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OVAL BLUISH NEBULA, OBRLRVED LY THE SAME OBJECT, AS RHUWN BY THE
SIR JOHN HERSCHEL., GREAT ROSSE TELESCOPE.

THE STELLAR UNIVERSE.

CHAPTER 1V.

58. His discovery of binary stars.—59. Gravitation of the stars.—60.
Star moving round star.—61. Table of binary stars.—62. Case of
o Virginis.—68. System revolving round system. PRoPER MOTION OF
Stars : 64. The sun not a fixed centre.—65. Phenomena indicating
its motion.—66. Direction of the sun’s motion.—67. Its velocity.—
68. Its probable centre. THE FORM AND DIMENSIONS OF THE MASS OF
STARS WHICH COMFOSE THE FIRMAMENT : 69. Distribution of the stars
on the firmament.—70. Galactic circle and poles.—71. Variation of
stellar density.—72. Struve’s analysis of Herschel’s observations.—
73. The milky way.—T74. It consists of inmumerable stars crowded
together.—75. Probable form of the stratum of stars in which the
sun is placed.

58. BoME other explanation of the phenomena must, therefore,
be sought for; and the illustrious observer soon arrived at the
conclusion, that these apparent changes of position were due to
real motions in the stars themselves; that these stars, in fact,
moved in proper orbits in the same manner as the planets moved
around the sun. The slowness of the succession of changes which

* See note, p. 193, vol. vii.
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No. 983,



THE STELLAR UNIVERSE.

weré observed, rendered it necessary to watch their progress for a
long period of time before their motions could be certainly or
aoccarately known; and aocordingly, although these researches
were commenoed in 1778, it was not until the year 1803 that the
observer had oollested data sufficient to justify any positive con-
clusion respeoting their orbital motions. In that and the following
year, Sir William Herschel announced to the Royal Society, in
two memorable papers read before that body, that there exist
sidereal systems consisting of two stars revolving about eagh other
in regular orbits, and constituting what he called binary stars, to
distinguish them from double stars, generally so called, in which
no such periodic change of position is discoverable. Both the
individuals of a binary star are at the same distance from the eye
in the same sense in which the planet Uranus and its attendant
satellites are said to be at the same distance,

More recent observation has fully confirmed these remarkable
discoveries. In 1841, Médler published a catalogue of upwards
of 100 stars of this class, and every year augments their number.
These stars require the best telescopes for their observation, being
generally so close as to render the use of very high magnifying
powers indispensable.

59, The moment the revolution of one star round another was
ascertained, the idea of the possiblo extension of the great prin-
ciple of gravitation to these remote regions of the universe
naeturally suggested itself. Newton has proved in his Principia,
that if a body revolve in an ellipse by an attractive force directed
to the focus, that force will vary according to the law which
characterises gravitation. Thus an elliptioal orbit became a fest of
the presence and sway of the law of gravitation. If, then, it could
be ascertained that the orbits of the double stars were ellipses, we
should at once arrive at the fact that the law of which the dis-
covery conferred such celebrity on the name of Newton, is not
confined to the solar system, but prevails throughout the universe.

60. The first distinct system of caloulation by which the true
elliptic elements of the orbit of a binary star were ascertained,
was supplied in 1830, by M. Savary, who showed that the motion
of one of the most remarkable of these stars (¢ Ursm majoris),
indicated an elliptic orbit described in 584 years. Professor
Encké, by another process, arrived at the fact that the star 60
Ophiuch: moved in an ellipse with a period of 74 years, Several
other orbits were ascertained and computed by Sir John Herschel,
MM. Midler, Hind, Smyth, and others.

61. The following Table is given by Sir J. Herschel, as con-
taining the principal results of observation in this part of stellar
astronomy up to 1850.

2

A



BINARY STARS.

‘qoovp | of.1581 000.LL 9S Ly 2z 16z | L o8 00056.0 00§.S1 | umeua) » 3
‘omq | oS.zSgr1 ozl.bvg | LS ot Lt for | 1z Lrir | orobg.o g1z * snoog T v €1
‘puig | gr.9z81 0gg.98L | 6f Sz vz 69 t 1z 095zL.0 ¥61.5 : ‘oI q 'z
I[P | ©9.9781 oSh.gog | 6z 67 gt %9 L Sz 8.669.0 816.¢ * f BUOIOY » ‘B ZI
‘puiy | 9z.6691 olz.zfg | 1 &b zz gS¢ | bz 11 oSotz.o | oof.g9 MR 't G Y §§
“JI[pBK | 06.£161 Yzrzfz | g5 ol LS Lg s ¢tz Szlbl.o goo.L oM qcIx
‘opnq | £8.558r1 o99.z§z | £ ol 6z L6 9 8§ ozgSL.0 980.8 . 10)88) ‘8 ‘11
-zorun( ‘pyossey | £.9fgr ozr.zgr | 9f £z S Exf | €€ S 2$6.Lg.0 0gSs.¢ © csrmfap 4 ‘o1
puty | £Lg.2981 0oL, gL tz of vz tbz | S Pz Lg990g9.0 118.1 . *TudLy @ 6
‘Jorun( ‘joyosioy | 88.6LL1 obr.lin § og 65 oor | 65 6S¢ | ¥iL6S.0 ogS.zr | * smoog 3 ‘g
omiq | 1h.Ligr Sol.¥6 1£ S¢E iz L¢1 | & S1 gS6¥b.o $Sz.a1 . czgof ¥ <L
“I9[PY; gl.zigr 0lg.z6 1S ¥9 £S zvr | S§ ogzr | ogttb.o 61.% o oomq 9
“Jorun( ‘PYIsIsy | 9o.Logr obt.og S gb gb 1| z Lf1 | olggb.o z68.¥ R (1 q ‘9
‘9youy | 88.9081 z98.£L Sz gt 2z Szr | z1 Lbr | Looth.o gzt.v © monmdg d v g
‘oiq | 9L.6vgr £85,28 g€ gb Lz Sgr | 11 S€r | gfitg.o LSg.0 . S0y m S
oppuy | vh.9rgr tgb.19 9s ¥§ gb ofr | z§ gb oStit.o Liv.z © oM 0 P
-zoran( ‘poyoszey | £L.9181 ozl.09 9 of zz Y61 | Ly L6 olllt.0 glz.t *ooMq ‘q ¥
Areawg | Sw.ligr 297.8$ ob of gt 181 | zz $6 obgrt.o L5g.£ suofemassa) 3 % ¥
o | LE.£881 016.85 L1 t9g © 99z | 8z 1 og¥tz.o z6z.1 . oue) 3 €
omq | £z.Srgr gbz.tt g 1L 1z 19z | g1 ¥z ogltf.o 880.1 * g wuoxo) L 'z
IIPEI | ©0S.6zg1 ggb.1t &S 08 Y 29z | 9T 6% ¥stb.o | 6311 © SO 1
m =g =
wh = 3, -] " w
B3 & £ £ g § £2
.Eoodm.a%%t £q m g B g s¥ MW W EZ ‘oureyN 8,4e)g
35 g g g 33 g £ ,
g g B 5 : g Fe
. [2d .

et



THE STELLAR UNIVERSE.

The elements Nos. 1, 2, 8, 4¢, 5, 6¢, 7, 11 b, 12 a, are extracted
from M. Miidler's synoptic view of the history of double stars, in vol. ix.
of the Dorpat Observations : 4 a, from the Connoiss. des Temps, 1830 :
4b, 6b, and 11 a, from vol. v. Trans. Astron. Soc. Lond. : 6 a, from
Berlin Ephemeris, 1832: No. 8. from Trans. Astron. Soc. vol. vi.:
No. 9, ‘11¢; 12 b, and 13 from Notices of the Astronomical Society,
vol. vif. p. 22., and viii. p. 159., and No. 10 from Sir John Herschel's
¢ Results of Astronomical Observations, &c., at the Cape of Good Hope,”
p. 207. The 3 prefixed to No. 7 denotes the number of the star in
M. Struve's Dorpat Catalogue (Catalogus Novus Stellarum Duplicium, &e.,
Dorpat. 1827), which contains the places for 1826 of 3112 of these
objects.

{l‘ho ¢‘positicn of the node™ in col. 4, expresses the angle of position of
the line of intersection of the plane of the orbit, with the plane of the
heavens on which it is seen projected. The ¢‘inclination” in col. 6, is
the inclination of these two planes to one another. Col. 5, shows the angle
actually included n the plane of the orbif, between the line of nodes
(defined as above) and the line of apsides. The elements assigned in this
table to w Leonis, ¢ Bootis, and Castor must be considered as very doubtful,
and the same may perhaps be said of those ascribed to u 2 Bootis, which
rest on too small an arc of the orbit, and that too imperfectly observed, to
afford a secure basis of calculation.

62. The most remarkable of these, according to Sir John
Herschel, is 4 Virginis; not only on account of the length of its
period, but by reason also of the great diminution of apparent
distance and rapid increase of angular motion about each other, of
the individuals composing it. It is a bright star of the fourth
magnitude, and its component stars are almost exactly equal.
It has'been known to consist of two stars since the beginning of
the eighteenth century, their distance being then between six and
seven, seoonds ; so that any tolerably good telescope would resolve
it. Binee that time they have been constantly approaching, and
are at present hardly more than a single second asunder ; so that
no telescope that is not of very superior quality, is competent to
show them otherwise than as a single star somewhat lengthened in
one direction. It fortunately happens that Bradley, in 1718,
noticed and recorded, in the margin of one of his observation-
books, the apparent direction of their line of junction as being
parallel to that of two remarkable stars a and 3 of the same con-
stellation, as secn by the naked eye. They are entered also as
distinet stars in Mayer’s catalogue ; and this affords also another
means of recovering their relative situation at the date of his
observations, which were made about the year 1756. Without
particularising individual measurements, which will be found in
their proper repositories, it will suffice to remark, that their whole
series is represented by an ellipse.

63. To understand the curious effects which must attend the
aase of a lesser sun with its attendant planets revolving round a

4



BINARY STAKS.

greater, let the larger sun with its planets be represented ats,
fig. 7, in the foous of an ellipse, in which the lesser sun accompanied
by i¢s planets moves. Ata Fig. 7.

this latter sun is in its peri-
helion, and nearest to the
greater sun 8. Moving in
its periodical course to B, it
is at its mean distance from
the sun 8. At D it is at
aphelion, or its most distant
point, and finally returns
through ¢ to its perihelion
A. The sun 8, because of
its vast distance from the
system A, would appear tothe
inhabitants of the planets of
the system A much smaller
than their proper sun; but,
on the other hand, this effect
of distance would be to a
certain extent compensated
by its greatly superior mag-
nitude ; for analogy justifies
the inference that the sun s
is greater than the sun A in
a proportion equal to that of
the magnitude of our sun
to one of the planets. The
inhabitants of the planets of
the system A will then behold
the spectacle of two suns in their firmament. The annual motion
of one of these suns will be determined by the motion of the
planet itself in its orbit, but that of the other and more distant
sun will be determined by the period of the lesser sun around the
greater in the orbit A 8 p c. The rotation of the planets on their
axes will produce two days of equal length, but not commencing
or ending simultaneously. There will be in general two sunrises
and two sunsets! When a planet is situate in the part of its
orbit between the two suns, there will be no night. The two suns
will then be placed exactly as our sun and moon are placed when
the moon is full. When the one sun sets, the other will rise; and
when the one rises the other will set. There will be, therefore,
continual day. On the other hand, when a planet is at sucha
part of its orbit that both suns lie in nearly the same direction as
seen froin it, both suns will rise and both will set together. There

[



THE STELLAR UNIVERSE.

will then be the ordinary alternation of day and night as on the
carth, but the day will have more than the usual splendour, being
enlightened by two suns.

In all intermediate seasons the two suns will rise and set at
different times. During a part of the day both will be seen at
once in the heavens, ocoupying different places, and reaching the
meridian at different times. There will be fwo noons. In the
morning for some time, more or less, according to the season of
the year, one sun only will be apparent, and in like maunner, in
the evening, the sun which first rose will be the first to set, leaving
the dominion of the heavens to its splendid companion.

The diurnal and annual phenomena incidental to the planets
attending the central sun s will not be materially different, except
that to them the two suns will have extremely different magni-
tudes, and will afford proportionally different degrees of light.
The lesser sun will appear much smaller, both on account of its
really inferior magnitude and its vastly greater distance. The
two days, therefore, when they occur, will be of very dufferent
splendour, one being probably as much brighter than the other as
the light of noonday is to that of full moonlight, or to that of the
morning or evening twilight.

But these singular vicissitudes of light will become still more
striking, when the two sums diffuse light of different colours.
Let us examine the very common case of the combination of a
crimeon with a blue sun. In general, they will rise at different
times. When the blue rises, it will for a time preside alone in
the heavens, diffusing a blue morning. Its crimson companion,
however, soon appearing, the lights of both being blended, a
white day will follow. As evening approaches, and the two orbs
descend toward the western horizon, the blue sun will first set,
leaving the crimson one alone in the heavens. Thus a ruddy
evening closes this curious succession of varying lights. As the
year rolls on, these changes will be varied in every conceivable
manner. At those seasons when the suns are on opposite sides of
a planet, crimson and blue days will alternate, without any inter-
vening night; and at the intermediate epochs all the various
intervals of rising and setting of the two suns will be exhibited.

PROPER MOTION OF THE STARS.

In common parlance the stars are said to be fired. They have
received this epithet to distinguish them from the planets, the sun,
and the moon, all of which constantly undergo changes of appa-
rent position on the surface of the heavens. The stars, on the
oontrary, so far as the powers of the eye unaided by art can
discover, never change their relative position in the firmament,
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which seems to be carried round us by the diurnal motion of the
sphere, just as if the stars were attached to it, and merely shared
in its apparent motion.

But the stars, though subject to no motion perceptible to the
naked eye, are not absolutely fixed. 'When the place of a star on
the heavens is exactly observed by means of good astronomical
instruments, it is found to be subject to a change from month to
month and from year to year, small indeed, but still easily observed
and certainly ascertained.

64. It has been demonstrated by Laplace, that a system of
bodies, such as the solar system, placed in space and submitted
to no other continued force except the reciprocal attractions
of the bodies which compose it, must either have its common centre
of gravity stationary or in e state of uniform rectilinear motion.

The chances against the conditions which would render the sun
stationary, compared with those which would give it a motion
in some direction with some velocity, are so numerous that we
may pronounce it to be morally certain that our system is in
motion in some determinate direction through the universe. Now,
if we suppose the sun attended by the planets to be thus moved
through space in any direction, an observer placed on the earth
would sec the effects of such a motion, as a spectator in a steam-
boat moving on a river would perceive his progressive motion on
the stream by an apparent motion of the banks in a contrary
direction. The observer on the carth would, therefore, detect such
2 motion of the solar system through space by the apparent motion
in the contrary direction with which the stars would be affected.

65. Such a motion of the solar system would affect different
stars differently. All would, it is true, appear to be affected by
a contrary motion, but all would not be equally affected. The
nearest would appear to have the most perceptible motion, the
more remote would be affected in a less degree, and some might,
from their extreme distance, be so slightly affected as not to
exhibit any apparent change of place, even when examined with
the most delicate instruments. To whatever degree each star
might be affected, all the changes of position would, however,
apparently take place in the same direction.

The apparent cffects would also be exhibited in another manner.
The stars in that region of the universe toward which the motion
of the system is directed, would appear to recede from each other.
The spaces which separate them would seem to be gradually
augmented, while, on the contrary, the stars in the opposite
quarter would seem to be crowded more closely together, the
distances between star and star being gradually ‘dimimshed.
This will be more clearly comprehended by fig. 8.

7
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Let the line 8 8’ represent the direction of the motion of the
system, and let 8 and 8’ represent its positions at any two epochs.
At 8, the stars 4 B ¢ would be separated by intervals measured

PFig. 8,

'

by the angles A 8 B, and B 8 ¢, while at 8’ they would appear
separated by the lesser angles A 8’ B, and Bs’C. Seen from &,
the stars A B¢ would seem to be closer together than they were
when secn from s, For like reasons, the stars a b ¢, towards
which the system is here supposed to move, would seem to be
closer together when seen from s, than when seen from s'. Thus,
in the quarter of the heavens towards which the system is moving,
the stars might be expeoted to separate gradually, while in the
opposite quarter they would become more condensed. In all the
intermediate parts of the heavens they would be affected by a
motion contrary to that of the solar system. Such, in general,
would be the cffects of a progressive motion of our system.

66. Although no general effect of this kind has been manifested
in any conspicuous manner among the fixed stars, many of these
objects have been found, in long periods of time, to have shifted
their position in a very sensible degree. Thus, for example, the
three stars, Sirius, Arcturus, and Aldebaran, have undergone,
since the time of Hipparchus (130 B.c), a change of position
southwards, amounting to considerably more than half a degree.
The double star 61 Cygni has, in half a century, moved through
nearly 4'%, the two stars composing it being carried along in
parallel lines with a common velocity. The stars ¢ Indi and u
Cassiopeise move at the rate of 7°74" and 374" annually,

Various attempts have been made to render these and other
like changes of apparent position of the fixed stars compatible
with some assumed motion of the sun. Sir W. Herschel, in
1783, reasoning upon the proper motions which had then been
observed, arrived at the conclusion, that such appearances might
be explained by supposing that the sun has a motion directed to a
point near the star A Heroulis. About the same time, Prevost
came to a like conclusion, assigning, however, the direction of the
supposed motion to a point differing by 27° from that indicated by
Sir W. Herschel,

8ince that epoch, the proper motions of the stars have been

8
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more extensively and acourately observed, and calculations of the-
motions of the sun which they indicate, have been made by
several astronomers. The following points have been assigned as
the dircction of the solar motion in 1790 :—

R. A, N. P.D.

260° 34’  «. ... 63° 43 ... .. B8irW. Herschel.
256° 26’ ... ... §1°23 .. .. Argelander.
255° 10’ .. ... §1°260 L. ”»

261° 11 59: 2’ L v

252° §3 ... .. 75° 34 .. ... Luhndahl

261° 22° ... ... 62° 24 ... .. OttoStruve.

The first estimate of Argelander was made from the proper motions
of 21 stars, each of which has an annual motion greater than 1";
the second from 50 stars having annual proper motions between 1"
and 0+5", and the third from those of 319 stars having motions
between 0+5” and 0°1”. The estimate of M. Luhndahl is based on
the motions of 147 stars, and that of M. Struve on 392 stars.

The mean of all these estimates* is a point whose right ascen-
sion is 259° 9, and north polar distance 55° 23’, which it will be
seen differs very little from the point originally assigned by Sir
'W. Herschel.

All the preceding calculations being based on observations
made on stars in the northern hemisphere, it was obviously
desirable that similar estimates should be made from the observed
proper motions of southern stars. Mr. Galloway undertook and
executed these calgulations; and found that the southern stars
gave the direction of the solar motion for 1790, to be towards a point
whose right ascension is 260° 1, and north polar distance 55° 37".

No doubt, therefore, can remain that the proper motion of the
stars is produced by a real motion of the solar system, and that the
direction of this motion in 1790 was towards a point of space which
seen from the then position of the system had the right ascension
of about 260°, and the north polar distance of about 55°

67. It follows from these calculations, that the average dis-
placement of the stars requires that the motion of the sun should
be such as that if its direction were at right angles to a visual
ray, drawn from a star of the first magnitude of averago distance,
its apparent annual motion would be 0-3392"; and taking the
average parallax of such a star at 0-209”, if D express the

semi-axis of the earth’s orbit, the annual motion of the sun
would be

3392

2090 X D= 1623 .

* Herschel, Ast., 2nd Ed., p. 583.
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It follows therefore, that the annual motion of the sun would be
1-623 x 95,000000 == 154,200000 miles ;
and the daily motion
154,200000 -
365} = 422000 miles;
a veloeity equal to something more than the fourth of the earth’s
orbital motion.

68. The motion of the sun, which has been computed in what
precedes, is that which it had at a particular epoch. No account
is taken of the possible or probable changes of direction of such
motion. To suppose that the solar system should move con-
tinuously in one and the same direction, would be equivalent to
the supposition that no body or collection of bodies in the universe
would excrcise any attraction upon it. It is obviously more
consistent with probability and analogy, that the motion of the
system is orbital, that is to say, that it revolves round some
remote centre of attraction, and that the direction of its motion
must continually change, although such change, owing to the
great magnitude of its orbit, and the relative slowness of its
motion, be so very slow as to be quite imperceptible within even
the longest interval over which astronomical records extend.

Attempts have, nevertheless, bcen made to determine the
contre of the solar motion; and Dr. Midler has thrown out a
surmise that it lies at a point in or near the small constellation
of the Pleiades.

This and like speculations must, however, be regarded as
conjectural for the present.

THE FORM AND DIMENSIONS OF THE MASS OF STARS WHICH
COMPOSE THE VISIBLE FIRMAMENT.

69. The aspect of the firmament might, at first, impress the
mind of an observer with the idea that the numerous stars scat-
tered over it are destitute of any law or regularity of arrange-
ment, and that their distribution is like the fortuitous position
which objects casually flung upon such a surface might be
imagined to assume. If, however, the different regions of the
heavens be more carefully examined and compared, this first
impression will be correoted, and it will, on the contrary, be
found that the distribution of the stars over the surface of the
celestial sphere follows a distinet and well defined law; that
their density, or the number of them which is found in a given
space of the heavens, varies regularly, increasing continually in
certain directions and decreasing in others.

Sir W, Herschel submitted the heavens, or at least that part

10



CLUSTER TO WHICH THE SUN BELONGS.

of them which is observable in these latitudes, to a rigorous
telescopic survey, counting the number of individual stars visible
in the field of view of a telescope of given aperture, focal length,
and magnifying power, when directed to different parts of the
firmament. The result of this survey proved that, around two
points of the celestial sphere diametrically opposed to each other,
the stars are more thinly scattered than elsewhere ; that depart-
ing from these points in any direction, the number of stars
included in the field of view of the same telescope increases first
slowly, but at greater distances more rapidly ; that this increase
.continues until the telescope receives a direction at right angles
to the diameter which joins the two opposite points where the
distribution is most sparse; and that in this direction the stars
are so closely crowded together that it becomes, in some cases,
impracticable to count them.

70, The two opposite points of the celestial sphere, around which
the stars are observed to be most sparse, have been called the garAc-
TIc PoLES; and the great circle at right angles to the diameter
joining these points, has been denominated the ¢ALACTIC CIRCLE.

This circle intersects the celestial equator at two points, situate
10° east of the equinoctial points, and is inclined to the equator at
an angle of 63°, and, therefore, to the ecliptic at an angle of 40°.

In referring to and explaining the distribution of the stars over
the celestial sphere, it will be convenient to refer them to this circle
and its poles, as, for other purposes, they have been referred to the
-equator and its poles. 'We shall, therefore, express the distance of
different points of the firmament from the galactic circle, in either
hemisphere, by the terms north or south ¢ALacTIC LATITUDE.

71. The elaborate series of stellar observations in the northern
hemisphere made during a great part of his life, by Sir W.
Herschel, and subsequently extended and continued in the south-~
-ern hemisphere by BSir J. Herschel, has supplied data by which
the law of the distribution of the stars, according to their galactic
latitude, has been ascertained at least with a near approximation.

The great celestial survey executed by these eminent
observers, was conducted upon the principle explained above.
The telescope used for the purpose had 18 inches aperture, 20 feet
focal length, and a magnifying power of 180. It was directed
indiseriminately to every point of the celestial sphere visible 1n
the latitude of the places of observation.

It was by means of a vast number of distinct observations thus
made, that the position of the galactic poles was ascertained.
The density of the stars, measured by the fumber included in
each ¢ gauge” (as the field of view was called), was nearly the
-same for the same galactio latitude, and increased in proceeding

11
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from the galactic pole, very slowly at first, but with great rapidity
when the galactic latitude was much diminished.

72. An analysis of the observations of Sir W. Herschel, in the
northern hemisphere, was made by Professor Struve, with the
view of determining the mean density of the stars in snccessive
zones of galactic latitude; and a like analysis has been made of
the observations of Sir J. Herschel, in the southern hemisphere.

If we imagine the cclestial sphere resolved into a succession of
zones, each measuring 15° in breadth, and bounded by parallels
to the galactic circle, the average number of stars included within
a circle, whose diameter is 15, and whose magnitude, therefore,
would be about the fourth part of that of the disc of the sun or
moon, will be that which is given in the second column of the
following Table.

Average number
Galactic Latitude. of Stur&‘ ina ':i:'cle 1%
meter.
N 90 — 75 . . . . . 432
9 75° — 60° . . . . . 542
yy 60° — 45 . . . . . 821
y 45° — 3o° . . . . . 1361
» 3o: — 15 . . . . . 2409
» 15" — o . . . . . 53743
8 o — 15 . . . . . 5206
» 15: — 3o: . . . . . 2629
» 30 — 45" . . . . - 13739
yy 45° — 60° . . . . . 908
yy 60° — 75 . . . . . 662
s 75° — 90° . . 605

It appears, therefore, thut the variation of the density of the
visible stars in proceeding from the galactic plane, either north or
south, is subject almost exactly to the same law of decrease, the
density, however, at each latitude being somewhat greater in the
southern than in the northern hemisphere.

73. The regions of the heavens, which extend to a certain
distance on one side and the other of the galactic plane, are
generally so densely covered with small stars, as to present to the
naked eye the appearance, not of stars crowded together, but of
whitish nebulous light. This appearance extends over a vast
extent of the celestial sphere, deviating in some places from the
exact direction of the galactic circle, bifurcating and diverging
into two branches at a oertain point which afterwards reunite, and
at other places throwing out off-shoots. This appearance was
denominated the Via Lactea, or the galazy,* by the ancients,
and it has retained that name.

The courseof thefnilky waymay be somuch more easily and clearly

* Prom the Greek word ydAa, ydAaxros, ¢ milk.”
12
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followed by means of a map of the stars, or a celestial globe,
upon which it is delineated, that it will be needless here to
describe it.

74. When this nebulous whiteness is submitted to telescopic
cxamination with instruments of adequate power, it proves to be a
mass of countless numbers of stars, so small as to be individually
undistinguishable, and so crowded together as to give to the place
they occupy the whitish appearance from which the milky way
takes its name.

Some idea may be formed of the enormous number of stars
which are crowded together in those parts of the heavens, by
the actual numbers so distinctly visible as to admit of being
eounted or estimated, which are stated by Sir W. Herschel to
have been seen in spaces of given extent. He states, for example,
that in those parts of the milky way in which the stars were most
thinly scattered, he sometimes saw eighty stars in each field. In
an hour, fifteen degrees of the firmament were carried before his
telescope, showing successively sixty distinet fields. Allowing
eighty stars for each of these fields, there were thus exhibited, in
a single hour, without moving the telescope, four thousand eight
hundred distinct stars! But by moving the instrument at the
same time in the vertical direction, he found that in a space of
the firmament, not more than fifteen degrees long, by four broad,
he saw fifty thousand stars, large enough to be individually
visible and distinctly counted ! The surprising character of this
result will be more adequately appreciated, if it is remembered
that this number of stars thus seen in the space of the heavens,
not more than thirty diameters of the moon’s disc in length, and
eight in breadth, is fifty times greater than all the stars taken
together, which the naked eye can perceive at any one time in the
heavens, on the most serene and unclouded night !

On presenting the telescope to the richer portion of the via
lacteas, Herschel found, as might be expected, much greater num-
bers of stars. In a single field he was able to count 588 stars; and
for fifteen minutes, the firmament being moved before his tele-
scope by the diurnal motion, no diminution of number was
apparent ; the number seen at any one time being greater than
can be seen by the naked eye, on the entire firmament, except on
the clearest nights.

75. It may be considered as established by a body of analogical
evidence, having all the force of demonstration, that the fixed
stars are self-luminous bodies, similar to our sun; and that
although they may differ more or less from our sun and from each
other in magnitude and intrinsic lustre, they have a certamn ave-
rage magnitude; and that, therefore, in the mam, the great

13
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differences which are apparent in their brightness, is to be ascribed
to difference of distance. Assuming, then, that they are separated
from each other by distances analogous to their distances from the
sun, itself a star, the general phenomena which have been
described above, involving the rapid increase of stellar density in
.approaching the galactic plane, cambined with the observed form
of the milky way, which, following the galactic plame in its
general course, departs nevertheless from it at some points,
bifurcates resolving itself into two diverging branches at others,
and at others throws out irregular off-shoots, conducted Sir W.
Herschel to the conclusion, that the stars of our firmament, in-
,oluding those which the telescope renders visible, as well as those
.visible to the naked eye, instead of being scattered indifferently in
all directions around the solar system through the depths of the
universe, form a stratum of definite form and dimensions, of which
the thickness bears a very small proportion tothe lengthand breadth,
and that the sun and solar system is placed within this stratum,
very nenr its point of bifurcation, relatively to its breadth near its
middle point, and relatively to its thickness (as would appear from
the more recent observations) nearer to its northern than to its
southern surface.

Let AcHm D, fig. 9, represent a rough outline of a section of such
a stratum, made by a plane passing through or near its centre.

Fig. 9.

Let A B represent the intersection of this with the plane of the
galactio circle, so that, z being the place of the solar system, zc
will be the direction of the north, and = » that of the south galac-
tic pole. Let = H represent the two branches which bifurcate
from the chief stratum at 3. Now, if we imagine visual lines to
be drawn from z in all directions, it will be apparent that those
z ¢ and =D, which are ditected to the galactic poles, pass through
a thinner bed of stars than any of the others; and since z is sup-
posed to be nearer to the northern than to the southern side of
the s;k:atnm, zC will pass through a less thickness of stars than



STELLAR CLUSTERS.

zD. As the visuallines are inclined at greater and greater angles
to z A, their length rapidly decreases, as is evident by comparing
24, 2B, and z », which explains the fact that while the stars are
as thick as powder in the direction za, they become less 8o in
the direction z &, and still less in the direction z¥, until at the
poles in the directions z ¢ and z b, they become least dense,

On the other side, = B being less than z A, a part of the
galactic circle is found at which the stars are more thinly
scattered ; but in two directions, z H intermediate between = B
and the galactic poles, they again become nearly as dense as in
the direotion =z a.

This illustration must, however, be taken in a very general
sense. No attempt is made to represent the various off-shoots
and variations of length, breadth, and depth of the stratum
measured from the position of the solar system within it, which
have been indicated by the telescopic soundings of Bir W.
Herschel and his illustrious son, whose wondrous labours have
effected what promises in time, by the persevering researches of
their successors, to become a complete analysis of this most mar-
vellous mass of systems. Meanwhile it may be qonsidered as
demonstrated, that it consists of myriads of stars clustered

together : —

¢ A broad and ample road, whose dust is gold,
And pavement stars, as stars to us appear ;
S¢en in the galaxy that Milky Way,
Like to a circling zone powder'd with stars.”—MirTox.

The appearance which this mass of stars would present if viewed
from a position directly above its general plane, and at a sufficient
distance to allow its entire outline to be discerned, was represented
by 1?: Ygilliam Herschel as resembling the starry stratum sketohed
in fig. 10.

He considered that it was probable that the thickness of this
bed of stars was equal to about eighty times the distance of the
nearest of the fixed stars from our system ; and supposing our
sun to be near the middle of this thickness, it would follow that
the stars on its surface in a direction perpendicular to its general
Plane would be at the fortieth order of distance from us. The
stars placed in the more remote edges of its length and breadth he
estimated to be in some places at the nine-hundredth order of
distance from us, so that its extreme length may be said to be in
round numbers about 2000 times the distance of the nearest fixed
stars from our system. Such a space light would take 20000 years
fo move over, moving all that time at the rate of nearly 200000
miles between every two tioks of a common clock !

15
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Figs. 85, 86.—~aPIRAL NEBULAE, AS SHOWN BY THE GREAT ROSSE TELESCOPE.

THE STELLAR UNIVERSE.

CHAPTER V.

S7ELLAR cLUSTERS AND NERULZ: 76. The stars of the firmament a
stellar cluster.—77. Such clusters innumerable,—78: Their distribu-
tion on the firmament.~—79. Their constitution,—80. Their apparent
and real forms.—81. Nebule.—~82. Double nebule.—83. Planetacy
nebule,—84, Annular nebuls.—85. Spiral nebule.

STELLAR CLUSTERS AND NEBULZE.
76. It appears, then, that our sun is an individual star, farmi!?g
only a single unit in a cluster or mass of many millions of other
similar stars ; that this cluster has limited dimensions, has asoer-
tainable length, breadth, and thickness, and, in short, forms what
may be expressed by a universe of solar systems. The mind, still
LarDNER'S MUSEUM 0F ScIENCE. o 17
No. 97,
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unsatisfied, is as urgent as before in its questions regarding the
remasnder af smmensity. However vast the dimensions of this
mass of suns be, they are nevertheless finite. How stupendous
soever bo the space included within them, it is still nothing
eompared to the immensity which lies outside! Is that immensity
& vast solitude? Are its unexplored realms dark and silent?
Has Omnipotence circumscribed its agency, and has Infinite
Benefloonce left those unfathomed regions destitute of evidenoe of
His power ?

Tha.t the infinitude of space should exist without a purpose,
unocoupied by any works of creation, is plainly incompatible with
all our notions of the character and attributes of the Author of the
universe, whether derived from the voice of revelation or from the
light of nature. 'We should therefore infer, even in the absence
of direct evidence, that some works of creation are dispersed
through those spaces which lie beyond the limits of that vast
stellar cluster of which our system is a part. Nay, we should be
led, by the most obvious analogies, to conjeoture that other stellar
clusters, like our own, are dispersed through immensity, separated
probably by distances as much greater than those which inter-
vene between star and star, as the latter are greater than those
which separate the bodies of the solar system. But if such dis-
tant clusters existed, it may be objected, that they must be visible
to us; that although diminished, perhaps, to mere spots on the
firmament, they would still be rendered apparent, were it only as
confused whitish patches, by the telescope; that as the stars of
the milky way assume to the naked eye the appearance of mere
whitish nebulosity, so the far more distant stars of other clusters,
which cannot be perceived at all by the naked eye, would, to tele-
scopes of adequate power, present the same whitish nebulous
appearance ; and that we might look forward without despair to
such augmentation of the powers of the telescope as may even
enable us to perceive them to be actual clusters of stars.

71. Such anticipations have accordingly been reslised. In
various parts of the firmament objects are seen which, to the
naked eye, appear like stars seen through a mist, and sometimes
as nebulousspecks, which might be, and not infrequently have been,
mistaken for comets. With ordinary telescopes these objects are
visible in very considerable numbers, and were observed nearly a
gntury ago. In the Connaissance des Temps, for 1784, Messier,

en so oelebrated for his observations on comets, published a
catalogue of 103 objeots of this class, of many of wlnoh he gave
drawings, with which all observers who search for comets ought
to be familiar, to avoid being misled by their resemblance to them.
The improved powers of the telesoope speedily disclosed to astro-
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nomers the nature of these ohjects, which, when examined by
sufficient magnifying powers, prove to be masses of stars clustered
together in a mauner identical with that oluster in which our sun
is placed. They appear as they do, mere apecks of whitish light,
because of their enormous distance.

78. These objects are not dispersed fortuitously and indifferently
on all parts of the heavens. They are wholly absent from some
regions, in some rarely found, and crowded in amazing profusion
in others. Their disposition, however, is not like that of the stars
in general, determined by a great circle of the sphere and its
poles. It was supposed that they showed a tendency to crowd
towards a zone at right angles to the galactic cirele, but a careful
comparison of their position does not confirm this. According to
Sir W. and Sir J. Herschel, the nebulm prevail most around the
following parts of the celestial sphere :—

1 The North Galactic Pole. 6 Canes Venatici,

2 Leo msjor. 6 Coma Berenici.

3 Leo minor. 7 Bootes (precedingly).

4 Ursa major. 8 Virgo (head, wings, and shoulder),

The parts of the heavens, on the other hand, where they are found
in the smallest numbers, are,—

1 Aries. 7 Draco.

2 Taurus, 8 Hercules,

8 Orion (head and shoulders). 9 Serpentarius (northern part).
4 Auriga. 10 Serpens (tail).

5 Perseus. 11 Aquila (tail).

6 Camelopardus. 12 Lyra.

In the southern hemisphere their distribution is more uniform.

79. What those objects are, and of what they severally consist,
admits of no reasonable doubt.; So far as relates to the stellar
clusters, their constituent parts are visible. They are, as their
name imports, masses of stars collected together at certain points
in the regions of space which stretch beyond the limits of our own
cluster, and are by distance so reduced in their visual magnitude,
thgt an entire cluster will appear to the naked eye, if it be visible
at all, as a single star, and when seen with the telescope will be
included within the limit of a single field of view.

Different clusters exhibit their component stars seen with the
same magnifying power more or less distinetly. Thus, for
example, fig. 11 represents the appearance of a cluster seen with
a powerful telescope, in which the stars appear like grains of
silver powder. - :

In fig. 12, on the other hand, the component stars are distinot,
and those of fig. 13 still more so.

c2 19
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- This my be’ explained either by difference of distance, or by
the supposition that they may consist of stars of different real
magnitudes, and crowded more or less closely together. The
former supposition is,. however, by far the more natural and
probable. .

The appearance of the stars ocomposing some of the clusters is
quite gorgeous, Sir J. Herschel says, that the cluster which
surrounds » Crucis in the southern hemisphere, occupies the 48th
part of a square degree, or about the tenth part of the superficial
magnitule of the moon’s dise, and consists of about 110 stars
from the 7th magnitude downwards, eight of the more con-

Fig- 11 Fig. 12.

.-
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spicuous stars being coloured with various tints of red, green, and
blue, 50 as to give to the whole the appearance of a rich piece of

Fig. 18.

Jjewellery.

Cluster compared with clus-
ter show all gradations of
smallness and closeness of the
component stars, until they
assume the appearance of
patches of starry powder.
These varieties are more ob-
viously ascribable to varying
distances.

Then follow those patches :
of starry light which are seen .
40 so many regions of the .
heavens, and which have been :
denominated nebulee, appear-
ing with very different degrees of magnitude and brightness.
lee;?,opic views of three such are given in figs, 14, 15, and 16.
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That these are still clusters, of which the component stars are
indistinguishable by reason of their remoteness, there are the

. Fig. 18.
Fig. 14.

strongest evidence and most striking analogies to prove. Every

sugmentation of power and improvement of effleiency the tele-

soope receives, augments the

Fig. 16, pumber of nebuls which are

- - -- -- converted by that instrument

into clusters. Nebule which were

irresolvable before the time of Sir

W. Herschel, yielded in large

numbers to the powers of the in-

straments which that obsérver

brought to bear upon them. The

labours of Sir J. Herschel, the

colossal telescopes constructed by

Lord Rosse, and the erection of

observatories in multiplied num-

bers in climates and under skies

more favourable to observation,

have all tended to augment the

number of nebuls which have been resolved, and it may be ex-

pected that this progress will continue, the resolution of these

objects into stellar clusters being co-extensive with the improved

powers of the telescope and the increased number and zeal of
observers,

A theory was put forward to explain these objects, based upon
views not in accordance with what has just been related. It was
assumed hypothetically that the nebulous matter was a sort of
luminous fluid diffused throwgh different parts of the universe;
that by its aggregation on certain laws of attraction, solid lumi-
nous masses in process of time were produced, and that these
nebule grew into ol . ’

It would not be compatible with the limits of this Traoct, and
the objects to which it is directed, to pursue this speculation
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through its consequences, to state the arguments by which it is
supported and opposed ; and it is the less necessary to do so, seeing
that such an hypothesis is not needed to explain appearances which
are 0 much more ohmmly a.nd simply explicable by the admission
of & ;rud.;hon of distances.

S(L The appurent forms of these objects are extremely various,

and subject to most extraordinary and unexpected changes,
to the magnifying power under which they are viewed.
This ‘ought, however, to excite no surprise. The telescope is an
exped!ent by which & well-defined and strongly illuminated
optical i image of & distant objeot is formed so close to the observer,
that he is enabled to view it with microscopes of greater or less
power, according to the perfeotion of its definition, and the inten-
.ity of its illumination. Now, it is known to all who are familiar
with the use of the microscope, that the apparent form and
structure of an objeot ohange in the most remarkable and unex-
pocted way when viewed with different microscopio powers. The
blood, for example, which viewed with the naked eye, or with low
powers, is & uniformly red fluid, appears as a pellucid liguid,
having linallreddmﬂoatmgmxt, when seen with higher
powers. Like effects are manifested in the cases of the nebulw,
when mbmitted to examination with different and increasing
powers, of which we shall presently show many

examples.

Btelhr elusters are generally roundish or irregular patches. - The

: th.u wlnoh compose them are always much more densely orowded
' hgether in going from the edges of the cluster towards the centre,

,¥o that at the centre they exhibit a perfeot blaze of light.

""" The apparent form is that of a seotion of the real form, made

« byayhm at right angles to the visual ray. If the massha.da
motion ¢f rotation, or any other motion by which it would change
this , 80 a8 to exhibit to the eye successively different sections
of it, its real form could be inferred as those of the planets have
been. But there are no discoverable indications of any such
motion in these objects. Their real forms, therefore, can only be
conjectured from comparing their apparent forms with their
struotural appearance.

The clusters having round apparent forms, and of which the
stars are rapidly more dense towards the centres, are inferred to
be ¢ither globular or spheroidal masses of stars, the greater
apparent density in passing from the edges to the centre being
explained by the greater thickness of the mass, in the direction
of the visual line, Clusters of irregular outline which show also
a density increasing inwards, are also inferred, for like reasons, to
be masses of stars, whose dimensions in the direction of the visual
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rays correspond with their dimensions in the direction at right
angles to those rays.

In fig. 17 is represented a cluster observed and delineated by
8ir J. Herschel. It is situated at about 13° south of. the celestial
equator, and about 38}° east of the autumnal equinoctial point.
It occupies a space on the heavens, the diameter of which is equal
to the 300th part of that of the full moon. Sir John Herschel,
who observed it with a reflecting telescope of nine inch aperture,
describes its appearance as that of a most superb cluster of stars
of the fifteenth magnitude, so condensed towards the centre as to
become a perfect blaze of light. He compares it to a mass of fine
luminous sand. :

Nothing can be more striking than the different appearances
which the same objects have presented, when viewed by the

Fig. 17, -

telescopes of Sir John Herschel and the more powerful instruments
constructed by the Earl of Rosse. In fig. 18 we have given the
same cluster as it appears in one of Lord Rosse’s telescopes.

The stars which, in Sir John Herschel’s instruments, are crowded
together 80 as to produce a blaze of liffit, are completely separated
by the telescope of Lord Rosse.

In fig. 19 is represented an object as delineated by Sir John
Herschel, which appears in his telescope as a fine oval nebula, the
length of which is about the eighth, and the breadth the tenth,
part of the moon’s diameter. This nebula is situated a few
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degrees north of the constellation of Orion, between it and
Aldebaran.

