to K2
29. P to Q3
80. B to Bsq
31. Q to B2
32. BxB
38. K to B2
84. R to Kt3
85. K to Kt2

Resigns.

Notes.

(a) Not good here. The move should have been made,
if at all, at move 2. On his next move he would do better,

perhaps, to retake with the QP.

(b) 7. . . Q to Kt3 would not be good. The White
Queen would play to B4, followed by Kt to R4 sooner or
later. Owing to his faulty opening, Black experiences some
difficulty in castling.

(() The Black King's Bishop being now defended, the
Queen does well to retire.

{(I) A favourite move of Mr. Bird's. He cannot play
12. . . P to Q4 on account of 13. PxP, P x P';

14. KtxP!, PxKt. ; 15. BxP, as Mr. Lasker points
out.

(c) Probably to make room for the Bishop at Bsq, in
view of the probable posting of the White QB at B5.
Perhaps, however, 13. . . P to Q4 would be preferable.

(./') 15. . . P to K4 would not only pin the Knight, but
leave his Queen's Pawn stOl weaker.

(//) He has not much to do, but P to QR3 seems more
to the purpose.

(/() This loses the game, which was still defensible bv
22. . . Kt to K4.

The remainder of the game is remarkable for the rapid
disappearance of the Black Pawns.

CHESS INTELLIGENCE.

A short match played at Newcastle last month, between
Messrs. H. E. Bird and E. Lasker, resulted in a not
unexpected victory for the latter by five games to none.
Thex'e were no drawn games, though some were well

contested ; Mr. Lasker being generally content to exchange
Queens at the earliest opportunity, relying solely on his

superior skill in the end-game.

A quadrangular match was in progress at Belfast last

month, ilr. Lasker abandoned his intention of competing,
Messrs. Mason and Lee taking his place. The score up to

September 19th was as follows : Blackburne 3, Mason 8,

Bird 3, Lee 1.

The Chess Monthhj will in future be published by Mr.
Horace Cox (Bream's Buildings, E.C.). The alteration is

designed as a certain cure for the attack of unpunctuality
from which the leading chess magazine has recently been
suffering.

A match between Dr. Smith and Mr. T. Block, played
recently at the City of London Chess Club, resulted, after

a very hard fight, in a victory for Dr. Smith by five games
to four.
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THE DISASTER AT ST. GERVAIS.

By tlie Right Hon. Sir Edward Fry, LL.D., F.E.S.

WHILST at Cbamonix this summer I was
much interested iu obtaining the best

information which I could as to the

physical causes of the destruction of

the baths of St. Gervais, which excited

such a widespread interest and sympathy. I had
the advantage of studying with M. J. Tairraz, photo-

grapher of Chamonix, the photographs which he had
taken the day after the event, and of conversing

with ]\L Venance Payot, who was also on the spot

about the same time, and with one or two other

persons who visited the site somewhat later. From
this information, and from what I myself saw, I was
able to come to a pretty clear view of what had
happened. Since my return to England I have
studied the very interesting paper on this subject

by M. Vallot, the director of the Mont Blanc
Observatory (who visited the spot on the 10th .July),

which appeared in /.« Xntiiir of the '20th August, as
well as the note signed "D. W. F.' in the "Proceedings
of the Royal Geogi'aphical Society " for August, and
the numbers of the Timex newspaper and of Xatiirr

which contained information ,or correspondence on the
subject.

In the hope that what has so much interested myself
may interest some of the readers of K\c)WLED(iE, I have

written this paper, with the view of endeavouring to give

some account of the causes of the catastrophe, not of giving

any detailed account of the event itself. Fig. 1 shows the

baths of St. (Icrvais before the disaster ; Fig. 2 shows
their remains after it. A comparison of these two views
will sufficiently bring to the mind the nature of the destruc-

tion caused by the event. These views, like all the othcr.s

which illustrate this paper, are after photographs taken bv
M. Tairraz.

The accompanying sketch map (Fig. 3) will enable the
reader to follow the narration of this terrible disaster.

The western .slopes of Mont Blanc (ths summit of which
lies be\'ond the south-east corner of the map) descend into

the valley of the stream known as the Bon Nant, which,
rising in the Col du Bonhommo, runs nearly due north.

The well-known heights of the Dome du Gouter and the

Aiguille du Gouter give oil' glaciers which, through
tributary valleys, send their waters into the Bon Nant, and
amongst these the glacier de Bionnassay. Above this

glacier to the north are found glaciers called the glacier

de la Gria and the glacier des Tetes Rousses. The
stream from the Bionnassay glacier will be seen to flow

below the village of Bionnassay, and close to the village

of Bionnay to join the stream of the Bon Xant. This con-

tinues to flow northward till about half-a-mile above St.

Gervais it enters a narrow and deep gorge. -Just where
this gorge opens out, the baths of St. Gervais were built

across the valley—there about 100 feet in width. From
the baths, the Bon Nant continues its course northward
t]U it joins the Arve, near the village of Le Fayet. The
gradients of this piece of country are steep. The Aiguille

du Gouter is 12,710 feet high above the sea-level, the

Tetes Rousses about 9000 feet, the baths 2060 feet, and
Le Fayet 1950 feet. Such is the general character of the

locality.

Early in the morning of Tuesday the 12th .July last, a

terrible volume of water, ice and mud overwhelmed the

baths and destroyed man}- lives.

The source of this calamity is to be found high up in the

glacier des Tetes Rousses.

Fig. 3.— Sketch Ifap uf district surrounding St. Gervais.

The enlarged sketch map (Fig. 4) will enable ray

readers to understand the locality more exactly. The
large glacier marked A is the glacier de Bionnassay

;

the glacier immediately to the nortla of it, and marked B,
is the glacier des Ti'tes Rousses ; C is the glacier de la

Gria. The upper part of the glacier des Tetes Rousses is

nearly a plateau, and is confined, to the soutb, by rocks
which di\nde it from the glacier de Bionnassay, and
partially to the west by the rocks of Tetes Rousses, E F.
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Between E and F the glacier des Tetes Eousses falls

rapidly by a steep incline of something like 45°.

Fi(j. 4.—Sketch Map of Glacier des Tfites Rousses and Surroundings. A. Glacier

de Bionnassay; B, Glacier des Tetes Bousses ; c, Glacier de la Gria
;
D, lower

earitT ; E. F, Rocks of the Tetes Bousses.

On the plateau of the Totes Rousses glacier, near where

the letter B appears on the plan, there was formed in the

glacier a great cavity filled with water, a glacial lake : it

was probably entirely sub-glacial, i.e., no part of the water

was visible on the surface. Whether anyone had passed

over or near this part of the glacier this year, before the

catastrophe, seems doubtful, but last year no one had

noticed the existence there of any lake. This cavity was

about 260 feet by 130 feet in superficial extent, and had

a vertical depth variously estimated from 130 to 160 feet.

This cavity communicated by a passage through the ice

with another cavity situated in the sharply inclined part

of the glacier, and at or near the spot marked D on the

map (Fig. 4).

Neither of the cavities disclosed the rocky floor of the

glacier ; the floor both of the passage and of the upper

cavity was formed of broken masses of ice which had fallen

in. Whether the solid ice of the glacier or the rock lay

immediately beneath these broken bits was not apparent.

M. Tairraz believed the entire system of cavities to be in

the substance of the ice.

M. Vallot describes the lower hole as having a diameter

of 40 metres, or about 130 feet, and a depth of 20 metres,

or about 65 feet. M. Tairraz described it as much
shallower. M. Vallot describes the passage as having a

length a little over 50 metres, or from 160 to 170 feet,

whilst M. Tairraz estimated its length at nearly twice as M
much.
M. Tairraz, who visited the spot the day after the acci-

dent, and M. Vallot and his party, who visited it on the

19th of July, all passed from one hole to the other

through the passage, though not without difliculty from
the masses of ice which had fallen in from the roof.

Fig. 5 shows the upper of the two cavities. It will be

observed that the roof fell in without any disturbance of

the surrounding glacier.

Fig. 6 shows the lower of the two cavities, the cavity

on the incline. From this cavity ramifying passages were
observed by M. Vallot, and may have led to other reser-

voirs of water. Near this cavity the glacier has been
strangely changed by the event. The ancient level of the

glacier was continuous with the upper line on the horizon

;

the event has destroyed this continuity, and has set free

a vast mass of ice which lias slidden away and disappeared,
leaving behind the great ice cliff which appears in the
drawing, which is some 130 feet in height, and which

stretches in a crescent form the whole way across the

glacier between the points E and F on our last map.
Fresh snow fell almost immediately after the

event, and is seen on the lower part of the

picture. It wiped out all traces of the dis-

ruption on the new surface of the glacier. But
both in the cavity itself and on the newly-

formed ice cliffs are apparent the lines which

indicate the divisions between the layers of ice

formed in successive years.

Towards the bottom of the hole will be

observed a cave-like hollow, which is the

commencement of the sub-glacial passage to

the upper cavity.

The imaginary section which forms Fig.

7 will perhaps help further to explain the

situation. A is the upper ca\'ity with its

roof yet intact, B is the sub-glacial passage,

and C the lower cavity. The dotted line

will indicate and bound the mass of ice

which was detached by the accident. The
horizontal lines indicate water, and the

oblique lines rock.

What seems to have happened was this : that on the

morning in question the roof of the upper cavity fell

in with a momentum which was sufficient to drive the

water violently through the passage and into the lower

cavity. In this cavity the upward pressure of the water

was sufficient to detach the superincumbent mass of ice

and to set it rolling rapidly down the incline. The roof

of the upper cavity must have operated like the plunger of

a piston and produced a sudden and intense pressure

throughout the whole water cavities. The ice, being less

thick above the second cavity than above the passage,

yielded, and in its turn operated by suction on the water
in the cavity and drew it after it. I suppose that the
sudden slipping away of a great mass of ice would tend to

produce a vacuum, which operating on the lower hole drew

-\

Fig. 7.—Imaginary section of the two cavities, with connecting
passage. A, upper cavity ; b, passage ; c, lower cavity.

the whole contents out of it and of the adjoining cavities.

In this way only can I account for the vast mass of water
which formed part of the descending mass, and for the

fact that on the day after the accident the two ca\'ities

appear to have been empty of water. It seems to me
probable, as I shall hereafter mention, that the ice above
the lower cavity was more or less loosened by crevasses

running across the line of motion of the glacier and there-

fore in the same line as the cliff' left by the departed mass
of glacier.

The mass of ice and water thus set free slid over the

steep glacier or neve to the west, and then turned in a



Fig. 6—The Lower Cavity in the Tetes Rousses Glacier.
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Fi^. 5.-Pla';eau of the Tetes Rousses Glacier, showing the Upper Cavity, the roof of which fell in on the morning of Tuesday,
the I2th of July, 1892, causing the Disaster at St. Gervais.
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south-westerly direction down a fold of the hills which
crosses from the glaciers in question to the glacier

de Bionnassay ; when it reached the side of this glacier it

impinged on the lateral moraine, but was driven back by
this against an older moraine which it scooped out into a

great cirque. These moraines yielded to the impetus of

the moving mass of water and ice. and joined in the

mad race which the rushing mass now pursued down
the valley between the older lateral moraine and the

present lateral moraine, until it reached the bottom of the

Bionnassay glacier, near which it joined the stream from
that glacier, and thenceforward travelled in its course,

overturning first a chalet in the wood, where were an old

woman and some cows : then leaving the village of

Bionnassay safe on its height above the stream it passed

downward to Bionnay, which it almost entirely destroyed,

joined the course of the Bon Nant and rose as the gorge

narrowed to a great height, from which it fell with
remorseless energy on the doomed baths of St. Gervais.

Thence it continued its course through the beautiful

grounds of the establishment till it reached the junction

of the Bon Xant and the Arve, at Le Fayet, where it spread

out into a horrid flood, that is now represented by a great

expanse of grey mud and sand and wreckage, extending
far and wide over what was before a populous and fertile

stretch of country.

The course of the avalanche as above described is traced

on the second sketch map by arrows which indicate its

direction. It may in like manner be traced on Figs. 8 and 9.

Fig. 8 is a general view of this part of the mountain range

-.-^^---^

Fig. 9. -V Aiguille du Gouter. vv Aiguille de Bionnassay. v vv Glacier de

Bioonassav. The arrows indicate the coui"se of the torrent.

taken from Prarion, north-west of the glacier des Tetes
Eousses ; and Fig. 9 is a key to Fig. 8, indicating the

course of the torrent by arrows.

Some notion of the momentum of the moving mass of ice.

mud, and water maj- be gained not only from the destruc-

tion of the buildings at the baths of St. Gervais, liut fi-om

the movement of great stones, or rather rocks, which it

effected. One in particular, of vast dimensions, is shown on
the right hand of Fig. 10. The villagers of Bionnay were
intending to celebrate a/eVc on the 14th July, and witji a

view to letting off Uu.r </»> joif on that occasion holes had been
bored in a stone then in the village. That stone, with its

holes, is now at St. Gervais, and was probably highly effective

in the destruction of the baths. It is rather a rock than a
stone. It is further stated that the iron safe in the office

of the baths was can-ied five miles down the stream to

Sallanches, where it was foimd {Timeti, 15th .July, 1892).

These facts are of great interest, as the power of water to

move great masses of stone for long distances has been
a moot point amongst geologists and students of glat^ers.

This explanation leaves many things tmexpaiued.
Under what circumstances will water accumulate as 'water

in the body of a glacier "? What, in this particular case,

caused the two great cavities and the communicating
passage ? Were they formed by some blocking tip of

"moulhis," or "glacier wells," as suggested by Mr. -Justice

Wills in his letter to the Times (16th July, 1892), or
•• originally caused by sub-glacial collapse'" as suggested

by Mr. Von Lindenfeld in Xatiin' (1.3th September, 1892) ?

'See also the letter of M. Delebecque in Xatuir of the 22nd
September, 1892.] How did the falling roof

of the upper hole acquire sufficient momentum
to do all the work that it did ? Was its weight

augmented by some mass of snow or ice that

fell suddenly upon it fi'om above ? Was the

water in the ca%-ities adequate to carry down
the vast mass of matter which descended ? or

was it increased from water stored in crevasses

which have disappeared with the fall of the

glacier ? or was ice reduced into water by fric-

tion in the downward rush of the mass (as

Prof. Forel would have us believe) "? Was the

impact of the water the sole cause of the de-

tachment of the glacial mass, or was there some
rent in the glacier existing before the water

operated which predisposed the glacier to break

up under any blow which it might receive "?

Was the draught produced by the sudden slip

of the glacier sufficient to evacuate the two
holes of their fluid contents, or was there some
other co-operating cause ? Lastly, is the account

above given in error in suggesting that the roof

of the upper ca%'ity was the first thing to move ')

or was it, on the contrary, the glacier on the

slope which gave the initial motion, and did

the roof of the upper cavity only yield to the

suction produced by the sliding ice ? These
can ask, but I cannot answer,

suggested that it is probable that the

was due to two causes—the one, an
ion of snow and ice, so great as to

fracture on the slope, and the other,

the action of the water on this unstable mass.

As regards the first of these causes, the facts

in reference to the glaciers of Mont Blanc are

in favour of it. It is well known that for some
years past these glaciers have been on the in-

crease, that the balance of deposition and waste

is now in favour of deposition, and not as it was
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for many years before in favour of waste. TLe glacier of

Argentieres has been observed to have increased during

the last few years in length, height, and width. The
Mer de Glace is recovering some of its lost ground and,

one may add, scroe of its lost beauty ; the glacier de

BosEons is advancing and overturning many of the sapling

spruces which, in the period of its retreat, have im-

prudently ventured to grow on its moraines ; and the like

phenomena have been observed in other parts of the Alps.

As regards the outburst of water from the glaciers, it

may be worth while to mention an event of the same
l;ind, though on a much smaller scale, which has since

occurred on another flank of Mont Blanc. On the eastern

side of the glacier de Bossons, high up and very nearly

under the Pierre Pointue, a stream flows from the glacier

and rushes down the mountain side in a wide channel, of

which in ordinary times it occupies only a small part.

About ten o'clock in the morning of the 11th August a

sudden outburst of water took place at this spot, and
rushed as a muddy torrent down the water-course, carrying

with it great stones, masses of ice and trees, destroying

the bridge which crossed the stream, and at one spot

breaking over the high bed of the stream and finding a

new course for itself through the forest. At the time I

was going up the Brevent and I heard the great roar of the

torrent, and some of my party saw it descend. The next

day I visited the spot where it had flowed over the bank,

and found the forest there strewn with trees, torn up or

snapped off, with blocks of stones of cubic dimensions to

be measured by feet or yards, with blocks of ice and a

layer of mud and sand. Many trees which had withstood

the onset of the flood bad been stripped of every twig,

every leaf, and every particle of bark. On the trees which
stood on the high bank above the stream, the flood had
left a coating of mud as high as I could reach.

Both the St. Gervais outbreak of water and this on the

glacier de Bossons occurred belore the greatest heat of the

summer that has just passed had set in.

It has been suggested that a part of the water which
came down upon St. Gervais may have been due to the

mass of ice forming a dam and so accumulating the water
of a stream till it rose to such a volume as to burst through
the dam. But the facts, so far as I can gather them, do
not favour this suggestion. No one appears to have seen
such a dam, or to have seen any trace of it after the

event. No stream would seem likely to have been so

dammed except that from the Bionnassay glacier. There
se?ms to be no doubt but that the chalet near the foot

of the glacier was destroyed on the same night as the
baths of St. Gervais.

I am indebted to Monsieur J. Tairraz for permission to

use, for the purpose of the engravings which illustrate

this paper, some of the very interesting series of photo-
graphs illustrative of the event which were taken by him,
and which are well worth the attention of all who are

interested in such matters. I am further indebted to him
for a great dual of information most freely and clearly

communicated both by word of mouth and by letter.

CATERPILLARS.-
By E. A. Butler.

I.

BY
their frequently attractive colours, the ease with
which most of them may be reared, the startling

nature of the changes they undergo, and the
great beauty of the resulting perfect insects, the
larva^ of Lepidoptera ha^e long since made them-

selves general favourites. Childhood's first essays in the

direction of practical natural history often consist, to the

more or less serious detriment of the comfort of the house-

hold, and the neglect of nursery proprieties, of the pastime
of "keeping caterpillars," while the zealous work of man-
hood's maturer years may be given, as ui the case of the

late Mr. Buckler, to the delineation of their forms and
the unravelling of their life-history. They . sometimes
force themselves unpleasantly on the notice of the com-
munity by the violence they do to agricultural interests or

to sesthetic sensibilities, when they multiply to such an
extent as to cause either great destruction or at least un-

sightly disfigurement of cherished objects of culture in the

field or garden. They have sometimes proved so great a pest

as to have earned for themselves a place in the records of

history, and their name has become proverbial as that of

a national scourge. In the days of mediaeval superstition,

when the animal creation was supposed to have its duties

and responsibilities to humanity as well as humanity to it,

caterpillars, along with other destructive creatures, were
made the subjects of lawsuits and cited as defendants in

the civil and ecclesiastical courts, where the penalties of

the law were solemnly pronounced against them, and the

curses of the Church and the terrors of excommimication
held over them if they did not leave the district within a

specified time. At such trials the accused were not

always represented by proxy, but were .sometimes caused
to appear in their own persons before the judges ; thus iu

1451, during a plague of leeches in Switzerland, the

Bishop of Lausanne suggested the advisability of procuring

some of the aquatic worms and placing them before the

magistrates. This was done, and they were ordered to

leave the district in three days on pain of falling under
the ban of the Church ! In more modern days, on the

other hand, caterpillars have become the handmaids of

science by reason of their ready adaptability to observation

and experiment ; not only has their anatomy been duly
investigated, but in connection with their peculiarities of

form, colour, and markings, they have formed, and are

still forming, the subjects of researches which may be
expected to throw much light on several fascinating bio-

logical questions. If it be asked, for instance, why cater-

pillars are coloured and shaped as they are, it is not

nowadays considered a sufficient reply to say that Nature
is prodigal of beauty, but even the minutest peculiarities

of marking and form are eagerly scrutinized and compared,
in the hope of discovering tacts bearing upon the pedigree

of the creatures, or the influence of their environment
upon them.
A caterpillar's life is not a very eventful one. The daily

programme is rather monotonous, consisting of alternations

of eating and ceasing to eat, and as a provident mother
has usually placed it in such a position that it is from its

earliest hours surrounded with abundance of food of the

proper sort, there is little call for the exercise of any
superior intelligence in satisfying the somewhat imperious

demands of the periodically recurring hunger. But un-

eventful though on the whole it is, there are moments of

excitement which cause its long thin-walled heart to beat

more rapidly beneath its back, and its watery-looking

blood to course through its body with greater vigour than
usual. There is first, for e.xample, the act of hatching.

The walls of the often prettily ornamented little eggshell

are nibbled through, and a big-headed but otherwise

rather worm-like creature issues from the opening, pre-

pared to make an immediate onslaught on the jn-ovisions

in its neighbourhood. The amount of eggshell eaten in

accomplishing this deliverance varies in difi'erent cases,

the caterpillar being sometimes satisfied with making a hole

just big enough to escape through ; but, on the other hand,







November 1, 1892.] KNOWLEDGE. 205

sometimes the entire shell is devoured at the first meal.

Almost the only regularly recurring excitement is that of

changing the skin, a process which may take place some
five or six times, the exact number depending upon the

species. It appears to be frequently an operation of con-

siderable trouble and difficulty, and is preceded on each
occasion by a short period of rest and absthience. These
moults are not equally distributed through the life of the

caterpillar, and the longest interval is that between the

last moult as a larva and that which produces the change
to the pupa state.

The danger of attack by insectivorous birds and reptiles,

by parasitic insects such as ichneumon dies belonging to

the families Ivlineumonidic or Bracunidit, or dipterous flies

belonging to the Tucltinuii^, or by rapacious ones such as

the fossorial Hymenoptera, many of which provision their

nests with small caterpillars, are features in the life of

those larvaa that feed in the open, which, together with
the disturbing eti'ect of storms, threatening to shake them
from their perches, must give a little zest, if the creatures

are only able to appreciate it, to an otherwise flat and
tame existence. I3ut in order to guard against such
dangers, there is very little in the way of active resistance

;

indeed, the insects are so dehcately constructed that it is

not safe for them to struggle or fight ; the soft-skinned

body is kept in a tense condition by the fluid it contains,

which is therefore under pressure, so that any little wound
would occasion a considerable loss of blood, which would
have the double effect of producing the enfeeblement that

always follows blood-letting, and lessening the creature's

control over its movements by making it flaccid. Hence
a little damage to the skin might easily prove fatal,

and therefore the caterpillar cannot afford to be very

pugnacious, or to defend itself strenuously if attacked.

Therefore the means used are mainly of the passive kind,

such as are supplied by protective coloration, a clothing

of hairs or spines, or the assumption of a particular

attitude, and if these fail, the caterpillar has but to submit
to its fate.

In the articles on ants, published in Knowledge some
months ago, it was pointed out that some tropical species

of ants assume a sort of guardianship over certain

caterpillars for the sake of a secretion they yield, which is

palatable to their guardians. A very curious instance of

this has been recorded by a reliable American entomologist,

the insect protected being the caterpillar of one of the
" Blues," called Li/cicmi psi'mltin/iolus. The larva was seen
on its food-plant, and " on its back, facing towards the tail

of the larva, stood motionless one of the larger ants.

. At less than two inches behind the larva, on the

stem, was a large ichneumon fly, watching its chance to

thrust its ovipositor into the larva. I bent down the stem,"
says the observer, " and held it horizontally before me,
without alarming either of the parties. The fly crawled a

little nearer and rested, and again nearer, the ant making
no sign. At length, after several advances, the fly turned
its abdomen under and forward, thrust out its ovipositor,

and strained itself to the utmost to reach its prey. The
sting was just about to touch the extreme end of the larva,

when the ant made a dash at the fly, which flew away, and,

so long as I watched, did not return." The disturbance

created by the ant's action apparently caused the caterpillar

for the first time to reahze its danger, and it immediately
began to lash its fore parts from side to side, thus bringing
into requisition its only means of defence.

Many caterpillars are internal feeders, and live within
the trunks of trees, or the stems and roots of reeds, grasses,

and other herbaceous plants, in the interior of fruits, or in

mines between the cuticles of leaves. Here thiy are, of

course, more out of the reach of then- foes ; lizards cannot

get at them at all, while insectivorous birds find it much
harder work to reach them, and there is small chance for

the ichneumon flies, except for such as are provided with a

long ovipositor to be thrust into the burrows. Hence the

life of such caterpillars must be far more monotonous and
uneventful than that of outside feeders. In particular,

their locomotion is much restricted ; they have to tunnel

wherever they go, and sometimes, as in the case of leaf-

miners, the whole area of their lifelong wanderings does

not amount to more than a small fraction of a square inch.

Such caterpillars do not possess the special means of

protection by which their external-feeding relatives are

distinguished ; they are usually naked and whitish, and
without adornment, and the walls of their prison-like home
are a sufficient safeguard. It is curious that for the

clearest indications of intelhgence during lars'al life we
must go to the smallest species ; amongst the leaf-rollers,

or Tortrices, some of which, such as the green oak moth
{TortrLc rj>i(/((?i((), completely strip the trees of their young
leaves in early spring, and the Tineae, the minutest of all

Lepidoptera, we find some remarkable mstances of con-

structive power, as shown in the making of shelters out of

rolled-up leaves, or in the cutting out and piecing together

of cases for the protection of the hinder part of the body.

Some caterpillars, again, are social in habits, constructing

a common abode in the form of a web.

A caterpillar has been called a " locomotive egg," in

allusion to the primitive condition of its organization as

compared with that of the adult insect. This primitive

condition is shown pai'tly in the entire absence of several

structural details—such, for example, as wings, which the

perfect insect is possessed of—and partly in the more rudi-

mentary and less concentrated and specialized form of

those that it possesses in common with the adult, when
compared with what they will ultimately become ;

this

characteristic is well shown in the condition of the nervous

and reproductive systems. With regard to the former of

these, there is in the adult a fusion of parts which are

separate in the larva, the number of ganglia in the nervous

chain being greatly reduced, while the nerve centres of the

head and thorax are much increased in size. With regard

to the latter, caterpillars are not sexually mature, and are

therefore functionally neither male nor female ; but the

reproductive organs are actually present, though in a

rudimentary condition, so that usually no difl'erence is

discernible externally between those that will produce

male insects and those that will produce females. This is

not, however, always the case ; sometimes certain portions

of the reproductive organs become sufficiently distinct to

be able to be seen through the skin, and the separation of

the sexes can thus be made ; or agaui, there is a difference

in ornamentation which is dependent upon sex—for

example, the caterpillars of the vapourer moth (On/ijia

((iitiijiia), a common insect often seen even in the streets of

large towns, are of very diff'erent sizes, the small ones pro-

ducing males and the larger females, while they difl'er also

in the colour of the tufts of hairs with which they are so

fantastically adorned. From these details it will be seen

that in caterpillars a condition of things is exhibited which

would in some other animals be a merely transitory

stage in their early embryonic history. On the other

hand, the larval stage, which is not unfrequontly the

longest division of the insect's life, embraces the whole

period of growth, and in fact the insect's actual bulk at the

end of its caterpillar career is generally greater than during

its subsequent history, the change into the chrysalis being

attended with a diminution in size, while, in like manner,

during that period, there is a gradual loss of weight, due
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Fl&. 1.—Head of Buffi-Tip

Caterpillar (Pfigara bvcephala),
with jaws open : «, lobes of face

;

4, clypeus; c, part of labium; d,

labrum ; e, mandibles
; f, antennse.

O

largely^to evaporation, so that the perfect insect is, as a

rule, both smaller and lighter than the caterpillar which
produced it. After caterpillar days are over there is no
further growth in the sense of mere increase in bulk, but

only in the sense of development, i.e., gradual, though it

looks like sudden, change of form of already existing organs,

or the acquisition of new ones at the expense of matter
already present in the organism.

Let us look now at the general structure of a caterpillar.

