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PARTL
THE THLESCOPE
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e eye, and

within eighty

otly wisible
.mndn‘«f yerdsitand worlds, which were
agesieontealsd in the remotest depths
or which shine on
heavens, are made

sppeRTanee, maghiy
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cperiments,
d 1 awakened
incident we may probably
pression of Huygens, an astr
teenth eentury, who describe

a “ casual invention,”

For some time the contrivance of the Middle~
optician remaine i wved, and wag

applied to no' valuable pu At length,

ubout the year 1609, two workmen of the same
b,

new form,
honour of i own,  These
s¢ names were Zachuriah Jans, or
, and Hans Lapprey, or Lippersheim, are
&aid to have been spectacle makers, One of
them placed the glassés in o tube, the inside of.
which he blackened, to preve
would be oocasioned by the
from a bright surf:
duce indistinctness of vision.
the glasses in tube sliding one within ar

fo make the instrument portable by dim

ing its length. . When Jansen had pleted
his telescope, he presented it to prince Maurice
of Nussau.  The United Provinces were then at

war with France, and the Prince, perceiving the
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riments were Teported of this wonderful effeot
which some. believed, and others denied ; but,
having had it confir 1 to e a few days after,

by a letter from Paris, I applied 1 If to con=

sider the reason of it, and by what means I

might contrive a like instru , which T -

tained to soon after by the doctrive of refrac-

tions. And, first, T prepured a leaden tube, in

whose extremities T fitted two spe

both of themn plain on one side, and or

side, one of them spher )

other concave. Then, applyi

concave, I saw oljects appear pretty large, and

pretty near me; they appeared three

nedrer, and nine times lg 1

the naked eye. And soon after I made another,
represent objects above sixty times

and at last,) hav spared neithes

labour nor expense, £ an instrument so

excellent as to §

times L and about thirty times nearer,

than to the nuked eye.

When Galileo had
he directed it first to the moon, the nesrest
the heavenly bodies, and saw it, as he says, at

a distance within two diameters of the earth.
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He perceived on its surface two kinds of spots,
one very clear, and the other dusky, resembling
clouds. He also remarked, that the boundary
between Jark enlightened parts was
neither t : nor & regular curve,
but that it was jagged and uneven, mdicating
the existence of mountains and leys.  On
examining the sun, he discerned several large
d 1d ascerts m their motion
d round its axis in

Jupiter presented to

him new wonders. He perceived three small
sturs close to the line in which it was moving,

By subsequent observation, he saw that they

frequently changed their position, and sometime

disappeare After watching them for a long

time, he found that they were small planets,
fevolving round the larger one, as the moon
revolves round the earth. He afterwards
covered a fourth sate Looking through his
Saturn, he was astonished to find it had
ppearance of a planet of large dimensi
between two smaller

y seemed almost
to touch each other, and to | heir centres
in & straight line This observation was miade
in 1610. Galileo was still

in 1612, to find that the t

more astonished

smaller planets
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peared. About ten months afterwards
They soon assumed
and were sometimes round, and
ong ; at other times semicircular, and
then lunar, with horns pointing inwards, and
g by degrees so long, and so wide,
nearly to encompass the one in the middle
some the three appeared to be conjoined, and to
others to be disunited. Considering the imper-
fection of the first telescopes, it is, per
ising that more than f
ry explanation
given of these phenomena.  In 1659,
published his discovery, that Satu
rounded by an immense ring, the

parts of which had been erroncous

ler planets. Tn his des

ance, under wk
seen 4 xt object which er
the atte: © observed this plunet
Ar 1ts superior conjunction. At first it
looked nearly globular; shortly aft
¢ was gibbous, or deficient in roundness ;
it quickly became lunated, or a half

* “ Systema Saturnive”
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moon, and then it dwindled int
crescent, like the moon when three or fi
old. From these observations he conc

rst, that the planets are opaque bodies

the earth and moon, deriving all their lights

from the sun ; and, secondly, that Venus moves
round the san, and not, as nerally ima-
gined, round the earth, He ther mined the
fixed stars, and beheld many, i to the
naked eye, nearly as large as those of the first
and second magnitude. Within the ra

the Pleiades, he counted no less than thir

stars, and almost as many in the co;

Orion, which are not visible

sight. Pramsepe, which looks but a dir

in the sky, he perceived to be a cluster
stars, and the Galaxy, or Milky Way,
innumerable multitude, powdering * the |

with 1 The doubts of former phil

respecting this remarkable tract were
solved, and many of their speculations

i it were shown to scarcely less

than the fiubles of the mytho

hat milky way,

a8 8 circling zone, thou seest

Milton v nterta
of his plulos: to which be makes som

A Bs ** Paradise Loat.




THE TELESCOPE.

Intelligence of the discoveries of Galileo
8 read thronghout Italy and othen
ntries. His book, already men=

entitled “Siderens Nuncius,” produced

an extraordinar learned.