In fig. 20, the same object is delineated as shown by Lord
Roase’s telescope. Here a still greater change of appearance is
produced than in the former case. The oval form is lost, and
ounverted into that which is shown in the figure. The object is
studded with innumerable stars, which are projected upon a
nsbulous ground. ' This nebulous ground wounld most evidently
be resolved into stars if viewed with still higher powers.

Fig. 18.

—_— .. - e - - -

P e

81, The nebulm, properly so called, present a much greater
variety of form than the stellar clusters. Some are cireular, with
more or less precision of outline. Some are elliptical, the oval
outline having ms of xoentﬁoity infinitely various, from one
which scarcely diffrs a circle, to one which is compressed
into a form not sensibly different from a straight line. In short,
the minor axis of the ellipses bears all proportions to the major
axis, until it becomes a very small fraction of the latter.

To infer the real from the apparent forms of these objects with
any oertainty, there are no sufficient data. But in the cases in
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which the brightness increases rapidly towards the centre, which
it very generally does, it may be probably conjectured that their
forms are globular or spheroidal, for the reasons already explained

Fig. 19.

Fig. 2.
in relation to the clusters, and this becomes the more probable
when it is considered, that these nebulm are in fact clusters, the

stars of which are reduced to a nebulous patch by distance.
25
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Nevertheless, these nebuls may be strata of stars, of which the

thickness is small compared with their other dimensions; and
supposing their real outline to be circular, they will appear ellip-
tical if the plane of the stratum be inclined to the visual line, and
more or less exgentrically elliptical, according as the angle of
%ﬁn is more or less acute. In casesin which the brightness
{oes not increase in e striking degree from the edges inwards, this
form is more probable than the globular or the spheroidal.
-. Nebulw may be conveniently classed acoording to their apparent
Hotm and structure ; but whatever arrangement may be adopted,
thess objects exhibit such varicties, assume such capricious and
drvegular forms, and undergo such strange and unexpected
thanges of appearance according to the increasing power of the
telescope with which they are viewed, that it will always be
found that great numbers of them will remain unavoidably
unclassified. -

82, Like individual stars, nebulee are found to be combined in
pairs too frequently to be compatible with the supposition, that
such combinations arise from the fortuitous results of the small
obliquity of the visual rays, which causes mere optical juxta-
position.

In figs. 21, 22, 23, and 24, four double nebules of this class are
represented.

In fig. 21, the visual line passes between them without touching

Fig. 21. Fig. 22.

[y -

either, and they are conmsequently seen completely separated.
They are in this case equal 1n magnitude,

In fig. 22 they are also equal in magnitude, but the distance
between their centres being less than their diameter, they partially
overlay each other.
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In figs, 23 and 24 they are unequal, and also partly overlay
each other.

Fig. 2. Fig. 2.

These double nebule are generally ciroular in their apparent,
and therefore probably globular in their real form. In some cases
they are resolvable clusters.

That such pairs of clusters are physically connected does mnot
admit of a reasonable doubt, and it is highly probable that, like
the binary stars, they move round each other, or round a common
centre of attraction, although the apparent motion attending such
revolution is rendered so slow by their immense distance that it
can only be ascertained after the lapse of ages.

83. Planetary Nebule.—This class of objects derive their name
from their close resemblance to planetary dises. They are in
general either ciroular or very slightly oval. In some cases the
dise is sharply defined, in others it is hazy and nebulous at the
edges. In some the disc shows a uniform surface, and in some
it has an appearance which Sir J. Herschel describes by the term
curdled. '

There is no reason to doubt that the constitution of these objects
is the same as that of other nebulm, and that they are in fagt
clusterg of stars which by mutual proximity and vast distance are
reduced to the form of planetary discs.

Nebulse of this class, which are not numerous, present some
remarkable peculiarities of appearance and colour. It has been
already observed that, although the companion of a red individual
of a double star appears blue or green, it is not certain that this is
its re4l colour, the optical effect of the strong red of its mear
neighbour being -such as would render a white star apparently
blue or green, and no example of any single blue or green star
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has ever boen witnessed. The planetary nebuls, however, present
some very remarkable examples of these colours. Sir J. Herschel
indicates a beautiful instance of this, in a planetary nebula situate
in the southern constellation of the Cross. The apparent diameter
is 13", and the diso is nearly ciroular, with a well-defined outlins,
anill's ¥ fine and full blae colour verging somewhat upon green.”
Several other planetary nebule are of a like colour, but mere

~The. magnitudes of these stupendous masses of stars msy be
ﬂemmd from their probable distances. One of the largest,
_therefore probably the nearest of them, is situate mear the
star # Urse majoris (ome of the pointers). Its apparent dia~
meter is 2’ 40". Now, if this were only at the distance of 61
Cygni, whose parallax is known, it would have a diameter
equal to seven times that of the extreme limit of the solar
system ; but as it is certain that its distance must be many
times greater, it may be conceived that its dimensions must be
enormous,
In fig. 25 is represented a small nebula of this class, drawn by
Sir J. Herschel. It is situate near the star 3 in the constellation
Heroules (84, 17® 45™ N P D, 66° 53'), and is described as having a

Pig. 25, Fig. 26.

perosptible diso from 1" to 1}" in diameter, surrounded by a faint
nebula.

In'fig. 26 is another similar objeot, situated a Little to the north
of the oonstellation of Lyra (2 A 19* 40® N pp 39° §4’). A most
curions object. A star of the 11th magnitude, surrounded by a
very bright and perfectly round planetary nebula of uniform
light. Diameter in 2 A 3:5", perhaps a very little hazy at the
edges. (Hersohel.) .

Infig. 27 is represented another of the same oless, situnted in
(= A 13* 20= x.» D 107° 1’) the constellation Virgo near the bright
star Spica. Its entire diameter is 2', being the 15th of that of the
moon, and the diameter of the bright central part 10" to 15", It
is described as & faint large nebula losing itself quite impercep-
tibly ; & good type of its olass. (Herschel.)

Jn fig, 28 is a nebula, situate in (r 4 10* 28= x pp 35° 36). It

as
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is desoribed as a bright round nebula, forming almost a diso 15"
diameter, surrounded by a very foeble atmosphere. (Herschel.)

Flg‘ . m_ 28,

84, Annular Nebule,—A very few of the nebul» have been
observed to be annular. Until lately there were only four, The
telescopes of Lord Rossc have, however, added five to the number,
by showing that certain nebule formerly supposed to be small
round patches are really annular. It is extremely probable, that
many others of the smaller class of round nebulse will prove to be
annular, when submitted to further examination with telescopes
of adequate power and efficiency.

In fig. 29 one of this class is given, the situation of which is
(rA 8" 47™ X P D 57° 11') between the constellations of Gemini and
Cancer, This object, drawn by Sir J. Herschel, is the annular
nebula between 8 and » Lyrm. He estimates its diameter at
6"5. The annulus is oval, its longer axis being inclined at 67° to
the meridian. The central vacuity is not black, but filled with a

Fig. 29, _ Fig. 0.

»

nebulous light, The edges are not sharply cut off, but ill defined;

they exhibit a curdled and confused appearance, like that of stars

out of focus, He considers it not well represented in the drawing.
29
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Fig. 80 is tho same object as shown in the telescope of Lord
Roese. This drawing was made with the smaller telescope, three
feet aperture, before the great telescope had been erested. The
nebula was observed seven times in 1848, and onoe in 1849, With
the large telescope, the central opening showed comsiderably more
nabulosity than it appeared to have with the smaller instrument.
It was also noticed, that several small stars were seen around it
with the large instrument, which did not appear with the smaller
one, from which it was inferred that the stars seen in the dark
opening of the ring may possibly be merely accidental, and have
no physical relation to the nebula. In the annulis near the
extremity of the minor axis, several minute stars were visible,

85. Spiral Nebule.—The discovery of this class of objects, the
most extraordinary and unexpected which modern research has
yet disclosed in stellar astronomy, is due to Lord Rosse. Their
general formt and character may be conceived by referring to
those represented in figs. 32 and 34, These extraordinary

Fig. 81.

forms are so entirely removed from all analogy with any of the

phenomena presented either in the motions of the solar system,

or the comets, or those of any other objects to which observation

has been directed, that all conjecture as to the physical condition
30
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of the masses of stars which could assume such forms would be-
vain. The number of instances as yet detected, in which this
form prevails, is not great; but it is sufficient to prove that the
phenomenon, whatever be its cause, is the result of the operation
of some general law. It is pretty certain, that when the same
powerful instruments which have rendered these forms visible in
objects which had already been so long under the sorutiny of the
most eminent observers of the last hundred years, including Sir
W. and Sir Ju Herschel, aided by the vast telescopic powers at
their disposition, without raising even a suspicion of their real
form and structure, have been applied to other nebule, other cases
of the same phenomenon will be brought to light. Inthis point of
view it is much to be regretted, that the telescopes of Lord Rosse
cannot have the great advantage of being used under skies
more favourable to stellar researches, since the discovery of such
forms as these not only requires instraments of such power as Lord
Rosse alone possesses at present, but also the most favourable
atmospherie conditions.

In connection with this class of objects, and indeed with the
nebulee generally, one of the most remarkable is situate (r o 13"
33= N » D 41° 56'); as shown in fig. 31, it was observed and drawn
by Sir John Herschel. ¢ This is,” says that eminent astronomer,
¢ in many respects, one of the most remarkable and interesting of
its class, and has been submitted to elaborate examination by all
the eminent observers.” The distance of the centre of the small
nebula from that of the large one, is given by Messier, as 4’ 35",
which may serve as a modulus for its other dimensions. It was
described by Sir W. Herschel as a bright round nebula, sarrounded
by a halo or glory, and attended by a companion. Sir J. Herschel
observed this object, and represented it as in the figure. He
noticed the partial division of the ring, as if. it were split, as its
most remarkable and interesting feature, and inferred that, sup-
posing it to consist of stars, the appearance it would present to an
observer, placed on a planet attached to one of them excentrically
situate towards the north preceding quarter of the coentral mass,
would be exactly similar to that of the milky way as seen from
the earth, traversing in a manner precisely similar the firmament
of large stars, into which the central cluster would be seen pro-
jected, and (owing to its greater distance) appearing like it to
consist of stars much smaller than those in other parts of the
heavens. ¢“Can it be,” asks Sir J. Herschel, ¢ that we have here
a brother system, bearing a real physical resemblance and strong
analogy of structure to our own P”’ Sir J. Herschel further argues,
that all idea of symmetry caused by rotation must be relinquished,
considering that the elliptical form of the innet subdivided portion
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intieatis with extrete probability an clevationi of that part above
the'pland o -the vest ; 80 that the real form must be that of & ring
split thrgugh half ita eircumference, and having the split portions
setaratider at an angle of 456°, -

", Fig. 82 is the same object as shown by Lord Rosse’s telescope.
"This shows, in a striking manner, how entirely the appearances of
these objects are liable to be varied by the increased magnifying
power and greater efficiency of the telescope through which they
are viewed. It is evident, that very little resemblance or analogy
is diseoverable between fig. 31 and fig, 32, Lord Rosse, however,

Fig 2.

says that if Sir John Herschel’s be placed as it would be seen with
a Newtonian telescope, the bright convolutions of the spiral shown
in his own would be recognised in the appearance which Sir J.
Herschel supposed to be that which would be produced by a split or
divided ring. Lord Rosse further observes that, with each increase
of optical power, the structure of this object becomes more com-
plicated and more unlike anything which could be supposed to be
the result of any form of dynamical law of which we find a coun-
terpart in our system. The connection of the companion with the
principal nebuls, of which there is not the least doubt, and which
is represented in the sketch, adds, in Lord Rosse’s opinion, if pos-
sible, to the difficulty of forming any conceivable hypothesis,
That such a system should exist without internal movement he
oconsiders in the last degree improbable, Our conception may be
aided, by uniting with the idea of motion the effects of a resisting
medium ; but it is impossible to imagine such a system in any point
of view, as a case of mere statical equilibrium, Measurements he
therefore considers of the highest interest, but of great difficulty.
32
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CHAPTER VI

Spiral nebul (continued).—86. Number of nebulw,—87. The Dumb-
Bell nebula as observed by Sir J. Herschel “and Lord Rosse.—88.
Various nebule figured by the same observers.—89. Large irre-
gular nebule.—90. Rich cluster in the Centaur.—91. The great
:leb?il: in Orion.—92. The great nebula in Argo.—93. Magellanic

ouds,

Ix fig. 33 is reproduced a drawing by Sir J. Herschel of a large
nebula having a diameter estimated by him at 3, or a tenth of that
of the moon. This object is situate in R A 9 22= X P p 67° 45, and
therefore near the northern part of the constellation of Leo minor.
This is described by Sir John Herschel as a very bright extended
nebula, with an approach to a second nucleus, which, however, is
very faint.

Fig. 34 is the same object as shown by Lord Rosse’s telescope.
This object was first observed with the great telescope, 24th March,
1846, when a tendency to an annular or spiral form was discovered.
On the 9th March, 1848, in more favourable weather, the spiral
form was distinotly seen in an oblique direction. The nebula was
;ve.llhxt"esulved, partioularly towards the centre, where it was very

Tig.
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Mexm'dmy nebula is shiwrn infig. 35, p. 17.
IGM% ‘tha, subject of enmm by-all-eminent: oh,emrs

P PR L.

since the time of Messier, in whose catalogue it is No. 99, The
spiral form of the nebula, represented in fig. 32, was discovered
by Lord Rosse, in the early part of 1845. In the spring of 1846,
that represented in the present figure was discovered. The spiral
form is here also presented, but of a different character. Lord
Rosse conjectures, that the nebula No, 2370, and 3239 of Herschel’s
southern catalogue, are very probably objects of a similar cha-
raoter. As Herschel's telescope did not reveal any trace of the
form of this nebula, it is not surprising that it did not disclose the
spiral form presumed to belong to the others, and it is not, there-
tore unreasonable to hope, according to his lordship, that whenever
the southern hemisphere shall be re-examined with instruments of
greater power, these two remarkable nebule will yield some inte-
resting results,

Lord Rosse has discovered other spiral nebule, but they are
comparatively diffioult to be seen, and the greatest powers of the
instrument are required to bring out the details.

In fig. 36 is another nebula having the spiral character, and a
most singular form. Its situation is mA 1% 24= x pD 60° 31/,
and is therefore in the northern part of the constellation Pisces.
It is of great magnitude, having & diameter not less than half
that of the moon. This object has been the subject of observa-
tion by all the eminent observers. S8ir John Herschel desetibes it .
as enarmously large, growing very gradually brighter towards
the middle, and having a star of the 12th mngnitude, nonth,
followmg the nucleus, and being charatterised by irregularities
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ot light, and even by feeble subordinate nuclei and many small
stars. The drawing represents it as seen with the more powerful

. _ g

telescope of Lord Rosse. A tendency to a spiral form was dis-
tinetly seen on the 6th, 10th, and 16th September, 1849. The
whole object was involved in a faint nebulosity, which probably
extends past several knots which lie about it in different directions.

86. The forms and magnitudes of the nebulm are so infinitely
various, that it is impossible to reduce them to any definite
clussification. Their number also is quite unbounded. The
catalogues of Sir J. Herschel contain above 4000, of which the
places are assigned, and the magnitudes, forms, and apparent
characters described. As observers are multiplied, and the tele-
scope improved, and especially when the means of observation
have been extended to places that are more favourable for such
observations, it may be expected that the number observed will
be indefinitely augmented. ,

87. In fig. 37, we have reproduced the drawing of a well-
known nebula by 8ir John Herschel. This has been called, from its
apparent form, the Dumb Bell nebula. Its situation is B A 19 52
NPD 67° 44/, and consequently between the comstellations of
Vulpa minor and Lyra. 8ir John Herschel describes it as a
nebula shaped like a dumb-bell, double-headed shot, or hour-
glass, the elliptic outline being completed by a more feeble
nebulous light. The axis of symmetry through the centres of the
two chief masses inclined at 30° to the meridien, Diameter of
elliptio light from 7 to 8. Not resolvable, but four stars are
visible on it, of the 12th; 13th, and 14th magnitude. The southern
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the optical image. If on that occasion a second eye-piece had
been used of lower power, the intermediate nebulous matter
would have been seen, as represented in the drawing, and the
drawing would be as perfect as, and nearly identical with, that
. Fig 41, Fig. 42.

obtained with the greater telescope, o lower power being used.

Fie." 43. JUT. NP

Gy IR ﬂv’m
&{@'}ﬁ‘(&?{’ﬁ\v WETANE i

¢ N By

Y

Lt .
T |
""’%., Wi x
e PR
T . o™
£ vy e rm:'l"lﬁ(b e

e, T
i 'é‘ T T S

It will be observed that the general outline of this remarkable
object which is so geometrically exact as seen with the inferior

power used by Sir John Herschel, is totally effaced by the appli-
38
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cation of the higher powers used by Lord Rosse, and consequently
Sir John Herschel’s theoretical speculations based upon this parti-
cular form, must be regarded as losing much of their foree, if not
wholly inadmissible ; and this is an example proving how unsafe
it is to draw any theoretical inferences from apparent peculiarities
of form or structure in these objects, which may be only the
effect of the imperfect impressions we receive of them, and which,
consequently, disappear when higher telescopio powers are applied.
The case of the nebula represented in figs. 31 and 32, presents
another striking example of the force of these observations.

88. In fig. 40 is a ncbula drawn by Sir J. Herschel, who
deseribes it as a faint large round nebula, which, by attentive
examination, may be seen to be composed of excessively minute
stars, appearing like points rubbed out. Tt is, in fact, a globular
clusteor,

In fig. 41, is a ncbula situated in R a 22" 56™, N P D 78° 36,
and therefore in the southern part of the constellation of Pegasus.
The length of this, as estimated by Sir J. Herschel, is 2/, or the
15th part of the moon’s diameter, while the breadth is only half a
minute, or the 60th part of the breadth of the lunar disk. Tt
is shown 1 fig. 41 as it appeared in the telescope of Sir J.
Herschel. It is described by him as pretty bright and resolvable,
and extended between two small stars, having two very small
stars visible in it.

In fig. 42 is shown the same object as seen in Lord Rosse’s
telescope. It was frequently observed, both by Lord Rosse him-
self and several of Ris friends, and the drawing represents the
form with great accuracy. It was doubtful whether the form
was strictly spiral, or whether it were not more properly annular.

In fig. 43 is shown a double nebula situate in R A 7" 16™,
N P D 60°11’, and therefore near the bright star Castor. It is
drawn by Sir J. Herschel, who describes it as a curious bright
double or an elongated bicentral nebula.

In fiz, 44 is the same object as shown by Lord Rosse’s
telescope on 22nd December, 1848, A bright star was visible
between the ncbule from which tails and ourved filaments
issued. The existence of an annulus surrounding the two nebulw
was suspected,

In figs. 45, 46 are views of the same nebula, as seen by Sir
J. Herschel and Lord Rosse.  This object is situate in R 4 11* 10=,
N P D 75°59, and therefore between the two brightest stars of the
constellation Leo. Its length is 4’ or about the 7th of the moon’s
diameter. It is described by Sir John Herschel as large, elliptical
in form, with a round nucleus, and growing gradually brighter
towards the middle,
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In fig. 46 it is given as shown by Lord Rosse's telescope, 31st
Deseribed as a curious nebula, nucleus resolvable,

March,

40

1848,

Fig. 45.

Fig. 46. __

having a spiral or annular
arrangement about it. It
was also observed with the
same results on the 1st and
3rd April.

A nebula, situatein » A
15" 2= ~ » » 33° 8%, is
shown in fig, 47, its length
being 50" and breadth
20",

This nebula was not
figured by Sir John Her-
schel ; but is describ® by
him as an object very
bright, and growing much
brighter  towards  the
middle. The drawing re-
presents the object as seen
in Lord Rosse’s telescope,
in April, 1848. 1Tt is de-
scribed by Lord Rosse as a
very hright resolvable ne-
bula, but that none of the
comppnent stars could be
distinetly seen even with
a magnifying power of
1000. A perfectly straight
longitudinal division ap-
pears in the direction of
the majoraxisof the ellipse.
Resolvability was strongly
indicated towards the nu-
cleus. According to Lord
Rosse, the proportion of
the major axis to the minor
axis was 8 to 1; much
greater than the estimate
of Sir John Herschel.

In figs. 48, 49 are given
two views of the same
nebula by Sir J. Herschel
and Lord Rosse. Itssitua-
tion is R A 122 33,» NP D
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56° 30v, It is therefore near the northern limit of the Coma
Berenices. It 1s described by Sir John Herschel as a nebula of

Fig. 48. Fig. 49
Tig. 45 * ©

enormous length, extending
across an entire field of 15,
the nuclens not being well
defined. It was preceded by
a star of the tenth magni-
tude, and that again by a
small faint round nebula,
the whole forming a fine and
very curious combination.
Fig. 49 is the same object
as shown by Lord Rosse’s
telescope on 19th April, 1849,
The drawing is stated to be
executed with great ecare,
and to be very accurate. A
most extraordinary object,
masses of light appearing
through it in knots. --— - -
In fig. 50, p. 33, is represcnted a nebula situatein R A 6" 30"‘ NP
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» 81° 30", It is thereforc situate about midway between the bright
star Prooyon and the shoulders of the constellatien Orion. Thix
objeot is described by Sir John Herschel as a star of the 12th
magnitude, with a bright cometic branch issuing from it, 60" in
length, forming an angle of 60° with the meridian, passing through
it. The star is described as ill-defined, the apex of the nebula
coming exactly up to it, but not passing it.

Fig. 51, p. 33, is the same object as scen with Lord Rosse’s tele-
soope on 16th January, 1850, Lord Rosse observed that the two
comparatively dark spaoes, one near the apox and the other near
the base of the cone, arc very remarkable.

In fig. 52, p. 193, Vol. vii,, is represented a ncbula situated in
r A 11* 57 N D 34° &, having a diameter equal to about the 90th
part of that of the moon. It is drawn and described by Sir John
Herschel as a large uniform nebulous disk, very bright and
perfeetly round, but sharply defined, and yet very suddenly fading
away into darkness. A most extraordinary object.

Fig. 53, p. 193, Vol. vii., is the same object as shown by Lord
Lomse’s telescope,  T'wo stars considerably apart, seen in the central
part of the nebula. A dark penumbra around each spiral arrange-
ment with stars as apparent centres of attraction. Stars spark-
ling in it and in the ncbula resolvable. Lord Rosse saw two large

Fig. 54, Fig. 5o

and very dark spots-in the middle, and remarked -that all round
its edge the sky appeared darker than usual.
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In fig. 54 is represented a ncbula situated in & A 234 18w,
N P » 48 24', as drawn by Sir John Herschel, who describes it as
a fine planetary ncbula. With a power of 240 it was beautifully
detined, light, rather mottled, and the edges the least in the world
unshaped. It is not ncbulous, but looks as if it had a double
outline, or like a star a little out of focus. It is perfeetly
circular,

Fig. 55 is the same object as shown in Lord Rossc’s telescope,
16th-—19th Deccmber 1848, A central dark spot surrounded by a
bright annulus,

Infig. 56, p. 1, vol. viii., is 2 nehulasitnatein 1 A 20" 54 x r p
1023, Diamcter 10" to 12" according to Herschel, but 25" by 17"
according to Struve, who gives it a more oval form. This figure
is that given by Nir John Herschel, who describes it as a fine pla-
netary nebula with equable light and bluish white eolour.

Fig. 57, p. 1, vol. viii., is the same object as shown by Lord Rosse’s
telescope. Like a globe surrounded by a ring such as that of
Saturn, the usual line being in the planc of the ring.

In fig. 58 is a ncbula drawn by Sir J. Herschel, situate in ® A

Fie. 58, Fie, S,

= |
|

T 19w 8% N Pp 6S° 45, Described as a star exactly in the centre
of a bright circular atmospliere 25" in diameter, the star being
(l;;lite stellar, and not a mere nueleus, and is a most remarkable
object. .

Fig. 59 is the same object as shown by Lord Rosse’s telescope
on 20th February, 1849; described by him as a most astonishing
object. It was examined in January 1850, with powers of 700
and 900, when hoth the dark and bright rings seemed unequal in
breadth.
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In fig. 60 is represented a drawing by Lord.Rosse, made with
his large telescope, of a nebula situate in ® A 5" 27™, N P » 96° 2',
This nebula surrounds the small star : Orionis, and has a diameter
equal to about a tenth part of that of the moon.

Fig. 60.

89. All the ncbule deseribed above arc objects generally of
regular form, and subtending small visual angles. There are
others, however, of a very different character, which cannot be
passed without some notice. These objects cover spaces on the
firmament, many nearly as extensive as, and some much more
extensive than, the moon’s disk. Some of them have been re-
solved. Of those which are larger and more diffused, some
exhibit irrogularly shaped patches of nebulous light, affecting
forms resembling those of clouds, in which tracts are seen in
every stage of resolution, from nebulosity irresolvable by the
largest and most powerful telescopes, to stars perfectly separated
like parts of the milky way, and ¢ clustering groups sufficiently
insulated and condensed to come under the designation of irregular
and, in some cascs, pretty rich clusters. But, besides these, there
are also nebule in abundance, both regular and irregular; glo-
bular clusters, in every state of condensation, and objects of a
nebulous character quite peculiar, which have no analogy in any
other part of the heavens.”*

* Hevschel, Outlines of Astronomy, p. 618.
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90, The star « Centauri presents one of thc most striking ex-
amples of the class of large diffused clusters. It is nearly round,
and has an apparcnt diameter equal to two-thirds of that of the
moon. This remarkable object was included in Mr. Dunlop’s
catalogue (*¢ Phil. Trans.” 1828); but it is from the observations
of Sir John Herschel, at the Cape, that the knowledge of its
splendid character is derived. That astromomer pronounces it,
beyond all comparison, the richest and largest object of the kind
in the heavens. The stars composing it are literally innumerable ;
und as their collective light affects the eye hardly more than that
of a star of the fifth magnitude, the minuteness of cach of them
may be imagined. The apparent magnitude of this object is such
that, when it was concentric with the field of Sir J. Herschel’s
20-fect telescope, the straggling stars at the edges were beyond
the limit of the field. In stating that the diamecter is two-thirds
of the moon’s disk, it must be understood to apply to the diameter
of the condensed cluster, and not to include the straggling stars at
the edges. When the centre of the cluster was brought to the
cdge of the field, the outer stars extended fully half a radius
beyond the middle of it.*

The appearance of this magnificent object resembles that shown
in fig. 18, only that the stars are much more densely crowded
together, and the outline more ecircular, indicating a pretty exact
globe as the real form of the mass.

91. The great nebwlu tn Orion.—The position of this extraordi-
nary object is in the sword-handle of the figure which forms the
constellation of Orion. It consists of irregular cloud-shaped
nebulous patches, extending over a surface about 40’ square ; that
is, one whose apparent breadth and hecight excecd the apparent
diameter of the moon by about one-third, and whose superficial
magnitude is, therefore, rather more than twice that of the moon’s

- disk, Drawings of this nebula have been made by several ob-
servers, and engravings of them have been already published in
various works.

In fig. 61 is given a representation of the central part of this
object. The portion here represented has a height and breadth
about one-sixth less than the diameter of the moon. An engrav-
ing upon a very large scale, of the entire extent of the nebula,
with an indication of the various stars which serve as a sort of
landmarks to it, may be scen by reference to Sir J. Herschel’s
¢ Cape Observations,” accompanied by the interesting details of
his vbservations upon it.

Sir J. Herschel describes the brightest portion of this nebula as

* Cape Observations, p, 21.
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GREAT NEBULA OF ORION.

resembling the head and yawning jaws of some monstrous animal,
with a sort of proboscis running out from the smout. The stars
scattered over it probably have no connection with it, and arc
doubtless placed much nearer to our system than the nebula, being
visually projected upon it. Parts of this nebula, when submitted
to the powers of Lord Rosse’s telescope, show evident indications
of resolvability.

92, An object of the same class is shown in fig. 62, p. 177,
Vol. vii., and presenting like appearances; it is diffused around
the star 5 in the constellation Argo, and formed a special subject
of observation by Sir J. Herschel, during his residence at the
Cape.  An engraving of it on a large scale, giving all its details,
may be seen in the ¢ Cape Observations.” The position of the
centre of the nebula is, R A 10° 38” 38", N r p 148° 47,

This object consists of diffused irrcgular nebulous patches,
extending over a surface measuring nearly 7" in right ascen-
sion, and 68’ in declination ; the entirc arca, therefore, being
equal to a square space, whose side would mcasure one degree. It
occupies, therefore, a space on the heavens about five times greater
than the disk of the moon.

The part of the ncbula immediately surrounding the ecntral
star, is represented infig. 62, The space here represented measures
about one-fourth of the entire extent of the nebula, in declination,
and one-third in right ascension, and about a twelfth of its cntire
magnitude.

No part of this remarkable object has shown the least ten-
dency to resolvability, It is entirely compressed within the
limits of that part of the milky way which traverses the southern
firmament, the stars of which arc scen projected upon it in
thousands, 8ir J. Herschel has actually counted 1200 of thesc
stars projected upon a part of this nebula, measuring no more
than 28’ in declination, and 32’ in right ascension, and he thinks
that it is impossible to avoid the conclusion, that in looking at
it we sce through and beyond the milky way, far out into
space through a starless region, disconnecting it altogether with
our system.

93. The Magellanic clouds are two cxtensive nebulous patches
ulso seen on the southern firmament, the greater called the nubecula
major, being included between & A 4* 40™, and 6* 0" and NP D 156°
and 182°, occupying a superficial area of 42 square degrees ; and the
other called the nubecula minor, being included between & 4 O 21
and 1" 15™ and between N P 162° and 165°, covering about 10
square degrees.

These nebulw consist of patches of cvery character, some irrc-
solvable, and others resolvable in all degrees, and mixed with
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clusters ; in fine, having all the characters already explained in
the cases of the large diffused nebulm described above. So great
is the number of distinct nebule and clusters crowded together in
these tracts of the firmament, that 278, besides 50 or 60 outliers,
have been enumerated by Sir J. Herschel, within the area of the
nubecula major alone.
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CIIAPTER 1.

1. Physical condition of Man generally neglected. — 2. The brain the
organ of intelligence —3. General view of the nervous system.—4.
Structure of the brain.—5. The Facial Angle.—0i. Its varation in
different animals.—7. Recognised as an indieation of intellectual
power.—&. Theadvantages Man derives from the form of his members.
—4. Prehensile and locomotive members.—10. Structure of the hand.
—11. The bones of the arm and hand.—12. Wonderful play of the
museles and the wovement of the fingers ; example of piano-fort.
playing.—13. The lower members.— 14, The leg and foot.—15. The
crect position proper to man. — 16. Man alone bimanous and
bipedous.—17. Quadrumana.—18. Tower of language.

1. ArTHOUGH it has been affirmed and quoted by generation after
generation that

¢“ The proper study of mankind is man,”

that study, even among the most cultivated, has been confined too
exclusively to the social and political condition of our raee, to
the total neglect of the physical relations by which it is con-
nected with the inferior species. Although these relations exhibit
LARDKER'S MUSEUM OF SCIENCE. E 49
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in a striking point of view all that we have in common with the
rest of the animal kingdom, they render manifest not less con-
spicuously thosc which set us apart from, and exalt us above
them. So profoundly impressed was the greatest of modern
naturalists with the foree of the evidenec of man’s superiority,
derived merely from his physical organisation, that he maintained
that, even according to the rigorous principles of inductive
science bascd on physical and mechanical phenomena, without
taking into consideration the possession of the reasoning faculty,
man ought to be classified, not as a species of the order of verte-
brated animals, but as an order apart, distinet from and independent
of all other parts of organised nature, and presenting the anoma-
lous example of being the sole genus of his order and the sole
species of his genus.*

Nevertheless, our physical organisation differs but little in
appearance from that of a considerable number of Mammifers,+
that is, of the animals which suckle their young. The functions of
nutrition with us and with them are alike, and the structure of
the organs of sense present but few distinguishing peculiaritics.
Yet man is placed immeasurably above all other organised beings,
a superiority whieh he owes, not altogether to the gift of reason
and of language, but also, in a great degree, to the mechanical
conformation of his members.

2. Physiologists have traced a general relation between the
degree of intelligenee manifested by different organised beings,
and the volume and structure of the brain, not unly when species
is comparcd with speeies, but when individual is compared with
individual: and some have pretended to push this induction even
so far as to conneet different parts of the brain with different
faculties, passions, and tendencies, founding their conclusions
partly on obscrvations of the human brain in conncction with the
development of human character, and partly on the analogies
observable between the human brain, passions, and tendencies,
comparcd with the brain, passions, and tendencies of inferior
animals. Hence has arisen that new branch of inquiry claiming
a place in physiological science under the name of Phrenology.

However questions of this order may be decided, it has never
been doubted that the brain is the organ of intelligence, thought,
and feeling. It is the centre of the nervous system, and is con-
nected with all parts of the body by thousands of nervous
filaments.

3. Some notion of the manner in which these diverge from the
brain and from all parts of the spinal cord, and ramify over all

. * Cuvier. .
t From mamma, a ‘¢ pap, or teat,” and fero, ‘I bear.”
50
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the organs and members, may be obtained by the annexed firure,
where a is the brain; b, the posterior part of that organ, called

the cerebellum ; ¢, the spinal cord ; d, the branch of nerves which
ramifies over the face; e, that which goes to the arm; f, g, %,
® 9 51
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its ramifications over the lower arm and hand; 7, those which
spread over the trunk; %, /, those which lead to the leg and
thigh; m, n, o, p, their ramifications over the leg and foot.

The innumerable nervous filaments which are thus spread over
the entire system, and which at length become so minute as to be
microscopie, are the messengers of thought, carrying the dictates
of the will from the brain to all the members, which move in most
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Fig. 1.—View of the inferior smitace of the human brain, divested of its
membranous coatings.

absolute obedience to the commands thus received. They are also
the conductors of semsation from all parts of the system to the
‘brain, and are therefore divided into two classcs; the first con-
sisting of those which, carrying the dictates of the will to the
movable members, are called nerves of motion ; and the second,
of those which, conveying sensation from all parts of the body to
the brain, are called nerces of sensation, The practical proof
that each of these classes of nerves is invested with the special
functions here aseribed to them, is found in the fact, that if
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a nerve of motion be cut, the member which it moves will be
immediately paralysed ; and if a nerve of sensation be cut, the
part which it conncets with the brain will become inscnsible,
Thus, for example, if the nerves of motion proceeding from the
brain to the arm be divided at the shoulder, the entire arm and
hand will be paralysed, the will losing all power over it. 1In like
manncr, if the nerve connecting the optical membrane of cither
eyc be divided at any point between that membrane and the poing
where the nerve unites with that which proceeds from the other
eve, the former eye will become blind, the sight of the latter
remaining unimpaired.  But if the optie nerve be divided beyond

e
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Yioo2.—>cetion of the human bram made by a vertieal plane passmn
through the muddle of the torchead.

the point where the nerves from the two eyes are united, both eyes
will Jose the power of vision.

4. The brain being the organ of intelligenee, it has, as might
naturally be expeeted, a greater development and more perfeet
structure in man than in the inferior animals.  The cerebral
hemispheres, as they are called, are more voluminous, and their
convolutions are more prominent and numcrous, and extended
over a much larger region of the skull.  They cover, for example,
that part of the organ called the cerebellion, while in inferior
an‘mals they never extend over it, and in many cases have no
existence at all,

The part of the brain which occupies the front of the skull in
man is remarkable for the cxtent of its volume, and gives that
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peculiar elevation to the forchead and nobleness of aspect which is
nowhere to be found amoung the inferior species.

5. The proportion which the part of the head occupicd by the
prineipal organs of sense,—those of sceing, hearing, smelling, and
tasting,—bears to the part occupied by the brain and its appendages,
is found to be a good general modulus of the power of the intel-
lectual faculties; and accordingly methods have been sought by
physiologists, by which this proportion can be conveniently
ascertained with some degree of approximation by external in-
dications, indcpendently of the results of disscetion.  The method
which has been most generally received is that proposed by
Camper, an eminent Dutch naturalist, which eonsists in measuring
what he called the facial angle, formed by a line, ¢ d, (fig. 3)

Fig. 3. Fig 1

drawn through the opening of the ear and the base of the nostrils,
with another line, ¢ b, drawn from the most salient point of the
forchead, through the front of the upper jaw. This angle will be
greater or less, according to the greater or less development of the
brain, espec mlly in its anterior part.

In comparing man with the inferior .mxmals, it is found
accordingly, that the facial angle exeeeds those of the latter in a
large proportion ; and in comparing different species of animals
one with another, the variation of this angle is in remarkable
aceordance with their several manifestations of intelligence.

6. The following ure the facial angles of certain species, accord-
ing to different physiologieal authorities :---

Man (European) (fig. 3) . . . 857 to 907
Ouran-Outang (fig. 4) . . . . 867 to 60°
Apes (tig. H) . . . . . 30° to 65°
Dog . . . . . . . 35”
Ram . . . . . . . 30°
Horse . . . . . . . 23>

According to Professor Milne Edwards, the forehead in the case
of the wild boar (fig. 6) is so falling, that it is impossible to
draw a straight line from the upper jaw to the most prominent
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part of the skull, the latter falling considerably behind the bony
projection of the nose.

Fig. 5. Fig. 6.

With birds and fishes the facial angle is less than with mam-
mifers, and with reptiles, as in the erocodile (fig. 7), is often so
small as to be searcely appreciable.

A - ‘
Iz, 7.—Crocodile.

In comparing individuals of the human race existing in different
climates and under different physical influences, the facial angle
is subject to much variation. Thus, while with the European
(fig. 3) it is sometimes so great as 90°,
with the mnegro (tig. 8) it scldom
exceeds 70-. /

7. Although the more complete in-
vestigation of the connection of cerebral
development  with the extent of the
intellectual facultics was reserved for
modern investigators, it does not appear
1o have eseaped the notice of the ancients,
who evidently saw in the fucial angle an index of intelligence.
Not only dv we tind in their writings an erect frontal linc noticed
as a mark of a generous nature and an essential character of
beauty, but the ancient sculptors conferred upon the figures of
their heroes and their gods a facial angle much larger than is ever
secn in mun : and in some of the more remarkable statues which
have come down to us,—the Olympian Jupiter for example,—the
frontal line & «, tig. 3, actually inclines forwards so as to render
the facial angle obtuse.

Even the most vulgar observation ascribes stupidity to a pro-
jeeting mouth and nose and retiring forchead, to which the name
muzzle is given, whether found in men or in animals.  And when
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in exceptional cases an apparent enlargement of the facial angle is
produced by a prominence of the bony arch which protects the
eyes, a spurious air of intelligence is produced, which causes quali-
ties to be aseribed to animals having this conformation, which
they do mnot really possess. The clephant (fig, 9) and the owl
(fig. 10) are examples of this.

Owing to the peculiar expression thus given, the owl, as is well
known, was adopted by the aneients as the symbol of wisdom, and
the Indian elephant bears an oriental name which implies the pos-
session of a certain share of reason,

8. The brain, however, is not the only part of his organism, to
which man owes his great superiority ; the conformation of his
members, combined with lus tellectual powers, gives him a
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dominion over the inferior species, which he never could obtain by
his natural strength or swiftuess.

Like that of the superior classes of Mammifers generally, the
human body is supplicd with four members ; the superior, or arms
and hands, and the inferior, or
legs and feet. It is found in the
works of nature, as in those of art,
that the more extensively the
prineiple of the division of labour
ix earried ont, the greater will he
the perfection of the instruments.
A tool or u machine, which attains
two purposes, attains neither ot
them so perfectly as would two
tools or machines espeeially adapted
to the execution of cach.  Now we
tind, on comparing man with the
mferior animals, that he supplies a
solitary example of the rigorous
application of the prineiple of the
division of labour in the functions of his members.  The neees-
sities of its well-being require that the ereature should be
supplicd  with members to seize and members to pursue the
objects of its nutrition. Ilence arises the neeessity for members
of prehension and members of locomotion.  In some of the inferior
animals, as, for example, certain quadrupeds, the four members
arc exclusively locomotive, the act of prehension being confined to
the mouth. In others, however, all the four members, besides
fulfilling the functions of locomotion, are more or less prehensile,
thus serving a double purpose, and thercfore, aceording to the
prineiple explained above, serving it by comparison less perfeetly.
In some, the prehensile funetions of the four members prevailing
over their locomotive functions, naturalists have given them the
name of guadrumana, or four-handed, in contradistinetion to that
of quadrupeds, or four-footed, given to thuse species whose members
are more exclusively locomotive.

9. In man alone are found at once members which are exclu-
sively prehensile, and others exclusively locomotive.

10. The superior members are disposed in a manner most
favourable for prehension and touch, By the peculiar mechanism
of the shoulder-joint, the arm can be directed with nearly equal
facility upwards, downwards, forwards, and backwards. The
fore-arm at the sume time being hinged upon the elbow, and the
hand upon the wrist, a still more varied play is given to the hand,
the immediate instrument of prehension. But even with this
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variety of motion and inflection, something would still be wanting.
The chief seat of the sensibility of touch is the palm of the hand
and the palmar sides of the fingers; and the mechanism of the
hand is so contrived as to accommodate itsclf to the play of this
sensibility. The thumb is mounted so as to face the fingers, and
the articulations of both arc such as to cnable them to be inflected
towards cach other, and towards the palm, so that when an object
is embraced or grasped by the fingers, all the part of the hand
posscssing most sensibility of touch is brought into contact with it.
If we grasp the hand of a friend or a beloved relative, the palms
come into contact, and we arc conscious of a mutual sensation con-
veyed through the nervous system. If) while the mechanism of
the hand remains the same, the nerves which now overspread the
palm and the palmar sides of the tingers were spread over the back
of the hand, all this sensibility would ccase.

It is obviously essential that the palm of the hand, which is
thus its prehensive side, should be capable of being turned in
all directions, so as to present itsclf to the objeets to be grasped
or touched. But the hinge joints of the wrist and ¢lbow would
only enable the palm to be inflected inwards towards the hollow of
the arm.

It is true that the rotatory motion which can be given to the
arm upon the shoulder would vary the play of the palm, but the
motion would still be imperfeet for the purposes of prehension
and touch. An expedient is, therefore, provided, which may be
fairly said to confer upon the hand the utmost perfeetion as an
organ of prehension, This expedient consists of a simple and
beautiful mechanical arrangement in the structure of the fore arm,
which is composed betwceen the clbow and wrist, not of one, but
of two bones, of nearly equal length, placed side by side. One of
these, called the uina, is articulated with the upper bone of the
arm at the elbow by a hinge joint; the other, called the radius,
is articulated to the hand at the wrist, with a like hinge motion.
But the radius having the hand thus appended to it is so arranged
that it can revolve round the ulna, carrying the hand with it, thus
having the faculty of presenting the palm in any desired direction
without changing the general position of the arm.