Whatever be the peculiarities of its actual outline, its

more or less cylindrical and
^., worm-like frame is obviously

/ \ divisible into two very un-
equal parts, head and body,
the latter being again sub-

divided by constrictions at

regular intervals into twelve

segments. The head (Fig. 1)

is covered with a hard skin,

the greater part of the area

of which is di\dded into two
equal lobes {a), one on each
side ; from their position and
their often highly-polished

appearance they are rather

suggestive of eyes, and are

sometimes supposed to be
such, an idea which is quite

erroneous ; the true eyes
are twelve in number, six

minute glassy knobs (Fig. 2) being placed on one side and
six on the other, not far from the mouth apparatus. A

lens is needed to see them properly, even in

a large-sized caterpillar, and from their low
position and their minute size they can
hardly be of any great use to the insect

;

indeed, the groping movements of its fore

parts, when it is not actually on its food-

plant, seem to indicate a purblind condition,

so that it probably conducts its movements
as much by the sense of touch as by that

of sight. That caterpillars are, however,
sensitive to light to some extent has been
shown in various ways. For example, the
caterpillars of the small tortoiseshell butter-

fly [Vanes-m urtica), when kept in a glass

cylinder before a window, have been found to

take up their quarters on the side nearest the light, and
when the cylinder was turned round so as to bring them
over to the other side, they quickly shifted their position

and assembled again in the sunlight. It is to be remem-
bered that this species, when on its food-plant, the common
stinging nettle, delights to cling round the topmost parts

in the full glare of the sunshine, so that in confinement it

was but endeavouring to follow out its own natural

instincts. On the other hand, such species as feed in a

more or less retired position would, no doubt, under
similar circumstances, have sought the darkest corners of

their prisons. Platean has conducted experiments with
the view of determining the extent of the visual powers of

caterpillars and other insects. As a result of these experi-

ments, he has been led to believe that the eyes of cater-

piOars are able to do more than merely distinguish light

from darkness, and that the insects really do see, though
but poorly. They are, in fact, very near-sighted, their

distance of distinct vision being no more than about a

centimetre, that is, imder half an inch, quite far enough,
however, to enable them to see to eat their food. At
greater distances they can perceive large masses, but do

O

O

O
Fig. 2. —

Cluster of
ocelli of Silk-

worm Cater-

pillar; right
side.

not seem to be able to make out their nature. Moving
bodies also do not affect them except within the range of

distinct vision. Caterpillars seem to have a certain sense
of direction ; at any rate, they have a tendency to crawl
upward, even when the route taken does not lead to their

food-plant, a circumstance which appears to imply a

recognition of the fact and direction of gravitation.

In the angle between the receding edges of the above-
mentioned lobes is situated the rh/prus (Fig. 1 , i), a triangular
area which forms the upper boimdary of the feeding appa-
ratus. On its lower edge abuts a movable lid, the lahrum

((/), or upper lip, which guards the entrance to the mouth
above. Immediately below this is the most important part

of the whole apparatus, a pair of exceedingly stout jaws,
or mandibles («), which are placed at the sides of the mouth,
and when closed meet in front of its aperture. The lower
border of the mouth is constituted by the lahinw (c), or

lower Up, a complex structure formed by the coalescence
of many parts. There is a central portion, which is the
Idhium proper, with a pair of minute appendages, its palpi.

The two side parts are the niK.eillm, and these also carry
palpi. On the central portion is the minute perforation

which forms the opening of the ducts from the silk glands,

whence issues, in the form of a thread, the gummy sub-

stance that is used for such a variety of purposes in different

species, as for example, forming the cocoon or the attach-

ment of the chrysalis to some support, binding leaves

together to form a shelter, or creating a common dwelling-

place in the form of a thick web, or serving as a means of

anchorage and a ladder for return when a fall fi'om the

food-plant takes place. Finally, at the outermost edge of

the mandibles are placed a pair of small jointed organs,

similar to the palpi in structure, and capable of " tele-

scoping up "
; these are the antenna? (Fig. 1, /), which are

much used in testing the path and surrounding objects.

Close by the antenna? are situated the eyes, or rather ocelli.

To verify these points it is well to secure as large a cater-

pillar as possible, since at the best of times none of the

structures referred to are other than small. Insects such
as the larva of the goat moth {Cossu.s lifiniperda) which
formed the subject of Lyonet's anatomizing a century ago,

or the privet hawk moth (Spliin.v liijustri) which served a

similar purpose to Newport half a century later, answer
very well ; or in default of these, large specimens of that

extremely abundant creature, the larva of the bufl'-tip

(Pi/g>rra bwep/iala), which in our own times furnished Sir

•John Lubbock with material for a careful study of cater-

pillar muscles, may be used.

{'To be continued.)

THE REV. JOHN MICHELL, ASTRONOMER
AND GEOLOGIST.

By .John Richard Sutton, B.A.Cantab.

{Continued from jiai/e 191.)

AT
forty-two years of age Michell settled down as

Eector of ThornhiU, Yorks, a small parish on the

River Calder, between Huddersfield and Wake-

field, memorable for its connection with the

heroic royalism of the Saviles,'' to whom the

gift of the living belonged. Michell seems to have

made the acquaintance of a member of this family at

Cambridge, for a certain George Savile, of Queen's

College (who was afterwards " Baronettus," and probably,

therefore, the son and heir of Sir George Savile, of Thorn-

hill), took the M.A. and LL.D degrees together in 1749f

* Whitaker's Loidis and Elmete. t Cantabrigietise.'s Graduati.
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(the j'ear after Michell got his fellowship), chiefly, it would
seem, in recognition of his wealth and prospects. It is a
curious exemplitication of the tenacity with which feudal

instincts clung to the University in those comparatively
recent days, that whereas " Phdip, Duke of Newcastle,
John, Earl of Sandwich, and George SavUe, Esquire,''

i/nictd all the public ceremonies of the University, the
" Masters and Fellows in their robes " merely uttendLd.

Mr. Ansted, who, by the way, knew more than most
people about Michell, remarks that Michell " appears to

have discontinued scienlitic pursuits on succeeding to the
living ; at all events,' he adds, ' nothing more was made
public by him during the remainder of his life.'"' This is

quite wrong, though, seventeen years afterwards, namely,
in 1784, Michell published in the Philosophical Tranti-

actions an ably-reasoned article " on the means of discover-

ing the distance, magnitude, &c., of the fixed stars, in

consequence of the diminution in velocity of their light, in

case such a diminution should be found to take place in

any of them, .Itc.'' This discussion exhibits Michell's

marvellous talents unimpaired ; but it wUl not be necessary
to consider it here, for it was founded on Newton's
erroneous corpuscular theory of Light, then generally

accepted. Had that theory been tenable, Michell's subtle

suggestions might have been appUed with success in

the course of time. As it was, when the corpuscles

had succumbed to Young's vigorous assault, a modification

of Michell's plans was adopted to find the velocities with
which some of the stars are moving from or towards the

earth, albeit nothing is learned in. this way of then- distances.

One result worked out in this paper of 1784 is too

pretty to be passed over. If, said he, light be sent out in

the form of material particles from luminous bodies (as

Newton supposed), these particles must be amenable to

gravity, hence their original velocities would be consider-

ably modified by the retarding action of the emitting
bodies ; and in cases where these last were large enough,
the corpuscles would be forced to return to their starling

places. The consequence would be that the larger stellar

masses wovild be totally invisible. Advanced knowledge
has taught us that this result is not in accordance with
facts, and that the mass of the luminous body can have no
eftect on the velocity of the light it sends forth. Yet
arriving, strangely enough, at some truth fi'om erroneous
premises, Michell managed to deduce the result, whose
observational proof was not forthcoming for the best part

of the following century, that by the motions of some
of the bright stars we might be able to detect the

existence of dark companions to them ; and this, when
astronomers as yet did not recognize the existence even of

lucid binary systems.

In the seclusion of Thornhill, Michell thought out and
(onstructed the celebrated torsion balance for weighing
the earth. Doubtless it was the outcome of his magnetic
experiments, not that he confounded magnetism with
gravitation. It is still the best instrument we have for

the purpose, and the measm-e of the earth's density

obtained by this very instrument (somewhat modified, it is

true, in minor details) gave the first measme of the

earth's density. An explanation of the machine would be
out of place here, but a complete account will be foimd in

the Philosophical Transactions for 1789 hy Michell's friend

Henry Cavendish, who first used it, MicheU having died

too soon to use it himself.f There is also a simple

* Cambridge Portfolio

+ Michell and Cavendish were great friends, and made geological
excursions together. Their acquaintance was, perhaps, first made at
Cambridge. Cavendish entered at Peterhouse on November 24th,
1749, but left without tiikiug a degree.

accoimt in Y'oung's General Astronomy, and by the late

[

Mr. Proctor in the early part of the tHd and Xen- Astronomi/.

Archimedes is reported to have said that, given a lever

long enough, he would move the earth. Of Michell we
may say that he showed how to put the eaith in the
balance and weigh it. In this, as in other things. Michell
has been undervalued. He seldom gets the credit for bis

invention ; more frequently than not it is stated that

Cavendish himself designed the machine. Fortimately,
Cavendish's own declaration to the Royal Society is

expheit enough :
" Many years ago," he says, " the

late Eev. John Michell, of this Society, contrived
a method of determining the density of the earth,

by rendering sensible the attractions of small
quantities of matter ; but as he was engaged in other
piu-suits, he did not complete the apparatus till a short
time before his death, and did not live to make any experi-

ments with it. After his death the apparatus came to the
Rev. Francis John Hyde Wollaston, Jacksonian Professor
at Cambridge, who, not having convenience for making
experiments wth it in the manner he could wish, was so
good as to give it to me. " Nothing could possibly be
clearer, and it may well seem surprising, in the face of such
a statement, that misapprehension should afterwards arise.

That it did arise is probably due to Lord Brougham,
whose article on Cavendish was widely read.* Un-
fortimately, the well-merited drubbing he got from the
(Jiiarterli/ lU'cieici was not taken to heart by later writers

as it should have been. Lord Brougham admitted subse-

quently that he had not so much as seen Cavendish's
paper on the torsion balance before publishing his senti-

ments concerning it. But whereas many persons read the
article wherein the invention of the torsion balance is

assigned in large type to Cavendish, it is to be feared that

few read the recantation in small type in an obscure corner
of a later volume.

After a hfe of quiet usefulness, which wiU be more and
more appreciated as time goes on, Michell passed away on
the 21st of April, 1793. He was bm-ied in the south
chancel of St. Michael's, Thornhill. A flat plain stone
marks the spot, and another by its side is in memory of

his wife. The inscriptions are in plain capitals :

—

(1) " Rev. John Michell,
Died the 21st -April, 1793,

Aged 68 Yeabs."

(2) " Axne Michell,
Relict of the Rev. John Michell,

Died the 3ed Novejtber, 1818,
Aged 86.

"

A nobly-worded but curiously punctuated tablet hangs
in the church to Michell's memory, and to that of his
brother. It runs thus :

—

•' In the chancel of this church are deposited the remains
of the Revd. Jno. Michell, B.D., F.R.S., and 26 years
Rector of this parish. Eminently disting^shed as the
•Philosopher, the Scholar. He had a just claim to the
character of the good Christian. In the relative and social

duties of Life ; the tender Husband, the indulgent Parent
the afl'ectionate brother and the sincere 1 riend were the
prominent features in a character uniformly amiable. His
charities were not those of ostentation but of feeling. His
strict discharge of his professional duties that of prmciple,
not form. As he hved in the possession of the esteem of
his parishioners, so he has carried to the grave their

regret.

X See Jleii of Letters and Hcieace of the time of George III.

§ Quar. Rec, Vol. LXXVII., ^a*.»im.
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" He died the 21st April, 1798, in the 69th year of

his age.
" And in the same spot united in death as in life, the

hody of Gilbt. Michell. Esqr., Brother to the above, lies

interred, a gentleman whose peculiar urbanity of manners

and suavity of temper, attracted the love and esteem of all

who knew him. In the conscientious discharge of all

those offices which characterize the honest and good man.

He was the counterpart of the above : united in the closest

bonds of fraternal love. The union of virtuous and phil-

anthropic sentiment was not less strict. For more than

twenty years He was an ornament to and a valuable

resiant [ ! ] of this parish. He died the 15th Novr., 1792,

aged 66.

"Gratitude and affection have erected this tablet to

their memory." "

BYE-PRODUCTS «'«'«'« WASTE-PRODUCTS.

By Vaughan Coenisu, M.Sc, F.C.S.

THFj
well-known Leblanc process for making soda

came into use about one hundred years ago. Till

its introduction the alkali required in various

manufactures was nearly all obtained from the

ashes of plants. Potash, the alkali obtained from

land plants, was more plentiful than soda, which is obtained

from the ash of sea plants. The sodium of the soda

yielded by sea plants is contained in the sea in the form of

common salt. By Leblanc's process the soda is prepared

directly from common salt, thus avoiding the tedious and

uncertain collection of sea-weed. The first impetus which

the new method received was in 1793, when France found

herself deprived of alkali, which used to come chiefly from

Eussia and America. How serious was the inconvenience

thus caused may be readily imagined, since the manu-
facture of soap and of glass is dependent on a supply of

alkali.

Leblanc's process for preparing soda direct from salt

relieved France from an industrial difficulty. It also

changed the relative importance of the two alkalies, making
soda much cheaper and more plentiful than potash.

Leblanc himself died in a French workhouse, but manu-
facturers on this side of the Channel were more fortunate,

and many of them accumulated wealth as rapidly as the

iron-masters did in later times. The demand for soda was
unlimited, and the sole object of the manufacturer was to

produce as much of the article as possible. The materials

lor the manufacture are the following, viz. :—first, salt and

sulphuric acid, which react on one another, producing
" salt cake " (sulphate of soda) and hydrochloric acid gas ;

secondly, limestone and coal, which, being heated with

the sulphate of soda, produce the required alkali, carbonate

of soda, more commonly known simply as " soda." In this

second reaction the final products, besides soda, are

sulphide of calcium and carbonic acid gas. Leaving out

of account this last substance, the product of all com-

bustion, we see that in the manufacture of soda the

waste products are, or were, two, viz. :—hydrochloric acid

gas and sulphide of calcium, or " alkali-makers' waste."

The former substance was allowed to escape into the

atmosphere, killing all vegetation for miles around, whilst

the latter accumulated in vast heaps in the neighbourhood

* T}ie Rev. F. R. Grenside, M.A., Queen's College, Cambridge, the

jiresent Rector of ThornliiU, his kindly furnished me with this copy

uf t'lc nV-MU-iriiil tablet. In sending it lie remirk'ii that it is impossible

Tiot to be struck with the fine stylo in which it is written It is

likely that the mison is rc3])onsiblc both tor tin' imiictuation and the

.spelling.

of the works, constantly undergoing decomposition through

the action of air and moisture, and poisoning the atmos-

phere with fumes of sulphuretted hydrogen, besides

polluting the streams with the poisonous drainage of the

decomposing mass. The alkali-maker cared for none of

these things, and the Government found it necessary to

legislate in order to protect the health and property of

the manufacturer's neighbours. The manufacturers were

compelled to condense and retain the fumes of hydrochloric

acid, though the decomposition from the "waste" continued

10 be a nuisance to the neighbourhood. The alkali-maker

being obliged to go to the expense of collecting the

hydrochloric acid, set to work to compensate himself for

the outlay involved, by utilizing the formerly waste pro-

duct hydrochloric acid, which now became a bye-product

of the manufacture. More recently a process has been

introduced for recovering the valuable sulphur from the

sulphide of calcium. Employing the same materials as

formerly (salt, sulphuric acid, limestone, and coal), the

principal products of the modern manufacture are three

instead of one as formerly—that is to say soda, hydro-

chloric acid, and sulphur, instead of soda only. It is a

singular fact that at the present time the Leblanc manu-
facturer produces the soda at a loss, while the bye-

products yield a profitable return, sufficient to pay him
the interest on the capital which is locked up in the huge
plant of the alkali works. From the hydrochloric acid

chlorine is now made, and the chlorine gas, passed over

dry slacked lime, forms the bleaching powder which is

used in enormous quantities for whitening cotton and
other goods. Large quantities are also used for disin-

fecting purposes ; the recent cholera scare, by the way,

sent the price up in a manner most satisfactory to the

makers. At first one of the chief items of expense in the

manufacture of bleaching powder was the consumption of

manganese dioxide, employed to set free chlorine gas from

the hydrochloric acid. This is now "regenerated" by
Weldon's process, in which the chloride of manganese
formed in the reaction is acted upon by air and steam in

the presence of lime, the final "waste" material being

calcium chloride. Similarly, in Chance's process for the

recovery of sulphur from the alkali-makers' wj,ste, the

same substance, calcium chloride, is the final waste

product. Chance's process is conducted in two stages ;

first, the partial oxidation of the sulphide of calcium by air

and steam, and secondly, the decomposition of the oxidized

product by hydrochloric acid, in which sulphur separates

out and calcium chloride is formed. Calcium chloride is

a material for which there are but few applications, and it

is practically " waste." The loss of calcium is not of

importance, since abundance of the useful compounds of

this element can always be obtained from natural sources,

such as limestone. But the chlorine is valuable, and many
efforts have been made to recover this element from

calcium chloride. It is quite possible to set the gas free,

but hitherto a sufficiently cheap and simple process has

not been found, although much attention has been

devoted to a problem the solution of which may yield a

large fortune. Calcium chloride is indeed the final waste

product in a large number of chemical processes.

We have mentioned that the soda made by the Leblanc

manufacturers is now produced at a loss. This is due to

the introduction of another method of manufacture, known
as the ammonia-soda process, in which a purer product,

commanding a higher price, is simply and quickly obtained.

In this process carbonic acid gas is passed through watei

which contains, dissolved, both common salt and ammonia.
Soda, in the form of the bicarbonate, is deposited from the

solution in crystals, the carbonic acid uniting to the base
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soda, and the ammonia taking the chlorine, forming
|

ammonium chloride, which remains in solution. The con-

ditions under which the soda is produced in this method
of manufacture are very favourable to the formation of a

pure product. Both by the solution of the common salt

and by the subsequent crystallization of the carbonate of

soda, impurities are eliminated. lu the Leblauc process,

on the other hand, impurities accumulate, and their sub-

sequent removal involve time and expense. Tiie second

stage of the Leblanc process, as we have already stated,

consists in the decomposition of sulphate of soda by means
of limestone and coal. All these solid substances are

heated together on the floor of a furnace. After cooling

the mass is treated with water, which dissolves out the

carbonate of soda and leaves behind the calcium sulphide

and any unburnt coal. But the solution contains a good
many other substances besides carbonate of soda, such as

sodium sulphide and sodium thiocyanate, besides large

quantities of caustic soda.

In spite of all disadvantages under which he suffers in

competition with the ammonia-soda process, the once

envied " Leblanc " manufacturer is still just able to

maintain his business by the sale of the bye-products of the

manufacture, made from what was formerly waste material.

A full account of the various inventions by which the

utOization of the bye-products has been brought about

would liU a volume, and does in fact actually till many
volumes of technical literature. Chemistry as an industrial

art is best studied in the districts where alkaU is

manufactured and is used for glass and soap making, in

South Lancashire for instance, and in the districts such

as the neighbourhood of ^liddlesbrough, where iron and steel

are made. In both districts one may study the successive

improvements by which the most is made of products

formerly considered "waste." In the lilast furnace, as was
pointed out in the last number of Knowledge, the

constant eudeavom- has been to utilize the energy of the

half-burnt carbon so as to diminisb the consumption of tbe

raw material coal. In the Leblanc process the economy
has been effected by the preparation of useful substances

from useless materials. The iron-makers, like the alkah-

makers, had hard times to mee.t, and they tided over the

hardest time by reason of the improvements which care and
foresight led them to introduce in the manufacture. The
alkali-maker only tm-ned his attention to economy of

material when legislation compelled him to do so ; but in

his case, "and in that of tbe more provident producer of iron

(and, we might add, of manufacturers in all branches of

industrial chemistry), prolonged prosperity has only been
attained by minimizing wastefulness as much as the

wasteful tendency of aU natural change permits.

THE MOVEMENTS IN THE LINE OF SIGHT OF
STARS AND NEBULAE.

By Miss A. M. Cleeke, Authoress of " The Si/stem of the

Stills'' loid " The Histuri/ of Astronoiiii/ durhni the Nituteenth

t-'cntunj," {(v., iVc.

THE movements of the heavenly bodies directly to-

wards or from the earth might well have seemed
an element placed by the nature of tbings outside

the scope of terrestrial enquiries. Yet it has proved

capable of determination ; not merely in a rough :

and general way, but in many cases with a precision

answering to tbe strict demands of modern calculating
|

astronomy. Hope has indeed been left a long way behind
in this branch of research, and V;7 (/«/<- niinliiw might now,
with full justification, be taken as then- motto by adven-

turous astro-physicists. Through their achievements in

measuring spectroscopic line-displacements in stars and
nebulip, sidereal science is becoming rapidly revolutionized;

stellar systems, which might have been judged beforehand

of improbable, not to say impossible construction, are found

in full working order, and distributed with no extreme

scarcity through space : promise is afforded of completely

disentangling the translatory motion of the sun from the

confused flittings- of the stars ; and materials are being

pro\"ided for investigating their dynamical relations with

greatly improved prospects of success.
''

The theoretical possibility of spectroscopically measuring
motion was recognized many years before it could be realized.

First of all. Christian Doppler, in 1842, announced the

fundamental principle that light-waves are altered in re-

frangibility, as soimd-waves in pitch, by the recession or

approach of the emitting bodigs. But his use of the prin-

ciple was utterly futile. The cmious notion somehow laid

hold of him that it would account for the varied colours of

the stars ; as if the invisible rays at either end of every

ordinary stellar spectrum were not at hand to restore the

chromatic balance, which might otherwise be iniinitesimally

disturbed by motion. Alone among his contemporaries,

Fizeau perceived, in 1848, the real capabihties of the

method ; he saw that the shift of a spectrum might serve

to determine radial velocity, and referred to the Fraunhofer

lines as the natural indices to the amount of the shift.

Nobody, however, at that time knew anything about the

origin of tbe Fraunhofer lines, nor was it by any means
certain that they possessed the essential fixity needed

to make their incidental displacements of critical value.

Fizeau's suggestion had sunk into oblivion when, after

twenty years, Dr. Huggins practically demonstrated its

importance. His success was decisive. The effectiveness

in sidereal investigations of the spectroscopic method of

determining radial motion was thenceforward generally

admitted, and its application became one of the recognized

tasks of astronomers.

But the requisite visual observations are hampered by
very great difficulties. Starhght does not readily endure

high dispersion. Unless when concentrated by telescopes

of immense apertures it ceases, as it were, to be artieulate

if enfeebled through extension. Its characteristic rays

—

the very objects of measurement—fade into evanescence.

Without high dispersion, on the other hand, their minute
displacements are apt to get disguised or exaggerated by

atmospheric tremors. Both these inconveniences can for-

tunately be obviated by substituting photographic for direct

[* Miss Gierke takes a much more hopeful view of the accuracy of

recent determinations of motion in the line of sight than I feel that I

am able to take. Up to the present time there have been verr serious

differences in the estimates made by the best observers as to the amount
and even as to the direction of motion, towards or away from us, of

stars and nebulae. Dr. Vogel has no doubt succeeded in eliminating

some sources of error due to flexure of the spectroscope and other

causes, and it will be welcome news to all interested if his estimates

of the amount of his errors are conBrmed by the observations of

other spectroscopic observers. But at present the results inde-

pendently obtained in this line of research differ more from one
another than the determinations of parallax differ. It therefore

seems to me unsafe to build on such foundations when form-
ing conclusions as to the stellar univei'se. My remarks do not
apply to measures of the relative motions of adjacent stars in the

line of sight, such as led to the discovery by Prof. Pickering of binary

stars too close to be visibly separated in the largest telescopes. In
spite of what I have said, I feel that Miss Gierke's statement of the

case for Dr. Vogel is very interesting.— A. G. Eantabd.j

[What Mr. Ranyard says in his note is undoubtedly true as regards

a good many of the Potsdam stars ; but the only two which have
been independently measured with adequate means have given

identical results with tliose obtained by Dr. Vogel. These are, as

mentioned in the article, Arcturus and Aldebaran.—A. M. Cleuee.]
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observation. The extreme sensitiveness of modern plates

causes a little li,g;lit to go a long way in producing legible

impressions; and tbese impressions firmly hold their ground

against aerial vibrations as regards position, suffering only

some slight prejudice in point of definition.

Since 1887, accordingly, Dr. Vogel, aided very effectually

by Dr. Soheiner, has been engaged in perfecting the

" spectrographic " method, and with so prosperous an issue

as to ensure its wide adoption. The accuracy attained, in

fact, is, under favourable circumstances, of so high an

order as to give hope of an eventual reactive effect ia

correcting the values at present assigned to the dimensions

of the solar system ; for the orbital travelhug; of the

earth, now in a positive, now in a negative direction,

necessarily records itself, in varying but determinable

proportions, on each plate exposed to the prismatic rays

of the stars. The measured displacements have then to

be cleared of its effects, their residue giving the constant

quantity of stellar movement towards or from the sun.

The terrestrial speed is of necessity, at the actual stagvi of

the enquiry, taken as known, the star's movement being

treated as unknown. But with some further advance in

exactitude, this relation may in the future be inverted, and

the earth's rate of circulation determined anew by sub-

tracting from the gross amounts of measured velocity the

known movement of some star. Thus the great astronomical

unit of the sun's distance will perhaps before long come to

be more satisfactorily ascertained, through seemingly in-

significant modifications of stellar spectra, than it has yet

been by means of transits of Venus, oppositions of Mars, or

laborious experiments on the swift travelling of light.

Spectroscopic determinations of motion might almost be

said to be unconditioned by either time or space. They
are independent of distance, provided only the concen-

trated rays they deal with retain sufficient intensity for the

purposes of analysis ; and they give results absolutely,

and at once. " Proper," or thwartwise motions have to

be gathered in slowly, decade by decade, even century by

century ; but end-on motions put no strain of waiting on

human impatience. Five years have hence sufficed for

the execution of the immediate part of the task under-

taken at Potsdam. Those five years, moreover, were

mainly spent in the development of untried methods, in

the invention and construction of novel apparatus. The
work was of the pioneering sort, and could not proceed

with the same rapidity as if the path of its progress had
been long ago smoothed and straightened. Its results,

now published in detail," claim a peculiar and unique

interest. They are the first of their kind, and they imply

the promise of much more than they actually give. Their

substantive importance, nevertheless, is great. The fifty-

one stars measured are all those suitably situated, and
bright enough for the grasp of a 12-inch refractor. With
a larger instrument, in course of construction, Dr. Vogel

hopes to deal similarly with a longer list of fainter stars,

and thus to collect sufficient materials for solving the

problem of the sun's motion in space—above all, one may
add, for fixing the rate of that motion, so far entirely

unknown.
The first notable point about the motions in line of sight

just now published is their moderate speed. The average

velocity of the collection comes out no more than 10'4

English miles per second. And this, it must be remem-
bered, includes the effect of the solar translation, which
may accordmgly be surmised to progress at a slower pace

than had of late been more or less conjecturally assigned

* " Publicationen cles Astropliysikalisclien ObsevTatoi-iuras zu
Potsdam." Von H. C. Vogel. Baiid VII., Tliell I. Potsdam, 1892.

to it. The highest velocity determined at Potsdam
belongs to Aldebaran, which recedes from us by thirty

miles a second, y Leonis coming next with twenty-four

miles of approach. There is a total absence of startling

records ; nicety of observation has been strongly operative

in slackening pace. Dr. Vogel's stars travel at moderate,

decorous, and explicable rates. No such celestial projectiles

occur among them as y. Cassiopeia? or Groombridge 1830,

no correlatives even of ij ToucaniP or 40 Eridani. More-
over, the average rate of advance along great circles of the

sphere of fifty-one stars with ascertained proper motions,

and at more or less reliably known distances, appears to be

about thirty-four miles a second, or more than thrice the

average raclial speed of an equal number of—it may be

well to remark—much brighter stars. The disparity is

striking, but it may possibly be reconciled by further

research.

The " goal of the sun's way " may now be placed, with

some confidence, in the neighbourhood of the brilliant

Vega—let us say, taking the mean of M. Oscar Stumpe's
recent determinations, in r. a. 28.5°, Dec. + 38-

. In that

quarter of the heavens, then, movements of approach must
considerably outweigh movements of recession, while, in the

opposite quarter near the sun's "anti-apex," the relation

is doubtless inverted. lUit here the stars are, for the most
part, invisible in northern latitudes, so that negative motion
—motion, that is to say, serving to curtail distance

—

ought, on the whole, to predominate in the Potsdam list.