W

His statements
of ‘Aristotle, and that was a sufficient reason
with many for their rejection.  Some endes~
voured to reason against his facts, but others
satisfied themselves asser t such
things were not, and could not possibly be.
The principal professor of philosophy at Padua,
lest he should be cor ed of their reality,
refused to look through the glass of Galileo,
Martin Horkey, another of his opponents, is
reported to have said to Kepler,* “1 will never
concede his four new planets to that Italian
from Padua, the I should die for it ;" and
wok which he published he solemnly

hat he did not more ly know that

ul in his body, tl that reflected

atire cause of Galileo's errors

Sizzi, a Florentine astronomer, reasoned in this
way : “There are seven windows given to
* Anable mathematician and astronomer. He was born ut

in the duchy of Wirtemberg, in 1571, and died in 1630,
Between him and Galileo the warmest friendship subsist
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animals in the domiei

which the air

tabernacle of the 1

nourish it; two n

and a mouth ; 50 in

world, there are two favoural 18, two un-
propitious, two luminar 7 alone
undeci nd

many oth: me ire, such

as the sev

of the plar

the satelli

therefor

and therefore w : useless, and therefore

not exist.” agreeable contrast to this sense-

presented in the conduct of the

Venice, wh t for their

I nstro-
Hauving complied with
their invitation, one fine ni '
cloudy, he ereoted his tel
the tower of St. Mark
brightly on t eridian, the moon
playing ilver he wards the
the form of
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gathered round the astronomer. Jupiter, with
the fourth being eclipsed by
of the planet; Venus, at its furthest

ance from the sun, not a co

1 sphere, but o

crescent of the moon, with its internal moun-
looking  border, sed io ion
r their review. The senators acknowledged
ith of Galileo’s discoveries, and alternately
poured upon him their compliments, and pressed
him with their inquiries, ~When he had
d all their questions, he d vered a long
ure to his distinguished auditors on the true
system of the universe. He showed that the

Ptolemy could not be recon-

ciled with the motions of the heavenly bodies,

and that the changes of day and night, the
revolutions of the seasons, the precession of the
equinoxes, and other phenomena, could only be
explained on the theary of Copernicus. That
night was fatal to the system of the ancient
schools. T

carried conviction to

tian nobles acknowled 2 perfect 4

of all they had seen with the C
system.*  From this time it

* Copernicus was born towands the close of the Sficenth
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ceredit throughout Europe, and the improve-
ment of the telescope became important to
all who appreciated these early fruits of its

invention,

TioN 1L — Preliminary initions, and
optical pringiples to be recogr in the con-
struction of the tele

It is not essary to enter into what is
abstruse in optical science, in order to under-
stand the general principles on which a telesc
is constructed. But there are certain facts
respecting light, and its refractions, reflections,
and their effects, of whi
may be useful.

Light is an ethereal matter, distributed
throughout the universe, and render
ceptible to the eye scenes and obje

the nearest and the most remote. It is essential

and happiness, Without i eation
I

s and nn: a per-

century, at Thors, in I' ystem he made the syn
vvoive at diffevent dis-
ocity. Above the

yu
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imates wh re -

me associated in our minds with order,

dness. It is so glorious, that it

said to be the * garment” (Psa. civ. 2) of

the Almig is 30 pure, that it is an

emblem by which He himself is represented,

(1 Jobn i. 5.) It is so transforming, that
bt is the ten name of that new

Spirit

to accomplish in the beart of man, (Ephes.

v. 8)

the properties of light form the foundation
structure of the telescope, some of these
be briefly stated. 1. Light emanates or
radiates from luminous bodies, when passing
through the ¢ ht line.
This is pr
j through bent ¢

in metallic plates; put one behi

unless the holes be placed in a straight lic
particles of light are almost infiuitel
Dr. Niewentyt eomputed that more
than six billions' times as many particles of light
flow from a candle in one second of fime, a8
there are grains of sand in the whole earth,

supposing each cubic inch of it to contain one
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million. 3: Light moves with amazing

It travels across the earth’s orbit, a space

millions of miles in extent, in the course

toer a half minutes, or at the
192,000 miles every second
than a million times sv
flying with its nos
sent forth in all dir
point of luminous boc
paper before the sun, we
paper is illuminated in whateve
hold it, provided the light is not o
its edge or any other bo
reflected from opaque be
objects around us are rendered vis
a lighted candle is brou,
enly the candle, but all the other be
1 become visik In like ma
light of the sun fallin the mox
planets,
from the

ouE sight

miedium ¢ ‘ nsity, they |

straight lines, but when th

y pi quely
of wne medium into another, which is either
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or more rare, they are refracted
he denser medium, and this refraction
or less, as the rays fail more or ‘less
the refracting surface
medivms. This may be illus

by fig. 1, where B¢ is the incident ray whi

falls upon the medium x o, which supp

water ; ¢ & is the refracted ray, DGt

dicular, 4 » the sine of the angle of incidence

AcC D, and 1 R the sine of the'm gle of refraction
ion in optics, that the

sine 4 » of the angle of incidence & ¢ v, is in &

given proportion to the sine 1 B of the angle of
E. The ratio of the sines ig
4 to 3, when the refraction is made out
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4 to. 8. The angle wh

with the perpen
angle of incidence, and  the
makes with the same
enters the medinm, is called