11. In fig. 11, the bones of the arm and hand are represented ;
the ulna, hinged upon the elbow, being on the left, and the radius,
with the hand hinged upon it at the wrist, being on the right.
The two bones are tied together by intermediate ligaments (6, 7),
the ligament by which the hand is tied to the radius appearing
at 10, The palm of the hand and the hollow of the elbow arc
supposed to be presented to the observer.

When to all these conditions it is added that the successive
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bones of the fingers gradually decrease in length; that they are
articulated with a succession of hinge joints ; that they are moved
independently, one of another, by a scries of
muscles acted upon by nerves which are under
the complete dominion of the will, the ad-
mirable perfection of the organ of prehension
and touch may be in some degree appreciated.

12. When the movements of the arm,
hand, and fingers, are considered collectively,
it may be stated, without exaggeration, that
in directing the fingers to any object of touch,
a hundred muscles are brought into opera-
tion, whose contractile power is excited by
thousands of nervous filaments, each of which
is under the absolute dominion of the will,
cach action of volition requiring a corre-
sponding iutellectual exertion.  How wondrous
this machinery intellectual, physiological, and
mechanical, must be, the least retleetion upon
the manual exercises which are daily per-
formed, especially in civilised and polished
life, will render manifest.  When a performer,
for example, executes upon the piano-forte one
of the complicated compositions of the modern
composcrs for that instrument, as many as ten
thousand notes must be produced by the
application of the fingers to the keys. The
longest of these picees is executed in about
15 minutes, or, in round numbers, 1000
seconds, so thut the notes must be produced
at the rate of 10 per sceond, and as cach note
requires a separate dictate of the will, and
cach dictate of the will a separate act of the
mind, we arrive at the surprising conclusion
that these mental acts are performed in this
particular ease at the rate of 10 per second.
Nor can it be said that habit enables the
fingers to move mechanically while the mind
is passive, and that the facility given by repeti-
tion supersedes mental action ; for artists are found so expert as to
execute such pieces at sight, never having previously studied them.

13. The lower members are as eminently fitted for the purposes
of support and locomotion as are the superior for prehension.
Attached to the Lip bones or pelvis, at the external corners, they
arc so articulated as to have a certain play forward, backward,
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and laterally, sufficient for the purpose of locomotion, yet not too
great for stability.

‘While the arm at the shoulder plays in an extremely shallow
socket, 50 as Lo give it all that vast range of motion which is ncees-
sary in an organ of prehension, but would be altogether incom-
patible with one of sustentation, the thigh bone is articulated at
the hip in a deep spherical socket, which looks obliquely down-
wards, and which rests upon the convex head of the hone with
sufficient firmness and solidity to afford a seeure support to the
incumbent weight of the trunk, the upper members, and the head.

14. The leg is articulated to the thigh at the knee by a hinge
joint, which enables it to he infleeted backwards, so as to accom-
modate itself to a progressive motion,  Unlike the hand, the foot
has no rotatory motion on the leg ; the two bones composing which,
firmly united together, confine between them the upper bone of
the foot, forming the ankles at cither side of it. The foot thus
moves with a hinge motion on the ankle joint, projecting back-
wards at the heel, and still further forward in the direction of
the toes, so as to supply a Jarge Dbasis for the support of the body.

The toes, unlike the thumb and fingers, are totally ineapable
of prchension; the great toe, which corresponds to the thumb,
instead of facing the others, is placed in juxtaposition with them,
and they cannot therefore be brought together se as to form, like
the fingers and thumb, a sort of pincers.

The sole of the foot corresponds to the palm, and the instep to
the back, of the hand.  The bones of the latter, extending
obliquely from the bend of the ankle joint to the commencement
of the toes, form an clastic arch, by which the blood-vessels,
nerves, and muscles of the foot are protected from the pressure of
the weight of the body, which would otherwise erush them. The
fleshy mass formed by the muscles and fat placed upon the sole
vonstitutes a cushion or butler, which softens the collision which
must otherwise take place each time that the foot comes to the
ground, with the whole weight of the body upon it.

15. Everything in the mechanical struceture of the body con-
spires to prove that man was made to stand ereet; and with this
creet position arc associated numerous conscquences connceted
with his superiority over other species.  His feet are formed with
a base which is large in proportion to his body, so that the centre
of gravity can be casily kept vertically over it, a condition which
1s essential to his stability.  The legs, in their natural position,
are placed at right angles to the soles of the fect, and are therefore
vertical when the latter are horizontal.  The centre of gravity of
the trunk is at some distance in front of the spinal column, and

would therefore have a tendeney to incline forward, so that the
Hi)
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body would take the position of that of a quadruped, in which the
spinal column would be horizontal, the upper part of the trunk
being supported by the arms, the hands performing the duties of tore-
feet.  But this is prevented by the establishment along the wholc
extent of the back of several layers of powerful muscles, which tie
the vertebra togcther, two and two, three and three, four and
four, and so on. The tonc of thesc muscles is such, that their
normal tension produces a force which cquilibrates with the
weight of the trunk acting at its eentre of gravity in front of the
spine.  These museles have a power of contraetion und relaxation
within certain limits, by which the body can be inelined back-
wards or forwards, more or less.  The head is mounted upon the
summit of the vertebral column, forming as it were its capital, in
« mauner obviously adapted for the vertieal position.  Like the
trunk, its centre of gravity is a little in front of the summit to
the spinal column, and therefore it would have a tendeney to
ineline forwards, but this as before is resisted by muscles of
adequate power placed on the back of the ncek.

Nothing more manifestly indicates the intention of nature
that man should stand erect, than the position of his face
and the direction of his optic axes. In the erect position his
face looks forwards, and the optic axes are horizontal. Dut
if he were to assume the prone position, supported by his four
members like a quadruped, the optic axes would be dirceted
downwards, and, except by a strained effort of the mneck, he
could not sce before him.  To this it may be added, that
the knee joint being so constructed that the leg can only be
deflected buckwards on the thigh, would render the legs utterly
unfitted to be members of support and locomotion in the prone
position, since in that case the point of support would be, not the
ivet, but the knees.  Now, independently of the consideration that
in this case the legs and feet would not only become useless, but
would be an impediment to every act of locomotion, the shortness of
the thigh would inconveniently limit the power of progression, the
thin integuments covering the knee-pan would soon be destroyed
by the pressure upon it, and the knee-pan itself, a loose and de-
tached bone, would be displaced, and the members totally disabled.

It would not be worth while to insist upon thesc particulars,
were it not that some authors, impelled doubtless by the love of
paradox, have maintained that the pronme position is natural to
man, and the erect position the result of education.

16. Man, then, alone presents the characters of a bimanous and
bipedous animal. The various speeics of apes, who appreach so
close to him in some respects, differ from him essentially in their
members, their infirior or posterior members having as much the
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character of hands as of feet, and their anterior members as much
the character of feet as of hands.

In fig. 12 is represented the species of ape called the chim-
panzee, using the anterior member as a prehensile organ. In
fig. 13 another species of quadru-
mana is shown, where the conforma-
tion of all the four feet closely
corresponds with that of the human
hand, but all the four are used for
support and locomotion.

1t is evident that the mode of
locomotion to which the mixed cha

I'yr 12— The Chimpanzee. Fyr 13 —The Mandnill.

racter of the hand and foot found in the quadrumana is best
adapted, is that of climbing, to which accordingly the monkey
tribes are more especially addieted, often carrying their young
clinging round their bodics as they mount.

In fig. 14, a monkey called the maki, a species of lemur, is
represented in one of its habitual attitudes, carrying its young.

17. The double purpose of prehension and locomotion assigned
to the members of the guadrumana, and their habitual exercise of
climbing in pursuit of their food and for protection from their
enemics, renders the occasional aid of another organ of prehension
necessary ; such an organ is accordingly supplied them in the
tail. In fig. 15 is represented the White-throated Monkey thus
exercising this prehensile action. The same action is common with
the specics called the Coaita, or Spider-Monkey, so named from
the extraordinary length of its extremities, and from its motions.
““The tail,” says Sir Charles Bell, “ answers all the purposes of a
hand, and the animal throws itself about from branch to branch,
sometimes swinging by the foot, sometimes by the fore extremity,

62



QUADRUMANA.

but oftener and with greater reach by the tail. The prehensile
part of the tail is covered with skin only, forming an organ of
touch as discriminating as the proper extremities. The Caraya,
or Black Howling Monkey of Cumana, when shot, is found
suspended by its tail round a bramch. Naturalists have been so

i

=

struck with this property of the tail of the Aéeles, that they have
compared it to the proboscis of the Elephant, and have assured us
that they tish with their tail.

“The most interesting use of the tail is secen in the opossum.
The young of that animal mount upon her back, and entwine
their tails round their mother’s tail, by which they sit secure
while she escapes from her enemies.” *

1t will be observed that the young one, represented in fig. 14,
also uses its tail as an organ of prchension, holding itself upon
the body of its mother by twining the tail round her.

-

Fig. 14.—The Maki.

" Bell, On tbe Hand, p. 20.
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. 18, But of all the organs to which man owes his superiority,
that of voice is incontestably the most important. He alone,
among all created beings, is endowed with the power of producing

¥z, 16 —The White-Throated Moukev

articulate sounds in infinite variety, and applying them to the
expression of his thoughts, sentiments, and feclings. By this
power he is enabled to communicate with his kind, to inter-
change with them the expressions of kindness and affection, and
to impart and reccive knowledge and information.  Great as this
power is, it is augmented in a maunifold proportion by the deviee of
expressing oral sounds by written or printed characters. By this
expedient oral language becomes visible, and is, so to speak,
perpetuated ; the discourse which is spoken or listened to, how-
ever impressive may be the cloquence of the speaker, and however
profound the attention of the hearer, may, and generally does,
soon fade from the memory, but language printed or written is

permanent,
Litera scripta manet,

and may be referred to again and again until the reader renders
it his own.

The printed book can be handed down and reproduced indefi~
nitely from age to age, and those of one generation are thus
enabled to listen to the precepts and imbibe the counsels of the
wisest and most virtuous of former times.
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CHAPTER II.

Physical feebleness of man.—20. His helpless infancy.—21. His great
power mevertheless.—22. Man gregarious.—%3. His dentile appa-
ratus.—24. Why nevertheless he uses animal food.-- 25. His migratory
power and distribution over the globe.—26. View of his progress from
the cradle to the grave.—27. Births.—28. Cases of two and three at a
birth.—29. Births more prevalent at certain seasons.—30, Proportion
of the sexes born.—31. Proportion in the case of illegitimates.—32.
Chances of life more favourable for females.-—33. Organs of sense in
infancy—the eye.—34. The voice.—35. The bones.—36. Instinct in
the infant.—37. Terror of falling.—38. Milk teeth.—3Y. Permanent
teeth.—40. Their periods of emergence.—41. The average height of
men.—42. Giants and dwarfs.—43. Average height of women.—44.
The influence of race.—45. Influence of climate.—46. Iygienic con-
ditions.—47. Their cffects shown by conscription in France.—48. Rate
of growth from infancy to maturity.—49. Progressive increase of bulk.
—350. Organic changes at puberty.—51. Organic changes in the bones.
52. The muscles.—53. Examples of longevity.—54. Great mortality
in infancy.

19. Max thus singularly favoured by the possession of reason,
and by the address and precision of which the motions of his
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members, and more especially those of the hand, are susceptible,
is, nevertheless, in some of his physical attributes, immeasurably
inferior to other animals which correspond with him nearly in
size. He is neither swift of foot to pursue his prey or fly from
his cnemies; nor is he supplicd with any natural weapons of
attack or defence, such as those which are found among the
numerous classes of animals around him. He is not only feeble
and defenccless, but Nature has refused to provide him with thosc
means of protection from the inclemency of the clements, which
she has so beneficently supplied to those who hold a lower place in
the chain of organised beings. He has ncither the fur of the
beast, nor the feathers of the bird, to protect him from the rigours
of temperature, and yct his body is covered with a skin and
integuments abounding in nerves, which render it ten thousand
times more sensitive than the skin of any of these ereatures which
Nature has so carefully and tenderly protected.

20. In coming into the world, he is more helpless and delicate
than the young of any other creature, and continues for a much
longer period dependent, not for his well-being only, but for his
very existence, upon the assiduous and never-ceasing solicitude
and tenderness of his parents.

21. Yet this creature, thus naturally poor, feeble, naked,
helpless, and defenceless, is the lord and master of the material
world. By him the strongest is subdued, the ficreest tamed,
the swiftest overtaken., He cannot rise into the air, never-
theless he arrests its inhabitants in their flight and brings them
to his feet. Te cannot descend into the waters, nevertheless
he calls forth from the chambers of the deep their tenants, for the
supply of his wants and the gratification of his appetites. His
body is unproteeted by any natural covering, but the beasts of the
forest and the birds of the air are compclled to surrender for his
use their fur and their plumage. Innumerable textile plants,
which in their natural state wonld be unavailing, are adapted by
his art to supply the materials by which clothing for his body can
be made in unbounded quantity. TUnable to endure the vieissi-
tudes of temperature and climate, the earth itself is compelled to
surrender its bowels, and to supply inexhaustible quantities of
fuel, by which artificial heat is produced to moderate the rigours
of cold and equalise temperature. He is not swift of foot to
pursue or to fly, but he tames for his use the swiftest of sub-
ordinate creatures, which with the most absolute obedience
transport him where he wills. Not satisfied even with this, his
inventive powers have created engines of transport which carry
him over the face of the waters, in spite of opposing wind and
tide, and over the surface of the land, with a specd which
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oxceeds the flight of the swiftest bird and equals the rapidity of
the tempest.

So far, then, from having reason to repine at his helpless and
defenceless organisation, he is indebted to those apparent defects
for the greatest of his attainments; for it is certain, that if he
had possessed natural organs of defence, attack, and locomotion,
and natural protection for his body at all analogous to those which
have been provided so generally for the inferior species, he would
have lost that strong stimulus which has urged him on to such
stupendous and almost incredible achievemcuts. Nor is this
observation novel. At a mueh carlier epoch in the progress of
the human raee, and ages before the great discoveries had been
made which will render for ever mcmorable the last hundred
vears, Galen observed, that if man had possessed the natural
clothing and defence of the brute, he would never have been an
artificer, nor protected himself with a cuirass, nor fabricated the
sword or spear, nor invented the bridle, nor mounted a horse, nor
hunted the beast. Neither would he have followed the arts of
peace, nor construeted the pipe and the lyre, nor crected houses
or palaces, nor temples to the gods; nor would he have made
laws, nor invented letters by which he would hold communion
with the wise of antiquity, conversing at one time with Plato, at
another with Aristotle, and at another with Hippocrates.

22, The possession of the faculty of language nccessarily
infers the instinet of sociability, and man cannot live alone. He
secks the society of his kind, and belongs to the class which
naturalists call gregarions. The advantages derived from this
habit of association are infinite; without it, indced, man, instcad
of being as he is, the monarch of nature, would be amongst the
most migerable of animals, and would assuredly soon disappear
from the carth, But by association every individual strengthens
and supports others, and is strengthened and supported by them,
Each cultivating some special faculty or power in a higher degree
than his fellows, renders it serviceable to them, and reecives in
return cquivalent services from those whe have cultivated other
powers in which he is deficient; and thus comes into play that
vast prineiple of material produetion and social felicity known as
the division of labour.

Like all other gregarious animals, man is naturally frugivorous,
or made to live on fruit and vegetables. 'This is a conclusion not
resting solely upon the analogy obscrvable between man and
other gregarious species, but supported by the characters of his
organs of nutrition. The teeth of carnivorous species (fig. 16) are
peculiarly formed for tearing and masticating the flesh which
constitutes their proper food. The canine teeth are largely
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developed, sharp and curved ; and the incisors partake of the
canine character, The teeth which occupy the place of molars,
cdged and sharp, elose side by side

Fig 1. like the blades of scissors. The
/.‘/ dentile apparatus is thus adapted
@:‘ . . to tear and cut the flesh before
f );‘\ ( Coy it passes into the stomach. The
v "\,Q—\fg\ teeth, on the contrary, of frugi-
a vorous animals consist of incisors
(£\>*L* ‘A /\/v\[ » and molars; the canine teeth ex-
g " G isting, but so little developed as
to have no functions different from

AN

\
\——\_/ those of ineisors. The molars of

the two jaws, nearly flat at their
ends,, come into dircet contact and superposition like two mill-
stones, and the jaws, by a small lateral motion, have the power
not only of bruising but of grinding the food between them.
These operations are all that is necessary and sufficient for vege-
table, but would be altogether inapplicuble to animal food.

23. Every one will recognise in the dentile apparatus last
described the form and structure of the human teeth; and so far
as they are an index of the food adapted to them, it is plain that
man is frugivorous, But the same conclusion is further supported
by an examination of the digestive apparatus.

In carnivorous species, the intestine through which the food
passes is generally short, its length not exceeding three or four
times that of the body, while in the herbivorous species it is usually
ten or twelve, and sometimes (as in the sheep, for example) twenty -
cight times the length of the body. In accordance with this prin-
ciple, we find that the human intcstine, like the tecth, is suited
to vegetable aliment, having a length bearing a proportion to that
of the body, which is analogous to the internal structure of other
frugivorous specics.

24, How then, it may be asked, has it happened that man,
instead of being exclusively frugivorous, is, in fact, omnivorous,
nourishing himself indificrently with vegetable and animal ali-
ment ?  The answer is obviously, that he cannot be nourished by
animal aliment, unless it be previously prepared by fire. Ina
word, flesh, to be fit for human food, must be cooked.

25. One of the physical peculiarities which distinguishes man
from other members of the animal kingdom, is the facility with
which lns organisation adapts itsclf to differences of climate, and
this is one ot the marks which appear to confirm his destiny to
rule over the whole surface of the globe,  Placed originally by his
Maker in a single region, his race has multiplied and diffused
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itself, manifesting a constant tendency to emigration, and being
deterred neither by the rigours of the pole, nor the scorching sun
of the tropies, it has overspread the globe. According to statistical
estimates, which are considered as exact as such calculations can
be, it was ascertained that, at the epoch of 1540, the total population
of the globe amounted to about 737,000000, which were distri-
buted in the following proportions, the number to every square
league, taking the length of a league as the 25th part of a degree,
being given in the second column :—

V. T T T

f

l! Pnpul tion. f'l’cr Sq. League

i Europe . . . . . ..i 227,700000 E 472

Asia . . . . . . ? 390,000000 i 184
[Afia . . . ... 60,000000 i 40
| America . . .. . 1 89,000000 20
i Oceanin, including the isles of “lL Pa- 1
! cific Ocean, de. . . . . 20,000000 | 37
i {

The density of the population, indicated in the last column,
depends more on civilisation and wealth than on climate. Thus,
it is computed that the number of inhabitants per square league in
the different states of Europe, are as follows :—

United Kingdoma . . . . . 1480
France . . . . . . . 1200
Prussia . . . . . . . 895
Russia . . . . . . . 202

26. Having taken this rapid view of the physical organisation
and condition of the human race, let us trace the progress of the
animal Man from the cradle to the grave.

27. In general, man comes into the world singly, or one ata
birth. In certain exceptional cases, two are born, and called
twins. The cases in which three or more at a birth ave produced
are so extremely rare as not to have received in any language, that
we are aware of, a distinet appellation.

28. It appears by statistical returns, that, upon an average, one
case of twins occurs in 90 births; and that three at a birth has
occurred only once in 30000 cases.

29. Another circumstance, in which the human race is distin-
guished from iuferior animals, is the independence of the pheno-
menon of birth on the season of the year. Animals generally
produce their young at that season which is most favourable for
their development. Children are born at all seasons. Neverthe-
less, in comparing the number of births with the course of the
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scasons, it is found to be variable, and that its variation has a
marked and well-ascertained relation to the course of the seasons.
1t is found generally in the temperate climates, that births are
more numerous in the three winter, and least so in the threc
summer months. In approaching the colder climates, the epochs
of the maximum and minimum numbers are later, and in ap-
proaching the warmer climates carlier.

30. The number of children which come into the world is not
cqually sharcd between the sexes, the male always predomi-
nating.

This fact has been established in all countries where statistical
registers have been kept; and it is remarkable, that although
the numerical proportion between the sexes is subject to some
variation from year to year, its mean amount in each country
is nearly invariable, though different in one country as com-
pared with another. Thus, on comparing the numbers of male
and female children baptised in England and Wales during the
first half of the present century, it is found that the number of
males invariably excecded the number of females in a proportion,
varying from year to year, from 25 to 50 per 1000; the mean
result taken for the whole period showing, that for every thousand
girls born, there were one thousand and forty boys.

In ¥rance, according to rcturns extended over 36 ycars, ter-
minating in 1852, it appears, that for every thousand girls there
were one thousand and sixty-one boys born. Thus the prepon-
derance of male births in France exceeds that in Fngland in the
proportion of a little more than 6to 4.

By returns obtained from other countries where accurate sta-
tistics are kept, it has been found that the preponderance of
male births is intermediate between those of England and krance,
the number of males being 1050 for every 1000 females.

31. A very remarkable fact, indicating some undiscovered
physiological law, has been developed by the analysis of the
returns of the registrations of births obtaincd from Irance and
other countries where the most exact statistical records aro kept.
It has been found generally, that in that particular class of chil-
dren, to which foundlings for the most part belong, the prepon-
derance of male births is considerably less than in the casc of
marriage-born children. Such a circumstance would naturally
enough be regarded as mercly accidental, if it were not found to
prevail invariably, at all epochs in all countries where registers
arc kept with sufficient precision to test the fact, and in all pro-
vinces of the same country. Thus, for example, while in France
therc are 1060 marriage-born boys for 1000 girls, there are only
1040 boys of the other class for the same number of girls; and
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this proportion has been found to be maintained from ycar to year,
and equally in different departments,

From a comparison of the births in different departments of
France, north and south, it has been found that the proportion of
the sexes born is not affected by climate.

32. It must not be supposed, however, that this ratio between
the scxes continues through life. The chances of life being more
favonurable on the whole to females than to males, the excess
given to the latter at birth is equalised before the middle age; and
at more advanced ages, the balance turns the other way, and the
fgmales predominate.

35. In coming into the world, the infant can open the eyes,
but physiologists consider that it has no sense of vision, and that
.t is only at the end of sume weeks that itrbegins to be sensible of
visible objects.  After this, it direets its looks to objeets which
are most brilliantly illuminated, or which are characterised by
the most vivid colours. It then, by slow degrees, begins to dis-
tinguish objects around it, but it has been ascertained that a
considerable time clapses before it has any idea of distances or
magnitudes.

Indeed, this is quite consistent with cffcets which have been
found to result from surgical operations in which sight has been
restored to porsons blind from infancy. In such cases, it has been
stated that the subject of the operation, when first enabled to see,
imagined that ull the objects which he beheld were in immediate
contact with his eycs, and had not the least idea of their relative
distances, nor any other notions of their magnitudes or forms
than such as were afforded by their profiles. Every object, in
short, appeared as a coloured silhouctte in close coutiguity with
the organs of vision,

31, The other organs cqually undergo a progressive improve-
ment by exercise. luring five or six months the infant makes no
other vocal sound than inarticulate cries. It begins gradually to
be sensible of pleasurable emotions from the contemplation of
external objects, which are expressed by its smiles. The cries
gradually assume the tone and character of the voice, and are
accompanied by incipient efforts at articulation, and towards the
close of the first year the more simple monosyllabic words are
pronounced.

35. The bones, which at the time of birth consist to a great
extent of cartilage or gristle, and have no strength sufficient to
support the body, receive, in the process of nutrition, a gradual
accession of the carthy constituent called the phosphate of lime,
which gives them hardness. Contemporancously with this
increase of strength in the bones, there is a proportionate growth
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and increase of strength in the muscles which move them, and
about the close of the first year this strength bears such a
relation to the weight of the body, that the child is cnabled to
support itself on its legs, and by gradual practice acquires the
ability to walk.

36. It is generally assumed that man is distinguished from the
inferior animals by the substitution of reason for instinct, and in
this way it is explained how the young of other animals manifest
at the moment of birth the possession of powers and faculties,
which, in the case of the young of the human race, are acquired
only by long practice and slow degrces. It is therefore aon
tended, that while the young of the lower animals are governe
exclusively by instinet, the young of man is as exclusively
governed by reason, the conclusions of which arc based upon
experience, The acts prompted by instinet are performed as
perfectly at first as at last, and undergo no progressive improve-
ment ; while, on the contrary, the dictates of reason being based
upon experience, cannot be issued by the mind until the results of
that experience, which are their only data, have been developed.
It has, therefore, been argued, that the helplessness of the infant,
and the slow and gradual progress of the exercise of its senses
and members, must be explained by the total absence of instinct.
This conclusion, however, it seems cannot be admitted in its
absolute sense, and obscrvation and experience show that it
requires considerable qualification. Many cminent physiologists
impugn it, and Sir Charles Bell has even expressed a doubt
whether the actions of the body, if not first instinetive or
prompted by innate sensibilities, would ever be exercised under
the exclusive influence of reason. The scnsibilities and motions of
the lips and tonguc are, according to him, perfeet at birth ; and
the fear of falling is manifested by the infant long before the
results of experience can suggest it. The hand, destined to
become the instrument not only for the improvement of the senses,
but for the development of the mental faculties, is absolutely
powerless in the infant. Although capable of expressing pain, it
‘is unconscious of the part injured. DBut the lips and tongue
immediately betray their sensibility. Later, the infant puts its
fingers into its mouth to suck them, and so soon as they are
capable of grasping, whatever they lay hold of is carried to the
mouth.

‘“ The first office of the hand, then, is to exercise the scnsibility
of the mouth, and the infant as certainly questions the reality of
things by that test, as does the dog by its acute sense of smelling.
In the infant the sense of the lips and tongue is resigned in favour

of that of vision, only when the exercise of the eye has improved
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and offcrs greater attraction. The hand acquires the sense of touch
very slowly, and many inctfectual efforts may be observed in the
arms and fingers of the child, before it can estimate the direction
or distance of objects. Gradually the length of the arm, and the
catent of its motions, become the measure of distance, of form, of
relation, and perhaps of time.

37. * Next in importance to the sensibility of the mouth, we
may consider that sense which is carly exhibited in the infant,
the terror of falling.

¢ The nurse will tell us that the infant lies composed in her arms,
while she carries it upstairs, but that it is agitated when she
carries it down. If an infant be laid upon the arms and dandled
up and down, its body and limbs will be at rest when it is raised,
but in descending it will struggle and make cfiorts.  Here is the
indicution of a scnse, an innate fecling of danger, and we may
perceive its influence when the child first attempts to stand or
ran.  When sct upon its feet, the nurse’s arms forming a hoop
around it, without touching it, the child slowly learns to balanee
itself and stand; but under a considerable apprehension. It will
only try to stand at such a distance from the nurse’s knce, that if
it should fall, it can throw itsclf for protection into her lap. 1In
these, its first attempts to use its muscular frame, it is directed by
a fear which eannot as yct be attributed to experience. By
degrees it acquires the knowledge of the measure of its arm, the
relative distance to which it ean reach, and the power of its
museles.  Children are, therefore, cowardly by instinet; they
show an apprehension of falling, and we may trace the gradual
efforts which they make under the guidance of this sense of
danger to perfect the muscular sense. We thus perceive how
instinet and reason are combined in carly infaney ; how necessary
the first is to existence; how it soon becomes subservient te
reason, and how it eventually yields to the progress of reason,
until obseured so much that we can hardly discern its influence.” *

38. At the moment of birth, twenty teeth already formed and
ossified are deposited, ten in the lower and ten in the upper jaw,
but are completely covered by the gums. The mouth is thus
constituted exclusively for application to the mother’s breast
and for the suction of milk from it, and the stomach and intestines
are organised in accordance with this for the due digestion of that
aliment. The constituents of the healthy milk of woman are the
same as those of the body of the child, and enter into its com-
position in a corresponding proportion. By the process of digestion,
they are distributed among the several organs of the child’s body,

* Beil, On the Hand, p. 233.
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cach passing to that for whose sustenance and growth it is fitted.
At the age of from six to ten months, the first teeth penetrate
through the gum, and towards the end of the sccond year the
entire number have appearcd. These twenty tecth arc classified
according to their peculiar forms, as incisors, canines, and molars.
The incisors are chiselled, the canines pointed, and the molars
presenting a broad and rough summit. When the mouth is
closed the molars of the upper jaw corresponding in position with
those of the lower, rest upon them. But the lower incisors and
canines lie within the edges of the upper ones. In each of the jaws,
there is, however, space for sixteen teeth, and consequently threo
places at each side remain unoccupied.

The relative arrangement of this set of teeth is shown in fig. 17,
where the ineisors are indicated by r; the canines by c, and the
molars by M ; the unoccupied spaces being marked "

The first teeth which break through the jaw, are the middle

Fig. 17,
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incisors I' 1'; these are succceded in regular succession by the
lateral incisors 1? 1%, the canines ¢ ¢, and the molars x! M' and
u% M2,

39. This first set of tceth are called the milk teeth, because of
their emergence from the gums at the time when the aliment of
the child is changed from the milk of the mother to other forms
of food. Towards the seventh year, these teeth begin to be
pushed out of the jaw by another set which have been growing
beneath them.  The incisors and canimes are pushed out by
another set perfectly similar in form and name, which take their
places. The molars are in like manner extruded by four teeth
in each jaw called bicuspids, having an intermediate character
between incisors and molars.

T4 .
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Later still, four molars issue from the gum in each jaw, two at
cach side, occupyinz the first two of the three vacant places
marked " 1 fig. 17, and at a still more advanced age, two other
molars issue from cach jaw, filling the last vacant place marked
" in the tig. 17. ) . .

Thus, a set of sixteen permanent tecth is cstablished in cach
jaw (fig. 18). The last four molars, which emerge at a period of

Fig. 18.
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life much later than the others, have been for that reason vulgarly
called wisdom tecth.

40, The periods of the successive emergence of the permanent
teeth are, according to Cartwright, as follows :—

E.

Middle incisors of lower jaw (1), and first | -
molars (') } Sto 7
Middle incisors of upper jaw . . . 6to 8
Lateral incisors (1°) . . . . . Tto 9
First bicuspids (8') . . . . 8t10
Canines (¢) . . . . . . 9t 12
Second bicuspids (B . . . . 10t0 12
Second molars (x3) . . . . . 12t0 14
Third molars (¥% (wisdom teeth) . . 17 to 25

41. The mean height of man is about 5 feet 6 inches, but is sub-
ject to great variation, not only in the case of individual compared
with individual, but nation with nation, and race with race.
Some of the savage tribes of Patagonia, und the inhabitants of the
Navigator and Caribbean islands, are remarkable for their elevated
stature, their average height varying from 6 feet to 6 fect 3 inches.

75



COMMON THINGS—MAN.

On the contrary, the Fsquimaux and Bushmen have an average
height not excceding 4 feet 3 inches.

42, 1f, instead of comparing people with people, individual be
compared with individual, still greater departures from the average
standard are found. Thus, we have seen giants which have
attained the enormous height of 9 fect 6 inches, and, on the other
hand, dwarfs whosc height did not exceed 2 fect.

43. Among persons of average height, women are about a six-
teenth less tall than men ; but among people whose average height
is less than the common standard, such as the Esquimaux and
Bushmen, there is less inequality between the sexes; while in
those of greater average hcight, such as the Patagonians, the
inequality is greater. In fact the sexual incquality appears to
vary nearly in the ratio of the mean stature.

The inequalities of mean stature observed in comparing people
with people, depend partly upon race, or partly on the physical
conditions with which they are surrounded.

44. The influence of race is more cspecially apparent when dif-
ferent people, inhabiting the same country, with similar manners,
and subject to like climatological influences, are compared together.
In Patagonia, for example, where certain nomadie tribes of very
elevated stature prevail, there are others whose stature has about
the ordinary standard, and at a little distance in the Tierra del
Fuego, people of low stature prevail.  The people of greatest mean
stature are found chiefly in the southern hemisphere, either on the
South American continent, or in the scveral archipelagos of the
Southern Ocean.

45. Although people of low average stature are found within

the tropics, and in places ncar the Cape of Good Hope, where the
climate is sufficiently temperate, it cannot be doubted that a
rigorous climate is unfavourable to the development of the human
form, for in high latitudes in both hemispheres the inhabitants are
invariably characterised by diminutive stature.
. Moderate cold, on the contrary, is favourable to the corporeal
development. In Frauce and other parts of Europe, where the
climate is mild, the average stature is less than in the colder parts
of Europe, such as Sweden, Finland, and even Saxony and the
Ukraine.

46. Temperature, however, exercises on the whole less influence
upon bodily development than the general hygicnic conditions of
a people, and it may be received as a general prineiple that the
mecan stature will be so much the more clevated, and the complete
growth sooner accomplished, other things being the same, as the
country inhabited by a people is more fertile and abundant, and
the sufferings and privations sustained during youth less consider-
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able.  Innumerable proofs of this truth may be found by com-
paring nation with nation. But 1t may be rendered still more
strkingly apparent by comparing together the inhabitants of
different provinees of the same country, or even those of different
divisions of a large city.

17. It i~ well known that, by the laws of France, the army i~
recruitcd by conseription, in carrying out which means arc inei-
dentally supplied of ascertaining with great precision the sanitary
condition and bodily development of the population.  The captal
of that country, containing upwards of a rullion of inhabitants, is
distributed into quarters, called arrondissements, which differ one
from another in relation to wealth or poverty, even more than do
the various quarters of London,  Thus while in the north-western
rrondissements misery and want are rare, in some others, such as
the 6th, the 11th, and the 12th, they prevail to a great extent.
In the former, 45 in every 100 conseripts are found unfit for mili-
tuty service, chiefly beeause of insuflicient stature, and the remain-
ing 35 have an average height 5 feet 61 inches, while in the latter
quarters, where poverty is more prevalent, 52 in a 100 are rejected,
and the remaming 48 have an average height of only 3 fect 6 inches.

44, Statistical returns sufliciently exact and regular to indicate
the average progressive growth of the human body, though rare,
are not unattainable. In Belgium, for example, where the average
stature 15 somewhat greater than i TFrance, it has been found
that the average height of new-born nfants 15 19! inches, and at
the end of the first year it is increased to 27} inches.

In the sccond year the growth is less rapid, and in every sue-
cecding year becomes less and less so, until the full growth has
heen attuined.  The annexed diagram, however, fig. 19, will con-
vey a more exact notion of the mean progressive growth than could
any mere numerical statements. 1t is due to M. Quetelet, to
whose physical und statistical rescarches science is otherwise so
largelyindebted.  The suceessive years in the age of an individual,
from the moment of birth to the age of thirty, arc indicated in the
horizontal line, and the corresponding average heights in the
vertical column.

It appears, therefore, that at the moment of birth the infant has
a stature equal to about 2-7ths, and at three years old, about half
of its ultimate height.

At the moment of birth, the average height of boys exceeds that
of girls by about the 20th of an inch, and this difference increases
with therr growth. Nevertheless, the results obtamned by M. Quetelet
must be received merely as first approximations ; the observations
and inductions neecssary to establish general and certain laws being
much more numcrous than any which statistieal records have yet
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supplied., It may, however, be assumed that in extreme climates,
whether hot or cold, the body arrives at its full height soomer
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than in temperate climates ; in towns sooner than in the country,
and in plains sooner than in mountainous districts.

49. The development of the body in bulk is slower than its
growth in height. A new-born infant has upon an average about
a twenticth of the weight which it will acquire upon attaining its
greatest development, which takes place in gencral for men at 40
and for women at 50.

During the first year after birth, the inerement of weight is
about } of all that it will receive during its subsequent existence ;
and the increase of weight reccived from the 15th to the 20th year
is even greater than that which is acquired in the first five years.

50. On arriving nearly at the limit of his stature, the male
passing from youth to manhood undergoes several organic changes.
His bones having acquired a larger proportion of the carthy con-
stituent, have increased strength, his museles are more developed
and powerful. Iis voicc losing the feminine pitch which charae-
terises boyhood, becomes almost suddenly much more grave, and
his beard is rapidly developed.

The eorresponding changes in the female organism are manifested
somewhat earlier, and show themselves by external forms familiar
to every eye. The chest becomes enlarged, the shoulders cxpanded,
and the pelvis acquires greater width, and the forms of womanhood
become conspicuously visible.  In temperate climates these changes
are manifested at from 14 to 16 years of age. In warm climates
they take place at from 10 to 11, and in colder countries are post-
poned to 17 or 18,
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51. Growth produces in the =species a somewhat remarkable
change in the mechanical qualities of the bones. This important
part of our organism consists of three constituents, fibre, cartilage,
and the earthy matter alrcady mentioned called phosphate of lime
¥rom the fibre they derive their toughness; from the cartilag
their clasticity, and from the lime their hardness and firmuess.
Nothing can be more admirable in the economy of our budy than
the manncr in which the proportion of these constituents adapt-
itself to the habitudes of age. The helpless infant, cxposed by a
thousand incidents to external shocks, has bones, the chief consti-
tuents of which being gristly and cartilaginous, are yiclding and
clastie, and incur little danger of fracture. Thosc of the youth,
whose augmented weight and increased activity demand greater
strength, have a larger proportion of the calcareous and fibrous
clements, but still enough of the cartilaginous to confer upon the
solid framework of his body the greatest firmness, toughness, and
elasticity. As age advances, prudence and tranquil habits increas-
ing, as well as the weight which the bones have to sustain, the
proportion of the caleareous constituent increases, giving the requi-
sitc hardness and strength, but diminishing the toughness and
clasticity.

While the bones thus change their mechanical qualities as age
advances, they diminish in number, the frame consequently having
fewer joints and less flexibility. The bones of a child, whosce
habits require greater bodily pliability, are more numerous than
those of an adult, several of the articulations becoming ossified
between infancy and maturity. In like manner, the bones at
maturity are more numerous thansin advanced age, the same pro-
gressive ossification of the joints being continued.

It has bcen ascertained by anatomists that, on attaining the
adult state, the number of bones constituting the framework of
the human body is 198 ; of which 52 belong to the trunk, 22 to
the head, 64 to the arms, and GO to the legs.

52. This wonderful solid structurc is moved by @ mechanical
apparatus, consisting of about 400 muscles, cach of which is
attached at its extremities to two points of the body, more or less
distant from cach other, which it has the power of drawing
towards each other by a contractile property peculiar to it. These
muscles, however, being passive pieces of mechanism, are moved
as already mentioned by the nerves, while the nerves themsclves
are moved by the will, and here the material mechanism ends,
and the intellectual or the spiritual begins.

As age advances, the organs lose their suppleness and elasticity;
the weight of the body undergocs a sensible diminution; the
powers of digestion and assimilation are gradually impaired ; the
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vital flame decreases in splendour, and flickering in its socket, at
length, and with apparent reluctance, goes out.

53. Death, however, by the mere effect of age, is extremely
rare, being in most cases produced by accidental causes, to which
imprudence cxposes us. Innumerable examples prove to how
great an extent lifc may be prolonged beyond its average limits.
Without citing the extraordinary cxamples of longevity found in
the records of the first ages of the world, supplied by the Sacred
Scriptures, examples sufficiently numerous may be produced
nearly from our own times.

One of the most remarkable examples of longevity which modern
times have presented, is that of a poor fisherman, an inhabitant of
Yorkshire, by name Henry Jenkins, who died in 1670, at the age
of 157, Peculiar circumstances have incidentally supplied evidence
of the great ages of this individual, and two of his sens. He was
summoned on a certain occasion before a court of justice, to give
cvidence of a fact which had occurred 140 years previously ; and
he appeared before the tribumnal attended by his two sous, the
younger of whom had attained the age of 100, and the clder that
of 102. Various other examples are cited of necarly equal
longevity, but for the most part they refer to times or places at
which the registers of births and deaths were not kept with such
regularity as to entitle the statement to confidence. 1t is, how-
ever, extremely rare to find an individual who has exceeded the
age of 100, According to the bills of mortality of the City of
London, it appears that, of 47000 deaths which took place in the
ten years ending in 1762, there were only 15 centenarians, In
France, during the three years ending with 1840, there were
2,434993 deaths, of which 439 were reputed centenarians, which
would give a proportion of about 1 in 3500,

54. One of the saddest spectacles presented by the analysis of
the general progress and termination of human life, is the vast
proportion of our race which are swept away in the first years of
their existence ; a circumstance which can only be explained by
the care which infancy requires, and the inability of the poor and
labouring classes to bestow it. It appears, from the statistical
records so accurately kept in France, that of every 100 children
born, 24 die in the first year ; 33 in the first two years; 40 in the
first four yéars ; and 50 in the first twenty years. Thus it appears
that only half the children born in France survive for the purpose
of the continuance of the race. According to similar records pub-
lished in England, it appears that 40 in 100 die in the first 5 years,
and 11 more between that and 20 ; so that the survivors at 20 are
something less than half the number born.
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55. Average duration of life.—56. In England and France.—57. Great mor-
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55. THE mean duration of life in England and Wales during
the 40 years ending with the year 1840, varied from thirty-one to
thirty-seven years, the variation, however, not being regular,
and its mean value being thirty-four years.
LARDNER'S MUSEUM OF SCIENCE. a 81
No. 98.
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56. A similar calculation applied to the population returns in
France during the 36 ycars ending with 1852, showed a progressive
increase of the mean duration of life. During the first cight ycars,
ending with 1824, the mean length of life was 31'8 years, and
during the last eight years, ending with 18562, it was 36-7. Its
mean value for the whole interval of 36 years being 34°2 years,
the same as in England.

Now, it will not fail to strike every one that this term of life is
greatly helow that which would result from general observation,
independently of all statistieal results. A person dying at thirty-
four would be lamented by all as one taken away prematurcly in
the prime of life.  This diserepancy between the results of statis-
tics and common obscrvation admits of casy explanation. The
estimate made by eommon observation is tacitly based upon a
rough average taken of the ages at which those die who have
alrcady entered upon the seene of life, and have been recognised
by all as members of the human family. The morc exact calcula-
tions of statistics include rigorously all that are born into the
world, of whom so large a proportion dice in their first year ; and as
we have seen, not less than 4-10ths in that term of infancy, during
which they can scarecly be said to be recognised by common obser-
vation as forming part of the population. To render the results
of the computation of the absolute duration of life applicable to
the 6-10ths which arrive at the adult state, it will only be
necessary to augment the computed duration of life in the
ratio of 6 to 10. If, therefore, as has been shown, the actual
mean duration of life in England and Franee be 31 years,
the mean length of life of those who survive their infancy will
be 36 years, which, 1t is evident, is in complete accordance with
common observation,

57. Ilow much the preservation of life during infaney is de-
pendent on parental care, is rendered conspicuously apparent by
the melancholy fact established by the statistical returns, that 80
per eent., or four in every five of the children abandoned in Franee
as foundlings, dic in their first year.