Of the stars included in it, accordingly, thirty-one are

approaching, only twenty receding from our system ; while

the proportion of stars possessing a negative to those

showing a positive velocity above the average of 10-4 miles

a second in either sense, is eleven to seven. The
inequality would, however, presumably be removed if the

observed stars were fairly divided between the northern

and the southern hemispheres.

The adopted velocities in the Potsdam table are the

means of independent measures by l)rs. Vogel and
Scheiner. These, in most cases, agree well ; in some,

they are nearly identical. Vet discordances are not wholly

absent. Little reliance, for instance, can be placed on the

ostensible result for y Cassiopeife, which, according to

Vogel, recedes from the earth at the rate of 2-5 miles, yet

was found by Soheiner to have an approaching speed of

6-0 miles a second. Both observers, on the other hand,

agreed as to the negative direction of the movement of

Sirius ; but the velocity assigned by Vogel was of 8-4, by
Scheiner of 12-5 miles a second. This discrepancy is

indeed minute compared with those which afl'ected the

earlier visual estimates of this star's motion. They wore,

too, a delusive aspect of periodicity difficult to be accounted

for by the mere vagaries of instrumental error. First, the

recession attributed to the star gradually diminished its

rate between 18(38 and 1882, from twenty-five to two miles

per second ; then the direction of motion seemed to become
reversed, and approaching velocities, increasing with the

same semblance of regularity, were registei'ed. The change,

although ten times greater than could be accounted for

by the known revolutions of Sirius round its dim
companion, appeared to proceed with such steadiness and
consistency that few questioned its genuineness. Yet, it

is now fully admitted to have been altogether iUusory.

The Sirian system, there can be little doubt, is transported

towards the solar system at about the same rate of ten

miles a second with which it moves across our visual line.

But the sun is travelling away from the star, which is

situated in the immediate vicinity of the solar anti-apex.

Its radial motion hence represents a gain upon the sun.

Besides the measurable ten miles a second, Sirius possesses,
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then, nearly the whole of the solar speed, and the sum has

to be further increased by being compounded with a visible

or tangential movement of ten miles a second ; so that the

Dog-star traverses space probably about twice as quickly

as the sun.

Arcturus furnishes another notable instance of the

surrender, on closer enquiry, of a fictitious velocity. Its

original seeming approach of fifty-five miles has dmndled,
at Potsdam, to 4-6 miles a second—a result in all but

perfect agreement with that independently obtained by
Professor Keeler with the great Lick refractor. His

measures were made upon the D-lmes in the spectrum of

the star ; and a similar determmation of Aldebaran by

Mr. \Y. W. Campbell shows recession to the amount of

MO'5 miles, the Potsdam photograplis giving 80'2 miles

per second. The former inferiority of the visual to the

chemical method of ascertaining the radial movements of

stars thus seems at last abolished : though not always or

everywhere. The Lick atmosphere and the Lick telescope

form a hitherto unmatched combination, and the signal

advantages conferred by them have been illustrated by
an important discovery. Owing to the enormous supply

of light at his command, Professor Keeler was able to

execute micrometrical measures in nebular spectra of the

fourth order, the dispersion, equal to that given by twenty-

four prisms of 60^, being effected by a Rowland's grating

of 14,43H lines to the inch. The upshot was the detection

of motion-displacements of considerable magnitudes. Until

then nebuliB had appeared absolutely stationary : they

yielded no certain sign, telescopic or spectroscopic, of

mobility in any direction. The removal of this seeming
anomaly constituted an advance of no small moment.
The outcome of Professor Keeler's experiments was more
decisive than could have been anticipated. The mean
velocity towards or from the earth of the eleven nebuliP

measured (including that in Orion), proved to be once and
a half times that ot the Potsdam stars, or sixteen miles a

second." Eight of these showed movements of approach,

only three movements of recession. The disparity, how-
ever, was doubtless due to their situation mainly in the

hemisphere iii front of the sun. The most rapid traveller

amongst them is the celebrated planetarv in Draco
(N.G.C. G.343 = H. IV., 37), found by Professors Holdeu
and Schaeberle to possess a curious helical structure.

Prolonged observations have as yet eUcited from it no
trace of proper motion

;
yet its rate of transport in our

direction turns out to exceed forty miles a second. The
swiftest motion ofrecession—twenty-eight miles a second

—

belongs to a small stellar nebula (N.G.C. 6700) : the well-

known " Saturn planetary " in Aquarius advancing at a

nearly equal rate. So far as these preliminary trials go,

then, nebular take the lead of steUar movements in the

line of sight.

The Orion nebula recedes from the sun. or we should

perhaps rather say the sun leaves it behind at the

rate of 10-6 miles a second. A solar velocity of 13-(i miles,

directed towards a point some ten degrees east of a Lyrse,

would completely account for the observed line-displace-

ments in the spectrum of that amazing object, and allow

us to adopt the plausible hypothesis that the vast system
of which it forms the nucleus exists in a state of com-
parative rest. It may be worth notice that the three

i

stars, z, p, and " Orionis, share the virtual retreat from

the earth of the chaotic mass adjacent to them on the I

sphere, and perhaps not disconnected fi'om them in space.
]

Another example of related motion in the stellar members

* Reducing to the true wave-length of the chief nebular line, as

subsequently fixed br Keeler himself at 5003'95 of Angstrom's scale.

of a nebulous system is most likely met with in a and
V Cygni. Both stars are pretty clearly shown in M.
Wolfs photographs—as the readers of Knowledge for

October, 1801, may remember—to be involved in the out-

skirts of the same extensive nebula ; and they are found
to be endowed with what may be fairly called a combined
movement towards the sun of four or five miles a second.

If this were purely a transferred effect of the solar trans-

lation, it would imply for it a speed of only 5-3 miles a
second, which seems unreasonably small. The alternative

supposition is perhaps to be preferred—namely, that the
sun tends to overtake the star-and-nebula system, which
travels in the same direction, but at a slower pace. Such
points, however, can scarcely yet be profitably debated :

they can certainly not be decided until a complete solution

of the problem of the solar movement is at hand, based on
materials derived in equal measure from the southern and
northern hemispheres. The nature of the required data
could not be better exemphfied than by the specunen-Iists

of radial velocities provided from Potsdam and Lick.

Notices of Boofe.s.

Lu Pliiitt' Mars et ses conditio)is d'htthitubilite. Par
Camille Flammarion. (Gauthier - Villars. Paris.)—M.
Flammarion has presented the world with a very important
monograph on the planet Mars, to which he has devoted
much time and labour. The volume, which is a large
octavo and extends to 600 pages, contains over 300 beau-
tiful woodcuts, in which M. Flammarion has reproduced
580 drawings of the planet by the principal observers of
Mars. Nothmg of any importance seems to have escaped
him. Beginning with Fontana's very rough sketches made
in 1636, and ending with drawings made during the pre-

sent opposition, in addition to sketshes and drawings
made by other observers, he has also given many beautiful

drawmgs of his own, and admirable maps of the chief
planetary features. M. Flammarion is of opinion that Mars
is or may be inhabited, and that a very large number of
the canals and other details delineated have a real exist-

ence, and are not due to any optical illusion. But some
of the drawings, especially those of the Schiaparelli type,

which he gives are very diagrammatic, and so unlike the
projection of markings on a sphere that they forcibly

suggest that the canals and straight dark lines must be
the result of some optical illusion.

JupiUr and liis Sj/stem. By Ellen M. Gierke. (Edward
Stanford, Cockspur Street, London.)—Miss E. M. Clerke
has taken the opportunity of the present very favourable
opposition of -Jupiter to give the public a lucidly-written

account of what is known about the physical condition of
the giant planet. Miss Clerke, like her better known
sister the authoress of " The System of the Stars,"'

writes very plainly and interestingly, and her little book is

likely to turn the eyes and the thoughts of a great many
fr-esh observers to the changes continually going on upon
this magnificent planet. Many of these changes and
other phenomena observable on the planet may be easily

seen with small instrumental means, especially when
•Jupiter is in opposition. Like Mars, -Jupiter is most favour-

ably situated for observation when it is in the opposite

quarter of the heavens from the sun. It crosses the

meridian at midnight, and the Ulumiiiated disc is turned
full upon us. The earth is then between the sun and
Jupiter, and when Jupiter is near to periheUon, as at

the present opposition, the earth's distance from the

planet is only 360 million mUes, whereas when Jupiter
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is in aphelion the earth's distance from the planet is

411 million miles. Consequently, at an October oppo-

sition, when Jupiter is in perihelion, he appears nearly

40 per cent, brighter than at an April opposition when he
is iu aphelion. Jupiter presents a great many analogies

with the sun. Its density compared with water is 1-378,

whereas the density of the sun is slightly greater, viz.,

1-444. As in the case of the sun's photosphere, the

equatorial regions of Jupiter revolve a little more rapidly

than the regions more to the north and south, thus pro\ing
Jupiter to be, hke the sun, mainly a gaseous body. Its

surface, however, presents a very different appearance
from the sun's surface. The disc of the planet is crossed

by dark belts of cloud which are continually changing
their form. On the belts and between them are seen black,

white, and reddish spots. Miss Gierke gives an interesting

account of one of the largest and most permanent of

these, known as the " Great Eed Spot.'' It was first

observed by Prof. Pritchett, of Glasgow, Missouri, in

1868. and soon attracted considerable attention. After

three years of conspicuous brightness its colour began to

fade, till in 1882-83 it had almost ceased to be visible.

In IS'^S it had begim to recover in brightness and then
showed as a faint pink oval ring, with its centre occupied

by a white cloud, which in the following year so extended as

almost to obliterate its outline. The veil has, however, since

cleared away, and left it as an elongated brick-red spot

which moves somewhat slower than other markings in the
same latitude. The different velocities gave occasion for

an interesting observation by Mr. Stanley Williams on the
conjimction of the red spot with a dark one, which is a
fairly persistent feature of the planet. Its size was such
that it would cover about half the shorter diameter of the

greater spot if it should pass above it, and its relative speed
was suflieieut to carry it across its length in two months.
The question how it would behave under these circum-
stances was one of considerable interest, for, its transit

above or below the red spot would show which of these
classes of objects occupied the higher level in the planet's

atmosphere. Miss Clarke remarks that the black spot
contrived to baffle expectant astronomers by doing neither.

It took a third course and went round the obstacle,

swerving away to the south and coasting the southern
rim of the red spot. We can heartily recommend Miss
Clerke's little shilling monograph, and hope that it will

start many a reader in the pleasant paths of observational
astronomy.

Mr. Barnard has kindly sent for reproduction in Know-
ledge some beautiful photographs of Swift's comet, show-
ing remarkable structure in the coma and tail, and
proving that the structure changed very rapidly from day
to day. —» • t

—

One of the results of Mr. Burnham's departure
from the Lick Observatory is that a Chicago millionaire,

Mr. Charles T. Yerkes, has undertaken to present the
University of Chicago with a refractor of 45 inches in

diameter—that is, the object-glass will have a diameter
greater by 9 inches than that of the great Lick telescope.

He has commissioned Mr. Burnham and Prof. Geo. E. Hale
to order the instrument, the object-glass of which will be
made by Messrs. Alvan Clark. It has been truly said that
with these large instruments the man at the small end of
the telescope is the most important part of the equipment.
With such a telescope, and such an observer as Mr. Burn-
ham to use it, Chicago ought to make its mark in the
history of astronomy.

Utttcr
[The Editor does not hold himself responsible for the opinions or

statements of correspondents.]
1 » I

To the Editor of Knowledge.

Sir,—In the interesting article in the last number of

Knowledge on " A^'hat is a Nebula? " Mr. Ranyard draws
a vivid conception of the extreme tenuity of nebular matter.

It seems to involve, however, a question which, to my
uninformed mind, is very mysterious. I assume the

following statements to be substantially correct :

—

1st. The spectrum of such nebular matter shows it to

be, in a great number of cases, gaseous.

2nd. Its luminosity means also high temperature.
3rd. The temperature of ethereal space is immensely

lower than anything we have experience of.

Under such conditions, how is it possible that this nebular
matter can maintain its luminosity and its temperature for

a period indefinitely long ? If it is true that all substances
cool do^^Ti Ijy radiation into colder space, one would think

that a nebula ought to disappear almost as soon as it is

formed, instead of streaming out its light for ages.

Middlesbro', Oct. 22nd, 1892. R. H.

[We are hardly in a position to say that luminosity

necessarily indicates a high temperature. The light of the

glow-worm is evidently produced at a low temperature

—

and the auroral light is given out by matter in the cold

regions of our upper atmosphere. It may be that the
nebular matter is not all glowing, but that only the matter in

isolated and widely separated regions is caused to glow by
electrical discharges, or the impact of meteors. Personally,

I do not incline to the latter theory, or to the theory of

illumination by electrical discharges, but I will explain my
ideas in a further paper on nebuln?, for which there is not

room in the present number.
I have to thank Mr. Walter Sang for pointing out a

numerical mistake in my last article on nebulae. The
density of atmospheric air at the sea-level at standard
temperature and pressure is ysVs ^^ ^^^ density of water,

not j;^^. And the velocity of our sun in a circular orbit

about the Orion nebula at the distance of a. Centauri,

assuming the conditions as to density and volume of

the nebula mentioned iu the last number, would be 7'5

miles, not 18 miles a second. If the nebula had a millionth

of the density of atmospheric air, the velocity of our sun
in a circular orbit about the nebula, if it were situated

at the distance of a Centauri from us, would be 75-08

miles a second, and whatever the distance of the nebula
under the conditions assumed, the angular velocity of our
sun in a circular orbit, as seen from the nebula, would be

constant. Similarly, the angular velocity in any elliptic or

paraboUc orbit would be constant, and the apparent velocities

of stars moving under the control of gravity in the neigh-

bourhood of the nebula, as seen from the earth, would be

independent of the distance of the nebula.—A. C. Rany.vrd.]

THE OLDEST MAMMALS.
By R. Lydekker, B.A.Cantab.

P to the year 1818 it was a generally received

axiom of geology that mammals were totally

unknown before the tertiary period ; and that

period was consequently designated the age of

mammals— a name, by the way, which is still

perfectly appropriate, if taken to imply that these animals

then, and then only, became the dominant inhabitants of

the world. In that vcar, however, the illustrious Cuvier,

u
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during a visit to the museum at Oxford, was shown two
minute jaws, carrying a nuraber of eusped teeth, which
had been obtained in the neighbouring quarries of Stones-

field, from the rock known as the Stonesfield slate, be-

longing to the lower part of the great Jurassic, or oohtic,

system. After careful examination, the French anatomist
pronounced eonfidentlj- that these two tiny little jaws,

neither of which exceeded au inch in length, were those of

mammals, and he further suggested that they would prove

to belong to a species of opossum. Although this opinion

was given ip the year 1818, it does not appear that it was
published till the year 1825, when the second edition of

the fifth volume of the immortal " Ossements Fosiles

"

saw the light. In publishing this epoch-making notice of

the occurrence of mammals in the secondary period,

Cnvier, with the usual caution of naturalists, was careful

to add the proviso that everything depended on whether
the specimens he saw had really been obtained from the

Stonesfield slate. Unfortunately, there does not appear
to be any record stating by whom, or at what date, these

original specimens—now forming some of the most valued
treasures of the Oxford Museum—were obtained from the

Stonesfield slate ; but that they did come from that forma-

tion is perfectly certain. Indeed, other specimens have
been subsequently obtained from the same beds, showing
certain characteristic Stonesfield shells embedded in the

fragments of

rock in which
the mammalian
jawa are con-

tained. Here
we may men-
tion that the

Stonesfield
slate is the

equivalent of

the lower portion of the great, or Bath, oolite—a deposit

which is separated from the underlying lias by the beds

known as the inferior oolite. Consequently, the mammal-
yielding beds are separated from the rocks of the tertiary

period, not only by the immense series of cretaceous deposits

(chalk, gault, greensands, and wealden), but Ukewise by a

large thickness of those belonging to the Jurassic system,

such as the Purbeck and Portland oolites, the Kimeridge

clay, the coral rag, and the Oxford clay.

Needless to say, no sooner was the existence of mammals
in the Stonesfield slate announced than it was received

with a howl of incredulity. First of all it was attempted

to show that the specimens themselves did not come from

Stonesfield ; and no sooner was this objection knocked on

the head than doubts were raised as to the Jurassic age of

the Stonesfield slate itself. These, however, were equally

soon disposed of, and the only thing then remaining was
to dispute the mammalian nature of the fossils. This task

was undertaken by the French naturalist, De Blainville,

who attempted to show that the mammalian character of

the specimens was not proved by the double roots of their

molar teeth. In the course of the argument, great stress

was laid on the chcumstauce that two-rooted molars were

found in a gigantic animal from the eocene of the United

States, then known as BasiluMunis, and regarded as a

reptile. De Blain\'ille was, however, here treading on very

dangerous ground, for it subsequently turned out that

Basihsauius itself was really a mammal, which is now
generally placed among the whales, under the name of

Zeutjlodon. The correctness of Cuvier's original determi-

nation was thus in the end triumphantly sustained, and the

existence of Jurassic mammals became henceforth an
estabhshed fact in geology, although the suggestion that

Fig. 1.—One half of the lower ja«" of .i

Stouesfield Mammal; twice uatui-al size. The
restoration of the front teeth is conjectural.

these fossils belonged to opossums was, of course,

imfounded.
Passing on to the consideration of the specimens them-

selves, we find that the great pecuUarity of the jaws of

these Stonesfield mamnils(for one of which D^ Blainville

proposed the name of amphithere) is the excessive number
of their cheek-teeth, a feature now paralleled (as we have

mentioned in an earlier article on " Pouched Mammals '')

only in the little banded ant-eater of AustraUa. This

multiplicity of teeth is well shown in the jaw represented

in Fig. 1, which is preserved in the museum at York,

and shows upwards of nine cheek-teeth still remaining,

whereas in practically all existing mammals with complex

teeth, except the banded ant-eater, the number does not

exceed seven. Other jaws were, however, subsequently

discovered in Stonesfield, in which the number of

cheek-teeth was considerably less; but one of these

later specimens (described as the phascolothere), revealed

the important fact that there were four pairs of front or

incisor teeth in the lower jaw. Now since (as stated in

the article cited) it is only among pouched mammals, or

marsupials, that more than three pairs of incisor teeth are

found, while the banded ant-eater, with its numerous cheek-

teeth, is a member of the same group, it became a very

natural conclusion that the Stonesfield mammals were

likewise marsupials. Support was lent to this conclusion

by the circumstance that, with the exception of the egg-

laving mammals, or monotremes (to which a special

article in Knowledge has likewise been devoted), the

marsupials are the lowest of all living mammals. And in-

directly som3 further support to this view is afibrded by

the fact that Australia still retains other forms of

animal hfe alhed to those which were living in Europe

during the period of the Stonesfield slate. For instance,

it is in the Australian seas alone that there still survives

the solitary representative of the beautiful genus of bivalve

shells known as Trhjoiiid, which were so especially abundant

in the oolites ; while it is also there alone that swims

the Port Jackson shark, whose mouth is armed with a

pavement of crushing teeth, recalling those of many of its

Jurassic forerunners. Moreover, in the presence of

numerous cicads among its flora, Australia again recalls

the Jurassic epoch of Europe ; and it has accordingly been

suggested that modern Austraha might ba regarded as a

kind of direct survival from Jurassic times. Before, how-

ever, we can say anything more as to the affinities of

the Stonesfield mammals, we must turn our attention to

subsequent discoveries of mammalian remains in other

formations.

The first of these discoveries was made in the year 1847,

by Professor PUeninger, of Stuttgart, who obtained certain

minute teeth from a bone-bed near that town belonging to

the upper part of the triassic period, which were declared

Fig. -Lower jaw of an Aiueriuan Jura.-*sic Mammal ; twice

natural size. (After Marsh.)

to be mammalian, and for the owner of which the name
Microlestes was proposed. Now, as the trias lies below the

lias, the existencj of mammaUau life was by this discovery



214 KNOWLEDGE [NOVEMBEK 1, 1892.

carried back at one bound very nearly to the commence-
ment of the secondary period. Subsequently, mammalian
remains were obtained from the trias of Somerset, which
proved to belong to the same genus as those from Stuttgart,

while others of a different type were found in the

equivalent deposits of North America.
A little later, the year 18oi was made memorable by the

lirst discovery of mammalian remains in the freshwater

Pm-beck strata of Dorsetshire, belonging to the very top of

the Jurassic s)-stem : from which formation in subsequent

years a vast number of such remains were obtained, through
the energy of the Eev. P. B. Brodie and the late Mr.
Beccles. All these specimens were obtained from a single

bed, and many of them indicated forms more or less closely

aUied to those from Stonesfield and Stuttgart. It was
thus shown, once for all, that mammalian life must have
been locally abundant throughout the Jurassic period.

This conclusion was subsequently amplified by the

discovery in the upper Jurassic rocks of North America

Fig. 3. -Lower jaw of Triconodon ; half natural size.

(After Marsli.)

of a whole host of small mammals very closely allied to

those from Dorsetshire, a large number of which have been

described by Prof. 0. C. Marsh, some of whose figures are

here reproduced. Many of these small Jurassic mammals
(Figs. 2 and 3) were evidently carnivorous, and such

carnivorous forms exhibited two distinct types of dentition.

In one of them (Fig. 2) there was a numerous series of

cheek-teeth behind the tusk, or canine {a), each of which

carried three cusps arranged in a triangle ; while in the

other type (Fig. 3) the cheek-teeth were fewer in number,

and had the three cusps on then- crowns ranged in the same
line. From this peculiarity the animal to which the second

type of jaw belonged was appropriately named Tricmwdon.

The first type corresponds to the amphithere of the Stones-

field slate, while the second is more like the phascolothere

of the same formation.

In our thu-d figure it will be observed that there is a

peculiar groove {y) rimning along the inside of the jaw, and
since a similar groove is found among existing mammals
only in the banded ant-eater and certain other carnivorous

marsupials, we have pretty conclusive evidence that

Triconodon and its allies were really marsupials. There
can also be but little doubt that the species of the amphi-
therian type ( I avoid mentioning the numerous genera of

these animals) are likewise members of the same order.

It is, however, quite possible that some of the Jurassic

mammals of Dorsetshire and North America may be more
nearly allied to that primitive group of mammals known
as Insectivores, among which are included the mole, the

shi'ew, and the hedgehog of Europe, as well as the more
generalized tenrec of Madagascar, and many other peculiar

creatures. All these insectivores are of a very low grade

of organization, and the result of modern researches is to

show that their connection with the marsupials is very

close indeed. Hence it is highly likely that some of the

Jurassic mamuials may have been the actual connecting

hnks between the marsupials and the insectivores ; and it

-^-\

-Low'er ja\\ of PlafjiauJux: natural >i/A'

and enlarged. (After Marsh.)

is worthy of mention here that while marsupials at the

present day linger on only in Australia and America, some
of the most primitive types of insectivores are preserved to

us in Madagascar, which is another refuge for animals of a

low grade of organization.

There is yet another type of mammal found in the

English and
American ju-

rassics, to which
the Microh'stfs ..-—

of the trias also \

appears to be- \

long, which has ^

given rise to a

vast amount \

of discussion
among palse-

"-

ontologists. Fig. 4.

These remark-
able mammals
are mostly of very minute size, and were long known only
by their lower jaws, of which a specimen is represented in

the accompanying figure : from which it will be seen at a

glance that the dentition is quite difi'erent from that of

either of the carnivorous types figured above. The lower
teeth comprise a single large incisor (t), behind which
were either three or four tall premolar teeth with cutting

edges, and marked on the sides with a number of oblique

grooves, from which the name Flti:iiinila.v was taken.

When unworn, these grooves extended along the whole
outer surface of the teeth, but when the teeth .have been
long in use (as in our figure) the groovings become worn
away from the sides. Behind these four premolars are

two smaller molar teeth, with the summits of their crowns
marked by a single longitudinal groove bounded by pro-

minent ridges. Now it was argued at first that this very

peculiar type of

dentition mdica-
ted carnivorous

habit sin the
owners thereof

;

but it was sub-

sequently pointed

out that the ex-

isting rat-kanga-

roos of Australia

( of which the

front of the skull

is shown in

Fig. 5) presented

a somewhat similar type of tooth-structure. Thus, the

last premolar tooth (pm.) of the rat -kangaroo has

a cutting - crown marked with a number of parallel

grooves ; while each half of the lower jaw terminates

in a single large incisor not unlike that of the Jurassic

Phviiiiula.v. Hence it was argued—and, in our opinion,

argued rightly—that as the living form is herbivorous, the

same must have been the case with the extinct one. When,
however, it was also urged that the rat-kangaroo and
Pla<iiinda.i: were closely allied animals, important dift'ereuces

between the two were overlooked. Thus, as will be

:ipparent from the figures, while in the former there was
but one grooved tooth, in which the grooves are vertical, in

the latter there were usually three or four such teeth in

^\hich the grooves are oblique. Moreover, whereas the

recent form was provided with four molar teeth {m 1

—

m 4),

the fossil had but two such teeth ; while the form of these

teeth was quite unlike in the two. Hence, when we add
that there are other important difi'erences between them

Fig. 5.—Jaws and teeth of the Rat-Kangaroo.
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(into the consideration of which it woidd be difficult to

enter here), it will be apparent that the view of regarding
]

Plaffiiiula.r as a new allj" of the rat-Iiangaroo was the result

of attaching too much importance to resemblances, and

overlooking diiierences. Indeed, such resemblances as do

exist between the two may be regarded merely as a well-

marked instance of the phenomenon known as pnnillilisin,
|

which has only lately received at the hands of zoologists
j

the amount of attention it merits. By parallelism, we
may explain, is meant a more or less marked resemblance

between homologous organs or parts, which has been

acquired independently, and is not the result of direct

inheritance. An excellent instance of parallelism is

afforded by the development of cannon-bones in the horse

and the ox, such cannon-bone consisting in the one case

of a single metacarpal element, and in the other of two

such metacarpals fitted together. Taking it, then, as

proved that Fhi<tiaul(ix is not a near ally of the rat-

kangaroo, we have to consider whether it can be affiliated

to any other group of existing mammals. Before doing so,

we have, however, to mention that there are certain other

secondary mammals allied to Plaiiiaulax, in which the

whole of the cheek-teeth

are like the true molars of

the latter. We have already

stated that in riwiiaida.i-

the lower molars had a

median longitudinal
groove, and it may be added
that the ridges bordering

such grooves are sur-

mounted by a number of

small tubercles. In the

upper jaw, if we may judge

by some allied genera, the

molars had three such

tuberculated ridges, sepa-

rated by two grooves.

Similar molars occur in

the skull represented in

Fig. 6, which is that of a

ma.mmal discovered a few
years ago in the secondary

rocks of South Africa, and
n&med by Sir E. Owen Tritylodon ; but it will be noticed

that there is no trace of the cutting and obliquely -grooved

premolar teeth of I'ldi/iaulux, the premolars being like the

molars. Detached molars of similar type have been found (as

mentioned in our article on " Egg-laying Mammals ") in the

trias of Stuttgart, and others occur in the Stonesfield slate.

Moreover, in Dorsetshire and North America there are

certain nearly allied mammals (Bolodon) in which the

upper molars have only two, in place of three, longitudinal

ridges of tubercles. These forms, if other proofs were
wanting, clearly show, indeed, that the resemblance
between I'huiiaulax and the rat-kangaroo is not a genetic

one. When, however, the molar teeth of the type in

which there are but two longitudinal rows of tubercles are

compared with the transitory teeth of the Australian

duckbill (see article on " Egg-laying Mammals "), a certain

resemblance can be detected between the two, which
seems sufficient to indicate (as mentioned in that article)

that in PlaijiaKhi.r and Tritylodon we have to do in all

probability with ancient types of egg-laying mammals.
Till within the last few years the cretaceous period formed

a complete gap as regards the history of mammals ; and
seeing that in Europe, with the exception of the wealden,

the rocks of this system are mainly of marine origin, while

some of them, like tlie chalk, were laid down in seas of

Fig. 6.— Uudei- part ui the skull

of a South African Secoudarv
Mammal ; two-thirds natural size.

considerable depth, this absence of mammalian remains is

not to be wondered at. In the United States the condition

of things is, however, very different. There the upper-

most cretaceous rocks are of fresh-water origin, and

constitute a series known as the Laramie, which is in

intimate connection with the lower part of the tertiary,

and has yielded the extraordinary horned dinosaurs,

pre^"iously noticed in Knowledge in the article on " Giant

Land Reptiles." From these Laramie cretaceous rocks

Professor Marsh has succeeded in obtaining a quantity of

teeth of mammals, although these are, unfortunately,

mostly found detached. These teeth indicate mammals
closely allied to Plivjiaulii.c of the Jurassic, and also others

of a carnivorous type related to the Amphithere , or some of

the many-molared carnivorous forms from the Dorsetshire

Pirrbeck. Mammals of the Triconodont type—that is,

those with the three cusps of the molars in a straight line

—seem, however, by this time to have totally disappeared.