38, The number of children resulting from cach marriage is
found by the simple method of comparing the total number of
annual legitimate births with the total number of annual mar-
ringes. By this process, it appears that the mean number of
cluldren to every two marriages in France is seven, and in England
cight, these mean results being subject to a very slight variation
from ycar to year,

59. The human race, as is well known, consists of a considerable
nuwber of varicties, differing one from another in personal
appearance, character, language, in their average degree of
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moral and intellectual powers, and in their geographical distribu-
tion. Those whose observations have been mainly eonfined to
the extremes of form and colour, and who have not refieeted
on the wonderful changes to which all orgamised beings are
<ubject by ~arious external physical ecauses,—changes which,
when once superindueed, are {ransmitted, not only in man,
but in iuferior animals, and c¢ven in plants, through the
serics resulting from reproduction,—-have viewed the differences
obsirved among the members of the human fawmily, not as
characteristics of so many varietics of a single speeies, but as
maiks distinguishing different species of the same genus.  We
have, however, the authority of the greatest living obscever of
nature, as developed in the animal kingdom, in opposition to this
cheerless docetrine.

G, ¢ The permanence of certain types, in the midst of most
opposite influences,” says Humboldt, ‘¢ espeeially of elimate, ap-
peared o favour this view, notwithstanding the shortness of the
time to which the historical evidencee applied ; but in my opinion,
more powerful reasons lend their weight to the other side of the
question, and corroborate the unity of the human race. 1 refer
to the many intermediate gradations of the tint of the skin, and
the form of the skull, which have been made known to us, by the
rapid progress of geographical science in modern times, to the
analogies derived from the history of varieties in animuls, both
domesticated and wild, and to the positive observations colleeted
respeeting the limits of fecundity in hybrids, The greater part
of the supposed contrasts, to which so much weight was formerly
assigned, have disappeared before the laborious investigations of
Tiedemann on the brain of negroes and of Kuropeans, and the
anatomical rescarches of Vrolik and Weber, on the form of the
pelvis. . When we take a general view of the dark-coloured
African nations, on which the work of Prichard has thrown so
much light, and when we compare them with the natives of the
Australasian Islands, and with the Papuas and Alfourous, we see
that a bluck tint of skin, woolly hair, and negro fcatures, are by
no means invariably associated. So long as the western nations
were acquainted with only a small part of the carth’s surface,
partial views almost nccessarily prevailed. Tropical heat, and a
black colour of the skin, appeared inseparable. ¢ The Ethiopians,’
siid the ancient tragic poet, Theodcetes of Phaselis, ¢by the
near approach of the Sun-God in his course, have their bodies
coloured with a dark sooty lustre, and their hair curled and
erisped by his parching rays”’ The eampaigns of Alexander,
in which so many subjects eonnceted with physical geography
were originally  brought into wmotice, oceusioned the first
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discussion on the problematical influence of climate on nations
and races.” *

61. Thus it appears that according to the principles admitted
by the most cminent physiologists and naturalists, whether
assenting or not to the doctrines of Christianity, there is nothing
in the natural differences observable hetween different parts of the
human race distributed over the globe, which is incompatible with
that part of the narrative of the origin of mankind, consigned to
the Hebrew Scriptures, which traces the whole human race to a
single pair and coustitutes them therefore us members of a common
family.

62. Naturalists and physical geographers have distributed by
various classifications these varicties of men, and have generally
given them the somewhat vague and improper name of races.
Thus Blumenbach classifies them into five races, called the Cau-
casian, the Mongolian, the American, the Kthiopian, and the
Malay. Some authoritics reduce this number to four, regarding
the Malay mercly as a variety of the Ethiopian.

Dr. Prichard, on the other hand, classifies the human family
into seven races, which he calls .—

The Traunian,

The Turanian,

The American,

The Hottentots and Bushmen,
The Negroes,

The Papuas,

And the Alfourous.

This division is objected to by Tlumboldt, and does not appear to
have obtained general aceeptation.

63. The Caucasian race (fig. 20), p. 49, in which the population of
Europe is included, is distinguished by the beauty of the oval form
of the head and countenance ; by the large facial angle, amounting
to about 90° ; by the consequent upright forehead ; the horizontal
direction of the eyes; the absence of all projection of the cheeks ;
fine smooth hair ; and the fair tint of the skin. They are, however,
still more remarkable for the high degree of perfection to which
their moral and intellectual faculties speedily attain ; a quality
which has rendered them the most civilised people of the globe.
They occupy all Europe, western Asia as far as the Ganges, and
the northern part of Africa. They have derived their name of
Caucasian from the supposition that they came originally from the
country north of Mount Caucasus, lying between the Caspian and
the Black Sea. Although generally fair, they include various

* Cosmos, vol, i. p. 352, tramslation.
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shades, from the cxtreme fairness of the red-haired northern to
the swarthy inhabitants of certain parts of the Spanish peninsula
and of North Africa.

64. The Mongol variety (fig. 21) p. 65, differs in several respects
from the Caucasian. Their face is flat ; their forehead low, oblique,
and angular ; their cheek-bones salient ; their eyes small, and set
obliquely ; the chin slightly prominent; the beard sparse; the
hair long, straight, and black; and the complexion a yellow or
sallow olive,

The languages spoken by the Mongol variety are extremely
different from those of the Caucasian, being for the most part
monosyllabie. This variety is spread eastwards over the countries
occupied chiefly by the Caucasian races. They arc encountered in
the great descrt of Central Asia, where the Kalmucks and other
Mongol tribes are still nomadic. Almost the whele population of
the eastern part of Siberia is Mongo ; but the nation which forms
the most remarkable part of this race is the Chinese, whose vast
empire was, of all parts of the world, the first civilised; although
the exclusive spirit of their laws and customs, which has raised a
barrier between them and the rest of mankind, has kept them
stationary for ages.

65, The Malay variety occupies the islands of the Indian Archi-
pelago, New Zealand, Chatham Islands, the Society Group, the
Philippines and Formosa, and several of the Polynesian Islands.
They are dark ; have lank, coarse, and black hair ; lat faces; and
eyes obliquely set. In their moral and social qualities, they vary
extremely in different localitics ; some being active and ingenious,
mild and gentle, and considerably advanced in the arts of life ;
while others arc ferocious, vindictive, daring, and predatory. To
this variety are generally referred a considerable part of the popu-
lation of the extreme north of Europe, such as the Greenlanders,
Laplanders, Samoides, and Esquimaux.

66. The Ethiopian variety, or Negro (fig. 22), is characterised by
his compressed skull, small facial angle, flat nosc, salient jaws,
thick lips, woolly and crisped hair, and black skin. The habitation
of this variety is south of Mount Atlas, and is spread over all the
remainder of the African continent, Madagascar, Australia, Min-
danao, Gillolo, the islands of Borneo, Sumbawa, Timor, and New
Ireland. It comsists of several sub-varietics, such, for example,
as the Mozembics, the Bushmen, and the ITottentots.

67. The American variety is generally characterised by a
copper-coloured skin, sparse beard, and long black hair. They
differ extremely, however, one from another ; some tribes mani-
festing a close analogy to the Mongols, others approaching close
to the external characters of Europcans; the nose is gencrally

A5



COMMON THINGS—MAN.

prominent, like the European ; the cyes being large, regular, and
disclosed by widely opcned lids.

68. The question of the descent of all these varieties from a
common origin, is closcly connected with the analysis of languages.
Nothing affords a more convineing proof of identity of origin
than the discovery of similar forms of expression and terms,
having like roots in the tongues spoken by distant people. ¢ But
here,” obscrves Humboldt, ““ as in all ficlds of ideal speculation,
there are many illusions to be guarded against, as well as a rich
prize to be attained. TPositive ethnographical studies, supported
by profound historical knowledge, teach us that a great degree of
caution is required in these investigations concerning nations, and
the language spoken by them at particular epochs. Subjection to
a foreign yoke, long association, the influcnce of a foreign religion,
a mixture of races, even when comprising only o small number of
the more powerful and more civilised emigrating race, have pro-
duced in both continents similar recurring phenomena, viz., in
one and the same race two or more cntirely different families of
languages, and in nations diflering widely in origin, idioms be-
longing to the same linguistic stock. Great Asiatic conquerors
have been most powerfully instrumental in the production of
striking phenomena of this nature.

¢ But language is an integral part of the natural history of the
human mind ; and, notwithstanding the frecdom with which the
mind pursucs perseveringly, in happy independence, its self-
chosen direetion under the most different physical conditions,—
notwithstanding the strong tendencey of this freedom to withdraw
the spiritual and intellectual part of man’s being from the power
of terrestrial influences, yet is the disenthralment never completely
achieved. There ever remains a trace of the impression which the
natural disposition has reecived from climate, from the clear azurce
of the heavens, or from the less screne aspect of a vapour-loaded
atmosphere, Such influences have their place among those thou-
sand subtle and evanescent links in the electric chain of thought,
from whenee, as from the perfume of a tender flower, language
derives its richness and its grace.”

By maintaining the unity of the human species, we at the
same time repel the cheerless assumption of superior and inferior
races of men. There are families of nations more readily susceptible
of culture, more highly civilised, more ennobled by mental culti-
vation than others, but not in themsclves more noble. All arc
alike designed for freedom; for that freedom which in ruder
conditions of society belongs to individuals only, but where states
are formed, and political institutions enjoyed, belongs of right to
the whole comumunity. ¢If,” says Wilhelm von Humboldt,
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“we would point to an idea whieh all history throughout its
coursc discloses as ever establishing more firmly and cxtending
more widely its salutary empire,—if there is ome idea which
contributes more than any other to the often-contested, but still
more often misunderstood, perfeetibility of the whole human
speeies,—it is the idea of our common humanity tending to remove
the hostile barriers which prejudices.and partial views of every
kind have raised between men ; and to eause all mankind, without
distinetion of religion, nation, or colour, to be regarded as one
great fraternity aspiring towards onc common end, the free
development of their moral faculties.  This is the ultimate and
highest object of society 5 itis also the direetion implanted in man’s
nature, leading towards the indefinite expansion of his inmer
being.  He regards the carth and the starry heavens as inwardly
hix own, given to him for the exereise ol his intellectual and
physical activity. The child longs to puss the hills or the waters
which surround his native dwelling, and his wish indulged, as
the bent tree springs back to its first form of growth, he longs to
return to the home which he had left ; for by a double aspiration
after the unknown future and the unforgotten past, after that
whieh he desives and that which he has lost, man is preserved by
a beautiful and touching instinet from exelusive attachment to
that which is present.  Deeply rooted in man’s most innate
nature, as well as ecommanded by his highest tendeneies, the full
recognition of the bond of humanity, of the community of the
whole human racec with the sentiments und sympathics which
spring thercfrom, becomes a leading principle in the history of
man.”" *

69. When we come to trace the conduct of man as an individual
member of the social body and to conneet it with his physical
organisation, we tread upon the interesting ground which forms
the contines between the legitimate territories of the physiologist
and psychologist, between the provinees of the natural philosopher
and the theologian; and however closely our voeation and huabi-
tudes have attached us to the contemplation and investigation of
mere physical laws, we cannot forbear to throw a pussing glance
into the spiritual world.

70. Man’s nature, according to the admission of all, is a com-
pound of the material and the intellectual. According to some, to
whom, on that aceount, the name of materialists has been given,
the intelleetual is a mere function or property of the material part
of our nature. According to others, the intellectual is a function
of a spiritual essence, which is independent of our material organi-

* Cosmos, translation, p. 354.
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sation, though inseparably connceted with it during human life.
The name of sptritualists has, accordingly, been given by contra-
distinction to the latter.

71. Our nature being thus compound, let us seec how far we can
trace the conncction between its mere physical part and the
thinking and intelligent principle which abides in it.

72. There is a prineiple called in metaphysies personal identity,
which consists in the internal consciousness by which cach
individual knows his past cxistence, so as to be able, with the
greatest certainty of which the judgment of our minds is sus-
ceptible, to identify himsclf existing at any given moment with
himsclf, existing at any former time and place. Nothing in
human judgment can exceed the clear certitude which attends
this consciousness. The Dulke of Wellington, on the eve of his
death at Walmer, had an assured certainty that he was himsclf
the same individual intelligent thinking being, who, on the 18th
of June, 1815, commanded at Waterloo the allied armies. Now
to what, let us ask, did this intense conviction and consciousness
of identity apply ¥ What was there in common between the
individuals who died at Walmer and who commanded at Waterloo?”
The reply to this question will require that we shall reeur for a
moment to our physical organisation.

73. The human body consists of bones, flesh and blood, cach of
which is, however, itself a compound substance, and the whole is
impregnated in a large proportion with water. Thus, the quantity
of blood in an average body is 20 lbs., of which 15 Ibs. arc water,
the other 6 1bs. consisting of those material constituents which are
necessary for the supply of the growth or the repair of the body.
The flesh, commonly so called, is pervaded by blood-vessels, and
therefore, strietly speaking, is a combination of flesh and blood.
In like manner, the bones are pervaded to their very centres by
innumerable blood-vessels, so minute as to be microscopice, by
which their growth is supplied and their waste repaired. Taking,
however, the terms flesh, blood, and bone in their proper meaning,
cxcluding from each the water with which it is impregnated, and
excluding from the flesh and bone the blood which pervades them
respectively, the materiul constitucnts of an average human body
may be thus stated :—

Bone . . . . . 14 1bs.
Flesh and blood . o . . 24
Water . . . . . . 116

The bone, when submitted to analysis, is shown to consist of
certain carthy matter, the chicf part of which is lime and a
substance called gclatine ; this gelatine itself being a compound,
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one half of which is pure charcoal, called by chemists carbon, and
the other a combination of the gases which constitute common air
and water. From this analysis it follows that, in round numbers,
the 14 1bs. of bone which enter into the composition of the human
body, omitting minute fractions and insignificant quantities,
consist of 101bs. of lime, 21bs. of charcoal, combined with 21bs.
weight of the gases just mentioned.

A similar analysis of flesh and blood shows that they consist, in
nearly equal parts, of charcoal and the same gases, so that the
24 Ibs. weight of these substances which enter into the composition
of an average body, are resolved into 12 1bs. of charcoal, combined
with an equal weight of the gases already mentioned.

Thus, in fine, the ultimate materials of the average human body,
are 14 1bs, of charcoal and 101bs. of lime, impregnated with
116 Ibs. of water, and 14 lbs. weight of the gases which form air
and water, thatis, oxrygen, nitrogen, and hydrogen.

74. Now those who think that the intcllectual prineiple residing
in the human body is nothing more than a quality or a property
arising from the matter composing it, must be able to imagine
how 14 Ibs. of charcoal, 10 Ibs, of lime, and 1161bs. of water can be
so mixed up with 141bs. of air as to make a material thing—
machine let us call it—which can feel, think, judge, remember,
and reason. Let us try to imagine, for example, the possibility of
such a mass of charcoal, lime, and water discovering the existence,
position, and motion of the planet Neptune before it was ever
seen ; of ascertaining the periodicity of the planctary inequalities,
countless ages before many of these inequalities had passed
through one of their periods ; of inventing the printing press, the
ship, the steam-cngine, and the eleetric telegraph ; of composing
¢ Paradise Lost;” of producing the Transfiguration and the
Antinous, or of designing the Parthenon !

But it will be answered, that the power of intelligence is
ascribed not to the mere inert materials of the human body, but
to their organisation. What, then, is organisation ¥ Lect us not
be misled by a long and learned word. Organisation is, and can
be, but some particular way of arranging the parts of which any
thing is composed. Thus, a given number and weight of stones
may be arranged in a thousand different ways, so as to compose as
many different structures, but each such structure is still a mere
mass of stone, It is true that the simple material elements which
we have cnumerated above may be, and are, curiously combined
and arranged, so as to produce the human body. But after this is
accomplished, we are left as far as ever from any explanation as
to how the mere arrangement and peculiar juxta-position of the
material atoms, thus composing such a body, can produce the
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prodigious powers of intellect which have been developed in the
history of the progress of the human mind.

75. But even admitting a supposition apparently so impossible,
the question of personal identity, which we have referred to
above, will raise an insuperable ohjection to it. Physiologists
and anatomists have proved that the matter which composes
our bodics is subject to continual change. Every part of our
organisation, cven to the innermost cores of our bones, is
subject to this never-ceasing process of mulation. The food
which we take inte our stomachs contains, combined with
some other matters, all the constituents neeessary to eompose our
bodies. In the processof digestion, those parts which are unsuited
to our bodics arc rejeeted, and the several suitable parts passing
into the blood, are carried by it through the circulating apparatus
to all parts of the system; to the bones, as well as to the flesh
and softer parts; the peculiar constituents necessary for the
maintenanee of cach part respectively being deposited there in the
proper proportion, and the waste carricd away. This process of
constant renovation and removal of used-up matter—of offal, as
it were—goes on cqually throughout the bones as throughout the
softer parts.  Now, it will be evident that, in such an unceasing
process of rcjection and renovation, the entire mass of matter
composing the body must in a certain period, longer or shorter,
undergo a complete change, so that, corporeally speaking, an indi-
vidual, at any given period of his life, has not in his entire compo-
sition a single material atom which he had at a certain previous
period. It wasthe opinion of former anatomists and physiologists,
that the body undergocs this complete change of the matter com-
posing it every seven years; but more reeent and exact observations
and caleulations, founded upon rigorous analysis of the phenomena
of digestion, circulation, respiration, and other less important
functions, have proved this estimate to crr by excess.

The 116 1bs. weight of water which forms three-fourths of the
matter composing our bodies, is rejected with great rapidity
m respiration, transpiration, and mnatural discharge. The
carbon is expired with cach action of the lungs in large quan-
tities, combined with oxygen, another constituent of our bodics, in
the form of carbonic acid. The lime escaping in other ways
is rcjeeted from our bones, and replaced by a fresh supply.
There is not a movement of the body, whether voluntary or
involuntary ; not an action of a member, a muscle, or a nerve;
not a pulsation of the heart or of an artery; not a peristaltic
motion of the intestines, which is not the proximate cause of
the r¢jection of uscd-up matter and the demand for a fresh
supply from the digestive apparatus, just as in a machine the
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wear and tear of the parts is proportional to the force and con-
tinuanece of their motions.

76. Although the rapidity with which the materials of the
body are thus changed varies in comparing one individual with
another, aceording to their varying habitudes and oceupations, it
appears that a total change of the material constituents ot the
body takes plaece within an interval wuch shorter than was
supposed by the carly physiologists.  According to some autho-
rities, the average length of this interval does not execed thirty
days. Tt is, however, generally agreed that it is a very bricf
period.*

77. This then being the ease, let us again ask what is it that
was identical in the Duke of Wellington dying at Walmer in Sept.
1852, with the Duke of Wellington commanding at Waterloo in
June, 18157 Assuredly it was not possible that there should
have heen a single particle of matter common to his body on the
two occasions.  The interval consisting of thirty-seven years and
two months, the entire mass of matter composing his body must
have undergone a complete change several hundred times—yet
no one doubts that there was something there which did not
undergo a change exeept in its relation to the mutable body, and
which possessed the same thought, memory, and consciousness,
and constituted the personal identity of the individual; and since
it is as demonstrable as any proposition in geometry that that some-
thing which thus abode in the body, retaining the consciousness
of the past, could not have been an atom, or any number of atoms,
of matter, it must necessarily have been something not matter,
that is to say, something spiritual.

ITabituated for so long a period to the rigorous logic of physies
and mathematies, I confess I can sce nothing in its results more
conclusive than this proof of the cxistence of a spirttual essence
connceted with the human organisation. At this point, however,
the support which the physical inquirer can offer to the theologian
terminates. It there is nothing in the disorganisation of the
human body and the phenomena of death to demonstrate the
simultaneous destruction of the spiritual principle, the existence
of which is thus cstablished, there is, on the other haud, nothing
to prove its continued existence, and for that we are thrown upon
the resources of revelation, and this might indeed have been
forescen ; for if the continued existence of the spirit, or, in other
words, a future state, were capable of demonstration by the

* We are not aware of any dissentient from the complete periodical
change of matter composing the body, except Professor Milne Edwards,
who, without absolutely «le:ying the principle, thinks that it has not been
satisfuctorily demonstratcd.
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ordinary facultics of the mind, it would have been incompatible
with the divine ecconomy to have rendered it the subject of
revelation. God docs not suspend the laws of nature to reveal by
miraculous mecans those truths which are discoverable by the
exercise of our natural faculties.

78. As the motions and changes produced upon inert matter
are physical and mechanical, so human actions are moral and
intcllectual phenomena. By duly comparing together the former,
we are cnabled to arrive at generalisations which are the expres-
sion of laws, the knowledge of which enables us to foresee, with
certainty and precision, how any proposed bodies will comport
themsclves at any future time, and in any given place, under
given conditions. It might, thercfore, be naturally expected that
the moral and intellectual phenomena of human actions, coming
as truly within the range of natural facts as merc physical
phenomena, could be equally classified and generalised, and that,
conscquently, natural laws might be cqually established, by the
knowledge of which this latter class of phenomena counld, under
given conditions, be predicted as clearly and certainly as the
former.

79. An essential difference, however, between the two classes
of phenomena renders a corresponding distinetion in the expres-
sion of the general laws to which they are subject, nccessary.
Bodies consisting of mere inert masses of matter are susceptible
of no motion save what they derive from the operation of external
forces ; and when such forees are given, their effeets can be
calculated and predicted. But the moral and intellectual phe-
nomena here referred to, proceed from an internal and spontancous
act of the will of the individual, which cannct be known ante-
cedently by the individual himself, and still less by others. The
will also being absolutely free, the individual may, under given
conditions, act in any conceivable manner; and consequently, as
regards such an individual, the actions cannot be reduced like
physical facts to a general law.  Men being thus free agents, and
their actions being subject to impulses arising from characters,
temperaments, passions, surrounding excitements and personal
circumstances infinitely various, it might naturally be expeeted
that the record of the actions of any large society of individuals,
such as the population of a city, province, or country, would
present a confused and heterogencous mass of facts altogether
unsusceptible of rule, law, or gencralisation ; and that, conse-
quently, such record prescerved of the past would throw no light
whatever upon the probable future of the conduct of such a
maultitude of free agents.

80. Carcful and accurate analyscs of the acts of men, so far as
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they have been registered in public records entitled to confidence,
prove, however, that such is not the case; and that although they
individually aet with perfeet freedom of will, yet their acts
collectively conform to laws scarcely less rigorous than that of
gravitation, and that, conscquently, although the frecdom of
individual will renders it impossible that the individual acts ecan
be predicted, the same impossibility is not at all applicable to collee-
tive acts.  On the contrary, statistical records prove incontestably
that acts which, taken individually, caunot for a moment be
doubted to proceed from the impulses of a free and independent
will, taken collectively, reecur with as much regularity and pre-
cision as the fall of a heavy body by gravitation. It is true that
such acts, when classified and generalised, give average results
from which the individual cases depart more or less on the one
side than on the other ; but this is no more than takes place with
the physical phenomena of inert matter, all of which oscillate
round a mean state, the departures from which have received the
name of perturbations. In moral and intellectual, as well as in
physical and mechanical phenomena, there are also perturbations,
but, like the latter, these are also confined within narrow limits,
The sole diflference in the two classes of natural etfects being, that
in the one ease the condition of bodies may be predicted indi-
vidually, while in the other it can only be predicted collectively.

81. Those who have prosccuted their researches most cxten-
sively in the modern science of Statistics, have proved that the
effects of the free will of individuals composing large societies
completely neutralise each other, and that such eommunities taken
collectively act as if the whole body had by common consent agreed
to follow a certain prescribed course of conduet, not only in
matters which might be imagined to be more or less of common
interest, but even in those in which no feeling could be imagined
to be engaged, suve the will, taste, personal inclination, or even
caprice, of the individual.

82, There is, perhaps, no act of our lives which so exclusively
concerns and interests us personally as that of marriage. Although
parents and friends must be admitted to exercise more or less
influence, yet, in the main, individuals of the different sexes are
united together by their personal choice and inclination. This
being the case, it might be imagined that the frequency of
marriages, and the relative ages of the parties contracting them,
would be as various as the tastes, feclings, inclinations, and
personal characters of the individuals composing the community.
Yet we tind that such is not the casc ; but that, on the contrary,
not only the frequency of marriages, but the relative ages of the
parties contracting them, are subject to laws quite as rigorous as
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those which govern the motions of the solar system. Thus we
tind, that in the same country, in a serics of successive ycars, the
samc average number of marriages are contracted, the departures
from the average being, like the planctary inequalitics, small and
self-compensatory.  If there is a small excess in one year ahove
the average, there is sure to be a corresponding deficiency in
another.

Thus, for example, in England and Wales during the five years
from 1815 to 1849 inclusive, the average number of marriages
was 142600, and the actual number in cach year varied from this
average by not more than a few hundreds. In 1851 and 1852,
with an incrcased population, the average number was increased
to 156000, from which the variations were equally inconsiderable.
In countrics, however, where statistical registers are kept with
more circumstantial precision than in England, results atfording
more striking illustrations of these principles may be obtained.
In Delgium, for example, to the statistics of which the labours
and talents of M. Quetclet have been directed, some very remark-
able cireumstanees bearing on this question have been developed.
Thus, it appears that, for a scrics of years before and after 1810,
the average number of marriages contracted in that country was
20130, How completely obedient the population was in the
fulfilment of this statistical law, may be scen by the following
exact number of marriages contracted in the five years succeeding
1840 :—

YEARS. MARRIAGTH,
1841 . . . . . . 2Y8T6
1842 . . . . . . 29023
1843 . . . . . . 28220
1844 . . . . . . 20326
1845 . . . . . . 20210

Thus it appears that in 1841, 1841, and 1845, the number of
marriages exceeded, while in 1842 and 1843 they fell just as far
short of the average; just as the vcloeity of a planct near its
perihelion exceeds, and near its aphelion falls short, of its mean
motion.

83, But this is neither the only, nor by uny means the most
rcmarkable, example of the play of general Jaws in human actions,
which, of all others, must be admitted to be the most completely
voluntary. Thus, for example, when a man of 30 chooses a wife
above 60, he can searccly be imagined to be controlled by the
influence of parents. Yet it appears that the frequency of such
marriages is as regular as the annuul motion of the sun. Take
the following examples. In Belgium, the average number of men
not above 30 marrying women above 60 annually is 6, and the
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departures from this cither way is usually limited to 5 or 7. Ifin
one year there are 7 such marriages, it is sure to be preceded or
followed immediately or mediately by another year in which the
number is only 5.  Again, the number of men between 30 and 15
contracting marriage with women above 60 is annually 18, subjecet
to a small vecasional variation onc way or the other. In the same
way, it appears that the number of men from 45 to 60 marrying
women above 60 is annually 27.

The same regulanty is found to characterise the number of mar-
riages between couples within any other prescribed limits of com-
parative age,

84, The number of children resulting from cach marriage eannot
be eonsidered as depending on will.  But assuredly the calling into
the world of illegitimate children must be admitted to have the
character of a voluntary act ; yet it is found, that in each country,
{he annual number of illegitimate children bears a fixed ratio to
the number of marriage-born.  In France and Belgium this ratio
is 1 to 13.  In England the proportion is tound to be exactly the
same. and this appears to occur, from year to ycar, in hoth
countries with all the regularity of physical law.

80. The statistics of crime being especially susceptible of exact
record, have been submitted to the same careful examination by
M. Quetelet, from whose rescarches it appears, that in the same
country the same number of crimes of the same description are
committed annually; and this curious result is found equally to
attend those classes of crimes which it would seem most impos-
sible to foresce. But, counected with these eriminal statistics,
there is a circumstance still more curious and remarkable. It
necessarily happens, in the administration of eriminal justice,
that, through the want of sagacity m the examining magistrates,
and a maultitude of fortuitous ecircumstances surrounding the
accused, a considerable number of guiltless persons arc brought
to trial.  Now, will it be believed, that sueh is the prevalence of
general laws, that even in this class of moral phenomena, founded
on the results of fallible judgment, a rigorous law prevails, and
we find that, in cach country, the proportion of persons charged
with offenecs who ate acquitted, is from year to yeur the same?
Thus, for instance, in France, 39 in every 100 of thosc accused
are as regularly acquitted as if the decisions of the juries were
made by putting 61 black balls and 39 white ones into a box,
and deciding the fate of the criminals by ballot.

8€. It is not only, however, voluntary acts which arc subject
to this numerical regunlarity. Collectively speaking, persons re-
member and forget certain things with as much regularity as if
memory and attention were the result of wheel-work., A very
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common instance of forgetfulness is presented by persons posting
letters without any address written upon them. The number of
times this act of obliviousness annually happens is known with
the greatest precision, inasmuch as such letters are transferred to
and recorded in a burcau speeially devoted to the purpose in each
post-oftice. Now, it is found by the Post-Office returns in England
and France, that the number of these unaddressed letters in each
country is almost cxactly the same from year to year. In London
the number of such letters is about 2000, being at the rate of above
6 per day.

But connccted with this is another circumstance equally re-
markable. A certain proportion of these lettersis found to contain
moncy and other valuable enclosures ; and, like the whole number,
this proportion is also invariable.

87. The conclusion at which we arrive then is, that the great
principle in virtue of which the Author of nature carries out His
purposes by the operation of general laws is not, as it would
first appear, incompatible with the frecdom of human agency,
and thercfore with man’s moral responsibility. The same
character of generality attaches to the laws which govern the
moral and intellectual phenomena of human actions, considered
collectively, as those which attach to mere physical phenomena.
But these laws not being applicable to human actions, considered
individually, leave free will and moral responsibility invivlate.
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MAGNIFYING GLASSES.

1. Magnifiers intermediate between spectacle-glasses and microscopes.—2.
Variously mounted.—3. Extcnsive use in the aits.—4. Their magni-
fying power explained.—5. Visual magnitude.—6. Standard of visual
magnitude.—7. Di®nce of most distinet vision.—8. Visual magni-
tude at ten-inch distance.—9. Magnifying power of a convex lens. —
10. Effeet of the same lens with different cyes.—11. Superficial and
cubical magnifying power.—12. The eyc to be placed close to the
lens.—13. Magnifying power depends on focal length.—-11. Focal
length depends on convexity and materials of lens.—15. Lenses of
different materials.—16. Spherical aberration less with a greater
refracting material.—17. Diamond lens.—18. Magnitude of lens
greater with more refracting material. —19. Advantages of gem lenses.
—20. Superseded nevertheless by the improvement of compound micro-
scopes.—21. Magnifiers for reading.—22. For miniaturc-painters and
engravers.—23. For watch-makers, jewellers, &c.—24. Supports for
these.—25. Pocket magnifiers.—26. Coddington lens.—27. Doublets.
—28. Their optical efiects.—29. Their advantages over single lenses,
—30. Method of mounting them ; triplets.—31. Mounting of hand-
doublets.—32. Method of mounting doublets of high power for dissec-
tion and similar purposes.

1. MAGNIFYING glasses hold an intermediate place between the
spectacle glasses, used by weak-sightcd persons, and the micro-
scope ; and when they possess considerable magnifying power, they

LarDNFR'S MUSEUM OF ScrEnce. ™ 97

No. 04,



MAGNIFYING GLASSES.

are sometimes called simple microscopes ; but the term microscope
is more generally applicd to that class of optical instruments which
consists of a combination of lenses, which arc applicable to tho
cxamination of the most minute objects, and with amplifying
powers much more extensive.

2. Magnifiers arce very variously mounted according to the uses
to which they arc applied.  The more simple forms, and those
which have the least amplifying power, consist of a single lens,
which is cither convex on both sides, or plano-convex, or which
may be concave on one side and convex on the other, provided the
convexity be greater than the coneavity. In fine, whatever be its
form, it is essential that convexity shall prevail.

3. These glasses arc of very extensive use in the arts. In
all cases in whiceh the objects operated upon arc minute, the inter-
position of a magnificr is found advantageous, and often indis-
pensable ; thus, they are invariably used in different mountings
by watch-makers, jewellers, miniature-painters, engravers, and
others.

4. To render our cxplanation of these very convenient instru-
ments intelligible, it will be necessary that the reader should be
previously more or less familiar with what has Deen already ex-
plained in our Tracts on the Eye, on Optical Images, and on Npee-~
tacles ; we shall) therefore, take for granted, that the coutents of
these Tracts are known to the reader.

‘We know no subjeet respeeting which more inexact and erro-
ncous notions prevail, than the amplification or magnifying cffect
produced by all optical combinations, from the simple convex lens
to the most powerful microseope. The chief cause of all this con-
fusion and obseurity may be traced to a negleet of the proper dis-
tinction between visual and real magnitude.  The cye, as has been
already explained, takes no direet cognizanee of real magnitude,
which it can only estimate by inference and comparison with the
impressions of the sense of touch ; these inferences and eompari-
sons being often attended with complicated calculations and
rcasoning. If a proof of this be required, it may be found in the
universally obscrvable fact that objects which have the same
visual magnitude often have real magnitudes enormously diffe-
rent ; thus, for example, the apparent or visual magnitudes of the
sun and moon arc, as cvery one knows, cqual: yet the rcal
diameter of the sun is more than 400 times that of the moon.

5. It must be remembered that visual magnitude is determined
by the divergenee of lines drawn from the eye to the extreme
limits of the objeet; it is measured, therefore, not like real mag-
nitude by miles, feet, and inches, but by degrees, minutes, and
scconds ; thus, while the real diameter of the moon measures
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about 2000, and that of the sun about 887000 miles, the visual
diameter of the one and the other measures about half a degree.

The magnitudes of objects, as they appear with magnifying
plasses, arc all visual and not real.  When an objeet seen by the
interposition of such an instrument is said to be magnitied so many
times, it is therefore meant that it is so many times greater than
it would be it the same objeet were scen with the naked eye; but
since it has been shown in our Tract on the cye, that the visual
magnitude of the same objeet seen with the naked eye varies, being
greater s its distance from the eye isless, it follows, that the visual
magnitude seen with the naked eye is an indefinite and variable
standard, and in order that the visual magnitude of an object
tuken as the standard of magnifying power should be definite, it
1s neeessary that the distance at whiel the objeet is supposed to be
viewed by the naked eye should be stated.  When, however, a
person without any previous scientific instruetion views au objeet
with a magnificr, he becomes instantly conscious of its amplitica-
tion ; that is, that it appears larger than it would appear if he had
viewed it without the interposition of the magnifier.  The question
is then, at what distance from his eye such a person would sup-
pose the object to be looked at without the magnifier ; and the
reply which has been generally given to this question is, that he
would suppose it to be viewed at that distance at which he would
sce it most distinetly.

6. This being admitted then, microseopists have generally agreed
that the visual magnitude viewed with the naked eye, which should
he taken as the standard of comparison in expressing the effeet of
magnifiers, is that which the object would have when viewed at the
distance at which objeets are wost distinetly seen.

7. Buthere another difliculty arises.  In the first place, the dis-
tance at which onc individual ean sce an object meost distiuetly is
not the same as that at which another will sec it most distinetly ;
thus, while a far-sighted person will sce most distinetly at the
distance of 15 or 16 inches, and cannot sce at all at the distance
of 5 or 6 inches, a near-sighted person will see most distinctly at
the latter distance, and only confusedly and indistinetly at the
former. But even the same individual will see the same object
most distinetly at one distance when it is strongly illuminated,
and at a much less distance when it is feebly illuminated.

The distance of most distinet vision is therefore a variable and
uncertain standard of comparison.

8. But there is one thing which is perfectly definite and cer-
tain. The visual magnitude of an object, at a given distance,
is always the same, and quite independent of the powers and qua-
Lities of the eye which views it; it may, or may not, be distinctly
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seen, or seen at all; but if scen, it can have but one visual magni-
tude. Thus an object, such as a coin, placed with its surface at
right angles to the line of sight, at a distance from the eyc equal
to 10 times its own diamcter, will have a visual diameter of 537,
and neither more nor less, no matter by what eye it is viewed.
Seeing, then, that the distance of most distinet vision varics with
different observers, and even with the same observer under diffe-
rent circumstances, and cannot therefore be taken as a standard
of refercnee for visual magnitude, it has been gencrally agreed
that magnifying powers shall be arithmetically expressed, by refe-
rence to visual magnitudes secn at 10 inches distance. Thus, if
we say that such or such a magnifier magnifies an object three or
four times, it is meant that it exhibits that object with a visual
magnitude three or four times as great as that which the same ob-
ject would have if viewed with the naked cye at 10 inches distance.

This distance of 10 inches has not been selected arbitrarily, 1t
is considered to be about the distance at which average eycs
would see an object most distinetly. It has the further conve-
nience of lending itsclf with facility to calculation by recason of
its decimal form. In other countries, the same distance very
nearly has been adopted as a standard. Thus, French mieroseo-
pists take 25 centimetres, which is & very small fraction less than
10 inches, as their standard.

9. This conventional standard being accepted, let us sce in
what manner an object is made to appear magnified by the inter-
position of a single convex lens.

Let & E fig. 1, rcpresent a section of the eye, and 0 o’ a small
object placed at a much less distance from the cyc than is com-

Tiz L

patible with distinet vision. According to what has been ex-

plained in former tracts, it will appear that the cause of indis-

tinet vision is, in this case, that the image of o o/, produced by

the humours of the eye, is formed not as it ought to be on the
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retina at 1 v, but behind it at 7¢". According to what has been
explained of optiecal images, the interposition of a lens, L 1, of
suitable convexity, will bring forward the image from 7 ¢ to 1 I/,
and will therefore render the perception of the object distinet.

Now, it is most important to observe in this case, that the
visual magnitude of the object, measured by the angle formed by
the lines o 1 and o’ T, will be exaetly the same as it would be if
the eye could have scen the object o o’ without the interposition of
the lens: from which it appears that the lens does not, as is com-
monly supposcd, directly augment the visual magnitude of the
objeet, but only enables the eye to see the objeet with distinetness
at a less distance than it could so see it without the interposition
of the lens.  'We say directly, because, although the lens does not
augment the visual angle of the object in the position in which it
is actually viewed, yet, by enabling the eye to sec it distinctly at
a Jiminished distance, the visual angle of distinet vision, and
thercfore the apparent magnitude of the object, is increased in
exactly the same proportion as the distanee at which it is viewed
is diminished.

To understand the magnifying effect of the lens, we must con-
sider that the observer, sceing the objeet 0 o* with perfeet distinet-
ness, obtains exactly the same visual perception of it as if the
object having the same visual magnitude were placed at that dis-
tance from the cve at which his vision would be most distinet.
Let the lines passing through the extremities of the object there-
fore be prolonged to this distance of most distinet vision, and let
an object, 0 o/, he supposed to be placed there, similar in all re-
speets to the objeet o ¢, and having the same visual magnitude.
It will be evident, from what has been stated, that o o, as seen
with the lens, will have precisely the same appearance as the
objeet 0 0’ would have if seen with the naked eye. The observer,
therefore, considers, and rightly considers, that the magnifying
power of the lens is expressed by the number of times that o o' is
greater than o o’; or, what is the same,by the number of times that
the distance of 0 o’ from the lens, that is the distance of most dis-
tinet vision, is greater than the distance of the object from the lens.

1t follows, therefore, generally, that the magnifying power of
the lens will be found by dividing the distance of most distinet
vision by the distance of the object from the lens.

10. Adopting this method of estimating the magnifying power,
it would follow that the same lens would have different magni-
fying powers for different eyes, inasmuch as the distance of
most distinet vision for short sight is less than that for average
sight, and less for average sight than for far sight.

To make this more clear, let &, fig. 2, represent an average
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sighted eye ; ¥’ (fig. 3) a short-sighted eye, and ", fig. 4, a far-
sighted eye. Lect the same small object, L 3, be placed at the same

Fig. 2.
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distance from cach of them, and let the distance of most distinet
vision for the first be :/; for the scecond ' 7, and for the third

Fig. 8.
—. L r
CFE——— ]
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m

" I". If, by the interposition of a lens, the ohjeet L 3 be rendered
distinetly visible to each of these three eyes, it will appear at Zm

Fig. 4.
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m"
to ®, at ? m’to 3/, and at 1" m" to £"; its apparent magnitude,
therefore, to the three eyes will be in the cxaet ratio of their re-
npective distances of most distinet vision, and consequently the
magnifying power to ¥’ will be less, and to £" greater than to E.

It must, however, be observed, that in this, which is the com-
monly received explanation, a circumstance of some import-
ance is omitted, which will modify the conclusion deduced from
it. To produce distinet vision with a given lens, L 1, the dis-
tance of the object from the lens will not be the same for diffe-
rent eyes ; for short sight the ohject must be ncarer, and for long
sight more distant than for average sight.

Now, if this variation of the distance from the lens, or of the
focus, as it is called, for different eyes vary in the same proportion
as the distance of most distinet vision (and it certainly docs mnot
differ much from that proportion), it will follow, contrary to the
received doctrine, that the magnifying power of the same lens, will
be the same for all eyes, whether they have average sight, long
sight, or short sight.
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11. Tt is contended by some that the magnifying power is more
properly and adequately expressed by referring it to the super-
ficial than to the lincar dimensions of the objeets.

To illustratc this, let us suppose the object magnified to be a
square such as @, fig. 5. Now, if its lincar dimensions, that is
its sides, be magnified 10 times, the squarc will be increased to
the size represented at
A (fig. 6); its heightand
breadth being cach in-
creased 10times,
and its superfi-
=3 ciul magnitude
4 being conse-

quently in-
creased 100 times, as
is apparent by the
diagram.

Now, it is contended,
and not without some
rcason, that when an
objeet, such as @, re-
ceives the increase of
apparent size, repre-
sented at A, it is much
more properly said to be magnified 100 than 10 times.

Neverthcless, it is not by the inereasc of superficial, but of linear
dimensions that magnifying powers are usually expressed. No
obscurity or confusion can arise from this, so long as it is well
understood that the inereasc of lincar, and not that of superficial
dimension, is intended. Those who desire to ascertain the super-
ficial amplification, nced only take the square of the lincar ; thus,
if the lincar be 3, 4, or 5, the superficial will be 9, 16, or 25, and
80 on,

1t might even be maintained, that when an objeet having
length, width, und thickness, a small cubc or prism of a crystal
for example, is magnified, the amplification being produced equally
on all the three dimensions, ought to be expressed by the cube of
the linear increasc ; thus, for example, if the object, being a cube,
be magnified 10 times in its linear dimensions, it will acquire 10
times greater length, 10 times greater breadth, and 10 times
greater height, and will consequently appear as a cube of 1000
times greater volume,

In this case, however, asin that of the superficial increase, the
caleulation is easily made by those who desire it, when the linear
increase is known.

Fig. 6.

g &
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12, In all cases in which magnifying lenses are used, excepc
where the lens islarge, and the magnifying power low, the eye of
the observer should he placed as close as possible to the lens, the
pupil being as necarly as possible concentric with the lens; for
sinee the peneils of rays, which procee!! from the extreme points
of the objcet, interscet at an angle equal t» that formed by lines
drawn from the extremities of the ohject to the centre of the lens,
they will diverge after passing through the lens, at the same
angle; and the farther the eyc is removed from the lens, the more
rays it will lose, and beyond a certain limit of distance, a part
only of the objeet will be visible.

13. Since cyes of average sight arc adapted to the reception
of parallel rays, an object secn through a lens by them will be
distinctly visible, only on the condition that its distance from the
lens shall be equal to the focal length ; for, in that case, the rays
which diverge from each point of the object, will emerge from the
lens parallel, and therefore suitable to the power of the eyc.

Itis for this rcason that the magnifying powers of lenses are
estimated, by comparing their focal lengths with the distance of
distinet vision. Yor since the focal length is always the distance
of the object from the lens for average eyes, the distance of
distinet vision, divided by 1it, will, according to what has
been explained, be the magnifying power of the lens for such
eyes.

14. The focal length of a lens will be less in proportion as its
refracting power upon the light transmitted through it is greater ;
but the refracting power of the lens depends partly on its con-
vexity and partly on its material.

With the same material the refracting power will be greater
and the focal length less, as the convexity is inereased ; and, on
the other hand, with a given convexity, the refracting power will
be greater, and the focal length less, as the refracting power of
the material, of which the lens is made, is greater. Thus, for
cxample, if two lenses be composed of the same sort of glass, that
which has the greater convexity will have the less focal length ;
and if, on the othu' hand, two lenscs, one composed of g]ass and
the other of diamond, have equal convexities, the latter will have
a less focal length th:m the former; because diamond has a
greater refracting power than glass.

15. It will be evident, from what has been cxplained, that if
two lenses be formed of materials having different refracting
puwers, such for example as glass and diamond, so as to have
equal focal length, that which has greater refracting power will
have the less convexity.

If two lenses therefore be formed, having the same magnifying
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power, one of glass and the other of diamond, the latter will have
less convexity than the former.

Trom what has been explained on the subjeet of, spherieal
aberration, in our Traet upon Optical Images, it will be under-
stood, that the more convex a lens is, the less its diameter must
be, for if its diameter exceeds a eertain limit relatively to its con-
vexity, the spherical aberration will become so great as to render
all vision with it confused and indistinet. This is the rcason
why all lenses of high magnifying power and short focal length
are neeessarily small.

16. But since the spherical aberration depends on, and inercases
with the convexity of the lens, other things being the same, it
tollows that if two lenses, composed of different materials, have
cqual focal lengths, that which has the less convexity will also
have less spherical aberration.

17. Now, as according to what has been cxplained above, a
diamond lens has less convexity than a glass lens of the same focal
length, it will, if it had the same diameter, have less spherical
aberration, or, what is the same, it will admit of being formed
with a greater diameter, subject to the same aberration.

18. In lenses of high magnifying powers, and which are con-
scquently of small dimensions, any increase of the diameter which.
can be made without being accompanied with an injurious
increase of aberration, is attended with the advantage of trans-~
mitting more light from each point of the ohject to the eye, and
thercefore of rendering the object more distinetly visible. It was
on this account that, when single lenses of high magnifying
power were thought desirable, great efforts were made to form
them of diamond, and other transparent gems having a refracting
power greater than that of glass.

19. Sir David Brewster, who first suggested the advantage of
this, succeeded in getting lenses of great magnifying power, made
of ruby and garnet; he considerced those made from the latter
stone to surpass every other solid lens : the focal length of some of
those made for him was less than the 1-30th of an inch, the mag-
nifying power being more than 300.

20. All these and similar cfforts made by Messrs. Pritchard and
Varley, aided by the genius and scicnce of the late Dr. Goring,
have, however, happily for the progress of science, been subse-
quently rendercd unnccessary by the invention of methods of pro-
ducing good achromatic ohjeet-glasses of high power for compound
microseopes, so that the range of uscfulness of simple microscopes,
or magnifying glusscs, 15 now limited to uses and researches in
which comparatively low magnifying powers are sufficient.

21. The most fecble class of magnifying glasses are those occa-
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sionally used for reading small type, by persons of very weak
sight; they consist of double convex lenses of 5 or 6 inches focal
length, and having consequently o magnifying power no greater
than two; they are usually double convex lenses, from 2 to 3
inches in diameter, mounted in tortoise-shell or horn, with conve-
nient handles.

22, Magnifiers of somewhat shorter focal length and less
diameter, similarly mounted, are used by miniature-painters and
engravers.

23. Lenses having a focal length of about one inch, sct in a
horn cell, enlarged at one end like the wide end of a trumpet, the

magnitude being made to correspond with the

Fig. 7. socket of the eye, as represented in fig. 7,

are used by watch-makers. The wide end
being inserted under the eyebrow, is held in
its position by the contraction of the muscles
surrounding the eye-ball, and the minute
work to be examined, is held within an inch
of the lens set in the smaller end of the horn
casc; if the focal length be an inch, the mag-
nifying power of such a glass, for average

eyes, will be ten.
Glasses somewhat similarly mounted are used by jewellers, gem-
sculptors, and other artists.
24. To relieve the artisan from the fatigue of holding the mag-
Fig. 8 nifier in the eye-socket
e or in the hand, a stand
with a moveable socket
is sometimes resorted
to, such as that repre-
sentedin fig. 8. A hori-
zontal arm slides upon a
vertical rod, upon which
it can be fixed at any
desired height by a
tightening serew. This
arm consists of two
joints, conncected to-
gether by a ball and
socket, by which they
can be placed at any
desired inclination; at
the extremity of the
lower arm a fork supports a ring-shaped socket, made to receive
the magnifier,
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25. Very convenient pocket magnificrs are mounted in tortoise-
shell or Lorn cases, in the form shown in fig. 9. Lenscs of

Fig. %

different powers are provided which may be used separately or
together; when they are used together, however, the interposi-
tion of a diaphragm is nccessary to diminish the cffeets of
spherical aberration by cutting off the lateral rays.

Lenses thus mounted are well fitted for mcdical use, and for

certain rescarches in natural history.

26. When a higher power is required than that which these
common magnificrs aflord, a magnifyving glass, called from its

inventor a Coddington lens, 1is
used with much advantage. To
produce such a lens, a solid ball
or sphere of glass, about § an inch
in diameter, is cut round its
cquator, so as to form round it
an angular groove, leaving two
spherical surfaces on opposite
sides uncut. The angular groove
is then filled up with opaque
matter, the circular edge of the
groove scrving as a diaphragm
between the two spherical sur-
faces. A section of such a lens
is shown in fig. 10, where A B and
A’ B are the two spherical sur-
faces left uncut, and a ¢ A’ and
B ¢ B the section of the angular
greove filled with opaque matter.
The course of the rays passing
through it from any point such

Fig. 10

as 0, is shown by the lines o o, and it will be evident from the
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mere inspection of the figure, that the effecet of the lens upon
the rays will be precisely the same, wherever the point o may
be placed; this lems, therefore, gives a large ficld equally
well defined in all dircetions, and
Fig. 11. gince it is no matter in what
position it is held, it is very con-
venient as a hand and pocket glass;
it is usually mounted in a small
case, such as is shown in fig. 11,
which can be carricd in the waist-
coat pocket.

27. Magnifying glasses of low powers, such, for example, as
those which range from 5 to 40, may be constructed with much
advantage in one or the other of the above forms. When, how-
ever, higher powers are necessary, the usc of such lenses, with very
short focal length, is attended with much practical inconvenience,
which has been removed by the use of magnifiers, consisting of
two or more lenses combined. The combinations of this kind which
arc found most efficient, consist of two or three plano-convex
lenses, with their convex side towards the eye; these are called
doublets and triplets.

28, After what has been explained in our Traet upon Optical
Images, the principle upon which these magnifiers depend will
be easily understood.

Let v ¥ and » D, fig. 12, represent the two lenses of a doublet,
and let 0 0 be a small object placed before v v, at a distance from
it less than its focal length. According to what has been ex-
plained, v » will produce an imaginary image of 0 0 at ¢ ¢, more
distant from » » than o o, so that an eye placed behind p » would
receive the rays from o o, as if they had diverged from the corre-
sponding points of ¢ 2.

But instead of being received by an eye placed behind » 1,
these rays are received by the other lens 1 1 ; the image ¢ ¢ there-
fore plays the part of an object before the Iens ¥, and being at a
distance from 1 ¥ less than the focal length of the latter, an
imaginary image of ¢ ¢ will be produced at 1 1; the rays, after
pussing through E x, entering the eye as if they had come from
the corresponding points of 1 1.

To cut off all scattered rays not necessary for the formation of
the image, a stop or diaphragm, s &, consisting of a circular dise of
metal, with a hole in its centre, is interposed between the two
lenses,

29. Such a combination, when high powers are necessary, has
several advantages over an cquivalent single lens. In the first
place, the effect of spherical aberration is much less, and sccondly,
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the ohject can be placed at a much greater distance from the
antcror lens D b, and can consequently be more conveniently

Fig. 12,

manipulated, if it be desired to dissect it, or to submit it to any
other process; it ean also be illuminated by a light thrown upon
that side of it which is presented to the glass; this could not le
done if it were ncarly in contact with the glass, which must
necessarily be the case by reason of its very short focal length, if
a single lens werc used.

30. 1t was rccommended by Dr. Wollaston, the inventor of
these doublets, to give the two lenses com-
posing them uncqual focal lengths, that of Ti,. 13,

E E being three times that of 1 D.

The lenses are usually set in two thimbles,
one of which screws into the other, as shown in
fig. 13, so that they can be adjusted as to their
mutual distance, so as to produce the best eftect.
‘When still highcer powers are sought, the lens D » is replaced by
two plane-convex lenses, in contact, which taken together play
the part of the single lens » D in the doublet; this combination
is called the triplet.

When a very low magnifying power is required, the lenses & ¢
and » p may be scparated, by unscrewing,

31. The lenscs, whether of a doublet or a triplet, being thus
properly mounted, capedients must be adopted to cnable the
observer to apply them convenicntly to the object under examina-
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tion, The most simple method of effecting this would be to
hold the lens to the cye with one hand, and to present the object
before it at the proper distance with the other. But even in
this case it would be nccessary that the lens should be attached
to a convenient handle, and unless the magunifying power were
very low, the steadiness neeessary to retain the object in the focus
could not be imparted to it, and while the observation would be
unsatisfactory the fatigue of the observer would be considerable.
‘When high powers are
used, every motion of
the object is as much
magnified as the object
itself, and conscquently
in such cases the most
extreme steadiness is
indispengable.

‘Whatever be the form
of the mounting, there-
fore, it is mnecessary
that the object should
be supported by some
picee attached to that
by which the doublet
itsclf is supported, so
that it may be steadily
held in the axis of the
lenses, and that its dis-
tance from them may be
varied at pleasure, by
some smooth and casy
motion, by which the
observer can bring the
objeet to the proper
focus.

The means by which
these ends have beenat-
tained vary according
to the use to which the
microscope is to be ap-
plied, to its cost, the
taste and fancy of the observer, and the skill and address of
the maker.

One of the most convenicnt forms of mounting, for a common
hand microscope is shown in fig. 14.

The doublet is inserted in a socket ¢ made to fit it; the screen

110 I :

Fig. 14,




SIMPLE MICROSCOPES.

b proteets the cye from the light by which the objeet is illu-
minated, an arm e is jointed at d, o that it can be turned fat
against «, when the instrument is not in use, and ean be inclindd
to @, at any desired angle. This arm being round, a shubing
tube f is placed upon it, fixed to another tube at right angles to
it, in which a vertical rod slides, to the upper end of which 1+
at(aohcd a foreeps or any othu convenient support of the object
under examination.

Several doublets or {riplets of various powers may be provided,
any of which may be inserted at pleasure in the socket e.

32, When still greater steadiness is required, and greater bulk
and higher price do not form an objection, the arm and socket
bearing the doublet arc fixed upon a vertical pillar, serewed to o
table with proper accessories for adjusting the focus and illumi-
nating the objet.

The arrangement adopted in the simple microscopes of Charles
Chevalier, shown in fie. 15, p. 97, may be taken as a general
example of this elass of mounting.

The case in which the instrument is packed serves for ifs
support when in use. A square brass pillar T, serewed into the
top of this cuse X, has a square groove eut along one of its sides,
in which the square rod ¢ is moved npwards and downwards by
a rack and pinion & ; at the top of this rod, a horizontal arm @ is
attached, at the end of which a socket is provided to receive the
doublets ; several of which having different powers are supplied
with the instrument.

The object under observation is supported on the stage v,
firmly attached to the upper end of the square pillar 173 in this
stage is a eentral hole, through which light is projected on its
lower surface when the object is transparent, and the quantity of
this light isx moditicd by mcans of an opaque dise v, picrced with
holes of different magnitudes.

By turning this dis¢ on its centre, any one of these holes may
be brought un-ter the objeet ; when the objeet is not transparent,
the opening in the stage is stopped, und it is viewed by light
thrown upon its upper surface.

A square box r, sliding upon the pillar T T, with sufiicient fric-
tion to maintain it at any hcight at whieh it is placed, carries a
reflector M, by wlich light is projected upwards to the opening of
the stage r, this light being more or less limited in quantity by
the oritice of the diaphragm p, which is presented in its path.

In this instrument the objeet is brought into focus by moving
the arm whieh carrics the doublet up and down, by means of the
rack and pinion g, the +tage supporting the object being fixed.
The same cffect might be, and is in some microscopes, produced
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by moving the stage supporting the object to and from the lens:
but when the instrument is applied to dissection, it is nccessary
to keep the subject dissected immoveable, and, therefore, not only
to maintain the stage stationary, but to render it so solid and
stable that it will bear the pressure of both the hands of the
operator while he manipulates the dissccting instruments ; on this
account the stage is often made larger than is represented in the
figure, and supported by a separate pillar.

The arm a carrying the doublet is also sometimes fixed in a
square socket on the top of the rod @, so that it can be moved to
and fro in the socket, while the socket itsclf can be turncd upon
the rod @ ; by this combination of motions, the observer can with
great convenience move the lems over every part of the object
under examination. -

Simple magnifiers, with provisions similar to these, are made by
the principal opticians, Messrs. Ross, Leland and Powell, Smith and
Beck, Pritchard, Varley, and others.

‘When the object has not sufficient transparency to be seen by
light transmitted through it from below, it may be illuminated
by a light thrown upon it from above by a lamp or candle, and
condensed, if necessary to obtain greater intensity, by means of a
concave reflector or convex lens,

112



116, 20 —THE PLCALL O SOULLL AMLRIC AN JOG,
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1. Ix conteraplating the habits and manners of animals, numerous
acts are obscrved bearing marks of more intelligencc and foresight
than it is possible to supposc such agents to exercise. Since
intelligence, therefore, cannot be admitted as the cxeiting cause
for such actions, they have been ascribed to another power,
ealled 1NsTINCT, which is defined to be one by which, independent
of all instruction or experience, animals arc unerringly directed to
do spontancously whatever is necessary for their preservation and
the continuance of their species.

2. Instinct, therefore, must be regarded as a simple power or
disposition emanating directly from the Creator, and producing its
cffects, without the intervention of any mental process. These
cffcets, moreover, are susceptible of no modification by experience
or repetition. A purely instinctive act is performed with as much
facility and perfection at the first attempt as after repetition, no
matter how long continued. The new-born infant scizes the
mother’s breast with its lips, draws the milk from it, and swullows
that nourishing fluid—a very complicated physical process—as
readily and as perfectly as it does after the daily experienee and
practicc of ten or twelve months. The young bee just emerged
from the ecll, sets about the highly geometrical process of con-
structing its complicated hexagonal comb, and accomplishes its
work with as much facility and perfection as the oldest inhabitant
of the hive.

3. Instinct operates sometimes, but not invariably, by the
intervention of physical appetite.  Thus animals seek  food,
and the union of the sexes, not with the purposes which Nuture
designs to attain by these acts, but for the mere pleasure
attending  the gratification of appetite and  passion.  This
pleasure is the bait which the Creator throws out to allure them
1o do what is indispensable for the prescrvation of the individual
and the continuance of the species.

Thus, although animals seck food to satisfy hunger, the act is
still instinetive. In the choice of food, that which is hurtful or
poisonous is avoided, and that which is nutritious selected. The
food which is suituble to the organs of digestion is always that to
which the animal directs itself. These organs in some are adapted
to vegetable, in others to animal food, and cach speeies accordingly
sceks the one or the other. Sinee it cannot be imagined that these
animals are endowed with intelligence by which they arc enabled
to judge of the qualities of this or that species of aliment, it is
clearly necessary to aseribe their acts in choosing always those
which arc suitable to them, to a power different from and
independent of intelligence.

4, Whilc instinet is o simple power, prompting acts apparently
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the most complicated, and producing its effects at once in the
most perfect manner and without any internal ctfort on the part
of the agent, intclligence, on the contrary, is a faculty consisting
of various distinet operations depending on experience and sus-
ceptible of indefinite improvement by excreise,  The porecpuens
received from external objects are the data upen which it i
exercised.  These pereeptions are capable of being revived aud
identified by the faculty called memory,  Thus, having once per-
ceived any given object, it is identificd upon its reeurrence by the
conseiousness that the perception it produeces is the same as that
which was formerly produced by it.  Thus, onjects once seen are
known when seen again.

Memory is essential to almost all other acts of intelligenee, the
most simple of which is that by which the mind infers that any
efleet which has been onee produced will be again reproduced by
the same agent under like eircumstances : and the oftener such
effeets arc oboerved to be reproduced, the more strong is the
convietion that they will reappear.

5. Instinetive aets are done without any pereeption or con-
sciousness of their consequences on the part ot the agent.  Intel-
ligent acts, on the contrary, are performed not only with a
consciousness of their consequences, but beeause of that con-
sciousness.  They are performed preeisely with a view to produce
the efftets which are known by previous experience to have
resulted from them.

6. It must not be supposed that instinet and intelligenec ean-
not coexist, or that the animal endowed with either is necessarily
deprived of the other. It is certain, on the contrary, that most
animals urc more or less gifted with both. Tn man, constituting
the highest link in the chain of auimal organisation, the fuculty
of intelligenee predominates in an immense proportion over that
of instinet. In passing to the next link, the relation between
these facultics undergoes a change so cnormous, that naturalists
have regarded man not merely as a species of animal, but as an
order of organised beings apart, being the sole genus of his order
and the solc species of his genus.

7. In descending from link to link downwards along the chain
of animal organisation, the play of intelligenee is observed to bear
a less and less proportion to that of instinet, until we arrive at the
last links, where all trace of intelligence is lost, and animal life
becomes a wmere system of phenomena produced by instinctive
impulses.

8. The question of the relative® provinees and play of instinet
and intelligence in the animal world, has been agitated among
philosophers and naturalists from the carliest epochs down to our
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INSTINCT AND INTELLIGENCE.

own times. Descartes maintained that the inferior animals were
mere automata, but that being constructed by Nature, they are
incomparably more perfeet than any which could be construeted
by man. Buffun allowed them sensations, and a consciousness of
present existence, but denied them all exercise of thought, reflec-
tion, the consciousness of past cxistenee or memory, and the
power of comparing their sensations or having idcas. Yet not-
withstanding this, in other parts of his works, he admits that a
power of memory, active, extensive, and retentive, cannot be
deniced to certain species. Thus, in his history of the dog, he says
that an ardent, cholerie, and even ferocious disposition, which
renders that animal in the wild state formidable to all around it,
gives place in the domestic dog to the most gentle sentiments, the
most lively attachments, and the strongest desire to please.  The
dog, creeping to the feet of its master, places at his disposition its
courage, its foree, and its talents. Tt waits his orders merely to
exeente them ; it consults him, interrogates him, supplicates him,
understands the slightest signs of his wishes : has all the warmth
of sentiment which characterises man, without the light of his
reason ; has more fidelity, more constancy ; no ambition, no selfish
interest, no desire of vengeance, no fear save that of its master’s
displeasure. It is all zcal, ull ardour, all obedience. More
sensible to the memory of kindness than of injury, it is not dis-
heartened by bad treatment. It submits and forgets, or remembers
only the more to attach itsclf. Far from being irritated by, or
flying from him who punishes it, it willingly ¢xposes itselt to mew
trials. 1t licks the hand which strikes it, offers no remonstrance
save the capression of its pain, and disarms the hand which
punishes it by paticnce and submission,*

Thus while Buffon refuses thought to the dog, he admits that
he is capable of consulting, interrogating, and supplicating his
master, and understanding the signs of his will. But, how, it
may be asked, can a dog understand, without understanding ?
Without the faculty of memory, how can he remember kindness
and forget ill-treatment?  Button, as M. Flources justly obscrves,
admits as an historian, but he denies as a philosopher, and in
spite of his acute understanding, allows his judgment to be influ-
enced by the purpose to which the work on which he is engaged at
the moment is directed. As an historian, he has 1o state facts;
and he does so with trath and cloquence.  As a philosopher, he
has to defend a system; and he closes his cyes on all facts save
those which support his hypothesis.

9, During more than a century which elapsed between the

* ¢ Tlistmre du Chien,™ vol, 5, p. 186,
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cpochs of Descartes and Buffon,* the question of the instinet and
intelligence of animals was discussed in the spirit of the ancient
philosophy on purcly metaphysical grounds. It waswith Buffon, and
soon afterwards with Leroy, that it began to be placed upon thie basis
of observation and induetion; but the first philosopher who reduced
it to a dcfinite form and supported his reasoning by observations
systematically pursued was Frederick Ctuvier, e proposed to de-
termine thelimits of the intelligeneeof different speeies; those which
scparate intelligence generally from instinet: and those in fine by
which human intelligence is distinguished from that of inferior
animals. These three points being once established, the long vexed
question of animal intelligenee was presented under a new aspect.

10. When Descartes and Buffon refused intelligenee to animals,
they did so because they could not accord to them the same
fuculty of intelligenee which characterises the human race. Their
error therefore arose from not pereciving or not defining the limit
which separates human from animal intelligence.

‘When Condillae and Leroy, on the contrary, falling into the
other extreme, accorded to animals the most clevated intellectual
powers, they did so because they overlooked the distinction
between instinet and intelligence.  When they aseribed to intelli-
gence acts which were prompted by instinet, and therefore exeeuted
with a perfection which, it they were the result of intelligence,
would require a very clevated degree of that faculty, they were
foreed to admit in animals the possession of powers in some re-
speets even more elevated than those of the human race.

11. The first observations of Frederick C'uvier indieated the
various degrees of intelligence in the different orders of mammifers.
Thus he found the highest development ot that faculty in the
Quadruwmana, at the head of which stand the chimpanzee and
ourang-outang. The second rank was assigned to the Carnivora,at
the head of which was placed the dog.  The Pachyder mata stand
next, with the horse and the clephant at their head ; the two
lowest ranks consisting of the Ruminants and Rodrnts,

12, Now it is important to remark that this classification of
mammnifers according to their relative intelligenee, based upon the
direet observation of their manners and habits, is found to be in
complete accordance with their ecrebral development; the organs
of the brain, which in man have been ascertained as being those
on which the intellectual functions depend, existing in a less and
less state of dcvelopment as we descend from the (uadrumana
to the Carnivora, from the latter to the Pachydermata, und from
these suceessively to the Ruminants and Rodents.

* Deseartes publiched his ““Discours sur la Méthode” in 1637 ; and
Buflon published the *¢Discours sur ln Nature des Animaux” in 1753.
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The reader will find these conclusions verificd by many of the
examples which will be presently produced, but those who desire
a more complete demonstration must have recourse to the numer-
ous and beautiful memoirs of Frederick Cuvier, in which the
original observations are recorded.

13. After having cstablished the limits which distinguish the
degrees of intelligenee of different orders of animals, Cavier took
up the still more important question to fix the limit between
intelligence znd instinet.

Between these powers there is the most complete opposition.
All the results of instinet are blind, nceessary, und invariable.
All those of intelligence, on the contrary, arc optional, conditional,
and susceptible of endless modification. The beaver, which
builds its hut, and the bird which constructs its nest, act by
instinet alone. The dog and the horse, which are educated so as to
understand the signitication of several words uttered by those who
have charge of them, do so by the excreise of intelligence.

All the results of instinet are innate. The beaver builds its
hut without having learned to do so. It is urged by a constant
and irresistible foree. It builds beeause it cannot help building.

All the results of intelligence arise from experienee and in-
struction.  The dog obeys his master, only beeause he has learned
to do so. Hecis a free agent, and obeys because he wills to obey.

In fine, the results of instinet are particular, while those of
intelligence are general.  The industry and ingenuity which has
excited so much admiration in the beaver, is displayed in nothing
exeept the construetion of his hut, while the same degree of
attention and thought, which enables the dog to obey his master
in onc thing, will equally avail him to perform other acts.

14. So long as these two powers of instinet and intelligence
were undistinguished one {rom the other, the manners and habits
of animals presented to the contemplation of the observer endless
obscurity, and the most perplexing contradiction. While in
most actions the superiority of man over other animals is apparent,
in many the superiority scems to pass to the side of the bruate.
This paradox and apparent contradiction disappears, however,
when the boundary between instinet and intelligence is clearly
marked. Whatever proceeds from intelligence in the lower
animals, is incomparably below that which results from the intel-
ligence of man ; and on the contrary, all those acts of the lower
animals, which, supposing them to result from intelligence, would
require a higher degree of that faculty than man possesses, arc
the mere effects of the blind mechanical power of instinet.*

* Flourens' ** De Ilnstinct et de I'Intclligence des Animaux,” p. 36,
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HONEYCOMB—ANT-LION,

15. Asan example of an act manifestlyinstinetive, a fuct faniliar
to all who have visited a poultry-yard may be mentioned. YWhen
a mixed brood of chickens and ducklings hatched by a hen
approach for the first time a pond of water, the ducklings preci-
pitate themsclves into the liquid, in spite of the cfforts of their
adopted mother to prevent them, and contrary to the example of
the chickens, with whom they have eome into life and from whom
they have never been separated.  The ducklings who do this may
have never hefore seen water or any individuals of their own
speeies, yet they use their webbed feet as propellers with as much
skill as the oldest and most experien-ed ot their race.

16. An example of a much more evmplicated proeess, whiel is
manifestly instinetive, is prescuted by the labours of the bee
already mentioned.  The comb is « highly geometrieal structure,
which, if exceuted under the direetion of intelligenee, would
require not only faculties of a high order, but profound calculation
and much experience.  Considered in relation to the purposes it
is destined to fulfil, it would require the greatest foresight and a
thorough knowledge of the whole course of life and organic
functions of the speeies to which the constructors belong.  Sup-
posing them to be endowed with the necessary intelligence, the
combs could not be constructed without many preliminary trials
and partial failares, the necessary perfeetion being only attainable
by slow degrees and by mceans of a series of experiments.
Nothing of the kind however takes place, the complicated struc-
ture being produced at onee with the greatest facility and in the
highest perfection.  There are, therefore, here none of the charae-
ters of a work direeted by intelligence, but all the marks of one
prompted by instinct.

17. Although the acts by which animals obtain and scieet their
proper food ave undoubtedly instinctive, they are, nevertheless,
often attended with cireumstances which it would be difticult to
explain without the intervention of some degree of infelligencc.

b

Fiuz. 2 —[arva o
the Ant-Laon,

¥1r. 1.—The Ant Lion,

There is a little inscet of the order Neuroptera and the fumily
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Myrmeleonide, commonly called the ant-lion, represented in its
natural size in fig. 1, the larva of which is also represented in its
natural size in fig. 2. This larva feeds upon ants and other insects,
of which it sucks the juice; but as its powers of locomotion are
greatly inferior to those of its prey, it would perish for want of
nourishment, if Nature bhad not endowed it with instinetive
facultics by which it is cnabled to capture by stratagem the
animals upon which it feeds.

18. After having carefuily surveyed the ground upon which it
is about to operate, it commences by tracing a circle corresponding
in magnitude with its intended snare.  Then placing itself within
this circle, and using one of its feet as a spade or shovel, it scts
about making an excavation with a tunnel-shaped mouth. It
throws upon its head the grains of sand whieh are digged up with
its feet, and by a jerk of its body it flings them to a distance of
some inches outside the cirele which it has traced, throwing them
‘backwards by a sudden upward movement of the head. Pro-
cceding in this way it moves backwards, following a spiral course,
continually approaching nearcr to the centre. At length so much
of the sand is thrown out that a conical pit is formed, in the bottom
of which it coneeals itself, its mandibles being the only parts which
it allows to appear above the surface.  If in the course of its work
it happens to encounter a stone, the presenee of which would
spoil the form of the pitfall, it first pays no attention to it, and
goes on with its labour. After having finished the excavation,
however, it returns to the stone, and uses every effort to detach it,
to place it on its back and throw it out of the pit. If it do not
succeed it abandons the work, and departs in search of another
locality, where it recommences with admirable paticnce a similar
exeavation.,

These pitfalls, fig. 3, when completed, are generally about three
inches in diamcter and
two in depth ; and when
the slope of the sides has
" been deranged, — which
almost always happens
when an insect falls into
BE it,—the ant-lion imme-
diately sets about repair-
ing the damage.

) o S When an insect hap-

Fig. 3.—Pitfall of an Ant-Lion. pens to fall into the pit,

the ant-lion instantly

seizes it and puts it to death, and the fluids having been all sucked

out, its dry carcass is treated cxactly like the grains of sand, and
120

gy . RS



SPIDERS’ NESTS.

jerked out of the hole. If, however, as often happens, an inscet
who has the misfortune to fall from the brink of the precipice
should recover itself, and escaping the murderous jaws of its enemy
regain the summit, the latter immediately begins to throw up
more sand, whereby not only is the hole made deeper, but its sides
are rendered more precipitous, and the flying inscet is often hit
by the masses thus projected, and brought down again to the
bottom.

19. Certain spiders spread snares still more singular. The
web which these animals spread is destined to catch the flies
and other inscets uwpon which they prey. The disposition of
the filaments composing this web varies with different specics,
but is often of extreme elegance.

20. There are certain fishes which feed upon inscets that are
not inhabitants of the water, and who resort to expedicents, hearing
marks of great ingenuity, to capture their prey.  Thus, a species
called the «Archer, which inhabits the Ganges, feeds on insects
which are accustomed to light upon the leaves of aquatic plauts,
The fish, upon sceing them, projeets drops of water upon them
with such sure aim, that it scldom fails to make them fall from
the leaf into the water, when it seizes upon them. As the near
approach of the fish would alarm the inscet and cause its flight,
this speeies of liquid projectile is usually launched from a distance
of several feet, where the inscct cannot see its enemy.

21, Certain species feed upon natural products, which are only
to be found at particular
scasons of the year; and
in all such cases Nature
prompts them, during their
proper harvest, to collect
and store up such a quan-
tity of food us may be sufli-
cient for their support,
until the ensuing scason
brings a fresh supply. The
common squirrel (fig. 4.)
presents an  example of
this instinet. During the
summer these aetive little \\
creatures colleet 2 mass of
nuts, acorns, almonds, and N
other similar products, and ‘\f\\ RS
cstablish their storehouse >
usually in the cavity of a
tree. They have the habit of providing several of these magazines
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INSTINCT AND INTELLIGENCE.

in different hiding-places cunningly scleeted: and in winter,
when the searce scason arrives, they never fail to find their
stores, even when they are overlaid with snow. It is remarkable
that this impulse to hide their food does not ecase with the
necessity for it, for they take the same care of the residue uncon-
sumed upon the return of the ensuing scason.

22, Another rodent, ealled by naturalists the Zagomys pica,
whieh bears a close resemblance to the common rabbit, and
inhabits Niberia, is endowed with an instinet still more remark-
able, since it not only colleets in autumn the herbage neeessary
for its sustenancoe during the long winter of that inhospitable
couniry, but it actually makes hay cxactly as do our agricul-
fuvalists,  ITaving cut the richest and most suceulent herbs
of the field, it spreads them out fo dry in the sun; and this
operation finished, it forms them into cocks or ricks, taking care
50 to place them that they shall-be in shelter from the ruin and
snow. It then sets about exeavating a tunnel leading from its
own hole to the bottom of these ricks, so that it may have a
subterrancan communication hetween its dwelling and its hay-
vard ; taking care, morcover, that, the hay being gradually cut
from the interior of cach stack, the protection provided by the
thatehing of the external surface will not be disturbed.

23, Another form of that particular instinet the objeet of
which is the preservation of the individual, 1s manifested in the
art, with which certain species construet for themselves a suitable
dwelling.  In exceuting all the operations, often very complicated,
dirceted to this purpose, their Iabours are invariably marked by
the sume general routine, although the operative by whom the
work 1s exceuted has never before witnessed a similar process,
and is aided by neither divection, plan, nor model,

We have already mentioned the structure of the honeycomb as
an example of this, but the inscet world abounds with others not
less interesting.

The silkworm construets for itself, with the delicate threads
which it spius, a cocoon, in which it encloses itself, to undergo in
safety its metamorphosis and to become a butterfly.,  The rabbit,
in like manner, burrows for itselt a dwelling, and the heaver
construets those little houses which have rendered it so celebrated.
‘We shall, on another oceasion, return to architectural instinet, in
noticing the labours exceuted in common by animals which live
in societics.

24, The hamster (fig. 5) is a little animal of the class of rodents,
bearing a close resemblance to the common rat. It inhabits the
ficlds throughout Europe and Asia, and intlicts much injury on

the farmer and agriculturalist.  This animal construets for itself
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HAMSTER AND MYGALE.

a subterrancan honse, consisting of several rooms conneeted to-
gether by corridors.  The dwelling has two eommunications with
the surface, one con-
sisting  of a vertical
shaft, by which the
animal makes ity en-
trances and exits ; the
other 15 an inelined
shaft, merely used for
the purposes of con-
strucetion, the animaul
extruding through it
the carth  excavated
in the formation of its habitation. One of the rooms is furnished,
as the bedroom of the owner, with a couch ot clean, dry grass, and
is otherwise neatly kept. The others are used as store-rooms for
the winter stock of provisions, which are amassed there in
considerable quantitics.

The form of the store-rooms is nearly spherieal, and their dia-
meter from 8 to 10 inches.

The female, who never lodges with the male, usually provides
several of these vertieal entranees to her habitation, with a view
to give casy means of entrance to her young, when they are
pursued by any cnemy, and obliged precipitately to take refuge
in their dwelling.

The number of store-rooms which they provide being de-
termined by their stock of provisions, they are excavated in
suceession, when one is filled the animal beginning to make
another,

The room which the fomale constructs as a nursery for her
young oues never includes provisions.  She brings there straw
and hay to make beds for them,  Two or three times w year she
has five or six younglings, which she nurses for about six wecks,
at which age she banishes them from her dwelling to provide for
themselves.  The depth of the dwelling varies with the age of the
animal, the youngest making it at about the depth of a foot.
Each successive year the depth is inereased, so that the vertical
shaft leading to the den of the old hamster often has a depth of
more than five feet, the whole habitation, including dwelling-
rooms, storc-rooms, and communicating corridors, occupying a
space having a diameter of 10 or 12 fect.

25. Certain spiders, known to zoologists by the name of nygales,
execute works similar to those of the hamster, but much more
complicated, for not cnly do they construct a vast and commodious
habitation, but they pluce at its entrance a door, mounted upon
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hinges (fig. 6). Yor this purpose the animal excavales in the
ground a sort of cylindrical shaft threc or four inches deep, and
coats its sides with a tenacious
plaster. Tt then fabricates a door,
by uniting alternately layers of
plaster and  vegetable filaments.
This trap-door is made cxaetly to
fit the mouth of the shaft, to which
it is hinged by ccmenting some
projecting filaments against  the
upper edge of the plastered surface.
The external surface of this trap-
door is rough, and in its general
appearance differs little from the
surrounding ground. The 1side
surface, however, is smooth and
nicely finished.  On the side opposite to the hinge there is a row
of little holes, in which the animal introduees its claws to bolt
the door when any external enemy seeks to foree it open.

26, It is, however, among the countless species of inscets that
we find the most curious and interesting processes adopted for the
construction of habitations.  Many speeies of eaterpillars construet
houses by rolling up leaves and tying them together by threads
spun by the animal itself.  In the gardens, nests of this kind are
everywhere to be seem, attached to the leaves of flowers and
bushes. It is in this way that the caterpillar of the nocturnal
butterfly, the Zortrir wiridana, forms its nest (tig. 7).

27, Other inseets construet habitations for themselves with the
filaments of woollen stuff; in which they gnaw holes. Among
these is the well-known larva
of the common moth, popularly
misealled a worm, which is found
to be so destruetive to articles of
furniture and clothing.  With
the woolly filaments which it
thus cuts from the ecloth, the
aterpiilar construets a tube or
sheath,  which it continually
lengthens as it grows.  When it

Fig. 7.—Nest of Tortrix Vindana.  finds itself bccoming too bulky
10 be at case in this dwelling, it cuts it open along the side, and
inscrts a piece, by which its capacity is inereased.

28, Certain animals, which pass the cold season in a state of
lethargy, not only prepare for themselves a suitable retreat, and
a soft and comfortable bed, but when they become sensible of the
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ALPINE MARMOT.

drowsiness which precedes the commencement of their periodieal
sleep, they take carc to stop up the door of their house, as if they
could foresee that a long interval must elapse before they shall
want to ¢o out, and that the open door would not onlv
expose them o cold, but might give admission to dangerous
cnemies,

29. The alpine marmots supply examples of these curious
manners,

These animals usually establish  their dwellings  upon the
face of steep acelivities, which look to the south or the cast; they
assemble in large numbers for the exeavation of these dwellings
by their common labour.  The form of their dens is that of the
letter Y placed onits side, thus +4, the tail being horizontal, and
one of the two branehes being inclined upwards, and the other
downwards., The cavity, which forms the tail of the Y, is the
dwelling-room. It is carpeted with moss and hay, of which the
animal makes an ample provision in summer. The upward
branch leads to the door of the dwelling, and supplies the means
of exit and entramee to the inhabitunts.  The deseending
branch is uscd for the discharge of ordure, and all other
offul, the removal of which is nccessary to the cleanliness of the
house,

30. Buffon says, that in the construction of these dwellings,
the animals observe a curious division of Iabonr: some cut the
grass, others collect it in heaps, and others, lying on their backs
with their legs upwards, convert themselves into a sort of sledge,
upon which the gruss is heaped by the others, being kept together
by the upright legs of the prostrate animal, just as hay is retained
upon a farm-cart by the poles fixed at its corners, The animal
lying thus is dragged Ly the tail by the others, to the mouth of
the dwelling in which the grass is deposited.
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The latter part of this statement is however called in question
by some naturalists.

31. The marmots pass the greater part of their lives in these
dens. They remain there during the night and generally during
bad weather, coming out only on fine days, and even then not
departing fur from their dwelling.  While they are thus abroad
feeding and playing upon the grass, one of the troop, posted on a
neighbouring rock, is charged with the duty of a sentinel, observ-
ing carcfully the surrounding country. 1f he should perceive
approaching danger, such as a hunter, a dog, or a bird of prey,
he immediately gives notice by a long continued whistling or
hissing noise, upon which the whole troop instuntly rush to their
hole.

I @ = The Whnte-throaved Sapon.

$2. There is another instinet worthy of notice, the object of
which is always the preservation of the individual, and some-
times that of the species, which determines certain animals at
particular cpochis to undertake long voyages,  These movements
of migratory animals, as they are called, are sometimes periodie,
being determined by the vicissitudes of the seasons, the animals
being driven cither from higher latitudes to lower by extreme
cold, or from lower to higher by extreme heat. In other cases
the migiation is determined by the care of providing for its
young ; the animal migrating to localities where the food for its
offspring abounds, and whenee after depositing its eggs it departs
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MIGRATIONS OF ANIMALS,

to places more conformable to its own habits and wants.  Thus,
the migration to and fro fulfils at once the double purpose of
providing for the preservation of the species and that of the
individnal.

33. Where the migration is irregular, and the voyage uot
long, the moviment is prompted by the neecssity of seeking a
locality where the proper nourishment of the animal is more
abundant. In such cases, the animal having exhausted the
supplies of a particular distriet, departs in quest of another,
and does not voyage further than is neeessary for that objeet.

‘
5)/’

¥

Lo ioo—"The Maj.

4. Whatever be the motive which may prompt such voyages,
they are almost invariably preceded by a gencral meeting, having
all the appearance of a coneerted one, composed of all the
individuals of the species which inhabit the locality where it
takes place. When the purpose of the voyage is change of
climate, they do not wait until they are driyen forth by an unduc
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temperature, but anticipate this change by an interval more or
less considerable ; nor do they, as might be supposed probable,
suffer themselves to be driven by degrees, from place to place, by
the gradually inercasing inclemeney of the season. It would
appear that they consider such a frequent change of habitation
incompatible with their well-being, and instcad of a succession of
short voyages, they make at once a long one, which takes them
into a climate from: which they will not have occasion to remove
until the arrival of the opposite season.

35. The monkeys, which abound in such vast numbers in the
forests of South Amcrica, present an example of irregular migration.
‘Wihen they have devastated a district, they are seen in numerous
bands bounding from branch to branch, in quest of another
lveality more abundant in the fruits which nourish them: and
after the lapse of another interval, they are again seen in motion,
the mothers carrying the young upon their backs and in their
arms, and”the whole troop giving itsclf up to the most noisy
demonstrations of joy.
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Memory of ingects.—66. Recognition of home by the bee.—67. Singular
conduct of the queen.—68. Rogers’s lines on this subject.—69. Error
of the poet.—70. Anecdote of bees by Mr. Stickney.—71, Instinet of
the pompilides. —72. The carpenter bee.

36. IreEGULAR migrations, which are supposed to be in general
determined by an instinctive presentiment of an approaching
inclement scason, are undertaken by small animals called
lemmings, which have a close analogy to rats, and which inhabit

Fig. 11 —The TLemming.

the mountainous distriets of Norway and the Frozen Ocean,  These
animals live in burrows, in which, like other similar species, they
excavate rooms sufliciently spacious, in which they bring up their
family. Their food consists in summer of herbs, and in winter of
lichens. They lay up no store, however, and colleet their supplies
from day to duy. By an inexplicable instinet, they have w fore-
knowledge of a rigorous winter, during which the frozen ground
would not allow them to colleet their food in the country they
inhabit. In such case, they emigrate in immense numbers, going
to more favoured climates, This surprising presentiment of the
character of the scason lhas been frequently observed in this
specics. 1t was espeeially notieed in 1742, During that winter
the scason was one of extraordinary severity in the province of
Umea, though much more mild in that of Lula, of which never-
theless the latitude is higher. 1t was remarked, on this occasion,
that the lemmings cmigrated from the former provinee, but not
from the latter.