At a still later date a single tooth of the Plwiiaulax type

has been obtained from the English wealden, indicating

that at that epoch the Purbeek mammals still survived

in Europe, and leading to the hope that future researches

will yield us further evidence of the European mammahan
faima of the wealden.

The present state of our knowledge, therefore, shows

that from nearly the lowest beds of the secondary period

tiU the close of that vast epoch, there existed a numerous
fauna of small mammals distributed over a large portion

of the globe, and displaying a remarkable persistence of

nearly similar type. It is further evident that such of

these mammals as exhibit a carnivorous type of dentition

appear to be allied to the more primitive of the existing

marsupials, although some of them may be more nearly

related to the almost equally low insectivores. On the other

hand, those which exhibit what appears to be an herbivorous

modification of dental structure, if they are related to any

living forms, appear to have an affinity with the modern egg-

laying mammals of Australia. Now the latter, together with

the marsupials and insectivores, being the lowest repre-

sentatives of mammalian life at present existing, are pre-

cisely such mammals as we should naturally have expected

to have been foreshadowed by more or less nearly allied

forms in the secondary rocks ; and, therefore, in this

respect, theoretical palaeontology is, so far as our present

knowledge goes, precisely in accord with actual facts.

That the few triassic mammals at present known were

the earliest representatives of the class cannot, however,

be admitted for a moment, and we must accordingly look

either to the lower triassic rocks, or to those of the

underlying permiau (forming the top of the paliijozoic

series), for the discovery of such primitive types. Should

such ever be discovered, it is to be confidently expected

that they w^ih exhibit such a combination of characters

common to mammals, and certain extinct reptiles and

amphibians, that it will he very hard to say under what

class they will have to be ranked.

Seeing that throughout the whole of the secondary period,

with the possible exception of a few lowly insectivores,

there is no evidence of the existence of any mammals
belonging to the higher placental type (under which are

included all linug representatives of the class save the

marsupial and egg-laying groups), the reader will naturally

enquire when such higher forms first made their appear-

ance. W'e answer, with the first dawn of the tertiary

period ; for in the very lowest eocene strata both of France

and the United States there are found, side by side with

small mammals allied to Plwjiauhtx and the marsupials

of the Jurassic and cretaceous, others, which, though still

of small size, were endently placentals. And it is very
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remarkable that this first definite appearance of the higher

forms of mammalian life should, so far as we know, have

been contemporaneous with the disappearance of so man}-

gigantic types of extinct reptiles, such as the dinosaurs,

the fish-lizards, and the plesiosaurs, which seem to have

reached the end of their term of existence at or about the

close of the secondary period.

Most of these early tertiary mammals had molar teeth

carrying three cusps arranged in a triangle, like their

marsupial forerimners of the secondary, from which,

indeed, they were probably derived ; and at this com-
paratively early epoch the orders of mammals were but

very imperfectly differentiated from one another, it being

frequently difficult to decide which were carnivores and
which were ungulates. A few stages later differentiation

of ordinal types, accompanied by a great increase in the

bodily size of their representatives, had, however, taken

place ; and by the close of the eocene period, as exemplified

by the higher deposits of the Paris basin, most of the

present orders of mammals were well defined. Thence,

through the succeeding miocene and pliocsne epochs, there

went on a continual evolution of mammalian life, resulting

in the production of giant forms like the elephant and the

rhinoceros, and also characterized by the development of

specially modified types like the horse and the ox, which
differ so widely fi'om their five-toed ancestors. During the

same epochs antlers were developed in the deer and horns

in the rhinoceroses and oxen, while pigs and hippopotami
gradually acquired the enormous tusks with which their

existing representatives are armed.
Seeing, then, that it was not till the advent of the

tertiary period that mammals assumed the position of the

dominant forms of life, Cuvier's memorable discovery in

the second decade of this century that the class dated from
the middle of the secondary period has in no essential

respect served to dispossess the first-named epoch from its

claim to the title of the Age of Mammals.

THE NEW GEOLOGY.
By the Rev. H. N. Hutchinson, B.A., F.G.S., Author of

" The Story of thf Hills,'' dr.

A
GOOD deal has lately been said about " the new

geology "
;
perhaps a few words on this subject may

not be uninteresting to readers of Knowledge. It

has lately been dealt with at some length by Prof.

Lapworth in his address to the Geological Section

of the British Association, and by Prof. James Geikie in

his address to the Geographical Section. The publication

of Prof. Suess' work. Dux Antlit: der Erd (the Crust of the

Earth) a few years ago, has marked an important era in

geology, and a host of new and fascinating problems are
suggested by that remarkable book.

Briefly, the new geology seeks to explain the cimous
distribution of land and water on the globe, thus connect-

ing together geology and geography as kindred sciences.

Nor does it deal only with the present state of things ; for

it treats of those up and down movements of the earth's

crust, whereby mountain ranges are ridged up thousands
of feet above the level of the sea wherein they were formed,
and the world's geographical features fi'om time to time
modified. Thus, it aims at restoring the ancient geography
of former periods in the world's history, and revealing the
evolution of continents. But this is not all, for, with
great boldness, some of the new leaders question certain
theories which, till recently, were considered to bb fairly

established, and have suggested new ideas which may lead
to important residts. Perhaps our former teachers had

got more or less into a groove ; and there can be no harm
in trying to get out of it, so long as we do not wander
hopelessly from the track.

it is true that some of the problems mentioned above
have, from time to time, attracted the attention of geolo-

gists ; but of late years, owing to desp sea explorations,

and the elaborate study of several mountain regions, so

much material has been collected that they begin to feel

the ground, on which once they lightly trod, somewhat
more secure. Between the years 1833 and 1852 a dis-

tinguished French geologist, M. Elie de Beaumont, put

forward a theory of mountain chains which attracted a
great deal of attention, and was accepted by many on
account of his mathematical knowledge as well as his

skill as a writer. Like the illustrious naturalist, Cuvier,

he believed in periods of violence or " revolutions," with
long intervals of repose between them. During the

latter strata were continually deposited, but during the
former mountain chains were supposed to have been
formsd by sudden and violent itpheaval. It is needless

to say that Lyell successfully dissipated this notion.

Elie de Beaumont endeavoured, with great skill and
learning, to show that all the mountain chains thrown up
during the same revolution had one uniform direction,

being parallel to each other within a few degrees of the

compass, even when situated in remote regions, whilst the

chains thrown up at difl'erent periods took different

directions. But although this bold theory broke down,
it set people thinking, and therefore served to pave the

way for those who came after. Now, mountains are, as it

were, the backbones of continents, and have evidently a

close relation to them, determining their general directions

and other features ; hence, problems connected with geo-

graphy, either of the present or of the past, must deal

with these important features. It seems to be

generaUy accepted that mountain ranges are wrinkles, or

complicated compressed folds in the earth's crust, while

the broad expanses of continents are low arches,

also made up of strata, and the ocean basins are

supposed to be broad troughs or inverted arches.

But this seems to imply that, even in the deepest depres-

sions of the ocean, strata exist similar to those of which
continental arches are composed, a conclusion which the

present writer cannot accept. We do not mean that they

would necessarily be of similar composition, but that the

theory implies a general similarity of structure and arrange-

ment, so that forces afl'ecting the continental strata in

such a way as to throw them into an upwanl curve, at the

same time threw those now under the ocean into a

(loiniiiard curve. The weak point in this theory, so

clearly expounded by Prof. Lapworth, is that we do not

know of the existence of anything like groups or series of

stratified rocks on the deeper parts of the sea bed, such as

we find forming the dry laud of continents. According to

his teaching, mountain chains, continental arches, and
even the deepest oceanic troughs, are simply diti'erent parts

of great groups of strata, some pushed upwards, some
downwards, and some squeezed up into highly-compressed

ridges to form mountain chains. Now, the continental

arches and the mountain ranges are made up of the same
materials, and are brought into position by the same
forces ; and at first sight one would conclude that the

oceanic depressions must be only another phase of the

same phenomena. But what if these hollows are primitive

depressions on the earth's surface uncovered by strata,

save for a thin layer of the " red clay," an abysmal deposit

discovered of late years by soundings ? In that case the

contmuity is broken, and the oceanic trough is no longer

a continuation of the continental arch. This brings
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us to the question of " the permanence of ocean
basins," a doctrine that has been much discussed of

late years. The more extreme advocates of this theory
hold that the great oceanic depressions have, in the

main, always been depressions, and therefore below sea-

level, while the great land areas or continents have, in the

main, been always above sea-level. They only will allow

a certain amount of interchange between these two areas

along the margins of the continents where soundings are

shallow, and a slight elevation would make the sea bed dry

land, as, for instance, the North Sea. Without binding
ourselves down to this theory, we may admit that there is

evidence in its favour, but perhaps it is only true for the

deepest oceanic depressions.

No one has yet succeeded in showing why either the

mountain chains or the broad folds of the continents and
the troughs of the oceans take the directions that have
somehow been given to them. The two land masses of the

new world. North and South America, trend north and south,

as do their mountain ranges. The Euro-Asiatic continent,

on the other hand, trends east and west, as does its main
axis of elevation, i.e., the great chain of mountains
beginning with the Pyrennees and ending with the Atlai

Mountains. Why are these things so? This is a problem
yet to be solved by the new geology, but at any rate it

would seem that the prevailing lines of elevation have been
determined at some very early period in the world's history,

probably in pre-geological times.

Look at a map of the world, and you will see that the

great land masses, and some of the smaller ones too, all

point southwards. The most striking examples are North
and South America, Greenland, Africa ; but the same
rule applies to Scandinavia, Spain, Italy, Albania and
Greece, Arabia, India, Malacca, and even the two ends of

Australia. In some cases—as, for example, Scandinavia and
Italy—the reason is obvious, viz., the direction of mountain
ranges. But probably several causes have combined to

bring about this remarkable result. Perhaps ocean curi'ents

may be partly responsible, for in the southern hemisphere
there is a decided surface drift northwards, and perhaps
the currents wear away the ends of our continents.

Prof. Suess, the leader of the new school of geology
in Vienna, questions the usually accepted doctrine that
continents are due to elevation, and thus strikes at

the root of ideas which, to most geologists, have
become axioms. He considers that we have no evidence
of any vertical elevation affecting wide areas such as

continents, and that the only movements of elevation that

take place are those by which mountains are upheaved.
Most geologists believe that the sea-level has remained
constant, as Lyell taught ; but Suess abandons this and
says that the water leaves the land, owing to changes in

sea-level, instead of the land leaving the water. This is

somewhat startling, and it will be interesting to see what
effect such teaching will have on English geologists. In
equatorial regions, according to Suess, the sea is gaining
upon the land, while in other latitudes the reverse would
appear to be the case. This is in harmony with his ^-iew

of a periodic flux and reflux of the waters of the ocean
between the equator and the poles. Another foreign

geologist, Schmick, beheves in grand secular movements
of the ocean in order to account for apparent elevation and
depression of land areas. These theories are a partial

revival and development of certain old-fashioned ^^ews
which, till lately, had been looked upon as quite out of

date. Thus, Celsius, 1.50 years ago, after examining the
coast lines of Sweden, came to the conclusion that the sea
had retreated from the land, owing to a gradual drying up
of the ocean.

But to return to the present : we find our lands

distributed over the surface of a great continental plateau,

the edges of which plunge down more or less steeply into

the depths of the ocean, where some great depressions

believe that the continental

oceanic depressions have never

the same time shore lines have

so as to bring

less magnitude,

these two broad

a kind of neutral

exist. Most geologists

plateaux and the great

changed places. But at

advanced and retreated many times,

about geographical changes of more or

without causing a complete shifting of

features. Between them there is often

ground which may at one time be dry laud, at

another, sea. Let us now consider the relation between
coast lines and the slopes or margins of the great

plateaux. Eoughly speaking, our existing coast lines may
be said to trend in the same general direction as these

margins. It can be shown that there are two very distinct

types of coast line, and that they are determined by the

extent to which they correspond with the margins of the

plateaux. First we have coast lines of a simple type,

running for long distances in one general direction, and
not b);oken up into innumerable minor features. Of such
a kind are the east and west coast lines of Africa, or those

of the greater part of North and South America. Now in

these cases the coast lines are near to the steep slopes of

the several plateaux, so that a rise of several thousands of

feet would make very little change. The second type of

coast line is quite different ; instead of being regular, it is

very in-egular, nor does it run mainly in one direction.

They are broken up by promontories and peninsulas, by
inlets and fiords and islands. For example, we may take

the coast line of north-western Europe, or the correspond-

ing latitudes of North America. Here we have regions of

comparatively recent depression which has caused the sea

to come creeping over what before was land. Such regions

are partially submerged lands, the surface features of

which contribute to make the irregular coast lines. Thus
the fiords of Norway are simply land valleys submerged,
while the islands are hills partly submerged ; the same
appUes to the west coast of Scotland. An elevation of

north Europe, to the extent of 500 fathoms, would make
the sea go back to the margin of the European plateaux,

and give us a smooth and regular coast line about 200
miles west of the Ixish coast. These u-regular coast lines,

then, are due to surface features of the continental plateaux,

formerly made by atmospheric denudation, namely, hills

and valleys. A glance at a good physical map, showing
ocean contour lines, will show that they are regular and
of unbroken outline, except in those shallow seas that

really belong to the continental plateaux.

Finally, the coast lines of the world's continents are of

very different ages ; some are young, born, as it were, of

yesterday, while others are of high geological antiquity.

Those of the Atlantic Ocean are very ancient, while those

bounding the Pacific are comparatively recent. Now this

explains why the latter ocean is bounded by high moun-
tain ranges, and the former only by low hiUs. These low

hills are the remnants of former great mountain ranges

worn down to mere stumps by ages of denudation. Thus
the hills of Devonshire, Wales, Scotland, and Norway are

known to be of very ancient date, and their geological

structure tells us that they are mere remnants of what
were once mighty ranges of mountains comparable with

the Alps or the Himalayas. We also know that formerly

volcanic action on a great scale took place along these old

ranges ; but that has died out, and they have reached a

state of stability or equilibrium. Along the margins of

the Pacific, however, we have a great circle of active

volcanoes acting along mountain ranges of great height,
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and only recently upheaved. Time has not yet brought

them low by denudation, nor have they reached a state of

equilibrium between external and internal forces, so that

they still manifest volcanic action. Thus we see the two

tj'pes of coast line well exemplified, and these may be

called the Atlantic and Pacific types.

THE FACE OF THE SKY FOR NOVEMBER.
By Herbert Sadler, P.R.A.S.

SOLAR spots and faculffi show little diminution either

in number oi magnitude. The following are con-

veniently observable minima of two Algol-type

variables :— Algol, November 3rd, llh. 51ni. p.m.
;

6tli, 8h. -10m. P.M. ; 9th, 5h. 29m. p.m. ; 26th,

lOh. 22m. P.M. ; 29th, 71i. 12m. p.m. U Cephei, November
4th, llh. 20ui. P.M. ; 9th: llli. Om. p.m. ; 14th. lOh. 40m.
P.M. ; 19th, lOh. ]9ra. p.m. ; 24th, 9h. 59m. p.m. ; 29th,

9h. 39ni. P.M.

Mercury is a-i evening star throughout November, but

for the first three weeks of the month he is too near the

Sun to be seen, and after that his great southern declina-

tion will prevent his being satisfactorily observed in these

latitudes. He is at his greatest eastern elongation (22|-)

nn the 23rd. He is at his brightest about the 80th, when
he sets at 4h. 53m. p.m., or one hour after sunset, with a

southern declination of 25^°, and an apparent diameter

of 8'0",
T%V*''^'' 0^ ^^^ ^'^^'^ being ilhiminated. During the

last week m the month he describes a short du-ect path
from Ophiuohus into Sagittarius. Venus is a morning
star, and though still a conspicuous object in the heavens,

is rapidly dwindling in brightness. On the 1st she rises

at 2h. 52m. a.m., with a northern declination of 2° 7', and
an apparent diameter of 16", to'o*^''s of the disc being

illuminated, and her brightness being about equal to what
it was at the middle of last March. On the 16th she

rises at 3h. 36m. a.m., with a southern declination of

4° 26', and an apparent diameter of 14|", just three-

quarters of the disc being illuminated. Ou the 30th she

rise.-; at 4h. 13m. a.m., with a southern declination of

101", and an apparent diameter of 13s", yVu^^s of the

disc being illuminated, and her brightness being about

equal to what it was at the end of February last. During
the mouth she pursues a direct path thr.)Ugh Virgo, but

without approaching auj" nalced-cye star very closely.

Mars is an evening star, and though his brightness and
apparent diameter have notably decreased, he is never-

theless hotter situated for observ'atiou on account of his

increasing elevation above the horizon. On the 1st he
rises at 2h. 5m. p.m., with a southern declination of 15° 4',

and an apparent diameter of 12'4", the defect of illumina-

tion ou the following limb being obvious. His brightness

is then but httle more than one-fifth of what it was at

opposition. On the 16th he sets at llh. 4Gm. p.m., with
a southern declination of 11^% and an apparent diameter
of 10-8". On the 30th he sets at llh. 41m. p.m., with a

southern declination of 7° 50^', and an apparent diameter
of 9-6", the apparent brightness of the planet being only
one-eighth of what it was at opposition. Daring the
month Mars describes a direct path through Aquarius,
being very near the 44 magnitude star t Aquarii on the
evenings of the 3rd and 4th.

Ceres is an evening star, being in opposition to the Sun
on the loth, at a distance from the earth of about 166|
milhons of miles. She souths on the 20th at llh. 29m.
P.M., with a northern declination of 11° 46'. She will

appear as a 7f magnitude star at the present opposition.
During November she pursues a retrograde path through

Taurus, but without approaching any naked-eye star. For
measures of the diameter of Ceres cf. " Face of the

Sky " for May, 1890. Vesta is also an evening star, being

in opposition to the Sun on the 12th, at a distance from
the earth of about 146 millions of miles. On the 20th

she souths at llh. 12m. p.m., «'ith a northern declination

of 8° 44'. She will appear as a 6| magnitude star at the

present opposition. IDuring November she pursues a

retrograde path thi'ough Taurus to the confines of Cetus.

At lOh. P.M. on the 8th she will be 6' due north of the

5 1 magnitude star t G Tauri, and on the evening of the

15th she will be less than j° nf., and on the 16th less

than ~° np., the 3j magnitude star o Tauri. For
measures of the diameter of Vesta cf. " Face of the

Sky " for January, 1890.

Jupiter is an evening star, and is still by far the most
magnificent object in the evening sky. He rises on the

1st at 3h. 24m. p.m., with a northern declination of

5° 22', and an apparent equatorial diameter of 48^''. On the

30th he rises at Ih. SOm. p.m., with a northern declination

of 4° 37', and an apparent equatorial diameter of 4oJ''.

During the month he describes a retrograde path in Pisces,

being about 28' north of the 6th magnitude star 77 Piscium
(a very pretty wide pair) on the 18th, and rather over 30'

south of the 6th magnitude star 73 Piscium on the 22nd.

Shortly after midnight on the 3rd a 9^ magnitude star will

be f north of the planet, and at 7^-h. p.m. on the 24th a
9i magnitude star will be f south of the planet. The
following phenomena of the satellites occur while Jupiter

is more than 8° above and the Sun more than 8° below

the horizon. On the 2nd a transit ingress of the first

satellite at llh. 2m. p.m. ; of its shadow at llh. 34m. p.m.
;

an occultation disappearance of the second satellite at

llh. 42m. P.M. On the 3rd an occultation disappearance

of the first satellite at 8h. 16m. p.m., and its reappearance

from eclipse at llh. Im. lis. p.m. On the 4th a transit

ingress of the first satelUte at 5h. 28m. p.m. ; of its shadow
at 6h. 3m. p.m. ; a transit ingress of the second satellite at

6h. 25m. p.m., and of its shadow at 7h. 34m. p.m. ; a

transit egress of the first satellite at 7h. 41m. p.m., and of

its shadow at 8h. 16m. p.m. ; a transit egress of the second

sateOite at 8h. 54m. p.m., and of its shadow at lOh. 5m.
P.M. On the fifth an eclipse reappearance of the first

satellite at 5h. 30m. 7s. p.m. On the 6th a transit egress

of the third satellite at 5h. 33m. p.m. ; a transit ingress of

its shadow at 6h. 57m. p.m. ; a transit egress of the

shadow at 8h. 12m. p.m. On the 10th an occultation dis-

appearance of the first satellite at lOh. 2m. p.m. On the

11th a transit ingress of the first satellite at 7h. 13m. p.m.,

and of its shadow at 7h. oHm. p.m.; a transit ingress of the

second satellite at 8h. 44m. p.m. ; a transit egress of the

first satellite at 9h. 26m. p.m., and of its shadow at lOh.

11m. P.M. ; a transit ingress of the shadow of the second

satellite at lOh. 13m. p.m., and a transit egress of the

second satellite at llh. 14m. p.m. On the 12th an eclipse

reappearance of the first satellite at 7h. 25m. 42s. pji. On
the 13th a transit ingress of the third satellite at 6h. 49m.
p.m. ; an eclipse reappearance of the second satellite at

7h. 7m. 4s. p.m. ; a transit egress of the third satellite at

8h. 59m. P.M. ; a transit ingress of the shadow of the third

satellite at 9h. 59m. p.m. On the 17th an occultation dis-

appearance of the first satellite at llh. 49m. p.m. On the

18th a transit ingress of the first satellite at 9h. Om. p.m. ;

and of its shadow at 9h. 53m. p.m. ; a transit ingress of the

second satellite at llh. 5m. p.m. ; a transit egress of the

first satellite at llh. 13m. p.m. On the 19th an occultation

disappearance of the first satellite at 6h. 16m. p.m., and its

reappearance from eclipse at 9h. 21m. 22s. p.m. On the

20th an occultation disappearance of the second satellite
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at 5h. 25m. p.m. ; a transit egress of the first satellite at

oh. 40m. P.M., and of its shadow at 6h. 85m. p.m.; an eclipse

reappearance of the second satellite at 9h. i2m. -ISs. p.m.
;

a transit ingress of the third satellite at lOh. 15ra. p.m.

On the 24th an eclipse reappearance of the third satellite

at oh. 59m. o6s. p.m. On the 25th a transit ingress of the

first satellite at lOh. 47m. p.m., and of its shadow at llh.

48m. p.m. On the 26th an occultation disappearance of

the first satellite at 8h. 4m. p.m., and its reappearance from
eclipse at llh. 17m. 6s. p.m. On the 27th a transit ingress

of the first satellite at 5h. 14m. p.m., and of its shadow at

6h. 17m. P.M. ; a transit egress of the first satellite at

7h. 28m. P.M. ; an occultation disappearance of the second

satellite at 7h. 47m. p.m. ; a transit egress of the shadow
of the first satellite at 8h. 30m. p.m. On the 28th an
eclipse reappearance of the first satellite at 5h. 46m. p m.

On the 29th a transit ingress of the shadow of the second

satellite at 4h. 50m. p.m. ; a transit egress of the satellite

itself at 5h. 12m. p.m., and of its shadow at 7h. 19m. p.ji.

Satm-n does not rise until 2h. 11m. a.m. on the last day
of the month, but it may be mentioned that on the early

morning of the 13th he will be little more than the diameter

of the Moon south of y Virginis, the star and planet

appearing as a wide double star to the naked eye. Uranus
is invisible.

Neptune is admirably placed for observation, rising on
the 1st at 5h. 55m. p.m., with a northern declination of

20^ 29', and an apparent diameter of 2-7". On the 30th
he rises at 3h. 58m. p.m., with a northern declination of
20° 22'. During the month he describes a short retrograde

path between r and e Tauri, to the E.N. E. of the o\
magnitude star Weisse's Bessel-, iv.h. 650. A majj of the

small stars near the path of Neptune from November 1st,

1892, to May 1st, 1893, is given in the Enqlish Mechanic
for October 28th.

November is a very favourable month for shooting stars.

The most marked displays are the Leonids, on November
13th and 14th, the radiant point being in r.a. lOh. Om.,
northern declination + 23^. The radiant point rises at

about lOh. 15m. p.m. The'Andromedes occur on the 27th,

the radiant point being in r.a. Ih. 40m., northern
declination 43°.

The Moon is full at 3h. 49m. p.m. on the 4th ; enters

her last quarter at lOh. 2m. a.m. on the 11th ; is new at

Ih. 19m. P.M. on the 19th ; and enters her first quarter at

lOh. 28m. A.M. on the 27th. She is in perigee at 3-9h.

P.M. on the 4th (distance from the earth 221,630 miles),

and in apogee at 5'lh. a.m. on the 18th (distance from the

earth 252,680 miles). The greatest eastern libration

takes place at lOh. 7in. p.m. on the 10th, and the greatest

western at Ih. 31m. a.m. on the 27th. There will be a

total eclipse of the Moon on November 4th, partly visible

as a partial eclipse at Greenwich. The first contact with

the penumbra is at Ih. ll-6m. p.m. ; with the shadow (at

91° from the northernmost point of the Moon's limb
j

towards the east, direct image) at 2h. 9-2m. p.m.
;

beginning of total phase, 3h. 23-Om. p.m. ; middle of the

eclipse, 3h. 450m. p.m. ; end of total phase, 4h. 7'Om. p.m.
;

last contact with shadow (at 138° from the northernmost
point of the .Moon's limb towards the west, direct image),

5h. 20-8m. p.m. ; last contact with the penumbra, 6h.

18'4m. P.M. The magnitude of the eclipse (Moon's
diameter = 1), 1-092. At Greenwich the Moon does not

rise till 4h. 21m. p.m., and the Sun sets at 4h. 25m. p.m.

This IS rather a remarkable eclipse, as the Moon attains

her perigee within ten minutes of her being full and of the

middle of the eclipse, and her approach to the earth is

exceptionally close, the minimum distance at perigee being,

according to Nelson, 221,614 miles,
j

C^C9S (Column.
By C. D. LooooK, B.A.Oxon.

All communications for this column should be addressed
to the " Chess Editor, Knoideilje Ofice," and posted before

the 10th of each month.

Sdlutinn of October Prohlem (by G. K. Ansell) :—

1. Q to Q5 ; followed by 2. Q to E8, 2. Q x B, 2. Kt x B,
2. P xB, or 2. Q to Qlch, according to Black's play.

Correct Solutions received from G. S. Cummings,
H. S. Brandreth, and F. 0. Lane.

Ma.e r. Fochhammer.—The published solution of the
September problem was quite correct. What is your
difficulty •?

H. S. Hrandretli.—Taking your question as referring to

a possible solution tournament, I regret to say that the
matter is not yet arranged ; will give details when possible.

F. 0. Lane.—Your analysis is not quite exhaustive, as
you will see above.

PROBLEM.
Black.

White.

White to play, and mate in three moves.

[This problem appeared some years ago in a French
column, and seems worthy of resurrection. Mr. Steinitz
admired it, and copied it in his own magazine. The
composer's name has escaped our memory.]

The following is one of the most notable games played
by the winner in the late Dresden tournament :

—

Bishops' G.-vmbit.

AVhite (Mr. Winawer).

1. P to K4
P to KB4
B toB4
BxP
K to Esq

6. KKt to B3 (rt)

7. P to KR4
8. P to Q4

Kt to B3
K to Ktsq

Q to Q3
P to H5 ((/I

B to Kt3
Kt to K2
B to Q2

16. QBxP (e)

17. KtxP
18. PxB

2.

3.

4.

5.

9.

10.

11.

12.

13.

14.

15.

Black (Dr. Tarraseh)
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

38.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Q to KB [g)

P to B8
PxKt
KR to K2
Kt to K2 (i)

Q toB2
Kt to Kt3
Kt to B5
K to Esq
R to Kt2 (/,•)

Kt to K3 (/)

R to Kt4
Kt to B5
Q toR2
QE to KKtsq
P to KB4
PxR
E(Kt)sq to Kt2 (»)

R(Kt4) to Kt3
EKtsq
R(Ktsq) to Kt2
E to Ktsq
R(Kt8) to Kt2 (/J)

P to KB5
Q to KtSch
R to Qsq
K to Ktsq
E toB2
Eesigns.