Ou the occasions of such cmigrations, countless numbers of
troops of these animals, sometimes descending from the mountains,
advance in close columns, always maintaining one direction, from
which they never allow themselves to be turned by any obstacle,
swimming across rivers wherever they cncounter them, and
skirting the rocks wherever they cannot climb over them. Itis
more espeeially during the night that these legions continue their
march, reposing and feeding more gencrally during the day.
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Although great numbers perish during the voyage, they never-
theless do immense damage to the districts over which they pass,
destroying all the vegetation which lics in their way, and c¢ven
turning up the ground, and consuming the fresh sown sced.
Happily for the Lapland and Norwegian farmers, the visits of
these animals are rare, scldom occurring more than once in ten
vears,

© 37, Ruch migrations, however, are much more frequently
periodical, being determined, as already stated, by the change of
seasons.  Thus, it is found that in spring, immense legions of a
little ficld-mouse, which inhabits Kamtschatka, depart from that
country and direet their course towards the west,  These animals,
like the lemmings, proceeding constantly in one direction,
travel for hundreds of leagues, and are so numcrous that even
after a journcy of twenty-five degrees of longitude, in which a
considerable proportion of their entire number must be lost, a
single column often takes more than two hours to pass a given
point. In the month of October they return to Kamtschatka,
where their arrival constitutes a féte among the hunters, as they
never fail to bring in their train a vast number of earnivorous
animals, which supply furs in abundance to the inhabitants of
these regions,

38, Nature scems even more sedulous for the preservation of
the species than for that of the individual, and we find accord-
ingly the instinets which are dirccted to the former purposc
more strongly developed even than those of sclf-preservation.
The animal world presents innumerable examples of this in the
measures which nearly all species adopt with a view to the care
of their young. The bird continues often for weeks to sacrifice
all her own plcasures, and sits upon her eges almost mmmovably.

Jefore these eggs are laid she construets with infinite labour and
art a place in which she may with safety deposit them, and
where the voung which are destined to issue from them may be
sheltered, protected, and fed by her until they have attained the
growth and strength necessary to enable them to provide food and
shelter for themscelves,

39. The same instinet is manifested in a still more striking
manner by inscets. Many of these dic immediately after they
have laid their eggs, and conscquently do not survive to see their
voung, of whose condition and wants therefore they can have no
knowledge whatever by observation or expericnce. Their bene-
ficent Maker has, however, taught them to provide as effectually
for the sceurity and well-being of their posthumous offspring, as
if they had the most complete knowledge of their condition and
wants, The effects of this instinct arc so much the more remark-
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able, as in many cases the young in their primitive state of larva
inhabit an element and are nourished by substances totally
different from those which arc proper to their parent.

The instinet which guides eertain animals to confer npon their
young a sort of education, developing faculties and phenomena
having a close analogy to those manifested in the conduct and
operations of our own minds, never fails to exeite as much astonish-
ment as admiration, and teaches, more eloquently than words,
how much above all that man can imagine or conceive, that power
must be whieh has ercated so many wonders.

40. But the acts which manifest in the most striking manner
the play of the instinctive faculty, are those already referred
to by which inscets, in the deposition of their eggs, adopt such
precautions as are best ealeulated for the preservation of the
young, which arc destined to issuc from these eggs when the pro-
vident mother is no more.

41. To comprehend fully this class of aets, it will be necessary
to remind the reader that inscets in general, before they attain
their perfeet state, pass through {wo preliminary stages, in which
their habits, characters, and wants are totally different from those
of the parent.  The first stages into which the animal passes in
emerging from the egg, is that of the larra, or grub; and the
second, that of the aymph, or pupa,

Not only is the form and external organisation of the lurva
different from that of the inscet into which it is destined to be
ultimately transformed, but it is generally nourished by a difler-
ent species of food, and often lives in a different element.  Thus,
while the perfeet inscet feeds upon vegetable juices, its larva is
often voraciously carnivorous. While the perfeet inscet lives
chiefly on the wing in the open air, the larva is sometimes aquatic,
sometimes dwells on the hairs, or in the integuments, or even in
the stomach or intestines of certain animals. The inscct, there-
fore, cannot be imagined to know, from any experience, what wilk
be the natural wants of the young which are destined to emerge
from her eggs.

In many cases, any such knowledge on her part is still more
inconecivable, inasmuch as the mother dies before her young
break the shell. Nevertheless, in all cases, this mother, in
the deposition of her eggs, is found to adopt all the measures
which the most tender and provident solicitude for her young can
suggest,  If her young, for example, are aquatie, she deposits her
eggs near the surface of water.  1f they are destined to feed upon
the flesh or juices of any species of animal, she lays not only upon
the particular animal in question, but precisely at those parts
where the young shall be sure to find their proper nourishment.

132



METAMORPHOSES.

If they are destined to feed upon vegetable substances, she deposits
her eggs on the particular vegetables, and the particular parts of
these vegetubles which suit them.  Thus, sume inscets lay their
cggs upon the leaves of a certain tree, others in the bark of wood.
Others again deposit them in the grain or seed of ecrtain plants,
and others in the kernel of certain fruits: cach and all selecting
preeisely that which will afford suitable food to the larva when it
breaks the shell.

42, But the carc of the teuder mother does not terminate here,
As though she were aware that she will not herselt be present to
protect her offspring from the numerous encmies which will be
ready o attack and devour it, she adopts the most ingenious
expedicnts for its protection.  With this view she envelops her
cggs in coverings, which eflectually conceal them from the view of
the enemiex to whose attack they would be exposed.  In case the
soung should be suseeptible of injury from the inclemency of the
atmosphere, she wraps up the eggs in warm clothing, in which the
young larva finds itself when it emerges from them.,

43, Somc species, such, for example, as the Liparis Chrysorrhea,
envelop their eggs in a waterproot covering nade of fur taken
from their own bodies,  They begin by forming with it a soft bed
upon the surface of a branch, upon which they deposit several
layers of cgps, which they then surround with more fur ; and when
all are laid, they cover them up with the same fur, the filaments
of which, however, are differently disposed.  The hairs which
form theinside of the nest are arranged without much order, but,
on the contrary, those which form its external covering are art-
fully arranged like the slates of a house, in sueh a manner that
the rain which falls on them must glide oft. When the mother
has finished her work, which occupies her from twenty-four to
forty-cight hours, her body, which before was invested with a
clothing of rich velvet, is now altogether stripped, and she expires.

The females who thus provide for the protection of their young,
often have the extremity of their bodics furnished with a great
quantity of {ur destined for this use.

44. Reaumur found one day a nest of this kind, but still more
remarkable in its strueture.  The eggs were placed spirally round
a branch, and covered with a thick and soft down, cach hair of
which was horizontal, which he deseribed as resembling a fox’s
tail.

Degeer observed a proceeding, similar to thosc described above,
with ccrtain specics of aphides, which cover their eggs with a
cotton-like down, stripped from their own hodies by means of their
hind-feet ; but in this case the eggs were not enclosed in a common
bed, but each in a separate covering.
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45. These precautions scem to be intended not only to protect
the eggs from wet and cold, but also to shade them from too
strong a light, which would be fatal to the young they contain.
It is doubtless for the same purpose that so many insccts attach
their eggs to the lower in preference to the upper surface of leaves,
those which are placed on the upper surface being generally more
or less opaque.*

46. The common white butterfly feeds upon the honey taken
from the nectary of a flower, but her larva, less delicate and more
voracious, devours the leaves of cabbage-plants. When we sec,
therefore, this inscet flying about and alighting successively upon
various plants, we imagine erroncously that she is in quest of her
own food, when in reality she is scarching for the plant whose
leaves will form the proper nourishment for her future offspring.
Having found this, and having earefully ascertained that it has
not been pre-occupied by another of her speeics, she lays her eggs
upon it and dics.

7. The young of the Gadfly (@istrus Equi) are destined to live
in the stomach of a horse. This being stated, it may well be
asked hew the inscet fulfils that duty already described, which
consists in depositing the eggs upon the very spot where the young
will find their food ; for it can scarcely be imagined that the winged
inscet will fly down a horse’s throat to lay in its stomach. Yet
the parent accomplishes its object in a manner truly remarkable.
Flying round the animal, she lights suceessively many times upon
its coat, depositing several hundreds of herlittle eggs at the extre-
mity of the hairs, to which she glues them by a liquid cement
seereted in her body. This, however, would obviously fail to
accomplish the purpose of supplying the young with their proper
food, only to be found in the horse’s stomach, to which, therefore,
it is indispensable that the eggs should be transferred. Marvel-
lous to relate, this transfer is made by the horse himself, who,
licking the parts of his hide to which the eggs are attached, takes
them, or the grubs cvolved from them, if they have been already
hatched, upon his tongue, and swallows them mixed with saliva;
thus conveying them to the only place where they can find their
proper food !

But it may be objeeted, that by this process no eggs or grubs
would find their way to the stomach, save those which might
ehance to be deposited upon those particular parts of the horse’s
body which it is accustomed to lick. There is, however, no
chance in the affair; for the inscet, guided by an unerring and
beneficent power, and as if foresecing the inevitable loss of such of

* Lacordaire, Int. Eut., vol i., p. 29.
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her young as might be deposited clsewhere, takes carc to lay her
eggs on those spots only, such as the knces and shoulders, which
the horse is sure to lick !

48. Ichncumon was a name given to a certain species of
quadrupeds, which were crroncously supposed to deposit their
young upon the bodics of crocodiles, the entrails of which they
gradually devoured. The name was transferred by Linnwus to a
vast tribe of inscets, whose young are destined to feed upon the
living bodies of other inseets, on which accordingly the mother
deposits her cggs.  The ichnecumons were called by some naturalists
Musce vibrantes, from the constant vibration of their antenne, by
which they were supposed, in some unknown manner, to acquire a
knowledge of the inscets which would be it food for their young.
This suppesition is, however, clearly erroncous, inasmuch as many
species do not manifest this vibratory motion,

49, The ichnecumons are agents of vast importance in  the
economy of nature, by checking the too rapid inerease of certain
species, such as the caterpillars of butterflies and moths, of which
they destroy vast numbers.  The purpose of nature in this is un-
mistakeably manifested by the fact, that the ichneumons increase
in proportion to the increase of the speeies they are destined to
destroy. Thus Nuture maintains the equilibrium in the organie
world as much by the operation of the destructive, as by that of
the reproductive principle.

50. The ichneumon is a four-winged fly (fig. 12), which takes
no other food than honey ; and the great ohject of the female is to
discover a proper nidus for her eggs.
In scarch of this she is in constant
motion. Is the caterpillar of a but-
tertly or moth the appropriate foud
for her young? You see her alight
upon the plants where they are most
usually to be met with, run quickly
overthem, carefully examining every
leaf, and having found the unfor-
tunate objcct of her scarch, inscrts
her sting into its flesh, and there
deposits an egg. In vain her victim,
as if conscious of its fate, writhes its body, spits out an acid fluid,
menaces with its tentacula, or brings into action the other organs
of defence with which it is provided. The active ichneumon
braves every danger, and does not desist until her courage and
address have insured subsistence for one of her future progeny.
Perhaps, however, she discovers, by a sense, the existence of
which we perceive, though we have no conception of its nature,
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that she has been forestalled by some precursor of her own tribe,
that has already buried an cgg in the caterpillar she is examining.
In this case she leaves it, aware that it would not suffice for the
support of two, and proceeds in search of some other yet unoe-
cupied. The process is, of course, varied in the case of those
minute speeies, of which several, sometimes as many as 150, can
subsist on a single caterpillar.  The ichneumon then repeats
her operation, until she has darted into her vietim the requisite
number of cggs.

51. The larva hatched from the eggs thus ingeniously deposited,
tind a delicious hanquet in the body of the eaterpillar, which is
sure eventually 1o fall a vietim o their ravages.  So accurately,
however, is the supply of food proportioned to the demand, that
this event does not take place until the young ichneumons have
attained their full growth, when the caterpillar either dies, or,
retaining just vitality cnough to assume the pupa state, then
finishes its existence; the pupa diselosing not a moth or a
butterfly, but one or more full-grown ichneumons.

In this strange and apparently erucl operation one circumstanec
is truly remarkable.  The larva of the ichneumon, though every
day, perhaps for months, it gnaws the inside of the caterpillar,
and though at last it has devoured almost every part of it exeept
the skin and intestines, carcfully all this time avoids njuring the
rital organs, as if aware that its own existence depends on that of
the inseet on which it preys!  Thus the eaterpillar continues to
cat, to digest, and to move, apparently little injured, to the last,
and only perishes when the parasitie grub within it no longer
requires its aid.  'What would be the impression which a similar
instance amongst the race of quadrupeds
would make upon us* I, for example,
an animal—such as some impostors have
pretended to carry within them—should be
found to feed upon the inside of a dog,
devouring only those parts not essential
to life, while it cautiously left uninjured
the heart, arteries, luugs, and intestines,
should we not regard such an instance
as a perfeet prodigy, as an example of in-
stinetive forbearance almost miraculous ?*

52, The sexton-beetle, or Necrophorus
(tig. 138}, when about to deposit its eggs,
takes care to bury with them the carcass of a mole or some
other small quadruped; so that the young, which, like the

Fig. 13.—The Sexton-
Bectle.

* Kirby, Int., vol. i, p. 288.
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parent, feed upon carrion, the moment they come into existence,
may have an abundant provision of nourishment.

53. The measures which these insects take to obtain and keep
the carcasses upon which they feed, and which, as has been just
observed, also constitute the food of their offspring, are very
remarkable.  No sooner is the carcass of any small dead animal
discovered, such as a bird, a mole, or a mouse, than the sexton-
bectles make their appearance around it to the number generally of
five or six. They first carefully inspeet it on every side, apparently

Fig M.—Tnc Neerophorus Hydrophilis Fig. 15, —The Marine Neeroplorus,

for the purpose of asecrtaining its dimensions, its position, and the
nature of the ground on which it reposes.  They then proceed to
make an excavation under it, to accomplish which some partially
raise the body, while others exeavate the carth under the part
thus elevated ; the operation being performed with the fore legs.
By the continuance of this process, going round the body, they
gradually make a grave under it, into which it sinks; and so
rapid is the proeess of excavation, that in a few hours the body is
deposited in a hole ten or twelve inches deep.  The males
co-operate in this labour, and after it is accomplished, the female
deposits her eges upon the carcass,

54, Clarville * relates that he had scen one of these inseets who
desired thus to bury a dead mouse, but finding the ground upon
which the carcass lay too hard to admit of excuvation, it sought
the ncarest place where the soil was sufliciently loose for that
purpose, and having made a grave of the necessary magnitude
and depth, it returned to the carcase of the mouse, which it
endeavoured to push towards the excavation; but finding its
strength insuflicient and its efforts fruitless, it flew away. After
sowe time it returned accompanied by four other beetles, who
assisted it in rolling the mouse to the grave prepared for it,

* Cited by Strauss, Considérations Générales, p. 389.
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53. Asimilar anecdote is related of a sub-genus of the Lamelli-
cornes, called the Clymnopleurus pilularius, an insect which
deposits its eggs in little balls of dung. One of these having
formed such a ball, was rolling it to a convenient place, when it
fell into a hole. After many friiitless efforts to get it out, the
insect ran to an adjacent heap of dung, where several of its fellows
were assembled, three of whom it persuaded to accompany it to
the place of the accident.  The four uniting their efforts, succeeded
in raising the ball from the hole, and the three friends returned to
their dunghill to continue their labours.*

56. Tt is difficult, if indeed it be possible, to explain acts like
these by mere instinet, without the admission of at least some
degree of the reasoning faculty, and some mode of intercommuni-
cation serving the purpose of language. If such aets were com-
mon to the whole species and of frequent recurrence, it might be
possible to conceive them the results of the blind impulses of
instinct; but being exceptional, and the results of individual
accident, they are deprived of all the characters with which by
common consent instinct is invested. On the contrary, there are
many circumstances connected with this, which indicate a sur-
prising degree of reason and reflection.  Thus, when the inscet
goes to scek for assistunce, it does not bring back, as it might do,
from the swarm engaged on the dunghill, an unnecessary number
of assistants. It appears to have ascertained by its own fruitless
efforts how many of its fellows would be suflicient to raise the
dung-ball. To so many and no more it imparts its distress and
communicates its wishes; and how can it accumplish this unless
we admit the caistence of some species of signs, by which these
creatures communicate one with another ?

57. Darwin relates, that walking one day in his garden, he per-
ceived upon one of the walks a sphex, which had just seized a fly
almost as large as itself. Being unable to carry oft the body
whole, it cut off' with its mandibles the head und the abdomen,
only retaining the trunk, to which the wings were attached. With
these it flew away ; but the wind acting upon the wings of the fly,
caused the sphex which bore it to be whirled round, and obstructed
its flight. Thereupon the sphex again alighted upon the walk,
and deliberately cut off first one wing and then the other, and
then resumed its flight, carrying off its prey.

58. The signs of intelligence as distinguished from instinet are
here unequivocal. Instinct might have impelled the sphex to cut
off the wings of the ly before attempting to carry it to its nest,
supposing the wings not to be its proper food; and if the head

* Illiger's Entomological Magazine, vol.i., p. 488.
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and abdomen of all flies captured and killed by the sphex were
cut off, the act might be explained by instinet. But when the
fly is small cnough to allow the sphex to carry it off whole, it
does so, and it is only when it is too bulky and heavy that the ends
of the body are cut off, for the obvious purpose of lightening the
load. Withrespeet to the wings, the detaching them was an after-
thought, and a measure not contemplated until the inconvenience
produced by their presence was felt.  But here a most singular
effort of a faculty to which we ean give no other name than that
of reason, was manifested. The progress ot the sphex through
the air was obstructed by the resistance produeed by the wings of
the fly which it carried. How is it coneeivable that upon finding
this, and not before, the sphex should suspend its progress, lay
down its load, and cut off' the wings which produced this resist-
ance, if it did not possess some faculty by which it was enabled
to connceet the wings in particular, rather than any other part of
the mutilated body of the tly, with the resistance which it encoun-
tered, in the relation of cause and cefteet? To such a faeulty 1
know no other name that can be given than that of reason,
although 1 readily admit the difficulty of ascribing such an
intellectual cffort.

59. Gleditsch * relates that one of his friends desiring to dry
the body of a toad, stuck it upon the end of a stick planted in
the ground, to prevent it from being carried away by the
sexton-bectle, which abounded in the place. This, however,
was unavailing. The beetles having assembled round the stick,
surveyed the objeet and tried the ground, deliberately applied
themselves to make an exeavation around the stick; and hav-
ing undermined it, soon brought it to the ground, after which
they not only buried the carcase of the toad, but also the stick
itself.

60. Now this proeceding indicates a curions combination of
circumstanees which it appears impossible to explain without
admitting the beetles to possess eonsiderable reasoning power and
even foresight.  The expedient of undermining the stick ean only
be explained by their knowledge that it was supported in its
upright position by the resistance of the carth in contact with it.
They must have known, therefore, that by removing this support,
the stick, and with it the toad, would fall. This being accom-
plished, it may be admitted that instinet would impel them to
bury the toad, but assurcdly no instinet could be imagined to
compel them to bury the stick; an act which could be prompted
by no conceivable motive except that of concealing from those

* Phys. Bot. (Beon. Abhand., vol. iii,, 220.
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who might attempt to save the body of the toad from the attacks
of the beetles, the place where it was deposited.

G1. Among the innumerable proofs that animals are capable of
comparing, and to a certain extent gencralising their ideas, so as
to deduce from them at least their more immediate consequences,
and thereby to use experience as a guide of conduct, instead of
instinet, Reaumur * mentions the case of ants, which being
established near a bee-hive, fond as they are of honey, never
attempt to approach it so long as it is inhabited; but if they
happen to be near a deserted hive, they cagerly rush into it, and
devour all the honey which remains there.  Tow can we acecount
for this abstinence from the inhabited hive, in spite of the strong
appetite for its contents, so plainly manifested in the casc ot the
cempty onc, if not by the knowledge that on some former oceasion
arash attack upon an inhabited hive was visited by some ter-
rific vengeance on the part of the bees?

62, Dr. Franklin was of opinion that ants conld ecommunieat:
their ideas to ecach other ; in proof of which he related to Kalm,
the Swedish traveller, the following fact.  lHaving placed a pot
containing treacle in a closet infested with ants, these inscets
found their way into it, and were feasting very heartily when he
discovered them. Ie then shook them out, und suspended the
pot by a string from the ceiling. DBy chance one ant remained,
which, after cating its ill, with some difliculty found its way up
the string, and thenee reaching the eciling, eseaped by the wall
to its mest.  In less than halt an hour a great company of ants
sallied out of their holes, climbed the wall, passed along eeilin.,
crept along the string into the pot, and began to cat again.  This
they continued to do until the treacle was all consumed, one swarm
running up the string while another passed down. 1t scems indis-
putable that the one ant had in this instance conveyed news of the
booty to his comrades, who would not otherwise have at once
directed their steps in a body to the only aceessible route.t

63. A similar example of knowledge gained by expericnee, in
the case of the hive-bee, is related by Mr. Wailes.; He observed
that all the bees, on their first visit to the blossoms of a passion-
tlower (Passifiora cwerulea) on the wall of his house, were for a
considerable time puzzled by the numerous overwrapping rays of
the nectary, and only after many trials, sometimes lasting two or
three minutes, succeeded in finding the shortest way to the honey
at the bottom of the calyx; but expericmee having taught them

* Mémoires, vol. v., p. 709,

+ Kirby and Spence, vol. ii., p. 422,

%+ Entomological Magazine, vol. i., p. 525.
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this knowledge, they afterwards constantly proceeded at once to
the most dircet mode of obtaining the honey ; so that he could
always distinguish bees that bad been old visitors of the flowers
from new ones, the latter being at a loss how to proceed,
while the former flew at once to their object.

Fir Te—="The Humble Bee

64. A similar faet is related of the humble bees by Huber,?
who, when their bodies are too large to enter the corolla of a
flower, cut a hole at its base with their mandibles, through which
they insert the proboscis to extract the honey. If these inscets
adopted this expedient from the first, and invariably followed it,
the act might be aseribed to instinet ; but as they have recourse to
it only after having vainly tricd to introducc their body in the
usual way into the opening of the corolla, it can scarcely be
denied that they are guided by intelligence in the attainment of
their end. The marks of experience, memory, and comparison,
are uneguivocal. When they find their cfforts to enter the first
flower to which they address themselves fruitless, they do not
repeat them upon other flowers of the samc sort, but directly
attack the base of the corolla.  Huber witnessed such pro-
ceedings repeatedly in the case of hean-blossoms.,

6. Insects give proofs without number of the possession of the
faculty of memory, without which it would be impossible to turn
to account the results of expericnee.  Thus, for example, each
bee, on returning from its excursions, never fails to recognise its
own hive, even though that hive should be swrrounded by various
others in all resprets similar to it.

66. This recognition of home is so much the more marked by
traces of intelligencee rather than by those of instinct, inasmuch
as it depends not on any character merely connected with the

* Philusupkical Transactions, vol. vi., p. 222,
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hive itself, whether external or internal, but from its relation to
surrounding objeets ; just as we are guided to our own dwellings
by the recollection of the particular features of the locality and
ncighbourhood. Nor is this faculty in the bee inferred from mere
analogies; it has been established by direct experiment and
observation. A hive being removed from a locality to which its
inhabitants have become familiar, they are observed, upon the
next day, before leaving for their usual labours, to fly around the
hive in cvery direction, as if to observe the surrounding objects,
and obtain a gencral acquaintance with their new neighbourhood,

67. The queen in like manner adopts the same precaution
before she rises into the air, attended by her numerous admirers,
for the purposes of fecundation.

68. This curious example of the memory of bees is beautifully
noticed by Rogers, in his poem on that faculty.

¢“Tark ! the bee winds her small but mellow horn,
Blithe to salute the sunny smile of morn.
O’er thymy downs she bends her busy course,
And many a stream allures her to its sourece.
>Tis noon, ’tis night. That eye so finely wrought,
Beyond the scarch of sense, the soar of thought,
Now vaiuly asks the scenes she left behind
Its orb so full; its vision so confined !
‘Who guides the patient pilgrim to her cell
Who bids her soul with conscious triumph swell ’
With conscious truth retrace the mazy clue
Of varied scents that charmed her as she flew /
Haul, MEMory, hail! thy universal reign
Guards the Jeast lmk of Being's glorious chain.”

69. The poet, however, has fallen into an crror, as often happens
when poets derive their illustrations from physical science.  The
bee is not reconducted to its habitation by retracing the scents of
the flowers it has visited ; for, if it were, it is obvious that in
returaning it would nceessarily follow the zig-zag and tortuous
course from flower to flower which it had followed during the pro-
gress of its labours in vollecting the sweets with which it is
loaded ; whereas, on the contrary, in its return, no matter what
be the distance, it flies in a direet line to its hive.

70. Kirby mentions the following curious fact illustrating the
memory of becs, which was communieated to him by Mr. William
Stickney, of Ridgemont, Holderness.

About twenty ycars ago, a swarm from one of this gentleman’s
hives took possession of an opening beneath the tiles of his house,
whence, after remaining a few hours, they were dislodged and
hived. Yor many subsequent ycars, when the hives descended

from this stock were about to swarm, a considerable party of
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scouts were observed for a few days before to be reconnoitring
about the old hole under the tiles; and Mr, Stickney is persuaded
that if suffered they would have established themselves there.
He is certain that for cight years successively the descendants of
the very stock that first took possession of the hole frequented it,
as above stated, and nof those of any other swarm ; having con-
stantly noticed them, and asccrtained that they were bees from
the original hive, by powdering them while about the tiles with
yellow ochre, and watching their return, And even later
there were still seen, every swarming scasom, about the tiles,
bees which Mr., Stickney has no doubt were descendants from the
original stock.

71. Among the instinets manifested by inseets, there is none
more remarkable or more admirable than thag already mentioned,
by which certain speeies provide a store of food for their young,
which differs totally from their own aliment, and which they
would themselves regard with disgust.  The pompilides, a
species resembling wasps, are endowed with this faculty. The
inscet in its adult state feeds, like the bee, upon floral juices. But
its young, in the infant state of larva, i~ carnivorous. The
provident mother, thercfore, when she deposits her eggs, never
fails to place beside cach of them in the mnest, in a place
prepared to reccive ity the carcuse of a spider or of some cater-
pillar, which she has slain with her sting for that express
purpose.

72, The carpenter bee presents another example of this remark-
able instinet, boring with incredible labour in solid wood a
habitation which, though altogether unsuitable to itself, is
adapted with the most admirable fitness for its young. Among
these, one of the most remark-
able is the Xylocopa violacea,
fig. 17, a large species,® a
native of middle and southern
Europe, distinguished by beau-
tiful wings of a decp violet O,
colour, and found cvmmonly
in gardens, where she makes
her mnest in the upright pu-
trescent  espuliers  or  vine- Fig 17.—The Carpenter Bee.
props, and occasionally in the
garden-seats, doors, and window-shutters. In the beginning of
spring, after repeated and careful surveys, she fixes upon a piece
of wood suitablef for Ler purpose, and with her strong mandibles
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* Kirby, vol. i., p. 369,
143



INSTINCT AND INTELLIGENCE.

begins the process of boring. First proceeding obliquely down-
wards, she soon points her course in a direction parallel with the
’ sides of the wood, and at length,
with unwearicd exertion, forms a
cylindrical hole or tunnel, not less
than twelve or fifteen inches long
and half an inch broad. Some-
times, where the diameter will
admit of it, three or four of thesc
pipes, nearly parallel with each
other, are bored in the same picee.

Hereulean as this task, which
is the labour of several days,
appears, it is but a small part of
what our industrious bee cheerfully
undertakes. As yet she has com-
pleted but the shell of the destined
habitation of her offspring; cach of which, to the number of ten
or twelve, will require a sepurate and distinct apurtment.  IHow,
you will ask, is she to form thesc ¥ 'With what materials can she
construct the floors and ceilings? 'Why, truly Gop ¢ doth instract
her to diseretion and doth teach her.”

Fig. 15, Nest ot the Carpenter Bee
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Ix excavating her tunnel, the carpenter bee has detached a large
quantity of fibres, which lic on the ground like a heap of sawdust.
This material supplics all her wants,  Having deposited an cgg at
the bottom of the eylinder along with the requisite store of pollen
and honey, she next, at the height of about threc-quarters of an
inch (which is the depth of each cell), constructs of particles of
the sawdust, glued together, and also to the sides of the tunnel,
what may be called an annular stage or scaffolding.  'When this
is suflicicntly hardened, its interior cdge affords support for a
second ring of the sume materials, and thus the ceiling is graduoally
formed of these coneentrie eireles, till there remains only a small
orifice in its centre, which is also closed with a cirecular mass of
agglutinated particles of sawdust.  When this partition, which
serves as the ceiling of the first cell and the Hooring of the sccond,
is finished, it is about the thickness of a crown picee, and exhibits
the appearance of us many concentric circles as the animal has
made pauses in her labour.  One ecll being tinished, she proceeds
to another, which she furnishes and completesin the same manner,
and so on until she has divided her whole tunnel into ten or
twelve apartiments,

When the work here deseribed is considered, it is evident that
its eacention must require a long period of hard labour. The
several edlls must be eut out, their floors agelutinated, and they
must be cach supplied with o store of honey and pollen, the col-
leetion and  accumulation of which ix o Jabour which must
oceupy o considerable interval of time; and as the cges an
deposited sueeessively in the eclls according as they are finished
and furnished, it is evident that they must be at any given
moment in very different states of progress, the young issuing
from those first deposited many days before the latest break the
shell. But sinee there are ten or twelve such  chambers
vertically superposed, and since the lowest are the first laid,
the new-born larva would either be condemned to be imprisoned
in its el until the births of all those above it shonld take place,
or, in eseaping to the exterior, it would have to pass through the
chawbers of all the others not vet developed, and would thus
damage or destroy them.  The beneticent Creator of the insect
has, however, endowed it with an instinet which supplies the
place of the foresight neeessary to provide against such a eata-
strophe.  With admirable forethought she construets, besides
the door alrcudy mentioned leading from cell to ecll, another
oritiee in the lowest eell, whieh serves as a sort of postern, through
which the inseets produced from the carliest eggs emerge into day.
In fuet, all the young bees, even the uppermost, make their exit
by this road ; for cach grub, when about to pass iuto the state of
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pupa, places itself in its ecll with its head downwards, and is thus
neeessitated, when arriving at the perfect state, to pass through
the tloor in that direction.*

5. It iy especially in the first moment of their lives that
animals in general are feeble, tender, and helpless, aud have need
of shelter from atmospherie vicissitudes, and proteetion from the
attacks of their enemies; and we find, accordingly, that it is
precisely these diveetions which have been given to the most
irresistible instinets with which Almighty Goodness has endowed
their pavents. The number of speeies which in mature age build
habitations for their own wuse, is insignificant compared with
those whieh construet, with a lahour which scems guided by the
most touching tenderness and forethought, habitations for their
voung.

71, This habit ix espeeially observable with birds, Tt is impos-
sible to regard with sentiments other than those of the most
profound mterest the perseveranee with which these ereatures
bring --~traw by straw, and hair by hair—the materials destined
for the formation of their nests, and the art with which they
arvange them, The form, structure, and locality of these habi-
tations i> always the same for the same species, but different for
different species, and are ever admirably adapted to the eireum-
stances in which the young family are destined o live,  Sometimes
these  eradles  are  eon-
structed in the earth, and \‘;‘
ina rude manner; some- -
times they are cemented to
the side of a rock, or to the
wall ot a buildine, buat
mote ('Ul]l“!”“]\' ﬂlt}' are
placed in the branches of
trees, a herisphoriead form
heinz wiven to them (lie,
193 They  resemble. in
form and <tructure, a little
hasket, rounded ut the hot-
tom and hollowed oat at
the top, the stdes of which
are formed of blades of
grass, tlexable straws and
twiws, and hairs taken from
the wool of animals. the Frz 20.—Nst of the Bava
inside being lined with moss or down.

* Leauw, vi, 3802 : Mun, Ap. Angl. i. 189 ; Apis. * ¥ 4, 2. 6.
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75. Sometimes, however, a much more complicated and arti-
ficial structure is produced. The nest of the baya, a little bind
of India, resembling the bullfinch, (fig. 20,) has the form of a
flask, and is suspended from some branch which is so flexible
that necither serpents, monkeys, nor squirrels can approach it.
But still more effectually to sccure the safety of their young, the
mother places the door of the nest at the bottom, where it ean
only be reached by flying.  This habitation would be liable to
fall to picees if it were formed of straws or filaments laid hori-
zontally ; it is, therefore, constructed with admirable skill of
blades or tilaments arranged longitudinally.  Internally it is
divided into several chambers, the principal of which is oceupied
by the mother sitting on her cggs; in another the father of the
family is accommodated, who is assiduous in his attentions to
his companion, and while she fulfils with exemplary fenderness
her maternal duties he amuses her with his song.

76. Another oriental bird, ealled the sylvia sutoria, or sewing
wood-bird, builds a nest equally ceurious. This little ercature,
colleeting cotton from the cotton-tree, spins it
with its bill and claws into threads, with
which it sews leaves round its nest, so as to
coneeal its young from their enemies (fig. 21).

77. Different species of  animals are go-
verned by soeial instinets which vary, but are
always condueive either to the preservation
or the well-heing of the individual, or to the
continuanee of the race.  When the food by
which they are nourished is not so abundant
as to support any considerable numbers in the
same  locality—which is generally the casc
with the larger species of earnivorous animals
—1ihey arc¢ endowed with an antisocial instinet,
and not only lead a solitary life, but in many
cases will not suffer any animal of their own
species to remain in their neighbourhood.

78. Occasionally, however, the operation of
this instinet is suspended.  This takes place
cither when a scarcity of subsistence forces
them to seek for food in places where they
would be linble to attacks, against which their

Flgéfll\:;:\sm‘ur(;:«.uw individual force would be insufficient for de-

fenee, or where some large flocks of animals of

the sort on which they prey happen to come into their neigh-

bourhood. In such cases they assemble by common consent in

considerable numbers, and attack their prey in a body. Thus
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we sce in the winter scason bands of wolves, impelled by hunger,
deseend from the hills or forests and ravage the stock of the
farmer,—an enterprise on which they never venture when other
food can be obtained at less risk.  In such cases, however, when
the immediate object of their enterprise has been accomplished,
their antisociul instinet revives, and they disperse, often quarrdlling
among themselves.

9. Various species which do not habitually live in society,
nevertheless assemble in vast numbers, when at certain seasons
they make long journeys.  This is the case generally with migra-
tory animals.  The social instinet s, however, only temporary,
sinee, when the journey is completed, and they arrive at their
destination, they dispersc.

S0, The migratory pigeons of North America present a remark-
able example of this instinet, of temporary and periodical soei-
abilitv.  These birds, when stationary, are dispersed in vast
numbers over the country, but when about to migrate, they
assemble in inconceivable numbers, and perform their journey
together, flying in a close and dense column nearly a mile in
width, and six or cight miles in length,  Wiison, the well-known
American ornithologist, saw a tlock of these birds pass over him in
the state of Indiana, the number of which he estimated at two
millious. The celebrated Audubon related that one day in dutumn,
having left his house at Henderson, on the banks of the Ohio, he
was crossing an inclosed tract near Horsdensburgh, when he saw
a flight of these pigeons, more than commonly numerous, directing
their course from the north-west towards the south-cast.  As he
approached Louisville, the tlock beeame more and more numerous;
he deseribed its density and extent to be such, that the light of
the sun at neon was intercepted, as it would have been by an
eclipse, and that the dung fell in o thick shower like Hlakes of
snow.  Upon his arrival at Louisville, at sunset, having travelled
tifty-tive wiles, the pigeons were still passing in dense files.  In
tine, this prodigious eolwun continued to pass for three entire days,
the whole population having risen and resorted to fire-arms to
destroy them.

The usual habitations of these birds are the cxtensive woods
which overspread that vast continent. A single flock will often
occupy one entire forest ; and when they remain there some time,
their dung is deposited on the ground in a stratum scveral inches
thick. The trees arc stript throughout an extent of many thou-
sand acres, and semetimes completely killed, so that the traces of
their visit are not efluced for many years.

81. Of all mammiters, the Canadian beaver is the most remark-
able for sociability, industry, and foresight. During the summer
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it lives alone in burrows, which it excavates on the borders of
lakes and rivers ; but on the approuch of winter, the animals quit
these retreats, and assemble together for the purpose of construct-
ing a common habitation for the winter scason. 1t is in the most
solitary places that they display their architeetural justinet.

2. Two or three hundred having concerted together, select a
lake or river too deep to be frozen to the bottom, for the establish-
ment of their dwellings,  They generally prefer a running stream
1o stagnant water, because of the advantage it aflords them as a
means of transport for the materials of their habitation,  To keep
the water at the desived depth, they commencee by constructing a
dam or weir in a carved form, the convexity being directed against
the stream, This is construeted with twigs and branches, curiously
interlaced, so as 1o form a sort of basket-work, the interstices
being filled with gravel and mud, and the external suriace
plastered with a thick and solid coating of the same. This
cmbankment, the width of which, at its base, is commouly from
twelve to fourteen feet, lasts, when oncee constructed, from year to
year, the same troop of beavers always returning to pass the winter
under its shelter.  Their labours after the first season are limited
to keeping it in repair; they strengthen it from time to time by
new works, and restore whatever may be worn away by the action
of the weather. It is rendered more permanent by a vigorous
vegetation, which soon clothes its surface.

83. Wherever stagnant water has been seleeted, this preliminary
labour becomes unneeessary, and the animals proceed at onee to
build their village.  But, as has been alveady observed, they are
subjeet in that case to an cquivalent umount of labour in the
transport of the materials,

When this preliminary work has been completed, they resolve
themselves into a certain number of families, and if the locality is
a new one, cach family sets about the construction of its huts;
but if they return to the village they inhabited a former ycar,
their labour is limited to the general repair and cleansing of the
village.

The cabins composing it are crected against the dam, or upon
the edge of the water, and generally have an oval form.  Their
internal diameter is six or seven feet, and their walls, like the
dam, constructed of twigs and branches, are plastered on both
sides with a thick coating of mud. The cabin, of which the
foundation is below the surface of the water, consists of a base-
ment and an upper storey, the latter being the habitation of the
animals, and the former serving as storeroom for provisions.

The entrance to the eabin is in the basement story, and below
the level of the water.
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It has been supposed that the animal uses it~ tail as a trowel in
building these habitations. It appears, however, that this is an

crror, and that they wse only thdr teeth and the paws of their
fore-feet. They use their ineisive teeth to cut the branches, and
when necessary the trunks of trees; and it is with ther mouth and
their fore-feet that they drag these materials to the place where
they intend to crect their habitation.  When they have the
advantage of running water, they take care to cut their wood at a
point on the banks of the stream above the place where they ure
about to build. They then push the materals iuto the water,
following and guiding them as they foat down the stream, and
landing them, in fine, at the point sclected for their vidlage, It
is also with their feet that they excavate the foundations of their
dwellings,  These labours are exceuted with great 1ipidity and
chietly during the night.

§ 1. The beaver, being a mammifer of the order of rodents, is one
of the classes to which Cuvier assigns, as has bean alrcady stated,
the Jowest degree of intelligence. 1t the various acts here related
were assigned to intelligenee, they would evinee a high degree of
that faculty. Cuvier, however, damonstrated conchisively that
they were acts altogether instinetive. He took several voung
beavers from their dams, and rearcd them altogether apint from
their specics, so that they had no means of acquiring any know-
ledge of the habits and manners of their kind. These ammals,
brought up in cages, isolated and solitary, where they had no
natural necessity for building huts, nevertheless, pushed by the
blind and mechunical force of instinet, availed themsclves of
materials, supplied to them for the purpose, to build huts.
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85, In the low estimate of intedligence assigned by Cuvicer to the
heaver, other naturalists coneur.  ““ All agree,” says Buffon, “that
this animal, far from having an intclligenee superior to others, as
would necessarily be the case if his architeetural skill were ad-
mitted to be the result of such a faculty, appears, on the contrary,
to be below most others in its individual qualities. It is an
animal, gentle, tranquil, familiar; of plaintive habits, without
violent passions or strong appetites.  When confined it is im-
paticnt to recover its liberty, gnawing from time to time the hars
of its cage, but doing so without apparent rage or precipitation,
and with the sole purpose of making an opening by which it may
zet out. It s indifferent; shows no disposition to attachment,
and seeks neither to injure nor to please those around it It scems
made for neither obedience nor command, nor ceven to have com-
meree with its kind, The spirit of industry which it displays
when assembled in troops, descrts it when solitary. 1t is deficient
in cunning, without even enough of distrust to aveid the most
obvious snares spread  for it; and, far from attacking other
animals, it has not the courage or skill to defend itself.”

86, The pursuit of the beaver has been prosecuted to such an
extent in (anada, that the animal has heen nearly exterminated
there, and more recently the trappers haye been obliged to extend
their exeursions in scarch of them to the sources of the Arkansas,
in the Rocky Mountains,  The snare or trap used for eatehing the
animal is similar to that used for foxes and polecats.  The
trappers, who make their excursions in earavans for mutual pro-
teetion against the attacks of the Indians, acquire such skill, that
they diseern at a glanee the track of the animal, and ean even tell
the number which oceupy the hut.  They then set their traps at a
tew inches below the surface of the water, and conneet them by
chains to the trunk of a tree, or to a stake planted strongly in the
bank. The bait consists of a young twig of willow, stripped of
its bark, the top rising to five or six inches above the surface of
the water. The twig has been previously steeped in a sort of
docoction made from the buds of poplar, mint, camphor, and
sngar. The beaver, being gifted with a fine sense of smell, ;is
attracted by the odour, and in touching the twig he disengages
the detent of the trap and is caught.

87. The social instinet is not so common among birds as
with mammifers, nevertheless some remarkable examples of
it are found, among which may D¢ mentioned a species of
sparrow called the republican, which lives in numerous flocks
in the neighbourhood of the Cape of Good Hope. These birds
construet a roof (fig. 23), under which the whole colony build
their nests.
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88, But it is among inscets we must lovk for the most striking
manifestations of the architeetural instinet.

The wasp (fig. 24.) affords an example of thix, searecly less in-
teresting than the well-known economy of the bee,  Thew litthe
animals, though ferocious and cruel towards their fellow wscets,
are eivilised and polished in their intercourse with cach other, und
compose a community whose architectural labours will not sufler
by comparison even with those of
the peacetul inhabitants of the hive.
[.ike the latter, their cfforts are
direeted to the erection of a strueture
tor their beloved progeny, towards
which they manifest the greatest
teuderness and affection.  They con-
struct comhs consisting of hexagonal
cells for their reception: but the
substanee they use for this purpose i 28 —The Wasp,
1~ altogether different. from wax,
and their dwelling is laid out upon a plan in many respeets
different from that of the bee.

89, Their community consists of males, females, and neuters.
At the commeneement of spring a pregnant female, which has sur-
vived the winter, commences the foundation of a colony destined
hefore the autumn to become a population of some twenty or
thirty thousand. The fivst offspring of this fruitful mother
are the mneuters, who inmediately apply themsclves to the
task of constructing cells, and collecting food for the numerous
members of the family who suceced them; and it is, while
engaged 1 this labour, that they are most disposed to avenge
themselves upon all who attempt to molest or interrupt them.

90, It is not till towards the autumn that the males and
females are brought forth. The males as well as the neuter
soont die, and the females surviving, seek some place of refuge in
which to pass the winter, being previously impregnated,

91. The nest of the common wasp, generally built under
ground, is of an oval form, from sixteen to cighteen ivehes high,
and from twelve to thirteen in diameter.

Another species builds a nest of nearly the same form, but sus-
pends it from the branches of trees; the size of thesc suspended
nests varying from two inches to a foot in diameter. A scetion
of the underground nest of a common wasp is shown in fig. 25.

It is a singular fact that the material of which the wasp builds
its habitation is paper, an article fabricated by this inscet ages
before the method of making it was discovered by man.

With their strong mandibles they cut and tear from any piceces
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of old wood to which they can find access, a quantity of the
woody fibre, which they collect into a heap and moisten with
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Figr, 20, —~Underground Wasp’s nest

viseid liquid scercted in their mouths,  They knead this with
their juws until they form it into a mass of pulp similar pre-
cisely to that which the paper-maker produces from the vegetable
fibre of linen or cotton rags. With this pulp, they fly off to their
nests, where, by walking backwards and forwards, they spread it
out into leaves of the necessary thinness by means of their jaws,
tongue, and legs. This operation is repeated many times, until
at length as much of the paper is produced as is suflicient to
roof in the nest. The thinness of this wasp-made paper is about
the same as that of the book now in the hands of the reader,

The coating of the nest consists of fifteen or sixteen lcaves of
this paper placed one outside the other, with small spaces between
them as shown in the figure, so that if rain should chance to
penetrate one or two of them, its progress may be arrested by the
inner ones.

92, The interior of the nest consists of from twelve to fifteen

horizontal layers of comb placed one over the other so as to form
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2> many distinel and parallel storeys.  And Lere we may observe
in passing, the diflerence between the architectural svat em of the
wasp and that of the bee.  The latter builds its colls in v ertieal
strata ranged side by side, the mouths opening hortontany o
that the inscets in passing between stratum and stratum e
creep up the intervening vertical eorridors; while the wasp, o
the other hand, prefers horizontal corvidors, so that 1 passine
between stratum and stratum it erceps over one and under th
other.In short, the positions given to the ranges of comb by
the hee, iu contradistinetion to that adopted by the wasp, will I
nudcrstood by suppostng the sides of the wasp's habitation 1.
represent the top and bottom of that of the bee,

Lich comb of the wasp is composed, as shown in the figure, of .
numerous assemblage of hexugonal cells made of the same paper
as that alveady deseribed, each eell being distinet, with doublc
partition-walls.  These cclls, unlike those of the hive bee, are
arranged only in a single row, the open end of caelt eell by
turned downwards and the upper end heing elosed by w shightly
convex lid, and not by a pyramidal cover like those of the honey-
comb.  The upper surtuce of cach stratum ot comb is thereton
a continuous tloor formed like an hexagonal mosaie, the sufae
being nearly but not perfeetly smoothy, sinee cach hexagonal pice
is curved shightly upwards.

The open mouths of the eells being presented downwards, the
nurses as they creep along the roof of cach stratum can casily
feed the young grubs which occupy the eclls of the stratum imme-
diately above.  The space Ieft between one stratum and another
1s about half an inch.

Fach stratum of comb is attached at the sides of the walls ot
the nest, but the tenacity of the paper of which the comb 1s com-
posed would not be suftivient to sustain the weight of ¢he stratum
when the eclls are all filled with grubs.  The little architeets,
thercfore, as though they had toreseen this, take care to conucet
at regulated intervals cach stratum with that below it by strong
eylindrical columus or pillars.  Each of these, like the eolumns
wsed in  architecture, lbas a base and a capital, to which
greater  dimensions are  given than those of  ihe connceting
shaft., These columns are composed of paper similar to that
used for other parts ot the nest, but of a more compact and
stronger teature. The middle strata are conneeted by a colonnade
of from forty to fifty of these pillars: the number being less
as the dimensicus of the strata decrease in going upwards or
downwards.

93. The process of building this structure is as follows, The
dome is first completed, as already described, by laying fiftecn or
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sixteen little sheets of paper one under the other, with intervening
spaces at cach part of it.  Before the walls are further continucd,
the first or uppermost stratum of comb is then fabricated and
attached to the sides by paper ccment, and to the roof by a
colonnade of pillars.  The empty cells of this stratum being ready,
the female big with eggs, deposits an egg in cach, which is
retained there by being agglutinated to the roof and sides of the
cell : meanwhile, the workers continue their architeetural labours,
first carrying downwards the paper walls as alrcady deseribed,
and next constructing the seeond stratum of comb and connecting
it with the first by a colonnade.

94. It must be observed that in the society there is a well-
organised division of labour. One part of it is employed exelu-
sively in building, another in colleeting food for the young, and
in tending and nursing them, and, in fine, the female in depositing
eggs in the cells.  Since, thercfore, a comparatively small pro-
portion of the colony is engaged in building, the progress of the
strueture is necessarily slow, its entire completion being the work
of several months ; yet, though the result of such severe labour, it
merely serves during the winter as the abode of a few benumbed
females, and is entirely abandoned on the approach of the spring,
wasps never using the same nest for more than a single scason.”

995, The cells, which ina populous nest are not fewer than 16000,
are of different sizes, corresponding to that of the three orders of
individuals which compose the community ; the largest for the
erubs of females, the smallest for those of workers.  The last
always oceupy an entire comb, while the eells of the males and
females are often intermixed.

96. Besides openings which are left between the walls of the
combs to admit of access from one to the other, there arve at the
bottom of cach nest two holes, by one of which the wasps uniformly
enter, and through the other issue from the nest, and thus avoid
all confusion or interruption of their common labours.

97. As the nest is often a foot and a half under ground, it is
requisite that a covered way should lead to its entrance. This is
excavated by the wasps, who are exeellent miners, and is often
very long and tortuous, forming a beaten road to the subterraneous
dwelling, well known to the inhabitants, though its entrance is
concealed from incurious cyes. The cavity itself, which contains
the nest, is either the abandoned habitation of moles or ficld
mice, or a cavern purposcly dug out by the wasps, which exert
themselves with such industry as to accomplish the arduwous
undertaking in a few days.t

* Reaum. vi. €. + Kirby, vol. i. p. 42G.
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98. While it i~ incontestable that instinet is the predominant
spring of action with the inferior species, it is nevertheless impos-
sible to deny many animals the possession of a cortain dom. o of
intelligence. Many arc evidently endowed, not only with BEmory
but even with judgment, and a certain degree of the rveasonin g
faculty.

949, That many species pussess the faculty of memory in a high
degree of development is evident.  Domesticated  animals
reneral know and remember their homes and their owners, A
horse, even after having made a single exeursion from s stable.
will recognise the road to it on his return, and it s even aflivmed
that upon returning after several years’ absence to a locality which
he has inhabited for a suflicient time to become funiliar with it,
he will again recognise it, and left to hinselt will find his way
into the stable he formerly oceupied, and resume the possession of
his former stall. The dog, the clephant, and other domesticated
animals, recognise, eveu after longer intervals, those who Lonve
treated them well or ill; and manifest accordingly themr gratitude
or their vengeance.

100. It happencd not long sinee that an clcphant in one of the
colleetions publicly exhibited in this country, extending bis trunk
between the bars of his stally suddenly struck down with it an
individual among a erowd of speetators, obviously seleeted by the
animal for the intliction of the blow. A eircumstance so singular
exeited inquiry, more especially as it was scen that the person
attacked had not in any way at the time offended or molested the
animal. It was ascertained, however, upon inquiry, that <ome
weeks previously the same iudividual had visted the menageric,
and had priched the extremity of the trunk of the creature with
some sharp instrunment, taking care in doing so to he heyond its
reach.

101, Even fishes do not appear to be altecother destitute of
memory, sinee eels approach upon the call of their keeper.
Serpents in menageries also manitest the same faculty.

102, The actions by which unimals show the exercise of a certain
degree of veasoning are searcely Iess numerous. Thus, the dog,
whieh i~ kept in a cage, will gnaw the bars if they are of waod,
but will quictly resign himself to his captivity it they are of iron,
beeause he understands that sinee he can make un impression on
the bars in the first case by gnawing them, he may by continued
efforts cut them through and effieet his liberation : but finding the
first fforts in the other case unavailing, he infers that their con-
tinvanee eould neyver accomplish his object.

When a dog sees hiis master put on his hat, the animal infers at
once that he is going out, and jumping upon him loads him with
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caresses to induce his master to take him as his companiou.
In this casc there is reasoning, ecomparison, judgment, and a certain
degree of generalisation.  The dog generalises the act of putting
on the hat, and infersits conscquences, he remembers the act done
on former occasions, und that it was followed by a walk abroad
on the purt of the master, and he coneludes that what took place
before will under like cirenmstances oceur again,

103. A watch-dog, which was habitually chained to his box,
found that his collar was large enough to allow him to withdraw
Lis head from it at will. ke ﬂ(:ctmg, however, that if he practised
1his manawuvre when exposed to the observation of his master or
keeper, the repetition of the act would be neeessarily prevented
by the tightening of the collar, he refrained from practising it by
day, but availing himself of the expedient by nvight, roamed
about the adjaeent ficlds whieh were stocked with sheep and
lamhs, some of which, on these oceasions, he would wound or
kill.  Bearing on his mouth the marks of his misdeeds, he would
go to a neighbouring stream to wash off’ the blood, having done
which he would return to his box hefore daybreak, and, slipping
his head into the collar, lic down in his bed as though he had
been there during the night.

104, In the series of observations and experiments by which
. Cuvier demonstrated the gradually increasimg share of intelli-
genee given to mammifers, proceeding from the lowest to the
highest species, he showed from obseryvations made on the habits
and manners of marmots, beavers, squirrels, hares, &e., that
rodents in general do not possess even that common degree oi
mtelligence which would cnable them in all eases to recognise
their master or to know cach other.  The limited intelligenee of
the ruminants was shown in the case of a bison in the menagerie
of the Garvden of Plants, which having learned to recognise its
keeper, ceased to know him when he changed his dress, and
attacked him a~ it would have attacked a stranger.  The keeper
having resumed his original costume, was instantly recognised
by the animal.

Two Barbary rams, which oceupied the same stall, having been
shorn, ecased to recognise cach other, and immediately ('u-r'vwd in
hattle.

105. The manners of the elephant and horse are in obvious
accordance with the rank assigned to them by Cuvier in the
order of intelligenee.  But the pig species might seem at the
tirst. morc doubtful. Nevertheless, Cuvier found that it was
very little inferior to the elephant in sagacity. Ile found
that the peeari, or South American hog, was as docile and
familiar as the best trained dog. The wild Dboar is easily tamed,
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recognises and obeys his keeper, and is capable of learning certain
CXeTeises.

106. The increasing degree of intelligenee ascending from the
Carnivora to the Quadrumana was eclearly established by the
observations of Cuvier, who found that in accordance with li:-
svstem, the ourang-outang, of all mammifers, manitested th
highest degree of intelligenee.

107. A voung ourang-outang, of the aze of fifteen or sixteen
months, was an espeeial objeet of obscrvation and experiment,
He showed the greatest  desire for soeicty, manifesting  the
strangest attachment for those who had charge of him. e loved
to he earessed by them, and used not only to embrace, but cven
to kiss them. He ponted like a child when not allowed to have
his way, and testified his vexation by eries, rolling hamself” on
the gronnd, and striking his head upon ity so as to exeite conmpas-
~1on by hurting himself,

This animal used to amuse itselt by climbing ap the trees in
the Garden of Plants, and perching on their hranches, It hap-
pened one day, that the keeper attempted to elimb the tree to
cateh it. The ourang-outang immediately shook the trec with
all its foree, ro as to deter the keeper from wounting it. The
keeper then rvetived, and after an interval returned, approaching
the tree, when the ourang-ontang again sct itselt to shake the
branches. ¢ In whatever manner,” says Cuvier, ** this conduet
may be viewed, it will be impossible not to ~see it a combination
of ideax, and to recognise in the animal capable of it the facnlty
of generalisation.”

Indact, the ourang-outang in this ease cvidently reasoned by
analogy from himscelf to othees. He bad abready cxpomenscd the
alarm exeited m his own wmd by the violent agitation of the
bodies on which he was supported. e argued, therefore, from
the fear which he felt himselt to the fear which others would
suffer in hike eiremostanees, Tn other words, as Cuvier justly
observes, he erceted o general rule upon the basis of @ purtrenlar
cireumstance,

This anmal boing one day shut np adone s w0 room, it
availed itselt of a chair which happened to be placed at the door,
upont whivh it mounted to reach the lateh.  To prevent this
maneuvre the keeper removed the chair: but the animal, when he
had departed, saized another chair which was at a distance from
the door, and placine it under the lateh, mounted upon it i like
manuer,

In this ease we tind ull the indications of memory, judgment,
generalisation, and reasoning.  The case is totally different from
those so frequently wituessed in the ease of animals trained for
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exhibition. The animal had never been taught to mount upon a
chair to rcach the lateh of the door, nor had he ever scen any
one do so. It must thercfore have heen by his own experience
alone that he lecarncd to perform the act. By obscrving the
actions of his kecpers, he learncd that chairs could be removed
from onc place to another. Generalising this, he inferred that
he could remove a chair to the door. e learned also by his own
experienee, that by mounting on chairs and tables, he could
reach objeets which were unattainable from the floor, and,
generalising  this experience, inferred that he could by the
same expedient reach the lateh.*

Tt is impossible in cases like these to admit instinet as an
explanation of the phenomenon.  The circumstances under which
such acts are performed, and the consequenees which attend them.
are incompatible with all the conditions usually attached to the
faculty of instinet.

* Milue Edwards’s Zoology, p. 256.
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CHAPTER IV.

108, Ancedotes of the Ourane-Outang.- 109, Analows of the Shelcton of

the Qurang-Outang to that of Man,-—110. Of the brain to the human
brain.—111. Intelligence of the Wolf.—1320 Ancedote of the Hawk,
the Cat, the Bagle.— 1130 Of the Dow—1i4, OF the Bew. — 115,
Iutelhgence of anmals deereases with age,—I16, Man distinenished
trom other animals by the degrec of intelligenec, - 1170 Lowor animauls
are not endowed with refleetion.— TN, Tnferior animal~ have methols
of intercommunication as a substitute for linguace, - 1100 Examples in
the cases of marmots, flamingoes, wnd swallows - <1200 Totereom-
munieation of ants.—121. Example in their mutuar wars — 122 Acts
which ot be expliuned either by iustinet or antelhg nee.—123,
Carrier-pigeous.— 124, Domesticity and tamene

108, Tur ourang-outang has been a subjeet of observation with
all naturalist> who have devoted their lnbours to the investigation

of the habits of animals.

Buffon records cirenmstances respecting this unimal that places
him in close relation with man.  Thus he has seen him present
his hand to visitrs to conduct them to the door, walk gravely
with them as a friend or companion would, sit at table and spread
his napkin in a proper manner, and wipe his lips with it, usc a
LARDNER'S MUSEUM OF NSCIENCE. X 161
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INSTINCT AND INTELLIGENCE.

spoon and fork to convey food to his mouth, pour wine into a
glass and drink it, take wine with another at the table when so
invited, clinking the glass according to the French custom; he
would go and fetch a cup and saucer, put them on the table, put
sugar in the eup, pour tea into it, and leave it to cool before drink-
ing it, and all this without any prempting on the part of the
master.  He was eireumspeet in approaching persons, to avoid the
appearance of rudeness, and used to present himself like a child
desirous of reeciving caresses.

M. Flourens found the same marks of intelligence in an ourang-
outang in the Garden of Plants. This animal was gentle and
sensible to earesses, especially from children, with whom he was
always delighted to play.

He could lock and unlock the door of his room, and would look
for the key of it. e showed none of the petulanee and impa-
ticnee common to apes.  His air was serious, his gait grave, and
his movements measured.

It appeared one day that an illustrious old savant accompanied
M. Flourens to visit the animal. The tigure and costume of this
gentleman were singular.  His body stooped, his gait was feeble,
and movement slow.  These peeuliarities evidently attracted the
notice of the animal. While he acquicseed with all that was
desired of him, lis eye was never withdrawn from his strange
visitor.  When they were about to retire, the animal, approaching
the old gentleman, took with a certain expression of archness the
cane from his hand, and affecting to support himself upon it, bent
his back and hobbled round the voom, imitating the gait and ges-
tures of the stranger, after which, with the greatest gentleness,
he returned to him the walking-cane.

“We quitted the ourang-outang,” says M. Flourens, ¢ con-
vineed that philosophers are not the only observers in the world.”

109. The close analogy of the structure of the ourang-ontang
to that of man will render this high degree of intelligence less
surprising., This analogy is ¢ven more apparent in the skeleton
than in the mere external form, as will be scen by ecomparing the
fig. 28, which is that of the ourang-outang, with tig. 29, which
is that of man.

110. An analogy not less striking is appurent in the brain of
the animal compared with the human brain. In fig. 30 a side
view of the human brain is presented, and in fig. 31 a similar
view of the brain of the ourang-outang.

111, Leroy had already observed in the wolf, like signs of
generalisation.  When that animal appears, he is pursued, and
the assemblage and tumult announce to him at onee how much
he s feared, and all that be has himself to drcad.  Hence, when-
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ever the scent of man strikes his sense, it awahens in him the
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idea of danger.  While this fearful accessory attends it, the

Lage o3 =Brain of the Ourang Ontang.

* This figure is silvhily incorrect.  The brain of the ourang dves not
quite overlay the cerebedluw,
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most seductive prey will not attract him; and even when the
cause of danger is not present, the desired object is long regarded
with suspicion. The wolf therefore, observes Leroy, must neces-
sarily have an abstract idea of the danger, sinee he cannot he
supposed to have a knowledge of the snares which are spread for
him on any particular oceasion,

112, The following curious aneedote of the habits of hawks and
faleons is related by M. Dureau de la Malle.*

These bivds, when they return from the pursuit of their prey

at the season when their vounglings have become sufliciently
fledged 1o rise on the wing,
bring back in their  talons
some objeet, such as a4 mouse
or sparrow, which they hive
killed, for the purpose of giv-
ing a lesson to their young
in the art of eapturing their
prey.  These birds are ob-
served to have peculiar calls,
which their young understand,
and which arc always repeated
for the same purpose. M. de
la Malle, who had a lodging
in the Louvre, obscrved one
day a male and female falcon
thus returning and bringing
with them a dead sparrow in
their talons.  They soared in
the air over their nest, calling
their younglings with the ery
intended to summon them to
rise on the wing,  When the young birds thus rose, the old ones,

* Mdémoire sur le dévellopement des facultés intellectuelles des Animaux.
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soaring vertically over them, let fall the sparron, upon which th.
vounglings pouniet ed. Inthe first attempts, the latter invariably
an]cd in seizing the sparrow, not being yet sufficic ‘ntly adwoit.
The old birds would then descend, and, seizing the prv riv
with it into the air onee more, and let it fall again wpon
voung: nor would they allow the Tuttar to devour it antii they
succceded in eatching it as it foll,

These lessons were progressive. The prey fiest Tet tall on their
vounglings was dead.  When they had acquired suflicient skill to
scize this in falling throngh the adr, the old varents brought living
birds, first more or less disabled, and att rwards uninjured, upon
which they exercised theiv young in the <ame munner: and this
was continued until the young birds were fully able to pursue and
seize their prey without further practice or instruction,

Fvery one has seen the cat ¢ive to her kittens similar progressive
lessons,

She commenees by biting a mousce so as to stau, or ~lightly dis-
able, without killing it.  She then libe rates this monse betors her
kittens, and encourages them to pursuc it, the matron eat standing
by, a vigilant observer of the seenc. Tt the mouse shows any
sign of eseaping, she immediately pounees upon at, and disables it
S0 (ﬂe( ‘tually, that her kittens soun finish it.

According to  Daubenton, the cagle ecarrics its eazlet aloft
upon its wings, and letting it o in mid air, tnes its powers of
flight. It its strength fails, the mother is sure to be at hand te
support it.

113. Among the acts of animals which are obvious results of
intclligenee and not of instinet, the following may serve as
instruetive and interesting examples: -

Plutarch relates, that a dog desiving to dreink the ol econfained
in « pitcher with a narrow mouth, the surface of the Liguud being
so low as to e out of the reach of his moutn, threw pobbles into
it, which sinkine in the oil, cansed its surface to vise so high that
the dog could lap it up.  Aeeording to Plutareh, the doz must
in this case have roasoned thus: the pebhles being heavier
than the oil will sink to the bottom, they will displuce part of
the oil, and will displace more and more the more of thaw that
are thrown in . theretore by throwmg in a suficeent nunber, the
surface of the oil must necessarily rise to the dog’s mouth.

114. M. Flourens relates the following aneedots of hears in the
Garden of Plants -

It happened that these animals multiplied until there were
more of them than it was desired to keep, and it was rosolved to
get rid of two, Tt was propo~cd to potson them with prussic
acid. For this purpoese some drops of that liquid were poured
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upon little cakes, which being offered to the bears in the usual
way, the animals stood up on their hind legs, and opened their
mouths to catch them. The moment they received them, however,
they spat them out, and retired to a remote corner of their den,
as though they were frightened.  After a short interval, however,
they returned to the cakes, and pushed them with their paws
into the water-trough left to supply them with drink, and there
they carcfully washed them by agitating them to and fro in the
waler.  After this they smelled them, und again washed them,
and continued this process until the poison was washed off, when
they ate the cakes with impunity.  All the poisoned cakes given
to them were thus treated, while all the cakes not poisoned were
devoured immediately.

The animals which had shown these singular marks of intel-
ligenee were spared the fate to which they had previously been
condemned.

115. One of the most remarkable circumstances attending the
faculty of intelligence, observed not only in the ourang-outang,
but in all species of apes, is that its greatest development is
manifested when the animal is young, and that mstead of im-
proving, it deercases rapidly with age.  The ourang-ountang when
young excites surprise by his sagacity, cunning, and address.
Having attained the adult state, he is a gross, brutal, and intract-
able animal.*  In this, as well as in all other species of apes, the
deerease of intelligence i commensurate with the inercase of
growth and strength. The intelligenee of the animal, therefore,
such as it is, is not like that of man, perfeetable.

116, 1t is established, thercfore, by the observations and re-
searches of naturalists, that intelligenee is a faculty common to
man and to inferior animals.  According to some, man is distin-
guished from other animals only by the degree in which he is
e¢ndowed with this faculty; and the difference of degree is so
immense, that, before accurate observations had proved the con-
trary, the faculty of intelligence was decmed the exclusive gift of
the human race. Others contend that the intelligence of man
diffcrs from that of animals not in degree only, but in Aind ; that,
in short, what is called intelligenee in animals, is a faculty essen-
tially different from what is ealled intelligence in man, and ought
to have been called by a different name.

The intelligence of animals is limited and stationary. It is
unimproveable and incommunicable.  The intelligence of man, on
the contrary, is susecptible of improvement without limit, and

* Flourens, “‘De I'Instinct et de I'Intelligence des Animaux,” p. 35.
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may be imparted from individual to individual. It radiates like
hght.  Its power of growth and improvement i indefinite.

As we observed before, much of the obseurity and confusion
which has attended all diseussion respeeting the intellivenee of
animals, arose from the omission of a sufficicntly elear e o
demarcation between instinet, properly so called, and mte g we

The great purposes of instinet are the preservation of the indi-
vidnal and the continuance of the species. To plants, which hve
and die without change of place, the Creator has given strong
and clastie tissues to ensure the preservation of the individual,
and myriads of germs are put in immedinde juxta-position with
the organs destined to feeundate theny, €0 ensure the continuanee
of the species.

To animals, which are endowed with powers of locomntion, and
which are thereby exposed to numerous vicissitudes, God has
given instinet to preserve the individual, to reproduce the speeies,
and to perpetuate His work, thus rendering them uneonseious
agents in fultilling His almighty command to **increase and
multiply.”

Instinet is then a it emanating diveet from divine goodness,
and being a gift, and not a faculty, is ineapheable, It s a power
inscparable from animal life. Its dictates arc as imparious as
those of gravitation or magnetisni, It can ncither be moditied nor
evaded.  The bee construets her comb in one manner and on one
plan, from which no bee, old or young, ever departs. The bird
builds its nest after a fashion as uniform, and by a law as rigorous,
as that by which the lilies of the field put torth their blossoms.,

Nor is man himself more emancipated from the sway of instinet.
His first act on coming into the world is the instinetive ~eizure of
the maternal nipple. Fear ix the instinet o sclf-proservation;; Jove
that of the continuanee of the species.

Intelligenee on the one hand is the power of comprelonding the
consequences of acts, and of giving to them u dircetion determined
by the will of the agent.

Lleason i~ the most exalted form of intelligence, so exalted that
some contend that it ought to be considered as a distinct faculty.
It is by reason that man knows himeclf, judges himsclf, and con-
ducts himself.

Animals are variously gifted with intellizence, for they are
endowed with perception, memory, and cousciousuess.  They are
suseeptible of passions and aftfections, not only physical, but moral,
All the human passions, anger, hatred, jealousy and revenge,
agitate them. They are devoted, afleetionate, grateful, prudent,
circumspect, and cunning. Kindness soothes and melts them.
Injury awakens their resentment.  The movements of the brain,
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like those of the human enecphalon, cevokes in sleep their waking
thoughts and desires.  The dog of the chace dreams that he pur-
sies the hare, and the more peaccful follower of the shepherd,
that he colleets the straying flock.

The intelligenee of animals is rigorously limited to the objects
of the external world that are presented to their senses. The intel-
ligenee of man has a far wider range. By the senses it is put in
relation with the material world ; by consciousness, with the inner
being, the soul, and by intuitive ideas and sentiments with God.

The exalted intelligence of man confers on cach individual a
character as distinet as his features. e aequires from it his
peculiar habits, qualitics, tendencies, virtues, and faults. While it
makes him free in one sense, it isolates him in another.  Instiuet,
on the contrary, effaces individual distinetion,—reducing all to a
common type.  All beavers, and all bees, lead lives absolutely
alike, and may be regarded as differing no more than the units
which make up an abstract number.,

117. The inferior animals are endowcd, as we have seen,
largely with the powers of sensation, pereeption, and memory.
They also possess, though in a very inferior degree, powers of
comparison, generalisation, judgment, and foresight.  In what
then, it may be asked, consists the mark of the vast ditferenee in
degree of their intelligenee, as compared with the mental powers
excreised by the human race. This question hias been sutisfae-
torily answered by the observations and researches of Frederiek
Cuvier, Flourens, and others.  According to these physiologists,
animaly reecive by their senses impressions similar to those which
are received by ours.  Like ug, also, they preserve and are able
to reeall the traces of these impressions. And such pereeptions
being thus preserved, supply for them as for us numerons and
varied associations.  Like us they combine them, observe their
relations, and deduee conelusions from them, and to this extent,
hut not beyond it, their intelligence goes: hut they have not a
glimpse of that class of ideas which Locke denominates ideas of
refleetion. These, as is well known, are the pereeptions which
man acquires, not by his organs of senxe, but by the power with
which he is endowed to render his mind itselt, and its operations,
the subjeets of contemplation and pereeption.  Man has as clear
a pereeption of the faculty of memory, for example, as he has
of the colours of the rainbow. The seent of a rose is not more
distinet to his apprchension than are his mental powers of com-
parison and induction. In short, his idecas of refleetion are as
vivid and detfinite as his ideas ot sensation, and may, indeed, be
said to be even more permanent and inseparable from his intel-
lectual existence.  He may be deprived of one or more of his
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organs of sense, and thus cease to have any reeption of the
qualities peeuliar to that organ, save those which his memory
may supply.  But so long as he exists and  thinke, nn:hin:.r
can deprive him of the immediate perecption of the Wl o
reflection,

Of this class of ideas there is not the slightest trace in
inferior animals, and herein hes the line of demarcation whaol,
separates the human race from thew, and places 1t immensnrably
above them. Animal intelligence never contemplatesitselt, never
sees jtself, never knows dtself. Tt is utterly dncapable of that
high faenlty by which the mind of moan. o Loeke observes,
- turns its view inward upon itself That thousht which con-
templates it~ 15 that mtellicence winelr <ces itself, and <tudics
it~ s that knowledee which knows itselt, constitutes o distinet
order of mental phenomena to which no infenor animal can attain,
These constitute, so to speak, the purely intelleetual world : and
to man alone, here below, that world belomes.  In a word, the
animals feel, know, and think : but to man alone of all eroated
beines it is eiven to feel that he fecls; o know that he knows, and
to think that he thinks.

115, Of all the instruments by which the range of inteHizence
is enlareed, and the power of reason augmented, language is
assuredly the most important, It is the means by which feelings
are expressed and knowledee imparted. It is the instrument by
which the observation and experienee of individuals is rendered
common property,

Tanguage, in the only sense in which it is an instrument ot
intellieence, i~ not the mere mechanical production of distinet
sounds by the voeal organs, for in this sense parrots may be said
to be endowed with it Ttis acdivine gott and not actoealty, Tts
origin has heen sought for by the lawned, hut soacht inovain,
Like the instinet of selt=preservation and r(-prmlu( t1 1,1t has been
an immedint. cmanation of divine powcr. fod made it as he
made licht, e sand, * Let man speak,” and man spohe !

Moot animals have voree, but man alone has language, It is
by language, more than any other external character, that ma is
distineunished.  The animals which come nearest to him in their
physical organisation, sueh as the ournug-outang and other apes,
are as completely deprived of language as those whiel are most
removed from him.  Man is thus separated from the lower animals
by a bottomless whyss.

So important is lanruage, us a means of extending the intelli-
gence, that in a moral sensc it may be said, that to speuk or not
to »peak, is to be or not to be !

There can be no Jdoubt in the mind of any careful observer, that
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the chief obstacle to the extension of the natural intelligence of
many animals is the want of language to express their feelings
and thoughts. It is evident that if the dog or the ourang-outany,
which was the subject of Cuvier’s experiments, could speak, their
intelligence would be vastly enlarged.

Deprived of language, the more intelligent of the inferior
animals scem, like the dumb, deeply conscious of the want, and
make supernatural efforts to supply it and to make their sentiments
understood.  For this purpose they resort to ingeniously modulated
vocal sounds, to signs and gestures.  Each ercature invents for
itself a sort of pantomimie and highly expressive language.  The
dog appeals to vou by gently laying bis paw upon you, and if
that fail to awaken your attention, he strokes you or taps you
with it, as if he knew that you would thus be more apt to feel his
solicitation. Does the cat desire to have some want supplied ?
she raises her back and passes her soft fur in contact with your
legs, and repeats the application by going round and round you.
The horse waiting at your door, fresh from his stall, and impa-
ticnt for air and excereise, expresses his desire by pawing the
ground with his fore-foot. In the pairing scason, the male bird
tries to faseinate his gentle mate hy spreading out the fine hues of
his plumage, making circuits, and fluttering around her.

All animals that have voice at all, use its modulations as a
means of cxpression, and render it manifest that they would
speak if they could. Many and ingenious are the artitices which
they use as a substitute for the admirable instrument of inter-
communication with which man has been gifted.

119. Thus, for example, in the ease of such mammifers and
birds as usually assemble in herds or flocks, individuals arve
observed who, being placed as sentinels, warn their companions of
the approach of danger.

Marmots and flamingoes present examples of this. It is also
observed with swallows, who, when their young are menaced by
an enemy, immediately eall together, by their eries of distress, all
the swallows of the neighbourhood, who fly to the aid of their
fellows, and unite to harass the animal whose attack they fear.

120. It has been well ascertained that various species of insects
have meaus of intercommunication. The observations of Huber,
Latreille, and other naturalists, leave scarcely a doubt on this
point. Thus, for example, when an ant’s nest has suffered any
local disturbance, the whole colony is informed of the disaster
with astonishing rapidity ; no appreciable sound is heard, but the
particular ants who are witnesses of the fact, are seen running in
various directions among their companions. They bring their
heads into contact, and unite their antennm as two persons
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would who take cach other by the hand. All the ants who
are thus addressed are immediately observed to change their
route if they were moving, and to abandon their oceupation if
they were at work, and to return with those from whom they
reecived the information, to the seene of the disaster, winh i«
soon surrounded by thuu.\an«ls of these insects, thus brought {row
w distanee,

121, In the wars which the population of two ne izhbouring ant-
hills wage with cuch other, scouts and outposts precede the main
body of the enemy, who often rveturn to the leaders, giving them
information, the consequenee of which is, . total change in the
order of march,  In cases where those contliets become doubttul,
and that an army finds itself in danger ot defeat, the Ieaders are
often seen to detach aldm—d(-w.unp, or orderly officors, who
return in all haste to their ant-hill; to bring up reinforcements,
which asscmble without delay, and march to join the main body
of the urmy. .

122, Large as the range of actionis, which admits of explanation
either by intelligence or instinet, or by the combination of both
these facultios, some acts still remain ot an extraordinary cha-
racter which cannot be thus explained, and which would seem
to imply the existence of some taculty in ecrtain species of inferior
animals of which man is totally destitute,

123, Among these may be mentioned the curious power with
which ecrtain birds, such as pigeons and swallows, are endowed ;
who, after heing transported in close boxes to many hundred miles
from their nest, take flight upon being liberated, and without the
least hesitation dirveet their course towards the place trom which
they had been tuken, with a precision as unerrng as it it were
actually within their view. In the case of dogs, aud other
mammifers, who having been brought to a prreat distanee from
home find their way back, the act is expluined by the extreme
delicacy of their sense of smell: but no such explanation will he
admissible in the case of carricr-pigeons, who, having beon hrought,
for example, from London to Berlm, and being hiberared ut the
latter city, instantly dircct their course back to the tormer, fiying
over the great cirele of the carth which joins the twe places.
We are not aware that any attempt has been made to reber this
class of facts to any ree wuls(‘d faculty.

124, Closely connected with instinet and intelligence is the
capability of animals to be tamed and domesticated.

Naturalists agree gencrally that the animals which are domes-
ticated with greatest facility ure those which in the wild state
live in troops or socictics.  To this there is scarcely a well-esta-
blished exception.  The cat and the pig are apparent exceptions,
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and more necessary by the benefits he confers ; and having arrived
at that point, he ventures to employ fear and chastisement, which
if resorted to without the previous measures would have excited
resistance and repugnance.

To tame an animal is not to train him. Tameness is the
subjugation of those instinets which would render him hurtful
to those around him. Training is directed to the intelligence
rather than the instinet. It is an educational process, which
develops intelligence while it weakens instinet. Savages, while
they are less intclligent than the civilised, have surer and
quicker instinets, It is the same with the lower animals.
Domesticity always enfeebles and often wholly effaces instinet.

When man educates and trains an animal, he imparts to it a
ray of his own intelligence. The change is rather that of a new
faculty created than of an existing one enlarged. It is a trans-
formation rather than an improvement.
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THE BOLAR MICROSCOPE.

1. As an instrument for popular and general instruction, the
solar microscope holds a high place. "Until recently, its use has
been restricted in these climates, by the circumstance of bright
sunshine, and a room having a suitable aspect, being conditions
indispensable for its performance. But by the substitution of the
oxy-hydrogen light, and more recently still, of the electric light,
the utility and pleasure derivable from this instrument of popular
illustration have been immensely extended.

2, The principle of the solar microscope is the same as that of
the magic lantern, and we must, therefore, refer the reader to our
Tract upon that subject, for many details, to save the necessity of
their repetition. The instrument consists of two parts, essentially
distinot ome from the other: the first, the illuminating; and the
seoond, the magnifying part. Since it is desired to exhibit a very
enlarged optical image of a very minute object, and since the light
which is spread over the image can only be that which falls on the
object, it is evident, that the brightness of the image will be more
faint than that of the object, in the exaet proportion in which the
surface of the former is greater than that of the latter. To illus-
trate this, let us suppose that the object exhibited is an insect, a
quarter of an inch in length, and that it is magnified 40 times in
its linear dimensions, the length of the optical image will then be
10 inches, and its surfacc will be 1600 times greater than that of
the object. The light, therefore, which illuminates the object,
supposing the whole of it to be transmitted to the optical image,
being diffused over a surface 1600 times greater, will be 1600
times more faint. But, in fact, the whole of the light never is
transmitted, a considerable part of it being lost in various ways in
passing from the object to the screen. The necessity, there-
fore, for very intensc illumination in this instrument must be
evident.

3. If these conditions were not borne in mind, it might appear
that a magic lantern might be converted into such a microscope,
by merely increasing the magnifying power of the lenses; but the
light of the lamp, which is sufficient to illuminate a picture mag-
nified 10 or 12 times in its linear, and, therefore, from 100 to 144
times in its superficial dimensions, would be utterly insufficient,
if it were rendered 1600 times more feeble,

4. The illuminating apparatus of the solar microscope consists
of a large convex lens, upon which a cylindrical sunbeam of equal
diameter is projected. This lens causes the rays of such a sunbeam
to converge to a point, and they are received upon the object to be
exhibited before their convergence to a focus, and at such a dis-
tance from the focus, that the entire object shall be illuminated by
them. In fact, the rays may be considered as forming a cone
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which is cut at right angles to its axis by the slid i

the object is fixed. s d o WpoR, which
]Eﬁt ¢ ¢, fig. 1, be the condensing lens; let ¥ be the foous to

which the rays would be made to converge, but being intercepted

Fig. 1.

{

by the slider s s, they are collected upon the small circular opening
© 0 in the slider, and in this circular opening the small microscopic
object to be exhibited is mounted between two thin plates of glass.

Now, it is evident, that the intensity of the light thus projected
upon the object will be greater than that with which it would be
illuminated without the interposition of the lens ¢ ¢, in the exact
proportion of the surface of the lens ¢ ¢ to the surface of the cir-
cular opening 00. Thus, for example, if the diameter of the lens
¢ ¢ be 5 inches, and the diameter of the opening 0 o half an inch,
the diameter of the lens will be 10 times, and, thcrefore, its sur-
face 100 times greater than that of the opening 0 0. In that case
the object would be illuminated with a light just 100 times more
brilliant than if the sun’s light fell directly upon it, without
passing through the lens cc.

It is found convenient in some cascs to condense the light by
means of two lenses. The cone of rays proceeding from ¢ ¢ might
be received upon another condensing lens, by which its con-
vergence might be increased. The advantage of this arrangement
is that the distance of the object from ¢ ¢, and therefore the length
of the microscope, is rendered less than it otherwise would be.

5. There is, however, one practical inconvenience to be gnarded
against in this arrangement. The lens ¢ ¢, which condenses the
sun’s light upon the object, also condenses its heat, and if the
same object be exposed in the instrument for any considerable
time, it would thus be injured or destroyed. This inconvenience
may be obviated by the interposition of certain media, which,
while they are pervious to the sun’s light, are impervious to its
heat ; such media are said to be athermanous.*

* From the Greek negative a () and 0épun (thérmé) heat.
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By the interposition of such a medium, the object may be pre-
vented from receiving any increased temperature whatever.

It happens that water, which is the most convenient medium
for this purpose, is very imperfectly pervious to heat, and is ren-
dered almost completely athermanous by dissolving in it as much
alum as it is capable of holding in solution. The object, therefore,
is perfectly protected from the effects of heat, by placing between
the slider and the condensing lens a cell, consisting of two parallel
plates of glass, fixed at about an inch asunder, and filled with such
a saturated solution of alum. The light intercepted by this is alto-
gether inconsiderable, while the whole of the heat is stopped by it.

6. The magnifying part of the solur microscope consists of an
achromatic lens, or combination of lenses, of very short focal
length ; this being brought before the object, at a distance from it
alittle greater than its focal length, will produce a highly mag-
nified optical image of the object, upon a screen placed at a proper
distance before it.

In the case of the magic lantern, it is not indispensable to incur
the expense of achromatic lenses, and even the expedients to cor-
reet the spherical aberration are but little attended to. The
magnifying powers used in that instrument not being great, and
the objects exhibited not requiring extreme accuracy of delinea-
tion, the expense which would be incurred in producing large
lenses free from the aberrations is not necessary. But in the casc
of microscopic objects, where great magnifying powers are applied,
Jenses in which the aberrations are mot corrected would produce
images so confused and indistinct as to be altogether useless,
Achromatic combinations, therefore, in which the spherical aber-
rations are also corrected, are in this case indispensable,

As in the magic lantern, the same lenses may be applied, so as
to produce different magnifying effects. If the distance of the
lenses from the object were so great as twice their focal length,
the image would be projected upon the screen at a distance in front
of the lens also equal to twice its focal length, and would in that
case be exaotly equal to the object, and consequently there would
be no amplification at all. As the lenses, however, are moved
nearer to the object, the distanco at which the image would be
formed and its magnitude would be increased, and this increase
would go on without practical limit, until the distance of the lens
from the object would become equal to its focal length, in which
ocase the image, having been en‘lluged beyond bounds, would alto-
gether disappear.

In practice, therefore, the focus of the lens is brought to such a
distance from the object, that the image upon the screen shall
havel : magnitude sufficient for all the purposes of exhibition. It
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is not desirable, however, in any case, to push the amplifying
power of the instrument too far, because the illumination of the
image in that case becomes inconveniently faint; and if there be
any causes of aberration uncorrected in the lenses, whether sphe-
rical or chromatic, their effects will be rendered more apparent.

7. In the mounting of the instrument, provisions are necessary
for varying, within certain limits, the distance of the object, as
well from the illuminating as from the amplifying lenses. If the
object be very minute, it is necessary that it should be illuminated
with proportionate intensity ; and, therefore, that it should be
moved very near to the focus of the illuminating lens, c c. If it be
larger, this position would, however, be unsuitable, inasmuch as
the light would be collected upon a small part of it, to the exclu-
sion of the remainder. In that case, therefore, the object must be
brought farther in advance of the focus, F, of the illuminating lens,
80 as to intersect the cone at a point of greater section, and thys
to receive a light which, though less intense, will be diffused
over its entire surface.

The amplification required will be greater in proportion as the
object is smaller. For very minute objects, therefore, the ampli-
fying lens must be brought nearer to the objeet, and the screen
must be removed farther from it, while for larger objects, the
arrangement would be the reverse.

8. All that has been said on the subject of the sereen in the
case of the magic lantern will be applicable to the solar micro-
scope, except that, in this case, the method of showing the object
through a transparent screcn is objectionable, because of the light
which is lost by it, and for other reasons; and, besides, it is
useless, that method of exhibition being adapted only for phan-
tasmagoria, and other similar subjects of amusement.

9. In what has been explained above, it has been assumed that
a beam of solar light is thrown upon the condensing lens ¢ ¢, in
the direotion of its axis, Now it is evident that it could never
happen that the natural direction of the sun’s rays would coincide
with that of the axis of the tube of the microscope ; for, that axis
being necessarily horizontal, or nearly so, the sun to throw its rays
parallel to it should be in the horizon. Some expedient, there-
fore, is mnecessary, by which the direction of a sunbeamn can be
changed at will, and thrown along the axis of the tube.