19. Kt to QB4 !

20. KtxB
21. P to E3 {/:)

22. KR to Ksq
23. Kt to Q4 ( ;)

24. Kt to B2
25. Kt to K3
26. Kt to Kt4
27. K to Rsq
28. B to B3
29. Kt to K3
30. B to Kt4
31. R to KKtsq
32. B to B3
33. E to Kt4 (ill)

34. ExKt
35. QxP
36. Kt to Kt2
37. Q to Kt8ch (n

38. Q to K5ch
39. Q to Kt8ch
40. Q to K5ch
41. R to Q4 !

42. RxBP
43. K to R2
44. ExPch
45. Q to K6ch
46. B to R5

Notes.

(I) Waste of time, as his 31st move shows. 29. R to

Kt4 seems preferable.

(//() An excellent move. The Rook exerts pressure in

all directions. The sacrifice of the exchange next move is

probably the quickest method of winning, and is at any
rate justified by the result.

(«) For Black threatened, among other things, to win a

Pawn by ... Q to Q4ch. On his next move he finds

himself with nothing to do.

(i>) Black indulges in a series of checks in order to gain

time. Q x BP would only complicate the game un-

necessarily.

(li) A disastrous change of plan. This Rook is reqiiii-ed

for R3, and its removal terminates the game.

CHESS INTELLIGENCE.

(a) White develops his pieces in the old-fashioned order.

6. QKt to B3, and 7. P to Q4, usually precede this. The
position becomes normal at the tenth move.

(b) Best. If 7. . . P to KR3? White may play 8.

B X Pch, Q X B ; 9. Kt to K5, etc.

(() Consideredstronger than the old continuation 10. . . .

P to Kt5 ; 11. Kt to Ksq ! P to B6 ; 12. P x P, or 12. B
to K3 with a good game.

(d) Though this drives the Black Queen out of play for

some time, it secures Black's advantage on the King's side,

and is en that account inadvisable.

(() If at all, why not on his previous move ? But the

delay is characteristic of Winawer's sometimes incompre-

hensible style, ride his extraordinary Ruy Lopez beginning,

1. P to K4, P to K4 ; 2. KKt to B3, QKt to B3 ; 3. B to

Kt5, P to QR3 ; 4. B to E4, Kt to B3 ; 6. B x Kt ( ! ! )—

a

unique instance. Instead of the unsound sacrifice in the

text he should advance the QBP.
(
;) Instead of this exchange we should prefer 17. . .

QE' to Qsq, threatening 18. QKt to B4. This would have

adequately forestalled the threatened 18. Kt to R2.

((/) As this does not prevent Kt to QB4, P to B3 at once

is perhaps better, and would at least give the White Queen
the choice of other squares when attacked.

(/i) Loss of time, as the Pawn cannot well be taken, c.'/..

21. . . KRtoKsq; 22. RxP'? Kt to B4 ; 23. Q moves,

Kt X QP, etc.

(i) Mr. Winawer now develops an ingenious attack.

The text move is also partly defensive, to guard against

the sacrifice pointed out in the previous note.

(j) Against the opposing array of Pawns Black's game
is not easy. Dr. Tarrasch forms the admirable plan of

manoeuvring the Knight to KKt4, though he subsequently

retires it again in favour of the Bishop.

(A-j Better than taking the open file with the other

Rook, which might conceivably be wanted elsewhere. He
now threatens KtxB and P to KB4.

The final score in the Belfast quadrangular tournament
was as follows :— J. H. Blackburne, 5^, and J. Mason, 5^,

bracketed first ; H. E. Bird, 5, and F.'.J. Lee, 2. Mr. Bird

was signally successful against Mr. Blackburne. Other-

wise the results were in accordance with time-honoured
precedents. In such company Mr. Mason is almost

invariably a safe second. Mr. Lasker's absence was a

matter for regret, but it guaranteed his arrival in America
with a clean record.

Mr. T. H. Moore, the Hon. Secretary of the Ludgate
Circus Chess Club, is endeavouring to form a Metropolitan

Chess Association, and has convened a meeting of chess-

players to consider his scheme. Ha^^ng regard to the

very large number of Chess clubs in London, the object

seems a desirable one, and it is surprising that no one was
found willing to undertake the task before.

A match of two games, by correspondence, played

recently between the Liverpool and Glasgow Clubs,

resulted in a victory for the former club, who won one
game (Irregular) and drew the other (Buy Lopez). The
Liverpool players had the assistance of Mr. Burn in the

earlier stages of the contest only.

Owing mainly to the efforts of Messrs. I. M. Brown and
L. P. Eees, the long-discussed match between the North
and South of England has now been definitely arranged.

The match will take place at Birmingham early next

year, probably with fifty players a side. Messrs. Owen and
Wayte will captain the teams.

The annual winter tournament of the City of London
Chess Club has just been started on the usual gigantic

scale. There are 144 entries, and the contest may be

expected to outlast the winter.
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ARMADILLOS AND AARD-VARKS.
By R. Lydekker, B.A.Cantab.

OF
the three animals represented in the figures

accompanying the present article, two are suflS-

ciently alike to suggest to the ordinary observer
their relationship to one another, but the third
is so utterly ditiereut, that it is difficult to pomt

out any important character it has in common with the
two others

; nevertheless, naturahsts generally regard all
these three strange creatures as belonging to a single order
of mammals, for which the name of Edentata is adopted.

Fig. 1.—The Threi'-Banded Armadillo.

The signification of the term Edentata being toothless, the
unsophisticated student would naturally be led to suppose
that all the animals so named were utterly devoid of those
useful but troublesome appendages. This, however, is

far from being the case, the majority of the members of

the group (among which are those figured here) having a
considerable number of teeth. Still there is one feature

in connection with the dentition exhibited by the whole of

these so-called edentates ; and this is, that teeth in

the front of the jaws, corresponding to the incisors of

other mammals, are totally absent. Instead, therefore, of
being described as edentates, or toothless mammals, these
creatures ought rather to have been named aprotodonts,
or incisorless mammals. After all, however, it is not
much consequence what is the proper meaning of a name,
so long as we know the sense in which it is used, and
there is accordingly no real objection to the employment
of the tei-m edentates, which has obtained the almost
universal sanction of zoologists.

In addition to this total absence of front teeth, the
edentates are further characterized by the circumstance
that all their teeth (when they possess any) show no trace
of the hard layer of enamel which is so characteristic and
essential a constituent of those of other mammals ; these
teeth at no period of life forming roots, but continually
gi'owing from below. Jloreover, in nearly all the eden-

j

tates there is never any set of milk-teeth developed,

i

although, uufortimately. this cannot be taken as a charac-
teristic of the order, since such teeth occur in one of the
armadillos, and also in the animal represented in our
thhd figure.

Premising that the edentates are quite distinct from the
marsupials and egg-laying mammals, we may say, then,
that the only features by which they can be collectively

characterized are the want of front teeth, and the absence
of enamel on those of the cheek-series, while in certain
rare instances they may be utterly devoid of teeth.
Such characters, it must be confessed, are by no means
of first importance.
The mammals thus associated by these negative charac-

teristics are now chiefly confined to the southern hemi-
sphere, and include the sloths, anteaters, and armadillos
of South America, the pangolins, or scaly anteaters of
South-eastern Asia and Africa, and the aard-varks of
Africa

; the true anteaters and pangolins being those in
which teeth are wanting. In past times they were also
represented by the gigantic megathere, and a number of
other allied extinct forms ranging throughout America,
which in some respects serve to connect the sloths with
the anteaters. This marked restriction of the existing
edentates to the southern hemisphere, and their especial
abundance in South America, at once stamps them as a
very lowly group of animals, there being a well-marked
tendency for the preservation of the humbler forms of life

in the southern continents and islands of the globe. There
is, indeed, a question whether the pangolins, and more
especially the aard-varks of the Old World, have any real
kinship with the more typical American edentates, but
apart from this possibility of the artificial nature of the
group as at present constituted there can be no doubt but
that all its members are what may be called degraded
types—that is to say, that instead of having advanced in
the struggle for existence they have lost some of the
a,ttributes of the higher animals ; evidence of this degrada-
tion being aftbrded by the indications above mentioned of
their having been formerly provided with two sets of teeth.
In saying that the edentates are lowly and degraded
examples of the mammalian ty^ie we by no means intend,
however, to imply that they are not admirably adapted to
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tlieir own particular modes of life, or that they have not

developed special structures unknown among the higher

mammals. In truth, precisely the contrary is the ease,

since these creatures have taken to modes of life unlike

those of the majority of the larger mammals, and have

more or less specially modified their structure in accordance

with such peculiar habits, so that they are thoroughly and

perfectly suited to their environment. And we may add
that it is doubtless due to these peculiarities of structure

and habits that they have been enabled to survive and
hold their own against the competition of the higher forms.

Thus, in the first place, with the exception of a few

armadillos, the whole of the edentates are strictly noc-

turnals ; and while the sloths spend the whole of their

lives among the branches of the dense forests of South
America, all the others have taken to a burrowing sub-

terranean life. Moreover, as we have noticed in an earlier

article on " Mail-Clad Animals," the armadillos and the

pangolins have acquired a special protection from their

foes in the shape of a bony or scaly armour, which
is a perfectly unique feature in the whole mammalian
class. Another peculiarity of the group is that no less

than three distinct sections of its members—namely, the

anteaters of South America, the pangolins of Southern
Asia and Africa, and the African aard-varks—have taken
to feed mainly or exclusively on termites, or so-called

white ants. This practice obviously gives them an
advantage in the struggle of existence, since, with the

exception of the marsupial banded anteater and the egg-

laying spiny anteater of Australia (with which, of course,

they do not come into competition), no other mammals are

in the habit of subsisting exclusively on those insects. And
we may notice here that of the three groups of termite-

eating edentates, two—namely, the paugolins and the

anteaters— are those which have entirely lost their teeth
;

while in the aard-varks those organs are retained. As
teeth are obviously of no sort of use to animals subsisting

on such a diet, we may regard the two former groups as

those most specially modified for their particular mode of

existence ; and it may thus be suggested that they have
taken to termite-eating for a longer period than the aard-

varks. A similar observation also applies to the banded

Fro 2.—Till' Pichieiago. (From .JiU-cliiie.)

and spiny anteaters of the antipodes, the former retaining

a number of minute teeth, while in the latter they have
completely disappeared. Needless to say, all termite-

eating mammals, whether they be edentates, marsupials,

or egg-layers, have extremely long, narrow, and extensile

tongues with which to pick up their insect-food ; but the

presence of such an organ does not, of course, imply any
mutual affinities between the pos3essors thereof, and is

merely an instance of the similarity of organs arising from
adaptation to a similar mode of existence. The tongue of

the aard-varks is, however, far less elongated and exten-

sile than that of the pangolins and true anteaters; and,

tlierel'ore, tends to conMrm our suggestion as to the relative

duration of time since the ancestors of these creatures

severally took to termite-eating. Another instance of adap-

tation displayed by all the edentates, except the arboreal

sloths, is to be found in the pow'erful and generally elongated

claws or nails with which tlieir feet are armed, such claws

being obviously necessary for a fossorial subterranean

existence. Tjje aard-varks, as will be seen from our

third figure, have, however, much shorter and blunter

claws than any other member of the group; and this leads

me to hazard the suggestion that, in addition to having
taken at a comparatively late period to termite-eating,

these animals have not been accustomed to a subterranean

life for so long a time as their reputed kindred.

Having said thus much as to edentates in general, we
must turn to the special consideration of the creatures

whose names form the title of this article.

The armadillos, as their name (a Spanish one) imjilies,

are distinguished by the solid armour with whicli their

heads and backs are protected ; and it is doubtless the

peculiar appearance presented by these animals to which
we owe the expression " hog-in-armour." In all the

armadillo family the armour takes the form of a series of

thicker or thinner bony plates embedded in the skin

covering the head and back, and overlain by horny scales;

while the under parts of the body and limbs are hairy, and
in many species a larger or smaller number of stift' hairs

protrude from between the joints of the armour. This bony
armour is a perfectly imique feature among existing

mammals ; and since each plate is ornamented with a

more or less ela-

borate sculptured

pattern, such
armour when
cleaned by macera-
tion forms a most
beautiful object. In

the true armadillos,

as the one repre-

sented in Fig. 1,

the shield ofarmour
covering the head is

quite distinct from

that of the body
;

while the latter is

~-
, divided into three

distinct portions,

namely, a large

solid shield cover-

ing the fore-quar-

ters, and separated

by a larger or
smaller number of

free movable bands
occupying the
middle of the
body from a nearly
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similar shield protecting the hinder portion of the animal.

In our figured example the number of the movable bands
is only three, but they may vary from sis to nine up
to as many as twelve or thirteen in other species. In

one extinct armadillo there were, however, no solid

shields, the whole body being covered by a series of

thirty-two movable bands. The latter species evidently,

therefore, leads on to the rare and beautiful little

creature represented in our second illustration, which
rejoices in the name of pichiciago. In this tmy animal,

which is only about live inches in length, and has a pink-

coloured armour above, and long silky white hair below,

the armour of the head and body forms a continuous shield

of horny plates underlain by very thin plates of bone, and
is attached only to the middle line of the back, so that the

lateral portions form a kmd of cloak loosely overhanging

the hairy sides of the body. The hinder end of this cloak

is abruptly truncated, and beneath it the hind-quarters of

the animal are protected by a sohd bony shield, through a

hole in the centre of which protrudes the small cylindrical

taU. When the animal creeps beneath a crevice hi rocks,

as shown in the right hand corner of our illustration,

which is not sufficient to conceal its whole body, the strong

shield on the quarters ati'ords an ample protection against

all attacks. The pichiciago is found on sandy plains only

in the western portions of the Argentine pampas. It will

be seen fi'om our illustrations that this creature also differs

from the true armadillos in the absence of the large

external ears which form such a characteristic feature in

the physiognomy of the latter.

Eeverting to the true armadillos, we find that the

majority of the species protect themselves fi'om attack by
squatting on the ground, and tucking their limbs within the

shelter of the edges of the armour of the body, while the

plated head is drawn as close as possible to the front shield.

On the other hand, the species represented in our illustra-

tion has the power of rolling itself up into a complete ball,

like the piU-millipedes of our own country, the wedge-
shaped head and tail fitting most perfectly side by side

into the deep notches of the front and hind shields. Thus
coiled up, the three-banded armadillo is safe from most
animals except man. Trusting in this immunity from
attack, this armadillo, together with two other species

inhabiting the Argentine, has become almost exclusively

diurnal in its habits. These diunial habits, as Mr. \\. H.
Hudson, in his charming work, " The Naturalist in La
Plata," suggests, may also have had the advantage of

avoiding any encounters with the larger animals of prey,

which are mostly nocturnal, and some of which may have
been able to break through the protecting armour, more
especially in the species which lack the power of rolling

themselves up. Whatever advantage may have formerly

accrued from these diurnal habits before the appearance
of man on the scene, is, however, now completely lost in

cultivated districts, where these species stand a good
chance of being completely exterminated by the hand of

man.
On the other hand, the six-banded pelado, or hairy

armadillo, of the Argentine, which differs from its

cousins in preferring an omnivorous diet to one of insects,

is a far wiser beast in its generation. This creature,

according to Mr. Hudson, adapts itself to the conditions

under which it exists, and thus stands a good chance of

surviving when its fully-armoured relatives perish. " Where
nocturnal carnivores'are its enemies," writes the observer

mentioned, " it is diurnal : but where man appears as a

chief persecutor, it becomes nocturnal. It is much hunted
for its flesh, dogs being trained for the purpose

;
yet it

actually becomes more abundant as population increases in

any district." Another writer says that beneath any
decomposing carcase lying in the Argentine pampas, the

burrow of a pelado is almost sure to be found : and it is

not a little remarkable that the flesh of a creature which
has such unpleasant tastes in the matter of diet, should be
so eagerlj- sought after as an article of human consumption.

Before taking leave of the pelado we must not omit to

mention two other peculiar habits which are recorded of it

by 'Sir. Hudson, since these also mark it as a creature far

above the generality of its kind in point of intelligence.

The first of these peculiarities is the ingenious way the

creature catches mice, by approaching them with extreme
caution, raising itself on its hind-quarters, and then
suddenly proceeding to "sit down'' on the unfortunate
rodents, which become entrapped under the projecting

edges of its armour. The sharp edges of the armour are

also brought into requisition when this armadillo attacks

a snake preparatory to devouring it ; the snake being

pressed close to the ground beneath the edges of the bony
plates, and literally sawn to death by means of a back-

wards-and-forwards motion of the body of its assailant.

The largest of living armadillos is one which inhabits

the moist forests of Brazil and Surmam, and has a length

of about 30 inches, exclusive of the unusually long tail,

which is some '20 inches in length. These dimensions

were, however, vastly exceeded by some extinct armadillo-

like animals, of which the remains are found in the caverns

of BrazU. The most gigantic of these creatures, which
flourished during the pleistocene epoch—the period jitir

e.iYcUtnie of giant mammals—is estimated to have been
nearly equal in size to a rhinoceros, and has been named
the chlamydothere. The armour appears to have been

very like that of the true armadillos, but the bony plates

measured as much as five and six inches in length, in

place of little more than an inch. The teeth differed,

however, from the simple conical ones of the modern
armadillos, and more nearly resembled the vertically

fluted ones characteristic of the extinct glyptodonts.

Unfortunately, space does not admit of further reference to

the gigantic creatures fi'om the pleistocene of South
America, to which the latter name has been applied, all of

which are distinguished from the armadillos by the armour
of the body being welded into a single solid dome-like

shell, of which a specimen is figm'ed in the article on
' Mail-Clad Animals.

'

Passing on to the animals whose name comes second in

the title of this article, we have first of all to mention that

the designations by which these creatures are commonly
known exhibit that remarkable want of originality in

nomenclature which appears to be characteristic of Euro-

peans when they are brought for the first time into contact

with hitherto unknown animals. Thus, whereas the Dutch
Boers of South Africa apphed to the creatures ui question

the title of " aard-vark " (meaning "earth-pig"), the

English colonists of the Cape commonly speak of them
as the ant-bear. Now, if there is any one particular

animal which the aard-vark (as we must perforce term

the creature) is unlike, it is a bear ; while its resemblance

to a pig is only of the most distant kind. StiD, however,

as in the case of the order to which it belongs, we must
be content to designate the animal by the name by which
it is most commonly known.

In appearance, aard-varks, of which there are two species,

are decidedly ugly creatures, having thick ungainly

bodies, a long pointed snout, enormous erect ears, and

a thick cylindrical and tapering tail, nearly as long as

the body. The skin is either almost naked, or thinly

covered with bristle-like hairs. The fore feet have but

five toes, which are armed with broad and strong nails, as
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are the five toes of the hind limb. As -we have already

mentioned, almost the only feature ^vhich the aa-rd-vark

has in common -nith the armadillos is the absence of front

Fig. 3.—The Ethiopian Aard-Tavk. (From Sclater, Proc. Zoo}. Soc.)

teeth, and its cheek-teeth are quite unlike the simple ones

of the latter, as, indeed, they are dissimilar to those of any
other mammals. In the first place, they are preceded by
a functionless series of milk-teeth (a featiu-e found else-

where among edentates only in one species of armadillo),

while in the second place the premolars are unlike the

molai's. The latter are composed of a number of closely

packed denticules, each furnished with a central pulp

cavity, and by their close approximation forming polygonal

prisms, so that a cross-section of one of these teeth

presents the appearance of a pavement. No dental struc-

ture among mammals is at all comparable to this, although
there is some approximation to it among certain fishes.

Of the two living species of aai'd-vark, one is confined

to South Africa, while the other (represented in our figure)

inhabits part of Egypt and other districts in the north-

western portion of the same continent. A third species

occurs fossil in the pliocene deposits of the Isle of Samos,
but with this exception the paheontological record is silent

as to the past history of these strange creatures, as to

whose origin and relationship to the other animals we are

at present utterly in the dark. Indeed, the aard-vark is

placed among the edentate mammals chiefly because
zoologists do not know where else to put it, and they take

that group as a kind of refuge for the destitute. Were it not
that the burdening of zoological science with new names
is from all points of view to be deprecated, there is, indeed,

much justification for regarding these animals as the sole

representatives of a distinct order, but, although in some
ways such a new departure would be convenient, I do not
know that in others it would be of any great advantage.
But in including them provisionally among the edentates
we have to recollect that their afiinities with other mem-
bers of that group—not even excepting the pangolins

—

must be extremely remote.

Aardvarks lead what would seem to us a very dull and
monotonous kind of life, passing the whole of the day
curled up in their deep burrows, which are generally ex-

cavated hard by the tall pyramidal hills made by the
tei-mites, and only issuing forth at night to dig in the

mounds for their favourite insect-food. Not a great many
years ago it used to be said at the Cape that wherever a

clump of termite hills was to be seen there an aard-vark's

burrow might be pretty confidently ex-

pected. Unfortunately, however, as we
learn from a recent report of the Agri-

cultural Department of the Cape Colony,

this is no longer the case, and the aard-

vark of that district runs a good chance

of being exterminated at no very distant

date.

This deplorable result is being brought

about by the incessant pursuit of these

animals by the natives for the sake of

their hides and flesh, and also to their

being dug out by Europeans for so-called

sport. Their flesh is said to be excellent,

and is compared to superior poi'k ; while

the value of each hide is about fifteen

shillings. This threatened extermination

is a very short-sighted policy on the part

of the South African farmers, to whom
the aard-vark (as the report before us

points out) is a valuable ally, not only

on account of the enormous number of

termites it consumes, but likewise from
the circumstance that while it is engaged
in digging for these insect-pests it covers

with loose earth a quantity of the seeds

of grass and other pastoral herbage which would otherwise

perish during the hot season. Although there is no
likelihood at present of the Ethiopian aard-vark sharing

the threatened fate of its southern cousin, yet the extermi-

nation of the latter would be a sad loss to zoological

science, and we therefore wish every success to a movement
which we hear has been set going by the Cape Farmers'
Association for the protection of this most strange and
curious creature ere it be too late.

ON THE DISTRIBUTION OF STARS IN THE

MILKY WAY.

By John Eichabd Sutton, B.A.Cantab.

S'

EVEKAL considerations seem to point to the con-

clusion that the galaxy must be generally of a

roughly circular section ; for if we imagine the
true depth of the galaxy along the line of sight to

be considerably greater than its true breadth (a

form to which Sir John Herschel inclined after his study
of the stars in the southern hemisphere), we should have,
since the sides of such a figure would probably not be
smooth, but would be crowded with excrescences and
streamers, a great degree of brightness along the central

line of the Milky Way throughout its whole length, and a

rapid shading oti' to the edges ; and the greater the depth
of the Milky Way along the line of sight, the more would
this aspect be exaggerated. On the other hand, if the

galaxy be of roughly circular section, the decrease of

brightness would be much mqre gradual—which is indeed
the case.

Perhaps Figs. 1 and 2 will make this clearer. Let S be
the sun ; SA, SB, SC, SD, lines in a plane through the

sun at right angles to the direction of the galaxy G ;

a, b, c, streamers. We see that in Fig. 1 the brightness

along SA and SD would be considerably less than along
SC, which again would be considerably less than that
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along HB: In Fig. 2, however, the corresponding effect

would be much less marked. To these considerations may

be added that pointed out by the late Mr. Proctor, that

the galactic coal-sacks and lacunae are altogether against

any great depth along the line of sight.

-A

It seems to me that the strength of this argument (such

as it is) gives us something more than a clue to where the

greatest proportion of the mass of the Milky Way may be

found.

Let us, at a venture, in the absence of any trustworthy

evidence one way or the other, make a similar assumption

to Sir William Herschel's, and assume the stars to be

uniformly distributed throughout the whole Milky Way.
Let P, Q (Fig. 3) be lines of sight bounding any

p

galactic area. The actual distance of this area is imknown,
it may be at A or at B, or since the average angular ;

breadth of the galaxy is nearly constant everywhere, let
,

us assume that A is a portion of it from one part of the
!

sky at a certain distance, and that B is a portion from i

another part of the sky at another distance. A and B are

of the same angular dimensions. We want to compare
the brightness of A and B on the assumption that each
contains the same number of stars in a given volume. I

Let d and D be the true distances of A and B, B and A
their diameters ; then

Volume of A : volume of B = 8^ ; A'
= d' : D''

= d^ : n'd'
= 1 -.n"

where D = n d.

But the brightness of each star in B will be reduced in

the proportion of D -
: d-, that is as n-d- : d-, that is as

n -
: 1. Therefore the brilliancy of B will be to that ot A

in the proportion of n : 1. In other words, on the

assumption of uniformity of distribution, the brightness of

the different parts of the Milky AVay would vary as the

distance. It has been shown (see Knowledge for February,

1891) that the brilliancy of a given sheet or volume of

stars will remain constant whatever its distance ; and this

fact has been used to controvert Proctor's spiral theory of

* Nor would the optical effect be materially diifcreut on the view
that the Milky Way is a collectiou of clouds, oue behind the other,

for a vast distance along the line of sight. I do not contend that it

has not this particular cloud structure ; what seems certain is, that if

it has, the clo\ids can neither be far apart nor numerous, uor of

great individual depth. Bat see Mr. Banyard's article in KauVfLBUQE
for July, 1890.— J. R. Sutton.

the Milky Way. For the main argument for the spiral

theory was based upon the erroneous conclusion that the

faintness of the great branching streams fi-om the Milky

Way was due to an approach to " evanescence through

vastness of distance." But on the assumption of a

uniformity of distribution, it would be necessary (since the

angular breadth of the great branching streams is not

materially less than that of the main stream) that these

streams, if part of a spiral, should be considerably

brighter than the rest of the galaxy, f unless, indeed, the

distribution decreased with distance from the sun : an

arrangement not altogether impossible perhaps, if we
could regard the sun as in some way the mainspring of the

whole visible universe.

It will be noticed, however, that the calculation above

involves, in fact. Sir William Herschel's other and later

hypothesis of a general equality of real size among the

stars. If the Milky Way stars are collected into groups of

difl'erent orders, i.e., if stars of one size segregate into one

region, those of another size into another region—a ten-

dency which seems to obtain, to some degree, among the

sporadic stars in various parts of the sky—a considerable

modification must be introduced into our result. Con-

sider two stars S and s, of masses in and 1, and diameters

A and S respectively, at equal distances from the sun.

Let their brilliancy, surface for surface, be the same.

Then we have

—

The total brightness of S ; the total brightness of s as the

surface of S : surface of s, that is as A- : 8-, but m : 1 =
A ^

: 8 ">
if the densities are the same.

Therefore A- : 8- = mf : 1.

Therefore the total brightness of S : the total brightness

of s as m| : 1

.

If now we could suppose the iikius of any given volume

of the Milky Way to be constant, for every star (S) in the

one place we should have m stars (s) in the other place.

Hence

—

The total brightness of S : the total brightness of m s

= mf : m
= 1 : mj

so that, on the assumption of equal surface brilliancy, the

region containing the smaller stars would be brighter in

the ratio mj to unity, and it follows that the ratio of the

brightness of A to the brightness of B (referring again to

the notation of Fig. 3) will be as unity is to n m^, or as

)»J ; H, according as the smaller stars are found in B or A.