The obvious method of accomplishing this is by means of a plate
of common looking-glass ; such a plate being conveniently mounted
in front of the condensing lens, may always have such a position
given to it that it will reflect the sunbeam which will fall upon it
in the direction of the axis of the tube.

But since, by reason of its diurnal motion, the sun chan;sz:s its
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position in the heavens from minute to minute, the position of the
reflector, which at onc time would throw the light in the proper
direction, would cease to do so after the lapse of a short interval.
A proper provision must be made, therefore, by which the position
ofthe reflector may be changed from time to time with the motion
of the sun in the firmament, so that it shall always reflcct the
light in a proper dircetion.

10. A perspective view of the solar microscope, mounted in the
most efficicnt manner, is given in fig. 2; but the principle of its
performance will be more easily understood by reference to the
sectionnl diagram in fig. 3, where ¢ ¢ is the condensing lens, H ¥
the mirror which reccives the sun’s light, and reflects it in the
dircetion of the axis of the tube. This mirror turns on a hinge,
by which it may be inclined at any desired angle to the axis of
the tube ; and a provision is also made by which it can be turned

und the axis, so that its plane may be presented in any desired

ircction to the sun: a smaller condensing lens is interposed, upon
which the rays, converging from ¢ ¢, are reecived, and by which,
with inereased convergence, they are projected upon the opening
0 0 in the slider s &, in which the object is mounted.

The tube in which the slider s s is inserted, and which carries
the smaller condenser, slides within another tube, in the end of
which the greater condenser ¢ ¢is set. By this arrangement,
the scction of the cone of light, which fulls upon the opening o o,
may be varied, according to the magnitude of the objeet.

The amplifying lens, or lenses, I L, are conveniently mounted
in atube, which can be moved within certain limits to or from the
object, s0 as to accommodate the focus to the position of the
screen I 1, upon which the image is projected.

After these explanations, the reader will have no difficulty in
comprchending the instrument, as shown in perspective in fig. 2.

A board, A A B B, is picrced by a large circular aperture, the
diameter of which is a little greater than that of the larger con-
densing lens; a square brass plate, a @ b b, to which the micro-
soope is attached, is screwed upon this board in such a position,
that the condensing lens shall be concentric with the hole in it,
and, consequently, that the axis of the instrument shall be atright
angles to the board.

The plane mirror M, by which the light of the sun is reflected
along the axis of the instrument, is mounted outside the board
A A B B, moving on a hinge, as alrcady described ; and screws are
provided at ¢ ¢’, by means of which its inclination to the axis of
the microscope can be varied at pleasure, and also by which it can
be turned round the axis, the screw which governs its motion
moving on the circular opening s v, By these means, whatever
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be the position of the sun in the heavens, such a position can
ulways be given to the plane of the mirror, that the light may be
reflected along the axis of the microscope.

The great condensing lens is set in the larger end of the conical
tube T, and the lesser in the end of the eylindrical tube 17; the
latter tube being moved within the former by an adjusting screw,
which appears at its side. By the second condensing lens, the light
is collected upon the opening in the slide, which is held between
two plates N, pressed together by spiral springs.

The tube 1 consists of two parts, one moying within the other,
like those of the telescope.

The amplifying lenses are mounted in u brass ring, &, carried by
the upright picee, 1, so that its optical axis shall coincide with
that of the illuminating apparatus. This optical part can be
moved to and from the object, by means of a rack and pinion, ¥,
attached to the picee 1, which slides in the box «.

The structure and principle of the instrument being understood,
it only remains to explain the method of using it.

11. The room in which the operations are conducted should
have sufticient depth to allow the space between the microscope
and the sercen, which is necessary for the formation of an image
of the required magnitude.  This space will vary with the mug-
nifying power required, but in gencral 10 or 12 feet beyond the
nozzle of the instrument is suficient. The room should be rendered
as dark as possible, to give cffect to the image, which, however well

Fig. 3.

| ¢
il
illuminated, is always incomparably less bright than would be
objeets receiving the light of day. The window-shutters should
therefore be carctully clused, and all the interstices between them
stopped.  Tf the room be provided with window-curtains, they
should be let down and earcfully drawn. In a word, cvery means
should be adopted to exclude all light, exeept that which may
cnter through the microscope.
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An opening being provided in a convenient position in.one of
the window-shutters, corresponding in magnitude with the aper-
turce in the board A np, the latter is screwed upon the window-
shutter, so that the two openings shall coincide, The mirror u
will then be outside the window-shutter, while the instrument
and its appendages will be inside. The window selected should,
of course, be onc having such an exposure that the sun’s rays
can be refleccted by the mirror in the direction of the axis of
the tube.

12. To adjust the instrument, remove the piece N, which sup-
ports the slider, so that the light may pass unobstructed to the
amplifying lens. By varying the position of the reflector M, by
meuns of the milled heads ¢ ¢, a position will be found in which
a uniformly illuminated dise will appear on the sereen ; this dise
may be rendered more clear and distinet by adjusting the in-
strument by means of the rack and pinion attached to the tube.

‘When these preliminary adjustments are made, the picee N is
replaced, and an objeet inserted in it ; the instrument being then
more exactly focussed, a distinet image of the object, upon a large
seale, will be seen on the sereen.

The management of the instrument will vary with the nature of
the object. 1t it be a very transparent one, a strong light thrown
upon it would cause it almost to disappear.  The light, therefore,
in such ease, must be so regulated as to produce the image in the
most favourable manner, which may always easily be accomplished
by moving the tabe 17 in and out of the tube 1, until the desired
result is obtained.

When the experiments are continued for any considerable
interval, it will be neeessary, trom time to time, to accommodate
the reflector M to the shifting position of the sun, which may
always be done by the milled-heads ¢ ¢’.  This adjustment, how-
ever, might be superseded by mounting the mirror M upon an
apparatus called a Heliostat, the effect of which is, to make the
mirror move with the sun, by means of clock-work. Such anappa-
ratus, however, is expensive, and the adjustment above described
is attended with no great inconvenience or difficulty.

13. The substitution of the oxy-hydrogen, or electric light, for
the sun in this most instructive instrument, renders those who
use it, however, altogether independent of the sun, so that it can
be used for a night as well as a day exhibition. Ninee the method
of applying to it the clectric light has been already described very
fully in our Tract upon the Magic Lantern, the explanation need
not be reproduced here.
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THE CAMERA LUCIDA.

1. Origin of the name.—2, Its use.—3. Method of applying it.—4.
Explanation of its principle.—5. Precautionsin using it.—t. Methods
of correcting the inversion of the object.—7. Amici’s Camera.—8.
Magnpitude of the picture.—Y. Application of Camera to the
microscope.

1. Tuis instrument, which takes its name by contrast from the
camecra-obscura, is one of the many gifts of the genius of Dr.
Wollaston to the arts.

2, Like the camera-obscura, its chief, though not its only use,
is to enable a draughtsman by the mere process of tracing, to make
a drawing of an object.

3. The observer places upon its table, a sheet of drawing
paper, and the instrument being placed level with his eye, he
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looks into it, and sees the objeet to which it is directed, and at the
same time secs, in the same direction, the sheet of paper which is
upon his table, so that in fact, the object to be drawn, or its
optical image, is scen projeeted and depicted on the paper. If he
take in his hand a pencil, and direct it to the paper, as if he werc
about to write or draw with it, he will sce his own hand and the
pencil dirccted to the paper upon which the object is already
optically delineated ; and he will conscquently be able, with the
utmost fucility and precision, to conduct the point of the pencil
over the outlines of the object and those of cvery part of it, so as
to make as correet a drawing of it as could be made by the process
of tracing, in which a picture, placed under scmi-transparcnt
paper is traced by a peneil moving over its outlines.

4. To present the principle of this contrivance under its most
simple point of vicew, let A 1, fig. 1, be an object which would be

Fig. 1.

x ;_*q; B’

scen by the cyc of an observer at 1, under the visual angle 4 1 1,
and let r r, be a shect of paper, placed upon a horizontal table
before the observer. Now let a picee of plane ‘glass, one half of
which is silvered on the lower surface, be placed at an angle of 45°,
with the direction in which the object A Bis scen, so as to intercept
the view of it from the eye at ; the rays of A E and 8 &, which
cncounter the silvered part of the glass, and which previously pro-
cceded to E, will now be reflected to o, still, however, retaining the
same divergence, so that they will enter the eye 2’ of the observer,
186
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supposed to look downwards at o, as if they had procecded from
A’ 3. In this manner the observer, looking from ¥ towards the
table, will sce an image of the object at A’ B, the point A’ of the
imagc which corresponds with the top of the object being nearest to
him, and the point »', which corresponds with the bottom, being
farthest from him; so that, in effeet, the image will appear inverted.

Now suppose two lines, A’o’ and 1’ ¢, drawn from the extremities
of the image A’ ¥/, to a poiut ¢’ very near to o, and so as to pass
through that part of the glass a M’ which is not silvered. An eye
looking from o’ would then see the part of the paper upon which
the image A 1’ is projected, and would alsv sve a pencil held in the
hand of the draughtsman directed to the paper.

If the distance between the points o and ¢’ be less than the
diameter of the pupil of the eye, the observer looking down from
£’ will sce at the same time, and in the same position, the image
A’ B’ and the part of the paper corresponding with it,—for he will
sce the image by the rays which converge to o, and the paper
by those which converge too’; the effect, in short, will be that he
will sce the image as if it were actually projected upon the paper.

If the eye be advanced towards the mirror, so far as to cause the
limiting ray A’ 0 to graze the lower edge of the pupil, the paper
will be altogether intercepted by the silvered part of the glass
a M, and the obscrver, though still secing the image of A 1
reflected in the glass, will no longer see it on the paper, and for
the same reason, he will see neither his hand nor the pencil, and
he cannot of course make the drawing.

If, on the contrary, the eye be moved from the glass so faras to
cause the limiting ray A’o to graze the upper edge of the pupil,
the image of 1 B reflected from M M’ will altogether disappear,
and nothing bLut the hand and the peneil will be seen, these last
being visible through the unsilvered part of the glass.

5. It is evident, therefore, that in order to enable the cye to see
the entire image projected on the paper, it must be held in such a
position, that while the limiting ray 1’ o', shall pass within the lower
cdge of the pupil, the limiting ray A’ o shall pass within its upper
edge. That this may take place, it is necessary that the distance
between the points o and o’ shall not execed the diameter of the
pupil, and that the eye be steadily held, so that o and o’ shall be
both within the pupil.

Since the average diameter of the pupil is two-tenths of an inch,
it follows that the distance between the points o and o’ should
not cxceed that limit, and that any displacement of the head
which would displace the eye through the space of two-tenths of
an inch, would remove from view the pencil or image, partly or
wholly.

187



THE CAMERA LUCIDA.

It will be easy from these considerations to appreciate the difficulty
of using this instrument, and the neccessity for practice and
patience from those who expect to acquire facility and expertness
in its management.

6. The inversion of the object produced by the reflector a v,
being inconvenient, a modification of the instrument was con-
trived, which gives an erect image; this is accomplished by the
casy and obvious expedient of subjeeting the rays proceeding
from the object to two suceessive reflections, the first of which,
as deseribed above, would give an inverted image, which being
itself inverted by the sccond, gives an creet image of the
object.

This is effeeted by two plane reflecting surfuces » 3’ and M’ n”,
fig. 2, placed at an angle with each other of 135°; the one m M’
being inclined at 227%°, with a horizontal line, and the other at the
same angle with the vertical line. A ray A B, coming horizontally
from the objeet, will fall upon M M’ at an angle of 223°, and being
reflceted at the same angle, will fall upon a1’ M7, still at the same
angle, being reflected from it, in the vertical direction, ¢ . An
object A, after the second reflection, will therefore be scen erect
upon a level surface, before a draughtsman who stands with his

A

D

face towards A, and stooping over the reflector a’ n”, sees the
image of A in it.

In some forms of the instrument, the reflections arc made by
a prism, on the principle explained in ¢ Optical Images,” (24.)
Thus if one reflection only be used, a rectangular prism is applied,
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as shown in fig. 3, the ray A B from the object cutering the face
of the prism perpendicularly, and being retiected at B to the eye
at c.

If two reflections be used, a quadrangular prism, having two

Fug. 0. Fig. 4.

angles of 674°, one right angle, and one of 133°, is applied, as
shown in fig. 4. The course of the ray from the object to the
eye being A 3 ¢ D,

In the preceding cases, we have supposed the observer to sce
the object by reflection, and the paper and pencil direetly ; but
it is evident that the conditions may as casily be reversed, so that
the object may be seen directly, and the paper and the peneil by
reflection.  Thus we may suppose the plante mirror M ¥/ in fig. 1,
to be silvered in the upper instead of the lower surface, and the
observer looking from ® horizontally to sce the object dircctly
through the unsilvered part, while he sees the paper and peneil
by the retlection from the silvered part.

This method is in many cases found more convenient than that
first deseribed.

7. In some forms of the instrument, the observer looks at the
objeet through a small hole madein a plane reflector, placed at an
angle of 45° in the direction of the paper; the diameter of the
hole being less than that of the pupil. In this case, while the
objeet is scen directly through the lole, the paper and peneil
are seen by refleetion from the surface of the refleetor surrounding
the hole; this is the form of the camcra-lucida applicd to the
mieroscope hy Professor Amiei.

8. Whatever be the form of the camera, the visual magnitude
of the image projected on the paper as seen by the eye applied
to the instrument, is the same as the visual magnitude of the
objeet seen dircetly, and this will be the case at whatever distance
from the camera the paper may be placed. It follows from this,
that the actual magnitude of the picture projected on the paper
will be greater or less according to the distance of the paper from
the camera, and that consequently the obscrver, by regulating the
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distance of the paper, can obtain a picturc of the objeet on any
scale he may desire.
To render this more apparent, let ¢, fig. 5, be the place of the

Fig. 5.
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camera, and A & the object, whose visual angle will therefore be
A ¢ 8. 1f the paper be placed at » p, the lines ¢ @ and ¢ b, drawn
to the extremities of the image upon it, will make the angle a ¢ &
equal to A ¢ B, so that the visual angle of the image a b, will be
equal to that of the objeet A 1.

If the paper be now removed to r 7, the visual lines ¢ a, ¢ b,
continued to it at a’ ¥, will still be those which mark the extre-
mities of the image, whose visual magnitude will therefore be
measured by the same angle. But the space which the image
covers on the paper at ¥’ 1, or what is the same, the actual length
of the optical picture on the paper, will be greater than at r », in
the proportion of ¢’ ¥ to a b, or what is the same, to the dis-
tance of ' » to that of » P from c.

In the same manner it will appear, that if the paper be succes-
sively moved to greater distances, such as " »”, and »” »”, the
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picture will be magnified in its lincar dimensions, in the exact
proportion in which its distance from the camera is increased.

9. One of the most recent and beautiful applieations of the
camera-lucida, is its adaptation to the compound microscope, by
mcans of which, details and lincaments of objects, so minute as
to escape ordinary vision, are depicted with a precision and
fidelity only surpassed by the results of photography.

The instrument is fixed upon the eye-pieee of the microseope,
in such a manuer, that while the obscrver looks direetly through
the eye-glass at the object, he sees the paper and peneil by
reflection, the latter being placed upon the table before him. Sup-
posing the axis of the microscope to be horizontal, the paper and
pencil will be refleeted from o plane mirror placed at an angle
of 45 with the vertieal, the refleeting side being turned down-
wards,

The instrument may be so arranged, that the paper may be seen
directly, and the object by reflection.  In this case, the mirror is
also placed at 45> with the vertical, but the reflecting side is
presented upwards. The rays, proceeding through the eye-glass
from the object, are reflected upwards and reeeived by the
cye of the observer, which, looking downwards, views the paper
directly.

In figs. 6and 7, is shown the arrangement by which the observero,
views the object directly through a small hole in the oblique
reflector, which is fixed upon the eye-piece, while he sees the paper
and pencil by two reflections, the first from the back of the prism »,
and the sccond from the oblique reflector > m.  The effect is to
project the image of the object seen in the microscope v, upon the
image of the paper scen in the reflector M we.

Fiz. 0. Fig. 7.

The prism r is interposed in this case to render the image of the
hand and peneil ercet ; a front view of the prism and eye-piece is
shown in fig. 6, and a side view in fig. 7.

In fig. 8, an arrangement is shown by which the object is seen
by reflection, and the paper directly.
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In this case the raysissuing from the cye-piece of the microscope
are reflected twice successively from the two sides of the prism,
which are inclined to each other at an angle of 135°, as explained
in (6).

According to what has been explained in (8), the observer
can vary the magnitude of the picture on the paper by varying
the distance of the paper from the prism, without varying the
magnifying power of the microscope; and in this way he can
make a tracing of the object on any desired scale.
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THE MAGIC LANTERN.

1. Optical principle of the instrument.—2. Its most common form,—
3. Magnifying power.—4. Precautions to be taken in the use of the
instrument.—5. Pictures on the sliders.—6. Opaque sereen, —7.
Transparent screen.—S8. Phantasmagoria—method ot producing it.
—9, Exhibition with twolanterns.—10. Curious vptieal effects.—11.
Dissolving views.—12, Application of the lantern 4o the purposes
of instruction—in history and chronology.—13. In geolouy.—14. In
astronomy.—15. Use of solar system.—16. Great utility of the lantern
for this purpose.—17. Views of the stars.—18. Nebulw and clusters.
—19. Practical example of the utility of this instruetion,— 20,
Oxyhydrogen lanteru.— 21. Applieation of eleetrie light to the lantern.,

1. Tue magic lantern is an optical instrument adapted for
exhibiting picturcs, painted on glass in transparent colours, on a
large scale by means of magnifying lenscs.

It has been shown (see ¢ Optical Images”) that when a picture, or
other object, is placed in front of a convex lens, at a distance from
it somewhat greater than its focal length, such picture or object
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THE MAGIC LANTERN.

will be reproduced upon a screen, placed at a certain distance
behind the lens, that distance being greater the nearer the picture
in front of the lens is to its principal focus. This is the prineiple
upon which the magic lantern is constructed.

2. It varies in form and arrangement, according to its price and
the circumstanecs under which it is used, but in general consists
of a dark lantern fig. 1, within which a strong lamp & is placed,

Fig. 1.

having a bent chimney at the top, to allow the smoke and heated
air to eseape, while the light is intercepted.  In front of the lamp,
and on a level with its flame, a tube is inserted, in which a large
convex lens A is fixed, by means of which the light of the lamp is
condensed upon the picture placed opposite the lens a, by sliding
it through a groove, ¢ p. From this mode of fixing the picture,
the latter has generally been called a ¢“slider.”  In the tube
thus projecting from the lantern, another tube is fitted sliding in
it, as one tube of an opera-glass slides in the other. At the ¢nd
of this sccond tube a convex lens 1 is set, and the tube is so
adjusted, that the distunce of B from the picture shall be a little
greater than the foedl length of the lens 5. A large sereen ¥,
made of white canvas, which is much improved by covering it
with paper, is then placed at a distance from B, and at right
angles to the axis of the lens, By properly adjusting the tube ,
and the distance of the sereen v, the picture upon the slider in ¢ v
will be reproduced at E upon the sereen, on an enlarged scale.

1t must be observed, however, that as the picture will be
inverted, with relation to the object, it will be necessary to turn
the slider in ¢ v upside down, in order to have the picture on the
sercen in its proper position.

To increase the illumination of the slider, a eoncave refiector
M N is usually placed behind the lamp, by which the light pro-
jeeted upon the lens A is inercased. A Detter eftect, however,
may be produced by simply bending a sheet of white paper or
paste board round the inside surface of the lantern.
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3. With the same lantern, and the same slider, a picture of any
desired magnitude can be produced. To increase the picture, it is
only necessary to push in the lens B, so a~ to bring it closer to the
slider, and to remove the serecn ¥ to a greater distance. But it
must be remembered, that every attempt to enlarge the picture
will not only be attended with greater indistinctness, owing to
spherical aberration, and more appearance of colours at the
edges of the figures, owing to chromatic aberration, but also the
brightness of the pieture will be greatly diminished, since it is
evident that the greater the surface over which the light by
which the slider is illuminated is diffused, the more faint, in the
samie proportion, will the picture on such surface be; and, since
the magnitude of such surface increases in the same proportion
as the square of its lincar dimensions, it follows that when the
picture has double the height or width, it will be four times less
bright. (See Tract on ¢ Optical Images.”)

4. The body of the lantcrn should be large, so that it may not
become inconveniently heated. The best oil should be burnt in
the lamp, so as to diminish the smoke and disagrecable odour.
The glass chimney of the lamp should be made as high as possible,
and the wick should be of large calibre.

5. The pictures on the sliders should be as large as possible, in
order to ensure suflicient illumination on the sercen. With a
given magnitude of picture on the sereen, and a given force of
Jamp, the illumination will be proportional to the magnitude of
the slider. If a small slider be used to produce a picture on the
screen of a given magnitude, the confusion arising from both
kinds of aberration will be greater than it a larger one were
used.

6. There are two ways of exhibiting the pictures on a sercen:
in one, the lantern is placed in front of the sercen, with the
spectators 3 in that ease the picture is scen by the light refleeted
frlom the sereen, after having been projected upon it by the
lantern.

Carc should therefore be taken that no light shall penetrate
through the screen, since all such light would be lost, and the
picture on the screen would be proportionally more faint. A
sereen composed of muslin, or any other textile fabrie, would in
such case be defective, inasmuch as more or less of the light would
penctrate it. The best sort of screen is one made of strong white
paper, pasted on canvas, and stretched on a frame, as eanvas is
in a picture.

%. When ‘the magic lantern is used for purposes of amuse-
ment, rather than those of instruction, it is generally found
desirable to use a semi-transparent screen, the lantern being
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mounted on one side of the sereen, and the spectators placed on the
other, as shown in fig. 2 (p. 193). In this case, the sereen should
be made of white muslin or fine calico stretched upon a frame, its
transparency being incrcased by wetting it well with water. In
some cases the muslin is prepared with wax or oil, which may be
convenient to save the trouble of wetting it, but which in other
respeets docs not answer the purpose better.

8. When the pictures are produced through a transparent
screen, the exhibitor being concealed from the spectators, may
make them vary in magnitude: first gradually increasing, and
then gradually diminishing., ‘This is aceomplished by moving the
luntern gradually and alternately from and towards the screen,
varying the focus during the motion, so as to render the picture
upon the sereen always distinet.

Let us suppose for example, that the nozzle of the lantern is
first placed in actual contact with the sereen.  The picture on the
sereen will then be exceedingly small, and the speetators, to whom
the sereen is invisible, will imagine the object to be at a great
distance, ILet the exhibitor then move back the lantern slowly
from the sereen, keeping the focus constantly adjusted, the
picture on the sereen will then be gradually enlarged, and the
impression produced on the spectators will be that its increased
magnitude is produced by the gradual approach of the object
towards them ; and so complete is this delusion, that the rapid
inerease of magnitude of the picture actually startles even persons
who are most. familiar with the optical ecauses which produce the
effect. It sometimes appears as if the objeet would approach so
as to come in actual collision with the spectator.

‘When the objeet scems thus to be brought near the spectator,
it is made to retire gradually by moving the lantern towards the
screen, the eftect being produced by the gradual diminution of
the image upon the sereen, and this is continued until the nozzle
of the lantern coming again in contact with the screen, the object
scems again to be lost in the distance, its magnitude being
reduced to a mere point. The exhibitor seizes this moment to
change the picture, displacing one slider by the introduetion of
another, a manceuvre which, when adroitly performed, will escape
the notice of the spectators. The new picture is then exhibited in
the same way.

Efteets of this kind have been denominated ¢ phantasmagoria,”
from the Greck wourds gavraswa (phantasma), @ spectre, and
ayopaoua: (agornomai), 7 meet.

9. Interesting and amusing effects are produced by placing two
lanterns of equal power, so as to throw pictures of precisely equal
magnitude ou the same part of the same screen. A sliding cover

U
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is placed in front of the nozzle of cach of the lanterns, and these
are moved simultancously in such a manner, that when the nozzle
of onc lantern is completely opened, that of the other is completely
closed, so that, according as the former is gradually closed, the
latter is gradually opencd.

10. To illustrate this class of effects, which always ereate an
agreeable surprise, let us suppose that two sliders are placed in the
lanterns, one representing a landseape by day, and the other
representing precisely the same landscape by night, and let the
nozzle of that which contains the day landscape be opened, the
other being closed : the picture on the sereen will then represent
theday landscape. If the covers of the nozzles be now slowly
moved, so that that of the lantern which shows the day landseape
shall be gradually elosed, and that of the other shall be gradually
opened, the effect on the sereen will be that the day-light will
gradually decline, the view assuming, by slow degrees, the appear-
unce of approaching night. This gradual ehange will go on, until
the nozzle of the lantern containing the day picture has been
completely closed, and that containing the night picture com-
pletely opened, when the change from day to night will be
accomplished, the picture on the sercen being then a night
landscape.

An infinite variety of amusing effects of other kinds are
contrived by accessories combined with such pictures.  Thus,
for example, a view, exhibiting a landscape in bright sunshine,
beeomes gradually clouded and obscure, and snow begins visibly
to fall; the darkness inercases, night comes on, the moon rises,
illuminating the landscape, which now appears covered with
snow. The wheel of a mill, which was moved by a strcam,
which seemed flowing in the sunshine, is now at rest, lvaded with
snow and icicles ; the stream no longer flows, but is trozen,

All these eficets are produced by two or more lanterns, the
mill-wheel is a little metal-wheel attached to that part of the
slider on which the mill is delincated, and kept in motion by
wheel-work impelled by the hand of the exhibitor. The fall of
snow is produced by a sheet of blackened paper, picrced with a
multitude of little holes, and moved before the lamp by means of
rollers at the top and bottom; the light passing through the
holes forms white spots, which arc projected on the screen, and
which appear to fall like snow-flakes. The clouds pass over the
sun or moon, or move from them so as to eover or unveil them,
by the motion of a second slider behind the first.

Another class of appearances is produced by ome of the
exhibitors managing with address a small supplemental lantern.
Thus, for example, the picture of a castle, with porteullis and
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drawbridge, is exhibited ; the porteullis rises, and a knight in
armour issues from it on horseback, and crosses the drawbridge.

The opening of the porteullis is in this case produced by a
moveable plate attached to the slider representing the castle, and
the figure of the knight is produced by means of a second lantern,
so skilfully managed as to throw the image of the knight upon the
screen, and to move it, so as to make it appcar to cross the
drawbridge.

11. The optieal cffect produced by two lanterns working
together, called dissolving-views, with which the public has been
rendered familiar, at several of the publie institutions in London,
depends on the alternate opening and elosing of the nozzles of two
lanterns, in the manner alrcady described, the mistiness and
confusion which is exhibited in the gradual disappearance of the
one view, and the gradual appearance of the other, arises from
the circumstance of the nozzles of both lanterns being partially
open at the same moment, so that both views, fuintly illuminated,
are projected upon the sereen at the same time.  The mixture of
their outline and colours produces the mistiness and confusion,
with which all speetators of such exhibitions are familiar.
According as the nozzle of the lantern which contains the disap-
pearing view, is more and more closed, and that which contains
the appearing view more and more open, the latter becomes more
and more distinet, and becomes perfeetly so, when the one
lantern is completely closed, and the other is completely opened.

12, These, and innumerable other optieal effvets, are limited in
their objeet to the mere purpose of amusement.  Without reject-
ing such lighter use of the lantern, its possessors should net,
howcvcr, for'wt that it is eapuble of infinitely more important
uses. It may he made extremely useful in impressing upon the
minds of young persons the most important events and cpochs in
history and chronology, by the exhibition of series of portraits
and scenes accompanicd by observations and comments upon
them procceding from an intelligent instruetor. Its wuse in
conveying general notions of natural history is well known.
Paintings of the various classes of animals and plants are executed
sufficiently well for the purposes of such instruction, and sold by
the opticians at a very moderate price.  The use of the lantern
in this department might be considerably extended, if similar
paintings of inseets and animaleules, on a magnificd seale, could be
obtained ; these being still more enlarged by the lantern, many
of the effects of the solar microscope nnf'ht be c‘dnblted and
much instruction imparted.

13. In the same manner, the first notions of geology might
be conveyed by sections of the strata properly painted on the
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sliders. It is obvious also that the fossil animals could be very
advantageously presented in this way.

14. But of all the departments of instruetion for young persons,
that to which the magic lantern lends itsclf most happily is
astronomy : and here the artists have already prepared admirable
scts of sliders, which can be obtained at moderate prices, and
convey, in a most pleasing manner, most important instruetion.
Thus, the annual and diurnal motion of the carth, with the
vicissitudes of day and night, and the succession of the scasons,
are executed by means of a slider provided with mechanical
expedicents for producing the several effeets. In the same
manner, sliders are adapted to show the effects of the sun and
moon in producing the tides of the ovean; the motions of the
planets round the sun; solar and lunar celipses; the motions of
comets, with the development of their tails, and in a word all the
principal motions of the bodies composing the solar system,

15. A class of astronomical objeets, which would supply highly
interesting and  instructive subjeets of optieal c¢xhibition with
the lantern, would be telescopic views of the sun, moon, and
planets. The spots on the sun well delineated, as they might be,
the remarkable lincaments of the moon, showing so conspicuously
the inequalities of its surface, the peculiar appearances exhibited
by the dise of Mars, on which the polar snow is visible, and the
outlines of land and water faintly apparent, the atmospheres of
Jupiter and Saturn, stratificd by their atmospheric currents, so
as to produce belts, the triple ring of Saturn, the motions of the
satellites of Jupiter and Saturn, showing their eclipses, arc
severally phenomena which might casily be exhibited with the
lantern. Some of these have been already attempted by the
opticians, but in a2 manner that had better have been left ulone.
The telescopic views of the planets given upon the common
sliders arc worse than worthless, since they produce most
erroneous notions. The view of the moon usually given is less
objectionable ; nevertheless, nothing would be more easy than to
get proper sliders painted from good originals, which are casily
obtained. Excellent telescopic views of Mars, Jupiter, and
Saturn have been reproduced in my work on astronomy from the
original drawings of Miidler, Herschel, and other authoritivs. 1
have given them on a scale such that they could be transferred to
sliders without difficulty; Saturn with his rings 1 have also
given from the original drawings of the most recent observers.

Yarious views might be given of different parts of the moon’s
surface, and of the solar spots; these I have also given on
a proper scale from the originals of Pastorff, Madler, Herschel,
and others. Comets, with their extraordinary changes of form
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and appearance, would also form an interesting series of astro-
nomical objects.

16. Those who have not practically tried the effects of such a
mode of instruction can with difficulty imagine the extent and
variety of information that may be imparted by it, the facility
with which it is acquired, and the tenacity with which it is
retained. For the acquisition and retention of knowledge there is
no organ like the eye. The most able and clear-headed instructor,
using his best exertions by oral instruction, will never impart so
clear a notion of the motions of the heavenly bodies, or their
telescopic appearance, as that which may be obtained by the
ocular, even though silent lessons of the magic lantern. But if
the exhibition produced by that instrument be accompanied by
proper oral comment and cxposition, there arc no means of
instruction with which I am acquainted, suitable to young
persons, that can approach to it.

17. Passing beyond the solar system, the starry firmament
supplies an endless series of objcets for optical exhibition with
the lantern.  The pupil ean with the greatest facility be rendered
familiar with the constellations, and the teacher may make for
himself the sliders. ILet him provide three or four pins of
different thicknesses, and let him mark upon thick paper or paste-
board the arrangement of the stars in each principal constella-
tion, which he can casily do by the aid of any celestial maps, and
for this purpose I would rccommend Professor de Morgan’s
¢ Guide to the Stars.”  Ilaving thus marked out the constella-
tions, let him picree, with the thickest of the pins, holes cor-
responding- with the places of the stars of the first magnitude.
In the same manner, holes for stars of the sccond magnitude
will be picreed by the next sized pin, and so on. The paper thus
piereed being pasted on slips of glass, may be used as sliders.

18. Tt is scarcely necessary to add, that telescopic views of the
nebulie and stellar clusters may be produced and applied in the
same manner.

19. In rccommending thus emphatically the magic lantern as
an instrument of instruction for the young, I speak from prac-
tical knowledge of its effects, having applied it in the. case of
my own children, and obtained all the results which I have here
indicated.

20. For family and school purposes, a good lamp is the most
convenient means of illuminating the sliders ; but where exhibi-
tions are produced before larger and adult audiences, other and
more cffectual means of illumination are resorted to. For several
years, the lanterns by which dissolving-views, and other effects,
have heen produced at the public exhibitions in London, have
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been illuminated by the oxy-hydrogen light. The manner in
which this illumination is produced will be explained more fully
in another part of the Musevy. Meanwhile, we may briefly
state here, that the light proceeds from a ball or eylinder ot lime,
which is rendcred incandescent, or white-hot, by the flame of o
blow-pipe, from which a mixture of oxygen and hydrogen gases,
in the proportion in which these gases produce water, issues.

It might be imagined that the light produced by a picec of
solid matter like lime, however intensely heated, could never be
brilliant enough to produce a strong illumination ; nevertheless,
the light radiated from the lime in this case was the most intensc
artificial light which had ever been produced until the invention
of another, which we shall presently notiee.

In the oxy-hydrogen lanterns, the eylinder of lime is mounted,
0 as to occupy the place of the flame of the lamp in the axis of
the lenses. The flame of the blow-pipe is projected upon that
side of it which is presented towards the lenses, and since the
lime, though it does not undergo combustion, is gradually wasted
by the action of the fame, it is kept in slow revolution by clock-
work, connected with the axis upon which it is supported, so as
to present to the flame successively different parts of its surface.

21. This method of illumination, though still continued, is
greatly surpassed in splendour by that of the clectric light, which
has recently been applied to the magie lantern by Mr. Dubosc,
the successor of Mr. Soleil, the eelebrated Paris optician.

The eclectric light, which will be more fully deseribed in
another part of this serics, is produced by bringing two pieces of
charcoal, previously put in connection with the poles of a Voltaic
battery, nearly into contact; the Voltaic current will then pass from
one to the other, the ends of the charcoal thus nearly in contact
becoming incandescent, and emitting the most brilhiant artificial
light which has ever yet been produced.

The method of mounting this illuminating apparatus in the
lantern is shown in fig. 3.

The wires H K, being connected with the poles of the battery,
are attached to two pieces of metal, the negative wire 1 com-
municating with the upper peneil of charcoal ¢, and the positive
wire K with the lower charcoal pencil @. The points of the
pencils being nearly in contact, the light will be produced in the
manner just explained.

Although the charcoal does not, properly speaking, undergo
much combustion, it is gradually wasted, and when the points
would thus become separated, the current would be suspended,
and, therefore, the light would cease. To prevent this, and to
maintain the illumination, an apparatus consisting of clock-
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work is provided in the case », by which the charcoal pencil « is
kept nearly in contact with the pencil e. The clock-work is so
constructed that its motion is governed by the current.

T
onrer el

AT

—_—
s

Mr. Dubose has eontrived the means by which a single eleetric
light will serve to illuminate at the same time two lanterns,
placed side by side for exhibition. This is accomplished by
placing the light between two reflectors, so inclined that each
reflects it in the dircetion of the axis of one of the lanterns.



THE CAMERA OBSCURA'

— - -

1.—Principle of the instrument.-—2. Its inventor.-—3. Method of mount-
ing it.—4. Application of the prism to it.—35. Mounting a camera
with prism. —¢, Portable camera.—7. Form of camera adapted to
photography.

1. Turs is an instrument of extensive utility in the arts of
design; by it the process of drawing is reduced to that of mere
tracing, and its use has of late been greatly extended by its appli-
cation in the art of photography.

We have already cxplained, in our Tract upon ¢ Optical
Images,” that if a convex lens, or any equivalentoptical combina-
tion, be presented to a distant object, such as u landscape, an
inverted image of that object, with its proper outline and colours,
will be produced at the principal focus of the lens. Let us sup-
pose, for example, that the window-shutters of a chamber being
closed, so as to exclude the light, a hole be made in them, in
which a convex lens is inserted : let a screen made of white paper
be then placed at a distance from the lens, equal to its focal

* Two Latin words, signifying *a dark chamber.”
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length, and at right angles to its axis; a small picture will be
seen upon the scrcen, representing the view facing the window
to which the axis of the lens is directed ; this picture will be
delineated in its proper colours, and all moving objects, such as
carriages or pedestrians, the smoke from the chimneys, and the
clouds upon the sky, will be scen moving upon it with their proper
motions. The picturc, however, will be inverted, both vertically
and laterally, the sky being below and the ground above ; trees
and buildings will have their tops downwards, vehieles will move
with their wheels, and pedestrians with their feet, upwards,
objeets on the right of the landseape will be on the left of the
picture, and eice versd, and all motions will be reversed in direc-
tion ; objects moving to the left appearing to move to the right,
and those which fall, appearing to risc.

2. This remarkable optical phenomenon was discovered in about
the middle of the sixtcenth century, by Baptista-Porta, a Nea-
politan philosopher, and it was not long before it assumed a
variety of forms, more or less useful ; the name Camera- Obscura
was given to it from the circumstunces explained above.

3. A great variety of forms have been given to this instrument,
varying according to the eircumstances under which it is applied.
One of the most simple of these is shown in fig. 1.

The lens, 1, is inserted in an opening in the top of a rectangular
box, the height of which is made to correspond nearly with its
focal length ; the bottom of the box
is placed at a convenient height, to
serve the purpose of a desk or table
for the draughtsman; a sheet of
drawing paper being.placed upon it,
will receive the optical picture of such
distant objects as may be found in
the direction of the axis of the lens.
The lens is set in a tube, which
slides in the opening made in the
box, so that by moving it more or
less upwards or downwards, the in-
strument may be brought into focus,
and a distinet picture produced upon
the paper. An opening is made in
the box, at that side of it towards
which the bottom of the picture is
turncd ; the draughtsman introducing through this opening the
upper part of his person, lets fall over him a curtain, suspended
from the upper edge of the opening, so as to exclude all
light from the box, save that which proceeds from the lens at the
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top.  Thus placed, the draughtsman can trace the outlines of the
picture.

But in the ease here supposed, the anis of the lens being ver-
tical, the preture would be that of the firmament.  To obtuin a
picture of any part of the surrounding landseape, a plane mirror,
A 1, is fixed upon a hinge at 6, and is regulated in its position by
a handle which descends into the box, so that the draughtsman
can give it any desired inelination.  The ettect of this mirror is
indicated in the figure by the rays, which, talling upon it, are
refleeted downwards to the lens. 1t will be evident, from what
has been already explained in our Tract upon ¢¢ Optical Images,”
that when this reflector is properly adjusted, a picture of the
landseape before it will be reflected towards the lens 1 1, and by
it projected upon the desk of the draughtsman.

4. The oblique mirror v B, and the lens 1, are sometimes
replaced with advantage by a prism, such as that represented in
fig. 2. The face, @ ¢, of this prism, at which the rays coming from
the landscape enter, being convex, these rays are aftected exactly
as they would be if they entered the convex
surface, of a lens ; when they fall upon the plane
surface, @ b, of the prism, they will be re- = -
flected from it, according to what has been —
explained in ¢ Optical Images” (24); thus ==~ -
retlected, they will fall upon the other side,
¢ b, of the prism ; this side is ground concave, P
but its concavity being less than the convexity H
of the side a ¢, the effect of the two sides i
upon the rays will be the same as that of u meniscus lens, one
side of which has the convexity « ¢, and the other the concavity
be. 1In such a lens the convexity prevailing over the concavity,
the effect will be that of a convex lens.

The curvatures of the two sides of the prism are so regulated
that its focal length shall correspond with the height of the box.

5. One of the methods ¢t mounting a camera constructed with
such a prism, is shown in fig. 3. The prism is mounted in a case,
upon a horizontal axis, and its inclination is regulated by milled
heads, like the heads of screws, on the outside ; the case on which
it is mounted has an opening through which the rays proceeding
from the landscape are admitted ; and it can be turned round its
vertical axis, so that the opening can be presented in any diree-
tion to the surrounding landscape. The apparatus is supported by
a triangle, and the draughtsman is surrounded by a curtain,
forming a tent, from which the light is sufficiently excluded. The
height of the tent, relatively to the table, is of course regulated
according to the focal length of the prism.

Fig 2.
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6. Another variety of mounting for cameras is shown in fig. 4
{p. 203). This, which is one of the most portable forms of the
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instrument, consists of a rectangular case, composed of two parts,

one of which slides within the other like a drawer; in one end is

placed the lens 1, in the other a plain mirror v, inclined at an angle
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of 45° to the top of the box. Over this mirror is a lid 4, movable on
hinges, under which in the opening is set a square plate of ground
glass; the lid A is provided with arrangements by which it can
be fixed at any desired inclination to the plate of ground glass,
s0 as to shade the latter from the light: sides are sometimes
provided to exclude the lateral light; which may also be accom-
plished by throwing a dark-coloured cloth over the box.

The rays which produce the picture, entering through the lens
B, fall upon the mirror ¥, by which they are refleeted upwards,
to the plate of ground glass N, on which they produce the picture.
The instrument is brought into focus by drawing out the end o of
the box, until the picture appears with sufficient distinetness on
the glass N.

A leaf of tracing paper, being laid upon the glass, the pictare
is seen through it, so that it can be traced with fueility and
preeision,

7. The form of camera usually employed for photography is
represented in fig. 6; it is more simple in its construetion than
those already deseribed, ncither the prism nor the oblique mirror
being used. The convex lens, or its optical cquivalent, is set in
a tube at one end of a square box, in which another square box
slides like @ drawer; in the end of this last, a plate of ground
glass is let in, by means of grooves, so that it can be inscrted and
removed at pleasurc ; the instrument is brought into fucus, ¢ither
by sliding the one box within the other, or by « rack and pinion
in the groove. When the picture is distinetly delineated upon
the ground glass, the latter is drawn out, and a casc containing
the daguerrcotype-plate or photographie-paper is inserted in ats
place. The paper or plate being, in the first instance, sercened
from the reception of the picture by a plate of mectal or hoar! let
into a groove in front of it. When all is prepared for the opera-
tion, this sereen is suddenly raised by the operator, and the
picture allowed to fall upon the prepared paper or plate, and
being allowed to continue there a eertain number of sceonds, more
or less according to the brightness of the light, the sereen is aguin
suddenly let down, and the case containing the paper or plate is
withdrawn from the groove, aud the paper or plate is submitted to
certain chemical processes by which the picture is brought out
and rendered permancnt.

The cameras which are adapted to photography require to be
constructed with greater attention to optical precision than those
which are used for other purposesin the arts. The focal length
of the lenscs being much shorter, optical expedients must be
adopted for the removal of spherical aberration, which are not
necessary in other applications of the instrument, The nature of
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photography also renders it necessary that the lenses should be
achromatie or nearly so. These conditions, as well as the chemical
processes by which the dagucerreotype-plate or photographic-paper

Fig. o

i

13 prepared before receiving the picture, and treated after its
reception, will be more fully explained in another Tract of this
series, which will be expressly devoted to Photography.
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