In the latter case, if m be greater than n^, A would be

brighter than B. If, then, the galactic stars collected

rigorously in classes of magnitude, it would be clear that

the brightness, taken alone, of the Milky Way, would have

no immediate significance in the present state of our

knowledge.
That the galactic stars do collect into minor sheets and

volumes of one particular star-magnitude, may be admitted

without prejudicing the fact that over any extended region

such a tendency is not obvious. Individuahty, so to speak,

becomes lost in the crowd. Photography adds its testi-

mony to telescopic observation, that the average magnitude

of the stars belonging to the Milky Way proper, in any

given region, will be about equal to the average star-

magnitude of the whole ring. That is to say, if we take a

[t This ingenious reasoning of Mr. Sutton leaves out of account

the absorption of light in its transmission to us from distant parts of

space. It seems very improbable that the loss of light due to absorp-

tion shoidd just balance the increase of brightness of the stream duo

to its greater thickness, especially when great distances are involved,

for the absorption would increase accordinj to an exponential law

.

while the brightness would, accoi'din^ to Mr. Sutton's assimiptions,

oidy increase directly iis the distance.—A. C Ranyaed.]
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large area of the Milky Way, and divide all the stars we are

able to detect in it with a given power, into half a dozen

classes of an ascending order of magnitude, containing,

say, o, h, c, d, e, f stars respectively in each class, then the

ratio a : b : c : d : i: f, is nearly enough constant for the

same magnitudes over the whole ]\Iilky Way.
We have, then, some reason for the inference that we

may reason upon the Milky Way stars as upon an equal

number of stars of a standard size equal to the average i

magnitude of the true Milky Way stars. In short, if the '

Milky Way have a stars giving /* units of light each, h stars >

giving I] units of light each, c stars giving r imits of light ',

each, &c., we may for present purposes regard it as con-

sisting of a+ b4-c+ . . . equal stars each shining with
( ap+bq-i-e.-+ .)

^^jjjjg q£ J- JjJ g^jjj jj^jg fraction may be
( a+b+c+ )

o ' J

regarded as the standard star for any galactic area

of considerable extent, leaving the lucid stars, of course,

out of consideration. May we, therefore, argue with equal

confidence for an equality of distribution ? Clearly we
may not, unless we are to adopt the unscientific conclusion

to which the first calculation in this paper would lead us

that exactly where the MOky Way is brightest there it is

farthest away, and that its breadth increases in exactly

the same proportion. The only apparent alternative is

that the greater brilliancy of the Milky Way in parts of

Cygnus and Scorpio, and in the great bright galactic clouds

of the southern hemisphere, is due to a greater number of

stars in a given volume.

Such evidence as it is amounts to (1) a general circularity

of section ; (2) a general equality of magnitude ; and (3)

an unequal distribution of the stars throughout the Milky

Way. We can state, therefore, as at least an approximate
i

truth, that the brightness of any part of the Milky Way is
{

a measure of the relative number of its constituent stars,

and, in a less degree, of its relative mass. Now the Milky

Way in the southern hemisphere is of considerably greater

brilliancy than it is in the northern hemisphere ; or, to be

more correct, the portion of the stream reaching from
Cygnus through Aquilla to Argo, is brighter than the

remaining portion, an arrangement followed, strangely

enough, by the belt of great stars which intersects the

MOky Way in Cygnus and Argo. It is in the southern

hemisphere, then, that the matter of which the Milky Way
is composed should be found in the greatest profusion.

The actual proof or disproof of this purely speculative

result, however, can only be gradually evolved by years of

work in the observatory. There are two chief difficulties

to face : one the difference of texture, so to speak, between
the northern Milky Way and the southern ; the other, the

possibility that the brightness of the galactic clouds may
be due in part to local collections of clashing meteoric

matter, though it must be admitted that meteoric matter is

on the whole quite as likely to stop light as to send it.

We can at any rate assert with some confidence that the

brighter the region the greater the number of stellar points

comprised within it, whether our instruments reveal them
individually or not.

[Mr. Sutton leaves out of account brightness due to

nebulosity between the stars.—A. C. Kanyard.]

* I assume here that the sun is not far from tlic centre of the
galactic ring. The aspect of the Taurus-Orion belt of great stars

seems to indicate that the true Milky W.ay stars are limited to tele-

scope magnitudes. Nearly every bright star on the Milky "Way
appears to belong in some way to this belt, and the galaxy itself is

rich in bright stars because it meets the belt at a rery acute angle.
This consideration eliminates the lucid stars from consideration here,

and hence reduces the number of magnitudes we have to deal with.

The exactitude with which the standard star represents the true
average star is correspondingly increased.— .J. R. SriTOir.

Fig.3.—^Leg of Caterpillar

of Groat Motli. magnifiecl

8 diameters.

CATERPILLARS.-II.

By E. A. Butler.

[Continued fro^n paije 206.)

CONTINUING the account of caterpillar structure

which we commenced last month, we come to the

three segments immediately behind the head. Each
of these carries a pair of conical legs terminating

in a sharp curved claw (Fig. 3). From their situa-

tion it is evident they correspond to the legs of the perfect

insect, and that the three segments to which they are

attached represent the thorax of the butterfly or moth,

although there is here no definite

line of division, as there would be

in the perfect insect, to separate

them from the rest of the body.

These legs are of considerable use

to the caterpillar, not only in walk-

ing, but also and more especially

in holding the leaves while it is

feeding. The blade of the leaf,

being attacked at its edge, is steadied between the

caterpillar's legs, while its head is stretched out to the

full, and its mandibles, having been opened laterally, are

brought with a sudden snap down upon the leaf edge lying

between them. By this action a fragment is punched out

as it were and immediately swallowed, while in far less

time than it takes to describe the action, the head is bent

round along the arc of a circle and a fresh snip taken as it

is brought into each new position, so that in the end a

curved excavation is made in the tissues of the leaf.

Throughout the whole tribe of caterpillars there are

scarcely any other organs that are so uniform in structure

as these legs, and there is rarely anything exceptional about

them, however varied may be the habits of the insect. But
we have one species, the caterpillar of the lobster moth
[Suiiiropm fii;ii), which deviates notably from this uni-

formity—a deviation sufficiently remarkable to lead us to

suspect and look about for some adequate cause. In this

rare and curious caterpillar two of the three pairs of legs

are greatly elongated and, pointing forwards, sprawl out at

the sides in a rather spider-like fashion ; at the same time

the front pair, which are not elongated, are widely opened
somewhat as the jaws of a spider might be made to gape,

and the hinder part of the body is bent up over the back,

thus making some sUght approximation to the shape of a

spider's globose hind parts. Now as this is not the ordinary

attitude of the caterpillar, but is only assumed when it is

irritated, we may reasonably conclude that its assumption

is intended as a means of defence, and it has therefore

been supposed that this " terrifying attitude," as it is called,

suggests to the creature's enemies a dangerous foe of the

spider class and induces them not to molest it. It is true

that the resemblance to a spider is far from perfect ; in

particular, the body is not so broad as a spider's would

be, and there are only two pairs of legs extended instead of

four ; in fact, as Mr. Poulton, who has had good
opportunities of watching this larva, admits, the " sug-

gested monster" is " exactly like nothing upon earth, but

is, nevertheless, most effective in its appeal to the

imagination." At any rate, to an enemy gifted with some
degree of imaginativeness, and approaching it in front,

it would look sufficiently uncanny to suggest the idea of

possible powers of harm-doing, and thus rouse feelings of

suspicion and cause a would-be captor to hesitate before

attacking it. Of course, if the enemy is shrewd enough
to see through the deception, the fate of the larva is sealed,

for it is in no way able to inflict injury or to protect itself
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further, nor does it seem to be in the least degree an un-
palatable morsel.

But as a few actual experiments are worth more than
any amount of theorizing, we are fortunate in having
records of the observed behaviour of this insect in situa-

tions of danger. Mr. Poulton placed one of them on a
table and caused it to assume the terrifying attitude ; he
then drew the attention of a marmoset to it, but though
this little monkey is very fond of caterpillars, and would
seize with avidity those of an ordinary appearance, it

hesitated for some time before proceeding to the attack,

and when at last it summoned up sufficient corn-age,

advanced in a very cautious manner. A lizard also

manifested hesitation in a similar case, although, being
a less intelligent animal, and therefore presumably less

imaginative, it was not so strongly affected as the monkey.
In this case the attitude was sulSciently iutiuential to

cause hesitation on the part of the marmoset, though it

did not succeed in saving the insect's life. But possibly

the result might have been different in the wild and open
state of nature, where there would have been many other
opportunities of obtaining food, and the preliminary
reluctance might have developed into complete avoidance,

and thus have been the means of preserving the cater-

pillar's life ; and though no such foes as monkeys of any
kind would encounter it in a native condition in this

country, it is not improbable that birds, which would be its

chief vertebrate enemies, might be daunted in the same
way as the marmoset.

It has also been suggested that the spider-like attitude

may be intended to frighten away ichneumon tlies as well

as vertebrate foes, not that parasites belonging to this

group never attack spiders, but that they seem, as a rule,

inclined to avoid them, and in fact they are very seldom
found caught in spiders' webs. And fiu-ther, it has been
pointed out that the lobster moth caterpillar has a certain

peculiarity of markmg which would tend to protect it from
ichneumons, even if they were not deterred by its fautasiic

appearance. On the first and second segments behind
those to which the legs are attached, there is on each side

a small pouch-like hollow of an intensely black colour,

but capable of concealment by means of a triangular flap

of skin. When the caterpillar is at rest, the black spots

remain covered, but when irritated and alarmed the flap

is drawn back and the black marks made to become con-

spicuous. Now, as ichneumon flies are apt to make small

wounds on caterpillars, not only by their ovipositors, but
also by their jaws and claws as they hold on trying to

effect oviposition, and as the blood issuing from these

wounds invariably forms a black clot, it is suggested that

the appearance of these black spots on the lobster cater-

pillar may give the idea to an ichneumon contemplating
attack that the insect has already been selected and has
received the indwelling parasite, so that it is not available

for the reception of another. It is much to be desired

that experiments on this score could be tried with
ichneumon flies, but for this we must be content to wait.

Even with these beautiful adaptations, if they be such,

we do not exhaust the means of defence possessed by this

remarkable insect. Its brownish colour almost exactly

resembles that of a dried and curled-up beech leaf, that

being one of the trees on which it feeds, while in the time
of its larval life, the late summer and autumn, such leaves

would be likely to be about : and again, iis long legs have
been pointed out by Mr. Poulton, not only to be suggestive

of spiders, but also, when folded up in ;he position of rest,

to resemble very closely the little bunt lies of brown scales

or stipules that hang down from the leaves of the beech
tree. So this insect seems to be a special pet of Nature,

the one fraU child which is not fit to rough it, and to

secure whose welfare, therefore, unusual precautions are

required, its special need having led to the acquisition of

quite special means of protection ; and indeed, notwith-

standing this, still it is not able to flourish and multiply

to any great extent, for it is never other than a rare

insect.

The six thoracic legs, as might be inferred from their

form, are not the only, nor indeed the chief, means of

progression possessed by caterpillars. Some of their hinder
segments are furnished with pairs of fleshy and highly

elastic pillar-like appendages, called claspers or prolegs,

which are their chief, and sometimes their only means of

support when they are on their food-plant. In aU the

larger species these organs have great grasping power,

which is due to. numbers of little hooks round their edge
(Fig. 4), by aid of which the caterpillars can hold on so

tightly that they

will often endure
damage rather than
relax their grasp,

the claspers them-
selves meanwhile
remaining firm and
tense by reason of

the blood which is

Fig. 4.—Microscopical preparation, showing forced into them and
hooks on proleg of Caterpillar of Lime i 4. ii j
Hawk Moth, maVified 16 diameters.

^^^pt there under
pressure. The most

common number of these equivalents of legs is five pairs,

which gives the insect, together with the three pau-s of

thoracic legs, a total of sixteen points of contact with its

base of support when at rest. One pair of prolegs is

situated on the last segment ; on the two segments in

front of this, for a reason we shall see presently, there are

none ; and then the remaining four pairs occur on the

next four segments ; hence, rememberiog that there are

in all twelve segments besides the head, it follows that

between the last pair of true legs and the first pair of

prolegs there are again two segments unprovided with
appendages.

\\ hen a caterpillar thus equipped is resting stretched

out at full length along a leaf or stem, it would generally

hold on by all the sixteen legs; but some species rest

clinging by the prolegs alone, the front part of the body
being then elevated into the air. Special attitudes of rest

are often characteristic of different groups. Thus, for

instance, the caterpillars of several of the " hawk moths "

elevate the front part of the body, and giving it a

graceful curve, rest with it kept steadily, in a state

of rigidity, in that one position, thus reminding one of

the contour of an Egyptian sphinx. Amongst British

insects this is best seen in the common privet hawk
moth {Sphiti.r liiimtri), which derives its generic name from
the circumstance. After this caterpillar has reached its

mid career, the sphinx-Uke attitude (Fig. 5) is often

assumed as the ordi-

nary position of rest,

whence it would seem
that some other reason

should be sought for

it than that of attempt-
ing to deter possible

assailants, though con-

ceivably the striking

appearance of the
caterpillar in this
position might lead an animal which wished to make a

meal of it to think twice before pouncing upon so stately

Fig. o.—Caterpillar of Privet Hawk
Moth, showing sphinx attitude, natura I

size (after Poidton).
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anrl diguified a figure. Mr. Poulton indeed would reduce it

to a mere question of mechanics. He points out that the

attitude is only occasionally seen in the first two stages of

the caterpillar's life, and that after that period it becomes
much commoner, being most marked in the fourth stage,

(.(., the last but one. At this time the caterpillar usually

rests upon the mid-rib of a leaf on its under surface, and

later on, on upright stems, with its head towards the top of

the stem. In either case, as soon as the front part of the

body is released from contact with its support, it would
naturally, by reason of gravitation, tend to fall backward,

and the curved position would therefore result as a com-
promise between this tendency and the strain put upon its

muscles in the attempt to neutralize the effect of gravity by

becoming stiff and rigid. But though this expilanation

would no doubt account for much, it would not furnish any
reason for the lifting of the body in the first instance, nor
explain why the insect is not satisfied with doing as so

many other caterpillars do, and indeed as it did itself when
younger, namely, resting stretched out at full length on its

support, and holding on by all sixteen legs. Amongst
British insects we find some sixteen species of hawk moths,
but they do not all assume the sphinx-like attitude, which
is not marked in those that live in trees, while most of

those that feed on low plants do not exhibit it.

When a sixteen-legged caterpillar, resting comfortably

at full length, wants to begin to walk, it first advances the

last pair of claspers, raising them and setting them down
again nearer the last pair but one. This can easily be

done, for it will be remembered that the two preceding

segments have no legs, so that there is always a larger

space between the last two pairs than between the others.

Then, while it holds tight with this last pair, the others

are successively raised from behind forwards, and planted

firmly in the same order a step in advance, the legs of the

opposite sides being, of course, moved together, and not

alternately, as the perfect insect would do ; at the same
time a sort of wave of muscular movement travels along

the body. The wave at last reaches the thoracic segments
and the front part is thus moved on. The operation is

repeated again and again with considerable rapidity, and
thus the caterpillar manages to get over a good deal of

ground in a short time, the actual pace depending, of

course, to some extent upon the species.

Some caterpillars, such as those of the rare but beautiful

Kentish glory (Endromis versicolor), and the moths called
" prominents " {Xotodontiil(r), do not make much use of the

last pair of claspers, and habitually rest with them lifted

up and not adhering to any support. In other cases, they
are not only unused but actually absent, and in their place

we find a pair of stiff appendages forming a kind of tail,

which is of no use for prehensile purposes. This is notably
the case in the larva of the puss moth (Dicnviura rinida).

This extraordinary insect, which is scarcely less remark- I

able in form than the "lobster" itself, is a common species
i

and may be found in the summer feeding on the leaves of

willow and poplar trees. It throws the front part of its body
into a somewhat sphinx-like attitude, and at the same time
elevates the last three segments, which taper towards the ,

tail and terminate in a pair of stiff tubular sheaths, prickly

on the outside. From within each of these there can be shot
forth rapidly a long, flexible, whip-like organ (Fig. G) of a

beautiful pink colour, cylindrical and hollow, but closed at

the extremity. It is moved out and in much in the same
way as the tentacles of a snail, that is, b}' a process of
turning inside out and the reverse. The mechanism by
which this is effected is twofold ; it is extended by having
blood forced into it, and as long as it remains full it

retains its form and length, being at the same time capable

Fig. 6.—Whip and
sheath from tail

of Caterpillar of

Puss Moth, luag-

nified 4 diameters
(after Poulton).

of being flourished about lilie the lash of a whip ; it is

drawn back again by means of muscles
which run up its tubular cavity, and
are attached at its apex. The tip is

first drawn in, and then, following it,

more and more of the column, till the

whole is withdrawn into the sheath.

The action can be easily understood if

one imagines the finger of a glove to be

fully extended, and a thread to be passed

up it inside and fastened to the top
;

on pulling gently at the thread, the tip

descends into the hollow of the finger,

and thus the whole finger, if the sides

remain sufficiently firm, is gradually

drawai back in a reversed position into

itself and towards the palm, that

surface which was at first an outward
convexity now becoming an inw'ard con-

cavity. Of course, if means of exit were
not provided for the blood contained
in the whip-like filament, the muscular
contraction would fail to withdraw it,

as may be shown by tying a silken

thread round its base when it is erected,

so that the blood cannot return into the

body, and then it will remain extended
as long as the ligature is present.

Mr. Poulton has made very careful microscopical
sections of this little organ, and has shown that it is most
exquisitely constructed. The pink colour is due to a

layer of thickish cells of spindle-shaped outline placed
beneath the colourless outer layers of the skin. A little

beneath this again lie bands of muscular fibres in the form
of a hollow cylinder, and within this is a band of nerve
fibres and a number of nerve cells, all the interspaces

being filled with blood. The large comparative size of

the nervous portion indicates the great sensitiveness of the
organ, and accounts for the wonderful rapidity with which
it can be moved. The whole organ in fact is extremely
delicate, and slight damage done to it, especially at the
point where it joins the tubidar sheath, would entirely

destroy the power of shooting it forth ; this apparently is a

misfortune that usually happens sooner or later, for the

adult insect generally loses control over its filaments, and
they may then be found lying helplessly within the
sheaths. When, however, they are in good working order,

the insect, as soon as it is touched, dashes its head round
in the direction of the irritation and immediately shoots

forth the tail filaments and flourishes them about ; so that

there can be little doubt that their purpose is to scare

away ichneumon flies that may chance to alight upon its

back. How great a need there is for this is evidenced by
the fact that, notwithstanding this means of defence, a

considerable proportion of the caterpillars perish through
the attacks of a large reddish-yellow ichneumon ; without
this and other defences which they have, no doubt the

mortality would be much greater. Like the puss moth, the

"lobster" caterpillar also possesses no terminal claspers,

but a pair of long rod-hke appendages instead ; but they
are not hollow, and therefore possess no filaments. They
help to heighten the effect of the "suggested monster"
when the tail is turned forward and brought near .the

head, by becoming separated and thus simulating a pair of

antennas ; but when the caterpillar is lying extended they

are brought close together, and then simulate the stalk of

the withered beech leaf which the caterpillar suggests.

Other caterpillars belonging to the same group, those of

the "hook-tips," so called from the hooked fore-wing of





tn

I

B
IS

f-
£0

5

I

&

E
nl
(J

u
C
I

nl

I

o

>

«

O
J^
u
.J

Q
0::

<
•z

a.

<

w

cu

>^



December 1, 1892.] KNOWLEDGE 229

the moths, have the body tenninating in a single point,

while still others, the " prominents," have the usual pair

of terminal claspers, but make no use of them, seeming as

though they were gradually losing the power of doing so.

(To be continued.)

PHOTOGRAPHS OF SWIFT'S COMET.
By Prof. E. E. Barnard, of the Lick Observatory.

THESE three photographs, selected fi-om a series

and enlarged 2^ times, clearly show the remark-

able changes the comet was subject to when near

perihelion. A brief description of the pictures,

pending a more detailed discussion, may not be

out of place here.

These were made with the (> in. Willard lens, strapped

on to the tube of the Oi in. equatorial, which was used as

a following telescope. The focus of the Willard lens is

31 inches. As the comet was moving rapidly among the

stars, the clock-work, which corrects for the ordinary

diurnal motion, would not serve to follow the comet. The
nucleus was therefore brought to the intersection of cross

wires, a high power eye-piece being used on the 6i in.,

and the telescope was constantly shifted by hand with the

slow motion rods, so that the nucleus was always kept

perfectly bisected, the clock simply correcting for the

diurnal motion. The light of the comet seems to have
been very strongly actinic, as will be seen fi'om the amount
of detail shown with comparatively short exposui-es, very

little of which could be seen with the eye and telescope.

Cloudy weather interfered greatly throughout the time of

the comet's greatest brightness, -\fter a long cloudy spell,

I had examined the comet on April 3rd, when its tail

was traceable for 20- with the naked eye. The 12 in.

achromatic showed the tail, near the head, to consist of

two thin streams of slightly divergent light, with scarcely

any nebulosity between. There was certainly no third

stream.

The Photographs.
April 4th, l-5h. 30m.—16h. 30m. It will be seen in this

picture that a third branch had .made its appearance since

the 3rd, in between the two previously seen. This central

branch is shown in the photograph to be crested with a

fine bright Une, more or less cun^ed and broken. For a

short distance from the head a second line lies close by
and parallel to it. To the north of the northern branch,

there are one or two hair-like, dark spaces, which appear
darker than the sky near ; they are doubtless simple rifts

in faint diffused nebulosity surrounding the comet. It

will be seen that the tails of the comet readily break up
into quite a number of separate branches at some distance

from the head. The star trails, representing the direction

and amoimt of motion of the comet during the exposure,

are pear-shaped in this picture. This is due to the fact

that the exposure was begun when the comet was near
the horizon and the light of the stars was more or less

absorbed by the dense atmosphere. This peculiarity

serves to mark the beginning of the exposure and the

direction of motion of the comet, the motion being in the

direction of the large end of the trad.

April 6th, 1.5h. 85m.—16h. 40m. This picture shows
the remarkable changes undergone by the comet in the

short interval of two days. There is very httle or no
resemblance in the comet for the two dates. It will be

seen that the separation in the taU makes a rather quick

bend near the head. There are unequal bright areas in

the main taU, some of which are suggestive of the remark-
able changes seen in the picture for AprO 7th. There is a

little incident connected with the history of this photo-

graph of the 6th of April that may be of popular interest.

On this date it was necessary for me to go to San -Jose to

fulfil an engagement to lecture that night (being one of a

series of six lectures for the University extension). After

the lecture, at lOh. 30m. p.m. I hired a horse and buggy
and drove up the mountain, 27 miles, amving at the

observatory at 2.30 a.m., and between that time and dawn
secured this photograph. On this date, to the naked eye,

the tail was about 2.i^ long, the head being equal to a star

of the third magnitude.

April 7th, loh. 4.5m.—16h. 3om. This photograph was
made partly in moonlight and partly in dawn. I need

scarcely call attention to the unique appearance of the tail

on this occasion. There is still less resemblance to the

former appearance of the comet in the short interval of

twenty-four hours. A number of narrow branches are now
shown in the tail near the head, the middle or main one of

which has a curve in it some distance from the head. The
most remarkable and unique phenomenon, however, is the

apparent development of a secondary comet 2° behind the

head in the main branch. There is at this point a great

enlargement or swelling, which is gradualh" brighter in

the middle, and from which a new system of tails seems to

branch out. A photograph made the next morning iu full

moonlight showed only a portion of the tail close to the

head, the sky being too bright for the photography of faint

objects. The scale of these enlargements is 1 inch =
1-2=.

It seems to me that these photographs are a revelation

to us. We are familiar with the rapid changes that

comets sometimes undergo, but if these three pictures, so

close together in point of time, had been drawn by the

most competent observer, most astronomers would pro-

bably have attributed their remarkable differences to the

unskilful hand of the artist, for there is absolutely no
resemblance among them. The accuracy of the photo-

graphic plate, however, is unquestionable, and these

pictures therefore give us an insight into the rapidity and
vastness of cometary changes little dreamed of before.

In examining this series of photographs the idea has

been very forcibly impressed upon me that there was
possibly, in the case of this comet, a rotation of the taU

upon an axis through the nucleus, in a comparatively

short period. It is to be regretted that cloudy weather

broke the series to such an extent that it is not possible to

settle this question ; still it is a point that must be closely

looked after in our next large comet.

Mount Hamilton, August 31st, 1892.

ON THE FORMS OF COMETS' TAILS.

By A. C. Eanyard.

THE beautifol photographs, for which we have to

thank Prof. Barnard, show some remarkable

irregularities in the streams of matter driven away
from the nucleus and from the sim. There is not

merely a variation in the brightness or density of

different parts of the tail, such as might be caused by the

matter being driven away from the nucleus in varying

quantities at successive instants, but the edges of some of

the streamers appear to be distmctly curved or bent Ln an
irregular manner. This is particularly noticeable in the

southern edge of the great streamer, photographed on the

6th of .\pril.

We do not know how far the photographic record

obtained may be affected by the motion of the matter of

the tail during the 65 minutes for which the photographic
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plate was exposed, but any motion of a bright mass of

matter in the tail in a direction away from the comet's

head during the exposure would tend to obliterate such

irregularities, and give a straighter appearance to the

streamers or jets.

There can be no doubt about the existence of the

irregularities referred to. The southern (or right hand)

edge of the great streamer, photographed on the (ith of

April, is very distinctly notched or bent inwards at a

distance of about i° (that is, at a distance of about 3^^

inches on the scale of our plate) fi-om the nucleus. A
little above the notch the narrow stream of luminous
matter which forms the southern edge of the great

streamer divides into two, or forks. This is clearly shown in

our plate at a distance of about 5 laches from the nucleus,

and it is still more clearly shown on the glass enlargement
from the original negative which Prof. Barnard has
kindly sent to me. There is also just traceable on the

plate, and distinctly visible on the glass enlargement,

a narrow stream on the inner or northern side of this

branching structure, and several faint structures which
appear to branch or fork somewhat after the manner of the

structure on the edge of the great streamer.

There is also a distinct bend in the edge of the great

streamer of the 0th of April nearer the nucleus at the

jilace where it divides from the fainter group of rays

which form the southern half of the comet's tail. The
division between the great streamer which forms the

northern half of the tail and the group of rays which
forms the southern half is continued as a very narrow
black line towards the nucleus, and this line makes a very

obtuse angle with the rest of the southern edge of the

great streamer. On the northern side of this narrow dark
line is a bright forked structure, the branches of which trend

away from the nucleus, similarly to the branches of the

forked structure referred to above.

The branching structure last described has, as shown on
Prof. Barnard's glass enlargement, a form which reminds one
of a solar prominence, and it gives a clue which may possibly

explain the irregularities in the edges of the streamers. If

during the rapid evolution of vapours in the neighbourhood
of the nucleus, gas is evolved in irregular or intermittent

quantities, and is projected outwai'ds, we should expect an
uprushing mass of gas in passing through a resisting

medium or atmosphere about the cometary nucleus to take

the tree-like prominence forms which uprushing masses of

gas take upon the sun, and such prominence forms, as they
are driven away from the sua and nucleus, would give rise

to irregularities in the edges of the streamers as well as to

the mottled appearance of the tail which we see in Prof.

Barnard's photographs.

In a waterfall the foam on the surface tends to arrange
itself into parabola-like curves with the apex downwards,
because the stream is retarded at its edges, and a wave on
the surface or any other line across the stream moves more
rajjidly at the centre than at the edges of the stream, but
there are no such transverse markings in the mottling of

the tail of Swift's Comet. The mottlmg seems to be
disposed in irregular masses, with here and there an
appearance of branching in a direction away fi-om the
nucleus. Such irregularities are worthy of the closest

study, because deviations from general laws have always '

formed stepping-stones to further discovery.

Our first step is to make sure of facts. There can be
little doubt that there is a decided bend in the lower part

of the main stream photographed on the 7th of April,

about half-way between the nucleus and the curious knot or

branch in the main streamer, which Prof. Barnard describes

as a second comet
;
possibly it may have Iieen a secondary

or attendant comet, seen through the tail of the large one,
for such attendant comets have been observed before, though,
as far as I am aware, they have not appeared in the midst of

the tail of a large comet and, apparently, intimately asso-

ci.ited with one of its streamers. The fact which chiefly

weighs with me in concluding that the structure was pro-

bably a second comet is that the bright point which seems to

form the nucleus of the little comet is not stretched out into

a line by the motion of the camera in following the large

comet—as all the stars are. The nucleus of the little

comet was therefore a bright point which was moving with
the large comet. But the rest of the small cometary
structure has very much the appearance of being an irre-

gular branch from the main streamer of the large comet.
It is much to be regretted that we have not other photo-

graphs taken an hour or two before and an hour or two
after Prof. Barnard's photograph on the 7th of April, and
it would also have greatly added to the interest of his work
if Prof. Barnard had taken photographs of the comet with
short exposures of a few minutes before and after the long
exposures. We should then, no doubt, have been able to

trace more structure in the head or nucleus of the comet,
which is now obliterated by the long exposure. But
Prof. Barnard did not expect to find the light of the

comet so actinic. Curious irregularities have been noticed

in the tails of other comets, notably in the tail of the great

comet of 1H82. There is a curious increase of brightness

and striation towards the end of its tail, which was drawn
by more than one observer and was photographed on
October 20th at the Cape Observatory. The original

negatives of this comet have been deposited by Dr. Gill in

the library of the Astronomical Society at Burlington

House, and are well worthy of examination.

There is evidence which can hardly be doubted tending

to show that the tail of Donati's great comet, which
appeared in 1858, did not lie accurately in the plane of its

orbit. According to Prof. G. P. Bond, who collated the

drawings and observations of a great number of European
and American observers of this comet, and discussed them
in a very valuable monograph which was iJublished as

Vol. III. of the " Harvard Annals," the axis of the tail of

the comet was inclined at an angle of nearly -1° to the

plane of its orbit ; and during nearly the whole of its

apparition there was a contrast in the density of the two
branches of the tail, which remained unchanged when the

earth passed through the plane of the comet's orbit on
the 8th of September—a fact which points to the conclusion

that there was no revolution about an axis, of the nucleus, or

swarm of stones, from which the streams of matter forming

the tail issued.

The curvature of the tail or tails (for Donati's comet
had three), as well as the gradual decrease of density of

the tail with increase of distance from the nucleus, points

to the conclusion that matter is continually streaming

away from the nucleus, and is driven away from the sun.

Matter driven backwards into space with very great

velocity, compared with the velocity of the nucleus in its

orbit, would evidently form a nearly straight tail in the

prolongation of the radius vector (or line joining the

nucleus with the sun), while matter driven baeliwards with

a velocity comparable with the velocity of the nucleus

would drop behind the radius vector, and form a tail

curving backwards in the plane of the orbit, the curvature

being more and more apparent the slower the velocity with

which the matter of the tail was driven away. Thus the

dift'erent curvatures of the tails of comets exhibiting more
than one tail is accounted for.

Prof. Bredichin, whose theory has been much quoted,

is inclined to call in an unknown electrical repulsion,
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differing for different materials, to account for tlie different

velocities of repulsion, and the different curvatures of

cometary tails.

The particles of which comets' tails are composed are

endently very small, for they are small in average diameter

compared with the wave-length of light—tliis is rendered

endeut by the fact that the ligh,. dispersed of comets' tails

(except in the neighbourhood of the nucleus, where a

gaseous spectrum is recognizable) is generally strongly

polarized—and it seems to me that we may satisfactorily

account for the repulsion of such small particles from the

snn without calling to our aid any unknown force, but by

merely considering the repulsion which would be caused by

evaporation taking place from the side of the particles

exposed towards the sun. In a paper published in

Knowledge for February 16th, 1883, I have discussed

the accumulated effect of the minute recoils which must
accompan}' evaporation as one molecule after another is

thrown off' from the surface of a small heated body towards

the sun. When three-fourths of a heated particle have

been thus evaporated towards the sun, the velocity of

the remaining one-fourth away from the sun would be

greater than the molecular velocity of evaporation, but the

irregularities in the tails of comets referred to above show
that we have other forces to consider, which slightly vary

the form that cometary tails would assume if the matter of

the tail were only acted upon by repulsive forces, in

directions awav fi'om the sun and awav from the nucleus.

Scicnct Xotrs.

Part XIII. of •' The Old and New Astronomy," contain-

ing the last portion of the chapter on the SteUav Universe,

with the title page, preface, and index, is now in the hands
of the public. .^,

Fresh applications of photography are continually being

reported. The camera has revealed much with regard to

animal locomotion ; the nature of the horse's move-
ments in trotting and galloping have been revealed, much
to the surprise of many animal .artists. So with regard to

the movements of birds' wings, which have been photo-

graphically registered. But photography lias recently been

applied to record the movements of the growing parts of

plants, and some curious results have been obtained. In

the case of the hop-convolvulus, the movement of the

young stems consists of a succession of irregular, circular,

or elUptical curves, which vary every moment, even in

their direction. These movements are caused by unequal

growth in dift'erent parts of the stem. Even when asleep,

plants move, not, as was formerly supposed, interruptedly,

but continuously.
. .,

The apple-rot is produced by a parasitic fungus, which
appears to be the same as that which causes the ripe-rot

in grapes. The disease is infectious, as anyone who keeps

a number of apples may observe ; for it is passed on from

one apple to another. But if those who gather the apples,

and pack them for market, were a little more careful in

handling them, we should not have so many affected.

Any slight bruise on the skin is sufficient to cause those

disagreeable brown spots which cannot be eaten.

In a recent number of Xciturc, Mr. H. H. Dixon de-

scribes the walking of certain insects {Artkmpoda) as

revealed by photography. The paper is most interesting.

Congress has this year refused, for the present, to

sanction any further expenditure on the United States

Geological Survey. Field work has been suspended, but

it is to be hoped that the survey will not come to an end,

for such an event would be little short of a catastrophe.

Enghsh geologists have learned a great deal from the

splendid monographs and bulletins that have been so

generously supplied to our libraries and museums, and all

must admire the ability and thoroughness with which most

of the work has been done. America is such a huge

country, and contains such magnificent illustrations of

physical features produced on a great scale by denudation,

volcanic action, earth-movements, &c., that it would be a

great pity if no further geological surveying were under-

taken. It is well known, however, that certain abuses

have been going on, and, if these can be removed, probably

this important work will some day be renewed.
•-•-«

An interesting discovery is reported in the November
number of the Jfalitiiranean Xatiiralixt by Mr. J. H.

Cooke, namely, the finding of a portion of an Arctic bear's

jaw I
Ursu.1 a'rcto:<} in pleistocene strata, Malta. It had

prenously been concluded, from the fact that elephants'

bones discovered there were much gnawed, that there must

have been carnivorous animals living there at that period,

but no remams of such could be found. Now Mr. Cooke

has earned out some excavations in the Har Dalam
cavern, and found the evideucfi^that was wanted, viz., an

entire ramua of the lower jaw of a bear with its canine

molars. Besides the bones of elephants, those of the

hippopotamus, stag and a large dog were foimd.—•--,

—

A new genus and species of blind cave salamander is

reported by Mr. L. Stejnger in the " Proceedings of the

United States National Museum." The discovery of such

an animal in North America is regarded by the writer as

a most important and interesting event.
«

Scie/ice contains an mteresting paper on the food of

humming-bu-ds by Dr. Morris Gibbs. Although he has

dissected many specimens, he found no evidence that they

lived on insects. Possibly, when flowers are scarce some

species of insects may be taken, but when flowers are

abundant the ruby-throat of Michigan lives on honey.

The important work by Mr. SaviUe Kent, on " The Great

Barrier Eeef of AustraUa," announced by Messrs. 'W. H.

Allen & Co., is a book to which naturalists are looking

forward with considerable interest. Geologists will also

be interested in it, both on account of the problems

connected with Darwin's theory of coral-reefs (now

I abandoned bv ilr. ilurray and others), and because there

1
are fossil reefs—probably of the same nature—buried in

several well-known English formations, viz., the Silurian,

devonian and carboniferous, and the Jurassic series. But

for some reason or other the biological aspects of coral-

reefs have been somewhat neglected, although their pools

and lagoons are full of varied forms of life. The author,

who is fishery inspector of several of the Australian

Colonies, is a recognized authority on lower forms of life,

such as infusoria, sponges, and corals. The book will be

illustrated by 16 coloured quarto plates and 48 photo-

graphs. The" former have been copied from paintings from

nature by the author. The photographs show large areas

exposed at low tide, and some submerged parts of reefs.

A very wonderful new " extinct monster " has recently

been set up in the Natural History Museima, CromweU

Road. It is to be seen in a handsome glass case at the

end of the fossil reptile gallery, among the ichthyosauri

and other extinct types. This fine specimen, the only

complete skeleton known, was discovered last year by

Professor H. G. Seeley, in South Africa, and has been
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described by him in a paper read before the Eoyal Society

in 1891. In length it is nearly eight feet. The bones are all

massive and strong, its legs are short, and when walking

the creature probably had a somewhat sprawling gait, like

a crocodile or lizard. The head is much like that of a

salamander, or even a frog. It is difficult to say what the

animal was most like, but it probably was amphibious.

Altogether it is a strange and now wholly extinct type,

with a resemblance to a salamander, and yet in some
ways aping a modern mammal. The name Pdiio.saunis

Bai7ii has been given to this remarkable reptile, and it was
found in the Karoo formation (probably of triassic age),

near Tamboer Fontein. , ,

,

More than twenty years ago Mr. Alfred Eussell Wallace
told the Zoological Society of a so-called " horned toad,"

which was said to squirt blood fi'om its eyes. The infor-

mation was derived from a correspondent in California,

and probably, at the time, many who heard the news were
disinclined to believe in it. But lately the matter has
been confirmed beyond all doubt. Mr. 0. P. Hay records,

in the " Proceedings of the United States Museum," that

two boys from Texas showed him some lizards belonging

to the genus Phnjnosoma (popularly known as " horned
toads," and distinguished by a remarkable frill round the

neck). These, the boys dfeclared, would sometimes, when
teased, squirt blood out of their eyes. At the time he
was incredulous, but lately he has proved that the boys
were right. A living specimen of this lizard, sent from
California, was in the museum near his desk. About
August 1st it was shedding its outer skin, and as the
process seemed a somewhat difficult one on account of the

dryness of the skin, he proceeded to give the animal a

wetting. For this purpose he took it up and tossed it into

a basin of water. To his great surprise, there suddenly
appeared on one side of the basin a number of spots of

red fluid resembling blood. By means of a microscope
this fluid was proved to be blood, and on another occasion

Mr. Hay was able to observe that the blood came directly

out of the right eye. Truly, there is no end to the possi-

bilities of Nature. ,, ,

The late Poet Laureate was one of the few poets who
introduced into his works the results of modern science,

and clothed them in poetic form. He thus not only
showed his sympathy with the age, but set a good example
to others by indicating that the love of Nature should go
with a desire to understand her workings, and the laws by
which all things are governed. Science, rightly considered,

is full of romance, and many a scientidc truth might, if

expressed poetically, be found quite as fascinating as some
old-fashioned romances and fairy tales. The famihar
saying, •' Truth is stranger than fiction," is often on our
lips, but few seem to act upon this truth by endeavouring
to bring out the poetic aspects of science. Geology teaches
us that the former history of our earth is, as it were, a
great drama. To the geologist the world is a stage on
which the various scenes in this great earth-drama have
been enacted. The players were the pre-Adamite animals
whose remains we discover embedded in the rocks beneath
our feet ; while old-world forms of vegetation gave
beauty and completeness to the scenery. Then there is

the romance of Astronomy, which appeals very forcibly to

some people. But every science has its romance, from
Chemistry, with its ever-dancing molecules, to Biology
with its wonder-working protoplasm—the basis of all life.

Lovers of Tennyson will easily recall certain passages in
his writings in which scientific discoveries (and sometimes
theories) are introduced like precious stones set in the gold
of verse. The following examples occur to us, but doubt-

less our lovers of Tennyson will recall many others. In
" Locksley Hall," a lovely description of the Pleiades is

followed by two lines referring to the untold ieons revealed

by Geology :—
'' Here about the beach I wandered, nursing a youth sublime

With tile fairy tales of science, and the long results of time."

Geological truths are again referred to in " In
Memoriam." The following lines refer to former geo-

graphical revolutions ;

—

" Tliere rolls the deep where grew the tree.

O earth, what changes hast thou seen !

There, where the long street roars, hath been
The stillness of the central sea."

There is no doubt at all that land and water have in

many parts of the earth over and over again changed
places, and large tracts once under the sea have been
raised up into dry land ; as, for example, the chalk

round London. This formation must have been slowly

formed in a fairly deep sea, say of 2000 to 2500 fathoms.

But the latest researches indicate that probably the very

deepest parts of oceans have never been dry lands, so that

the expression " the central sea " is not quite in harmony
with modern teaching. But with this slight qualification

the geology here introduced is quite correct.

No exception, however, can be taken to the next verse,

in which the great work of "denudation" is beautifully

expressed. Geologists know that great mountain ranges

have, in the course of ages, been worn down by " rain and
rivers " until nothing but a mere wreck of their former

grandeur is left. Tennyson thus expressed this important

truth :

—

"The hills are shadows, and they tlow

From form to form, and nothing stands ;

They melt lilic mists, the solid lands,

Like clouds they shape themselves and go."

In " The Princess " are to be found several allusions to

Geology, Astronomy, Electricity, &c.

RECENT TRADE AND THE NATION'S
DRINKING HABITS.

By Alex. B. MacDowall, M.A.

WE have long been used to hear a great deal

about depression of trade and bad times. Some
seem to think depression is the chronic state

of trade, yet while it may be said, in general,

that trade has been depressed for many years

past, one may note certain well-marked fluctuations in the

last twenty years ; trade becoming more brisk for a few

years, then less brisk again. Let us try to form a clear

idea of those waves by means of curves.

The method of curves is now well known, and we need

not stop to explain it. While the curves here given are all

comparable together, the comparison must not be pushed

too far ; for while they have all the same time scale (the

horizontal one), they have each a difl'erent vertical scale

(indicated by letters ", h, c, kc). Thus one may superpose

(so to speak) several diagrams, economizing space. In

these curves attention is especially asked, to the waves,

and the times of then- high and low points.

How shall we measure trade ? Our exports afford a very

fair measm-e. We take, then, the values of exports of

British and Irish produce per head of population (and in

shillings) since 1800, and thus obtain the ctu-ve marked k.

This rises rapidly, with a small crest in 18G6, to a very

high crest in 1872 ; then goes down to 1879 ; up again to

1882 ; down to 1880 ; up to 1890 ; and last year it again

goes down. We are now on the descending slope. The
time of that high maximum will be remembered by many,
when oiu' commerce rose (as Mr. Gladstone put it) by leaps
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and bounds. It was about 1874 that the depression set in

from which we have suffered more or less since.

A good reflection of the state of trade is oflered by the

marriage rate. Naturally, when money is plentiful, more
people marry ; when scarce, fewer. Here {h) is the

marriage rate curve for England and Wales. Its waves
correspond very well with those in the curve of exports.

There was a great fall in the rate from that very
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prosperous time, and the rate has not since recovered its

previous position.

Look at the matter in another light -(curve r), that of the
railway traffic receipts per mile of railway (the unit here is

a thousand poimds). The story is similar. Notice,
however, tlmt we have the tirst wave culminating in 1876,
four years later than the great wave of exports.

The exports curve does not enlighten us much as to

general increase or decrease of our trade, for this reason,

that it is a curve of values, and there has been a great fall

in prices since the seventies. Curves of volume would be
more instructive in this respect.

It is interesting to notice the intervals between the wave-
crests. They are, in this period, about eight or nine
years ; taking the dates of the marriage rate curve, we
have 1865 to 1873 (eight years), 1882 (nine years).

then, say, 1890 (eight years). Should this recurrence

continue, we should expect a crest about 1898 or 1899,

and the bottom of the trough, into which we are now
descending, a year or two from the present. The causes

of trade depression have, of course, been much discussed
;

over-production, protection abroad, bad harvests, dis-

turbances of the currency, are some of the causes that have
been suggested. But we will not here enter into this

question.

It is well known that our national consumption of

alcoholic liquors depends very much on whether trade is

good or bad. Good times of trade are bad times of

drinking, as a rule. Here is a curve (<?) which shows
our drink bill since 1860 (in million pounds). It rises

rapidly to 1876 (when railway traffic receipts were at a

wave-crest), after which comes a fall. The next trade

wave is but slightly represented, but since 1886 there has
been a pronounced rise corresponding to the trade wave
which culminated in 1890.

A curve (c) of spirits (British and foreign) retained for

home consumption in the United Kingdom shows very
much the same thing. (This refers to potable spirits

alone from 1877, and to millions of gallons.) Another
curve (»'') shows the spirits per head of population (in

gallons). Both of these culminate in 1875.

Now it is often urged, somewhat confidently, that an in-

creaseofconsumptionof spirits, orofthedrinkbill. is no proof
of an increase of excessive drinking

; people are merely con-

suming more in a moderate way, it is said, in accordance
with their easier means. It is a significant fact, however,
which we meet on turning to the subject of apprehensions

for drunkenness (of which we give a diagram), that we find

waves in these closely corresponding to the waves of trade.

Here, for example (curve /) is a curve showing (in thou-

sands) the total apprehensions for this offence in England
and Wales since 1871. It has a wave-crest in ls76, then
in l^'Sl (a little after the trade wave-crest), and ends at,

or near, another crest. Again, look at the three curves

If, h, i, which relate to canvictions for drunkenness in three

great police divisions of England and Wales ; we again find

correspondence. The curve ,/ (once more) shows appre-
hensions in London. We may note that it continues
rising some time after the culmination of the very pros-

perous time to 1878, and that the next wave is hardly
represented m it.

The general question as to whether drunkenness is

increasing or otherwise is a difficult one. Taking only short

periods, one may easily make mistakes. Thus, in 1880, a
person might say, " What a vast improvement lately !

" and
in 1890 or 1891 it might be said, " How terribly we are
deteriorating !

" These would be but half truths.

The curves of drunkenness here given appear plainly to

mean some improvement in the period considered. For
they all either keep about a level, or tend to go down, and
we have to remember that the population has increased

;

so that unless we are to make the unlikely supposition of

a general increasing laxity in apprehension, there are fewer
people, proportionately, who transgress and attract the
attention of the police.

On the other hand, if we measure drunkenness by the
consumption of spirits in a long period of years (say fifty),

we find the curve swaying now to the one side, now to the
other, yet, on the whole, departing in no continual way
from the curve of population (or fi'om the proportion of

one gallon per head).

If some improvement is perceptible, it cannot be said

that the great tide of intemperance is being effectively

stayed. Should another time of good trade come like that
before 1872, dare we expect that our drink curves would
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not mount as much proportionally as they did at that

time ?

/'
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of whom it should be welcome as summarizing present

knowledge and indicating the advantage, and indeed neces-

sity, of co-operation between students in different branches
of science. Much loss has hitherto accrued to science in

consequence of the lack of such co-operation. The ento-

mologist, it is true, describes and identities his insect

accurately enough, but when he comes to the fungus which
has spoilt his specimen he has nothing but loose and vague
terms for it, and fails to hit upon its characteristic features,

so that the mycologist cannot recognize the systematic

position of the plant from his description ; and on the other

hand, the botanist, while careful enough in working out

the life-history of his fungus, is too apt, through lack of

interest, to go astray in his entomology, and fails to identify

his insect, or even sometimes does not so much as deter-

mine the order to which it belongs. Such a book as this

ought to do much to remedy this defect, showing as it does

the imperfection of much existing knowledge, and indi-

cating the gaps which only co-operation can fill up. In

the body of the work the claims of the student of insect

Ufe seem at first sight to be most prominently recognized,

the hosts which sutler from fungoid parasites being treated

under their respective orders systematically ; further on is

added, for the special benefit of the lover of these lowly
plants, a classified list of the fungi, including a mention of

their several hosts. To the majority of readers it will no
doubt be news that there exists material enough for the
compilation of a substantial volume of three hundred and
fifty pages on such a subject as this. Few persons except

specialists are acquainted with more than two or three

kinds of parasitic fungi. There is first the minute form
that is so destructive to house-dies, gluing their bodies to

the window panes, walls, or chandeliers, while it surrounds
the corpses with a sort of whitish halo. Most good
museums, again, contain specimens of certain New Zealand
or Tasmanian caterpillars fi'om whose bodies project a long
horn-like fungus sometimes to the length of several inches.

Then there is the species which has earned notoriety by
the extent to which it has touched the pockets of a certain

section of the commercial world, viz., the celebrated

muscardine, which for many years created immense
mortality amongst silkworms. - But when we have enu-

merated these we have probably almost reached the

Umits of popular knowledge
;
yet Dr. Cooke enumerates

some two hundred species which have already been
described as preying upon insects and spiders of different

kinds, and this he is able to do without entering at all,

except to the extent of the single species that causes

the so-called " foul brood" amongst bees, upon the broad
field of investigation connected with the minute bacilli

and bacteria, which play so important a part in respect of

the well-being of both animal and vsgetable life. Parasitic

fungi attack insects in very different ways. Of course a

dead insect will be subject, like all other organic matter,

to the growth of moulds, which would probably be of the

same species as those that appear on other corpses. But
it would be hardly justifiable to call these parasitic, and
therefore it is specially with those that attack living

insects that our author is concerned. Here the fungus
may merely use the insect as a basis of support and be
simply attached to its exterior, thus apparently doing little

harm ; or it may become a much more insidious enemy by
penetrating the body, forming its vegetative portion or
mycf'Utuii at the expense of the tissues of its host, and
ultimately bursting through the skin for the formation of

its reproductive portion externally. Much depends upon
the habits of the insect ; those that live in close or damp
situations, beneath the ground, or in burrows in trees, are

more liable to attack than those that lead an exposed life.

The maturation of the fungus, Dr. Cooke maintains, does
not take place till all the interior of the host has been
absorbed, and it has therefore succumbed. It is only in

this condition, when the spore-bearing receptacles have
been developed, that the characteristic features of the

fungus are exhibited, and its specific determination becomes
possible. Before suffering its fate, the insect, as it finds

its end approaching, often climbs into some conspicuous
position, clinging with a death-grip to a leaf or stem of

grass ; while it remains in this attitude, the fungus passes
through its skin, and by its own growing threads attaches
the corpse firmly to the substratum on which it rests,

while the spores, when developed, find themselves in a

suitable position for being conveyed away by the wind to

do destruction elsewhere. Dr. Cooke figures various kinds
of ants, bees, wasps, beetles, and other insects that have
thus become the soil out of which grow branching threads
or club-headed columns, by which, in some cases, the
appearance of the insect is so greatly modified as to have
given rise to the name " ^'egetable Wasps." The perusal
of this book will serve to impress vividly upon the mind
that the dangers to which insects are exposed during their

life by no means all arise from the animal world, but that

the vegetable kingdom supplies foes quite as insidious and
quite as deadly as any that arise from other sources.

Bivtics, Ihittirdies, Moths, ami other Insects. By A. W.
Kappel and \V. E. Kirby (CasseU & Co.).—The authors
have catered for beginners in entomology, and for those
who, while not professmg to be students of the science,

yet like to know something about the common insects to

which a visit to the country introduces them. They have
produced a book of reference which, while it makes no
great demands upon either the purse or the time, gives the
sort of information such readers require, as to structure,

habits, collection and preservation. Between four hun-
dred and five hundred selected representatives of the seven
principal orders are briefly described, those, as a rule,

being chosen, and wisely so, which are either the
commonest or have some special point of interest in their

economy. An analytical table for determining the order
to which an insect belongs is a useful feature which will be
much appreciated by beginners, who are often puzzled as
to the nature of their captures. About one hundred and
seventy species are figured in twelve coloured plates, which
are generally well executed, though with a little tendency
to gaudiness, and in our opinion the tinted ground on
which they are printed is hardly an improvement.

Utttcrs.
•-•-*

[The Editor does not hold himself responsible for the opinions or
statements of correspondents.]

t«
ox THE IMPERFECTION OF OL'R KNOWLEDGE OF

THE SPECIES OF INSECTS.

To the Editor of Knowledge.

Deai; Bia,—Few persons, even among entomologists,

have any idea of the vast numbers of insects which exist,

or of the immense gaps in our knowledge of even the

largest and most conspicuous groups. In the introduction

to the new edition of my " Elementary Textbook of

Entomology" I have estimated the number of species

already described at '270,000, and the actual number of

existing species is variously guessed at by different authors
at from two to ten millions. Even at the former figure,

which I must admit appears to me far too low, it was
calculated by Lord Walsiugham, in his notable address to

the Entomological Society of London, in .January, 18iJ0,
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that, at the rate of 5800 descriptions of new species

per annum, it -would requii-e 340 years merely to describe

all the undescribed species of insects ; and the description

of a species is'only the beginning of our knowledge of the

insect itself in its perfect state. Every species would
requii'e many volumes before its life-history, habits,

anatomy, physiology, and relations to other species could

be dealt with, with auythmg like completeness. All that any
entomologist can accomplish is to add what he can to the

gradually accumulating stores of knowledge in the special

department of entomology to which he is best able to

devote himself by study and inchnation.

In England we have about 12,000 species of insects, and
it is perhaps not to be expected that the ultimate total,

when all the smallest species have been collected and
studied as assiduously as the larger ones, will exceed this

estimate by more than a few hundred, or at most one or two

thousand. But with foreign countries it is very different

;

and I must confess that I was surprised, when I lately

received a fine new species of Pha.s}i)ida, from Madagascar,

to find that barely half-a-dozen species had yet been

recorded from that island. And yet the Pliasniida, or

stick insects, are among the largest insects. They are

generally conspicuous, and easily collected, and Mada-
gascar is an island from which large collections of insects have

repeatedly been received of late years ; and yet our know-
ledge of this group of insects as occurring in the island is

practically nil .' If this is the state of our knowledge of

such insects as Phasmidtt, how imperfect must it be of the

smaller species of Coleoptem, Hiiiiiennptera, Dipttrd, &c.,

many of which are of almost microscopic dimensions

!

Many insects are so local and so closely connected with

plants which disappear before civilization, that the same
fate of extermination which has fallen on so many of the

larger animals dui-ing the last century cannot but fall

heavily upon these also. It is not too much to say that it

is highly probable that a large proportion of the insects at

present existing in the world will become extinct before

their existence is even known to scientific men.
Yours faithfully,

W. F. KiRBY.

THE 'WILSOX PliEXOMEXOX" OF SOLAK SPOTS.

To the Editor of Knowledge.

Slr.—In his valuable work, " Anleitung zur Durch-
musterimg des Himmels," published in 1880, Dr. Klein

states (page GO) that Wilson was anticipated m his obser-

vation of the phenomenon of the varying position of the

umbra in the penumbra of a solar spot as it passes across

the disc by Maximilian Ludwig Christoph Schiilen, of

Essingen, in ^Y^irtemberg, and this statement is adopted
in the last edition of Webb's " Celestial Objects for Common
Telescopes.'"" It is, however, foimded on a mistake, the

source of which is easy to trace. Wilson was first led to

his ^iew that the solar spots were depressions in the photo-

sphere by observations of a great spot which appeared in

isovember, 1769, and he at once communicated his per-

ception of the phenomenon now usually called by his name
to the London Chronich'. But he did not send his paper
on the subject (in which later observations confirming his

view are communicated) to the Eoyal Society until 1773,
and it appears in the P/tilosojiliical Transactions for 1774.
No doubt it was by that that foreign astronomers obtained

knowledge of his observations. Schiilen's (in which he
also noticed, he tells us, the funnel-shaped appearance of

several spots
i
were made m the summer of 1771, and com-

* In that work Schiilen's name appears en-oneously as Schiiler.

municated first to a newspaper in Stuttgart, the substance

afterwards appearing in papers in Switzerland and other

places. From that time he heard no more of the matter

until, in 1777, he was surprised to see in a French pub-

lication the discovery mentioned and ascribed to Wilson.

The Eev. F. Wollaston, and also Lalande, expressed

their dissent from Wilson's views on the groimd that the

phenomenon in question is not aJicai/s seen. He replied

in the Phihisophical Trans(U-tionii for 1783 ; and surely the

objection was insufficient, as some penumbne might be

much shallower than others, too shallow indeed to show
the phenomenon in question. It does not appear that he
ever heard of Schiilen's observations. The latter pub-

lished at Nordlingen, in 1782, a small treatise under the

title " Beitriige zur Dioptrik und Geschichte des Crlases,"

in which he narrates the facts above mentioned respecting

his own observations, evidently unaware that Wilson had
reaUy anticipated him by more than a year.

As to the phenomenon itself, it is well known that that

most persevering and careful sunspot observer, the Kev.
F. Howlett, has not in his long course of observations,

now extending over thirty-five years, recognized any such
funnel-shaped appearance. A letter appears from him on
this subject in the number of Knowledge for September,
1889, and it is open to any Fellow of the Eoyal Astronomical

Society to study the long series of sunspot observations

I
presented by him to the Society.

i What are we then to conclude '? It appears to me that

I

the case is one of those in which a perception given from
observations made with small instruments and low powers
fails to be seen under the application of larger instruments

and higher powers, which furnish clearer and more distinct

images of matters of detail ; and this is also the view of

Dr. Klein.

Schiilen's observatioris, it may be remarked, were made
with a non-achromatic telescope of 13^ feet focal length,

using a power of about 100. Wilson's telescope was a

Gregorian reflector of 26 inches focus, which magnified 112
times. I need hardly refer to the way in which Mr.
Howlett's observations have been made, and how it enables

his drawings to bring out the minute details of the spots

and their surroimdings. We must surely concede that the

peuumbral depression is, in the vast majority of cases,

exceedingly shallow.

Yours faithfully,

Blackheath, November 7th, 1892. W. T. Lwn.

THE LIFE-HISTOKY OF STARS.

To the Editor of Knowledge.

Sir,—Yarious theories as to the evolution of stars and
theu' subsequent decadence have appeared fi'om time to

time, but they have hitherto been purely theoretical. It

seems to me that observation can throw some light on the

question ; and as far as I have been able to foUow its

guidance, this light leads in a rather unexpected direction.

A star cooling down will of course fade away gradually,

and as the last light which a cooling body emits is red, it

was at one time sitpposed that red stars were in this state

of decadence. It seems pretty certain, however, that red

stars owe the colour of their light not to then- low tem-
perature, but to absorption by an intervening medium.
The best observational test seems to me to be this : If

a star has cooled down, and lost a considerable part of its

light, it will probablj' be nearer to us than other stars of

the same magnitude ; for if its original light was restored,

its magnitude would be considerably mcreased. And if

the class of stars which give a particular kind of light are,

in the average, nearer to us than stars of the same mag-
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nitude which give other kinds of light, this class probably

consists of cooled-down stars.

It will be long before our observations on parallax are

sufficiently uumerous and accurate to enable us to decide

this question directly ; but there are two other indications

of nearness to which we can appeal during the interval.

One of these is large proper motion. The other is a com-
putable orbit in the case of a binary star ; for I think a

pair of stars, separable in the telescope, but revolving so

rapidly as to enable an orbit to be computed from the

comparatively short range over which our observations

extend, must be among our nearer neighbours.

I have tried both these tests and am still making some
computations on the subject. The result of both tests is

the same. The stars which are nearer to us than other

stars of the same magnitude are those whose spectrum is

of the type of Capella or Procyou, designated by the letter

F in the Draper Cittaloijue.

Comparing the spectrum of a star of this class with that

of Aldebaran for instance, we can easily see how the latter

might be transformed into the former by the process of

cooling. The great number of dark lines in the spectrum
of .\ldebaran are due to absorption by gases in the

atmosphere of the star. As the star cools, many of these

gases will condense and the lines due to their absorption

will disappear from the spectrum. Partial condensation,

again, will render the lines thinner and less dark. These
changes will make the spectrum more similar to that of

Capella. I do not, indeed, see how a Sirian star could be

changed into one of the type of Aldebaran. Mr. Maunder
is very probably right m thinking that Sirian and solar

stars are physically distinct and do not represent different

stages of star-life ; but it may, notwithstanding, be true

that the Capellan type represents the cooled-down condition

of a solar star, and perhaps the higher temperature of the

surface of emission in the case of stars of the type of

Arcturus or Aldebaran may be indicated by a greater

extension of the ultra-violet spectrum. Such an extension

undoubtedly exists in the case of Arctm-us.

The sun may be regarded as a Capellan star. Mr. Gore
not long since maintained in your columns that the sun
was a very dull star compared with all others in respect

of which we possessed the means of comparison. Should
furtlier observations confirm this result, it will strengthen

the evidence for the cooled-down condition of the Capellans.

With regard to the binary stars to which I have referred

the extraordinary brilliancy of y Leonis has been regarded

as an exception to the rule as to the greater brilliancy of

the Sirians. This star, however, is one of the few binaries

with computed orbits whose spectrum is of the Arcturian

type, and therefore does not affect my conclusion as to the

dulness of the Capellans.

I may perhaps remark that Sirian stars of the class B,
which exhibit a number of fine lines in addition to the

hydrogen-lines in their spectra, have less proper motion
than ordinary Sirian stars. The difference here also may
result from condensation.

Should this hypothesis be borne out by further obser-

vation the history of the sun may assist in explaining the

past geological changes on the earth. There would not be

a continuous loss of heat and light in consequence of the

cooling. The condensation of vapours in the sun's

atmosphere, and consequent diminution in the absorption,

might even have the contrary effect ; while if they formed
into clouds above the photosphere before sinking beneath
it we might have a season of great cold.

Truly yours, W. H. S. Monck.
[I do not agree with my friend Mr. Monck that we

may assume that the oldest stars are the coolest. The

late Mr. Homer Lane, of Washington, showed that a

gaseous sphere, losing temperature by radiation and con-

tracting under its own gravity, would actually grow hotter

until it ceased to be a " perfect gas " obeying Boyle's law
of pressure and density. Mr. Lane's theory is a necessary

consequence of the kinetic theory of gases, and those who
accept the nebular hypothesis and beheve that stars have-

developed from faintly glowing gaseous masses are forced

to assume that during a long period they have grown
hotter, and that such stars as are still gaseous are still

growing hotter.

We must not be misled by any supposed analogy between
the change in tint of a cooling solid and a cooling mass of

gas. While a cooling solid passes from white down to a

dull cherry-red colour before it ceases to be luminous,
some vapours actually give in the electric arc longer lines

at the blue end of their spectrum than at the red—that

is, the vapour gives out blue light in an outer and cooler

region of the electric arc than that in which it gives out

red and blue light. But if the stars are like our sun, it is

probable that we do not receive the greater part of the

light given out by their gaseous masses, which is nearly

all intercepted by their photospheres. It is the con-

tinuous spectrum of the solar photospheric cloud layer

which constitutes the chief light of the sun, and even

this reaches us through the solar corona and chromo-
sphere, which subtract many of the wave-lengths.

Therefore, in looking at the light of the stars, if we are

to judge by solar analogies, we are observing the continuous

spectrum of a comparatively thin layer of incandescent

liquid or solid particles, through various depths and
various types of stellar coronas and stellar chromospheres.
The stellar spectra, when we succeed in fully deciphering

and interpreting them, will enable us to determine the

qualities and condition of the matter surrounding the

stellar photospheres rather than the constituent elements

and condition of the matter contained within the stellar

photospheres.—A. C. Raxyard.]

STAR - CLU3TER NEAR SIRIUS OBSERTED BY
ARISTOTLE.

To the Editor of Knowledge.

Sir,—I cannot find any reference in modern astronomical
works to a very ancient observation of the star-cluster near
Sirius, which may possibly be of interest to some of your
readers. The description is by Aristotle, who has been too

much depreciated as a natural historian and philosopher in

modern times in consequence of the absurd claim to almost
infallibility made on his behalf in the Middle Ages.

The passage to which I refer is in Book I., chapter 6, of

his " Meteorologies," where arguing against those who
thought that comets were produced by a conjunction of

planets, he says that some of the fixed stars have a tail,

and that not only the Egyptians assert this, but he can
confirm it by his own observation. "For a certain star of

those in the thigh of the Dog has a tail, though a dim one
;

for its light appears feeble to those who fix their gaze upon
it, but greater to those who regard it more indirectly."

It is evident that the object thus spoken of is the cluster

numbered 41 in the catalogue of Messier, who says that it

resembles a nebula under a small power, but appears as a

cluster of stars when a higher one is used. In Herschel's

"General Catalogue" it is No. 1454; in that of Dr.

Dreyer (where there is a misprint in the numerical refer-

ence to Messier's list) it is Xo. 2287. The cluster is readily

visible to the naked eye, and is situated about 4° to the

south of Sirius. Yours faithfully,

Blackheath, November 7th, 1892. W. T. Ly.vn.
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THE FACE OF THE SKY FOR DECEMBER.
By Herbert Sadler, F.R.A.S.

DURING October and the beginning of November,
sunspots have been not ijiiite so plentiful and
large as in the spring. The following are con-

venientl.y observable minima of two Algol- type

variables :—Algol, December 2nd, 4h. Om. p.m.
;

December 17th, Oh. om. a.m. ; December 19th, 8h. 53m.

P.M. ; December 2'2nd, 5h. 42m. p.m. U Cephei, December
4th, 9h. 19m. f.n. ; December 9th, 8h. 58m. p.m.

;

December 14th, 8h. 38m. p.m. ; December 19th, 8h. 18m.
P.M. ; December 24th, 7h. 58m. p.m. : December 29th,

7h. 38m. p.m.

Merciu'y is an evening star during the first week in

December, and a morning one during the last half of it.

but owing to his great southern declination he will be liable

to be obscured by mists near the horizon. He sets on the

1st at 4h. 52m. p.m , or one ho'.ir after sunset, with a

southern declination of 24'^ 52', and an apparent diameter

of 8i", xVw''l'S '^^ *^6 ^^^'^ being illuminated. After this

he rapidly approaches the Sun, being in inferior con-

junction on the 12th. On the 22nd he rises at 6h. 17m.
A.M., or Ih. 49m. before the Sun, with a southern declina-

tion of 19" 27', and an apparent diameter of 8-0", i^ths

of the disc being illuminated. On the 27tb he rises at

6h. 13m. A.M., or Ih. 55m. before the Sim, with a southern

dechnation of 20' 15', and an apparent diameter of 75",

-j%ths of the disc being illuminated, and the planet being

at his greatest brightness during the month. On the 31st

lie rises at 6h. 18m. a.m., or Ih. 50m. before the Sun, with

a southern declination of 21° 9', and an apparent diameter

of 6V'i TrAjtlis of the disc being illuminated. During the

latter half of the month Mercury describes a curved path

in Ophiuchus, in a region almost barren of naked eye stars.

Venus is a morning star, rising at 4h. IGm. a.m., or 3^
hours before the Sun, witli a southern declination of
11' 17', and an apparent diameter of 13|" -i%ths of the

disc being illuminated, and her brightness being about what
it was at the end of last February. On the 10th she rises

at 5h. 3m. a.m., or 8 hours before the Sun, with a southern
declination of 16° 55', and an apparent diameter of 12|",

^^ths of the disc being illuminated. On the 31st she

rises at 5h. 44m. a.m., or 2h. 24m. before the Sun, with a

souihern declination of 20' 59', and an apparent diameter
of 120", jij%ths of the disc being illuminated, and her

brightness being about what it was at the end of January.

At 7h. A.M. on the 20th a 9th magnitude star will be 26"

north of the planet. During the month Venus passes

from Virgo through Libra into Scorpio. When rising on
the 28rd she is about 36' «/" the 3rd magnitude star (3

Scorpii, and at Oh. a.m. on Christmas Day she is | of a

minute of time preceding and 0' south of v Scorpii, 4^

magnitude, /3 being a pretty double star, and r being a
triple in moderate-sized telescopes ; both of the large stars

composing fS and v being again double in large instruments.
Mara is an evening star, but is rapidly getting fainter

and smaller, though he is h: a much sietter position as

regards elevation above the horizon. He sets at lib. 38m.
P.M. on the 1st, with a southern declination of 7° 30', and
an apparent diameter of 9-5", the defect of illumination on
the following limb being obvious. His brightness is then
only one-eighth of what it was at opposition. On the 16th
he sets at llh. 38m. p.m., with a southern declination of
3° 23', and an apparent diameter of 8-5". On the 31st he
sets at llh. 36m. p.m., with a northern declination of
0° 45', and an apparent diameter of 7'6", his brightness
being then only one-thirteenth of what it was at

opposition. He is in quadrature with the Sun at mid-

night on the 9th. During December Mars describes

a direct path fi'om Aquarius into Pisces. At 8h. 30m. p.m.

on the 2nd a 9^ magnitude star will be 20" north of the

planet. Early on the evening of the 5th Mars will be 12'

south of the 4th magnitude star 4> Aquarii, and at about

9 p.m. on the 7th he will be 7|' north of the 5i magnitude
star 96 Aquarii.

Ceres is an evening star, southing on the 14th at 9h. 35m.
P.M., with a northern declination of 9° 35'. At the end of

the mouth she is as bright as an 8th magnitude star.

During December she pursues a short retrograde path from

Taurus into the borders of Aries. At about 7h. 30m. p.m.

on tlie 4th she is 20' south of the 6| magnitude star

W'eisse's Bessel-, iiih. 275, and about 7 p.m. on the 26th

she is 7-5' north of and a little following the 6| magnitude

star B. A. C. 987. Vesta is also an evening star, southmg
on the 14th at 9h. 19m. p.m., with a northern declination

of 8^ 48'. At the end of the month she is as bright as a

7-J-
magnitude star. During December she pursues a

retrograde path in Cetus, being 24' north of the 5th

magnitude star X Ceti at 91i. p.m. on the 16tli.

Jupiter is an evening star, still holding his position as

the most magnificent object in the evening sky. On the

1st he rises at Ih. 47m. p.m., with a northern declination

of 4° 37', and an apparent equatorial diameter of 45-1", the

phase on the following limb being now very apparent. On
the 16th he rises at Oh. 47m. p.m., with a northern

declination of 4° 54', and an apparent equatorial diameter

of 43-0", the phase amounting to 0-4'
. On the 31st he

rises at llh. 48m. a.m., and souths at 6I1. 18m. p.m., with a

northern declination of 5" 1', and an apparent equatorial

diameter of 40-9 . During the greater part of the month
he describes a short direct path in Pisces. At 2 p.m. on the

afternoon of the 27th he is in conjiuiction with the Moon,

31^ to the north of her, and the same evening at 9 p.m. he

is in conjunction with the 6th magnitude star 73 Piscium,

Jupiter being lOJ south. The following phenomena of

the satellites occur while Jupiter is more than 8' above

and the Sun S'' below the horizon. On the 1st an

occultation reappearance of the third satellite at 5h. 45m.

P.M. ; an eclipse disappearance of the same satellite at

8h. 5m. 52s. p.m. ; and an eclipse reappearance at lOh. Im.

59s. P.M. On the 3i'd an occultation disappearance

of the first satellite at 9h. 54m. p.m. On the 4th a

transit ingress of the first satellite at 7h. 3m. p.m. ; of its

shadow at 8h. 12m. p.m. ; a transit egress of the first

satellite at 9h. 17m. p.m. ; an occultation disappearance

of the second satellite at lOh. 11m. p.m. ; and a

transit egress of the shadow of the first satellite at lOh.

26m. P.M. On the 5th an eclipse reappearance of the first

satellite at 7h. 41m. 49s. p.m. On the 6th a transit egress

of the shadow of the first satellite at 4h. 55m. p.m. ; a transit

ingress of the second satellite at 5h. 8m. p.m. ; a transit

ingress of its shadow at 7h. 80m. p.m. ; a transit egress of

the satellite at 7h. 41m. p.m., and of its shadow at 9h. 58m.

p.m. On the 8th an occultation disappearance of the third

satellite at 7h. 5m. p.m., and its reappearance from

occultation at 9h. 27m. p.m. On the 10th an occultation

disappearance of the first satellite at llh. 44m. p.m. On
the 11th a transit ingress of the first satellite at 8h. 54m.

P.M. ; a transit ingress of its shadow at lOh. 8m. p.m., and a

transit egress of the satelUte one hour later. On the 12th

an occultation disappearance of the first satellite at 6h. 12m.

p.m., and its reappearance from echpse at 9h. 37m. 39s.

P.M. On the 13th a transit egress of the first satellite at

5h. 86m. P.M. ; of its shadow at 6h. 50m. p.m. ; a transit

ingress of the second satellite at 7h. 37m. p.m. ; of its

shadow at lOh. 7m. p.m. ; and a transit egress of the

satellite itself three minutes later. On the 15th an eclipse
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reappearance of the second satellite at 6h. 49m. 12s. p.m.
;

and an occultation disappearance of the third satellite at

lOh. -t8m. p. jr. On the 18th a transit ingress of the first

satellite at lOh. •4.5m. p.m. On the 19th a transit ingress

of the shadow of the third satellite at 6h. 12m. p.m. ; an
occultation disappearance of the first satellite at 8h. 5m.
p. It. ; a transit egress of the shadow of the third satellite at

8h. 19m. P.M., and an eclipse reappearance of the first

satellite at llh. 33ni. 31s. p.m. On the 20th a transit

ingress of the first satellite at oh. 14m. p.m.; a transit

ingress of its shadow at Ch. 32m. p.m. ; a transit egress

of the satellite at 7h. 28m. p.m., and of its shadow at

8h. 45m. P.M. ; a transit ingress of the second satellite at

lOh. 9m. P.M. On the 21st an eclipse reappearance of the

first satellite at 6h. 2m. 33s. p.m. On the 22ud an
occultation reappearance of the second satellite at 6h. 56m.
P.M. ; an eclipse disappearance of the satellite at 7h. 4m. 13a.

p.m., and its reappearance at 9h. 25m. 41s. p.m. On
the 26th a transit egress of the third satellite at 7h.

9m. P.M. ; an occultation disappearance of the first

satellite at 9h. 58m. p.m., and a transit ingress of the
shadow of the third satellite at lOh. 15h. p.m. On the

27th a transit ingress of the first satellite at 7h. 7m. p.m.
;

a transit ingress of its shadow at 8h. 28m. p.m. ; a transit

egress of tiie satellite at 9h. 21m. p.m., and of its shadow
at lOh. 41m. p.m. On the 28th an eclipse reappearance
of the first satellite at 7h. 58m. 24s. p.m. On the 29th
a transit egress of the shadow of the first satellite at

5h. 10m. P.M. ; an occultation disappearance of the second
satellite at 6h. 55m. p.m. ; an occultation reappearance of

the same satellite at 9h. 29m. p.m., and its eclipse dis-

appearance at 9h. 41m. lis. p.m. On the 31st a transit

egress of the shadow of the second satellite at 7h. 13m. p.m.

Saturn does not rise till after midnight on the last day
of December, and we therefore defer giving an ophemeris
of him until next year. He is occulted by the Moon,
though the phenomenon is not of course visible in the

British Islands, on the evening of the 12th. Uranus does
not rise before 3 a.m. at the end of the month, and is

therefore, for the purposes of the amateur observer,

invisible.

Neptune is an evening sta^r, and is excellently situated

for observation, coming into opposition with the Sun on
the 1st, at a distance from the earth of about 2,680,700,000
miles. He rises on the 1st at 3h. 54m. p.m., with a

northern declination of 20° 22', and an apparent diameter

of 2-7"; on the last day of the month at Ih. 53m. p.m.,

with a northern declination of 20° 15'. During December
he describes a short retrograde arc in Taurus, between
T and e, to the N.E. and N.W. of the 5| magnitude star

Weisse's Bessel-, ivh. 650. At llh. 40m. p.m. on the 2nd
he will be 1' ' due north of a 9tli magnitude star. A
map of the small stars near his path will be found in the

Enc/lish Mechiinic for October 28th.

December is a fairly favourable month for shooting stars,

the chief showers being those ofthe Gemiuids on December
9th—12th, the radiunt point being in r..\. 7h. Om., and
north declination 32°, rising about 4h. 10m. p.m., and
setting at Ih. 40m. a.m., and of the Andromedes, occurring

on the evenings of the 26th and 27th, the radiant point

being iu r.a. Ih. 40m. and north declination 43', the

shower being circumpolar. It seems probable that a fine

display will occur this year.

The Moon is full at 21i. 17m. a.m. on the 4th ; enters her

last quarter at 2h. 30m. a.m. on the 11th ; is new at 8h.

18m. a.m. on the 19th ; and enters her last quarter at

9h. 22m. p.m. on the 26th. She is iu perigee at 3-Oh.

A.M. on December 2nd (distance from the earth 224,630

miles) ; in apogee at l'3h. p.m. on the 15th (distance

from the earth 252240 miles) ; and in perigee at 0-2h.
P.M. on the 31st (distance from the earth 222,320 miles).

She is at her greatest western libration at 5h. 48m. a.m.

on the 9th, and her greatest eastern at 5h. 21m.
the 24th.

P.M. on

Cfjcss CEoUtmn.
By C. D. LococK, B.A.O.\on.

All COMMUNICATIONS for this column should be addressed
to the " Chess Editor, Knowledje Officv," and posted before

the 10th of each month.

Snlution of Noremhcr Problem :—
Kev-move : 1. K to Kt8.

If 1. . . . K to Q5, 2. K to Q2ch, etc.

If 1. . . • P to Q5, 2. Q to Kt7, etc.

If 1. . . . K to Q6, 2. Q to KB4, etc.

Correct Solutions received from .\lpha, A. Rutherford,
and H. S. Brandreth.

PKOBLEM.
By E. Halliwell, Bolton.

First Prize in Bristol Merciin/ Tourney.

Blaok.

White.

White to play, and mate in two moves.

The subjoined game resulted in the first defeat sustained

by Mr. Lasker at the Manhattan Club, New York. The
winner is well known as one of the strongest American
players.

Rv\ Lopez.

White (E. Lasker).

1. P to K4
2. KKt to B3
3. B to Kt5
4. QKt to B3 {u\

Castles

P to Q3 (,)

B to K3 ((/)

P toQ4
B toB4
PtoQo (/)

P to KRS
yxB
PxP

14. Q to Kt4 (//)

15. B to Q2
16. B to Q3
17. Kt to K4
18. QR to Ksq ((

19. Kt to B3
20. Kt to Qsq

;>.

6.

7.

8.

9.

10.

11.

12.

13.

Black (A. B. Hodges).

1. P to K4
2. QKt to BS
3. P to Q3
B to Q2
KKt to K2 (/.)

Kt to Kt3
B to K2

8. Castles (e)

9. B to Kt5 •?

10. Kt to Ktsq
11. BxKt (f/)

P to KB4
Kt to R5
Kt X BP
Kt to Q2
P to KKt3
R to B2

18. Q to KBsq
19. P to QR3
20. Q to Kt2

12.

13.

14.

15.

16.

17.
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21.

22.

23.

24.

25.

B toB3
PtoKt4 (/)

B to Kt2
Q to QB4
P to KB4

26. Q to B6
27. QxRP

QxKtP
Kt to B2 (/)

B toK4
Q to B4 (»()

KB to B3
ExKt
Q to K4 (n)

Kt X Kt
B X Q (o)

K to E2
B to Q3
B toB4
BxB
K to Kt3
Kt to Kt.5

48. B to Q8
44. Resieus.

28.

29.

30.

31.

32.

33.

34.

3.5.

36.

37.

38.

89.

40.

41.

42.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

81.

82.

33.

84.

35.

36.

37.

38.

89.

40.

41.

42.

48.

QR to KBsq
B to Qsq
Kt to B8
Kt to E4 (A)

P to QKt4
Kt to K2

!

Kt x BP
Q toE3
Q to Kt4
Kt to KB4
Kt to Kt6
KtxR
Q to E5 !

Kt x Pch

!

QxQ
ExRch
R to KB
P to K5
B to B8
ExB
P toK6
R to B7
R to KKt8

Notes.

(m) The Queen continues to return by easy stages. He
might have saved the exchange among other ways by 31.

B to KB8.

(h) The Queen is obviously threatened. 84. K to R2
is useless on account of 84. . . . KtxKtP! The same
objection applies to 84. Q to B3. The game in fact cannot

be saved, and Mr. Hodtjes proceeds to bring the game to

a clever and rapid termination.

(o) A process in which he is not assisted by Mr. Lasker,

who overlooked the best reply at this point, and discovered

it eight moves later.

CHESS INTELLIGENCE.

(rt) New, but unenterprising. 4. BxKtch and 4. P to

Q4 are both stronger.

(//) A very good development in this position. Black

will evidently have the first opportunity for advancing his

P to KB4.

(<•) The Pawn should go two squares ; fide his 8th move.
6. B to QB4 (threatening Kt to KKt5) would be met by
Kt to R4 or Kt to Kt3.

(d) Mr. Lasker inherits Paul Morphy's predilection for

this move. In the present case the Bishop seems well

posted, being unassailable by either of the adverse Knights.

((•) Black does well in refusing to exchange. Taking
the Pawn wovdd give freedom, by slaughter or otherwise,

to White's useless King's Knight. At his next mo%'e,

however, he should play K to Esq, with a view to the

advance of the KBP.

(/') Seldom advisable, the present instance being no
exception. He might play with safetv 10. P x P, QKt x P

;

11. B to K2.

((/) The Bishop is too valuable to exchange. We should

much prefer B to Bsq, to be followed by woi'ldng the QKt
round to KB5 if possible.

(/i) The Queen is liable to be attacked here later on.

Probably 14. Q to K2 would be a safer line of play.

(() This results in overcrowding. There seems no
objection to the obvious Kt to Kt5. White's play now
becomes unintelligible for a time.

(j) This advance of the unsupported QKtP is a favourite

manceuvre of Mr. Lasker's. On principle it is clearly

weakening for the end-game.

{k) Prettily played. Clearly White cannot play 25.

P to KKt4, Kt to"B5; 26. PxKt? Nor would he' gain

anything by 26. Q x Kt, PxQ; 27. BxQ, KtxB, etc.

After this Black gives up a Pawn in order to secure the

KBP with safety, and at the same time leave the White
Queen out of play.

(/) He is compelled to guard the EP which will be

threatened next move ; but there was another way by

K to E2, which was possibly better.

In the Handicap Tournament of the British Chess Club,

Mr. Trenchard has come out the winner of one section : in

tlie other Mr. Donisthorpe has the best chance. The
winner of this section will play Mr. Trenchard for the first

prize.

Mr. Lasker has been playing the leading New York
players with almost uniform success. It is hoped that a

match with S. Lipschiitz will be arranged.

.January 28th is the date fixed for the North v. South
match at Birmingham. There will be 100 pla3-ers on each

side, with ten reserves. Mr. Blackburne has accepted the

post of umpire, no sinecure in a match arranged on such a

gigantic scale, and with the time of play probably limited

to about four hours.

A match by correspondence is in progress between the

Berlin and Leipsic Clubs. The former are represented by

Messrs. Alapiu, Hirschfeld, Von Scheve, Walbrodt and
Winawer : while the Leipsic committee consists of Messrs.

Bardeleben, Max Lange and Alieses. Two games are

being played, the time limit averaging five days a move.

A match was played recently at Newcastle between

Messrs. Bird and Heywood. Chess Editor of the Xt'ucustle

Chronicle. Three games were played on even terms, of

which Mr. Bird won two and lost one. Three games at

the odds of Pawn and move resulted in equality. Three
other games, in which Mr. Bird conceded the large odds of

Pawn and two moves, resulted in one win to Mr. Heywood
and one drawn game : the final game was not played, Mr.
Bird resigning the game and the match.
A second edition of the " Chess Openings " by Messrs.

Freeborough and Eanken is in the press. The price will

be 6s. 6d. net.

Contents of No. 85.

PAGE
The Disaster at St. Gervais. By
the Ki^ht Hon. Sir Edward
Fiv. LL.D.. F.R.S

Caterpillars— I. By E. A. Butler
The Kev. John Michell, Astro-
nomer and Geologist. By John
Richard Sutton, B.A.Cantab.

Bye - Products rursHS Waste-
Products. Bv Vaiighan Cornish,
M.Sc, F.C.S

The Movements in the Line of

Siffht of Stirs aud Nebulae. By
Miss A. M. Gierke .,

201
204

:06

208

209

By K.

Notices of Boots
Letter;—B. H
The Oldest Mammals.

Lydekker, B.A.Cantali.

The New Geolosry. By the Kev
H. N. Jlutehinson, B.A.
F.G.S

The Face of the Sky for Novem.
ber. By Herbert Sadler,

F.E.A.S
Chess Column. ByC.D. Locock,

B.A.Oxon

PAOB
211

212

212

218

2 IS

TEEMS OF SUBSCBIPTIOX.
" KsowLEDOE ' as a Monthly Magazine cannot be registered as a Newspaper

for transmission abroad. The'Terms of Subscription per aimum are therefore

as follows :—To anv address in the United Kingdom, the Continent, Canada,

United States, Egypt, India, and other places m the Postal L mon, the

Subscription is 6 shillings, including postage ; or 1 dollar 50 cents
;

or b

marks ; or 7 francs 50 cents.

For aU places outside the Postal Union, 5 shillings in addition to the postage.

Communications for the Editor and Books tor Beview should be addressed

Editor, " Knowledge " Office, 326, High Holbom, W.C.







Q
1

Physical &

SenaU

Vr.owledge

en no NOT RE^AOVE

''^
SUPS Z>^ TH,S POCKET

CARDS OR SUPSJ^<^^^_^__________

STORAGE