If a ray of light ¢
air into water, or from em
the direction » ¢ perpendict
which separates the two mediu
suffer no refraction, because one
tials to that effect is wanti
obliquity of the incidence

It is to the re
indebted for the use of le

of vision. A lens is a transparent

usually glass, having two su
berical, or one spherical and the
convex glass is thick

thinner towards the gdges, A co

thin in the middle, and thicker

extremities.  Of these there

In the annexed fi

planc-concave, ¢ a double con

Concave, £ & meniscus, or o

is partly convex and partly

to air, in
plane x o,

would

er plain.
idle, and

convex, B &

» a double

nvex, whi
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» R, Plano-convex,
8 V q Plano-concave,

Double convex,

Double concave.,

g = Meniscus, or concavo
convex.

the concave. The rays which proceed from
visible objects are either parallel, converging, or
diverging. Parallel tays are those which are
equally distant from each other, as those which
proceed from the sun'and planets, and from
distant terrestrial objects. Converging rays are
such as approach nearer and nearer in their
progress to a certain point where they unite,

are those which continually

ch other, as the raye which
proceed from near objects, such as a window in
aroom or an adjacent house,
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9
27

When o eonvex lens, whether plano or double

convex, is placed opposite to any ob

rays of light which pass thro
image or picture of the ol
paper or card be placed to r

Pig. 3.

fig. 8, represent a double conve
axis, and 0 B an o}
Tay passing

that part of
B QX is the

eed from the extremity of the

K8 Wi

object 0 8 will be depicted in g
on, becay L

the

an
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the'lens. This may be illustrated by experi=
ment.  Tak: glass of eight or ten
inches fi 2, & reading glass, fop
exam| # ing it at its focal distance

from a white wall, in a line with a gas lamp op

burning can * flame of the candle or lamp
will be seen painted on the wall in an inverted

tion. The fact now stated is an important
prineiple in optics, and forms the foundation of

the camera obscura and of the telescope.

exact representas
cts from whe

1 from the

cte it illuminates, or coming from bodies

ially enlightened. T erty in light
is not peculiar to th em to which we
belong, If it
ope
would have been useless for the observation of
those distant stars, which are the'suns of other
systems beyond our own, and we should have
remained in profound ignorance of worlds, in
number beyond numbeér,” which now “declare®
to us “the glory of God." In this point of
view, we cannot regard as accidental an invens
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tion which has made us better acquainted with
His' ommnipotence and wisdom in the existence
and arrangements of the universe. It reveals
to us His providential care displayed in al
departments of nature. Iu ever;
teaches us the Jesson that love.”
leaves us, however, to learn from another source
the highest manifestations of that love. The
Bible alone can tell us that “ God so loved the
world, that he gave his only begotten Son, that
whosoever believeth in him should not perish,
but have everlasting life,” John iii. 16

Before describing the structure of a telescope,
it msy be proper to state the manner of finding
the focal distance of a convex lens. Leta b,

R
e

fig. 4, be a convex lens, and ¢ d parallel rays

Pproceeding from the sun ; those rays, after pass-
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lens, will converge to a poing g

the stny

ance
the spot ; it is the foeal

ing telescopes.

There aré various Kinds of g teles
scopes, which we shall describe in their order,

ool ¢ ith that w}

astronomical telescope. — The only

utial to this telescope are two lenyes,

Apand B Y, fig. 5. Apis
E ¥ is the eye glass.” Let o
object, from which rays proceed nearly paralie]
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to & v; the object lens,
through this lens will form
object in its focus at 1, s
each other it will be
glass, is placed exac

this image, and must 1

distance than the object glass

power in this tel

the focal distance o

the eye glass. ' Suppe jee
24 inches focal distance, and the ¢
the magn g power is then
words, it makes a distant «
nearer, and 24 times larger in size thar
niked e 1f the eye

foeal distance, the magnifying pow
been only 16 times. Through
all objects appear ed, lik
13 This tele tope was much

nomers in the seventeenth s

zth, the
5 one. A high pole
the object glass was placed at the

and capable of being tarned in ey ry




a cord

station occupied by the observer, wk

ght of L
But these

now entirely superseded 1

achromatic and reflecting telescopes,

> kind described may b

1
bl
focal distance, pla

small expensey
bout 36 inches
end of a tubgy

iches distance from
focal dis=
ed in

E ¥, which should be

scope
1to
in the sun, the shadows of

cavities in the

and forwards in the
ing the

Such a tele

portion of

the spots

the mou and
, the
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ereécent of Venns, and other celestial phe-
nomena. In constrncting suck lescape, the
following particnlars require to be attended to:—
1. The aperture, or opening which lets in the
light at the object glass, shonld not eéxceed 1
inch in diameter, otherwise the image of the
object will be somewhat confused. 2. There
should be a hole or aperture in the focus of the
eye glass rather less in diamete
breadth of the eye gluss, for the
excluding the extraneous rays.
soope of this kind to be constructe
object glass 6 feet focal distance, the
would require to be 1} inch focal distanc
the aperture of the « ot glass 1}
meter, and the m; gnifying power would be
times. Were the object glass 10
the eye glass would rec Juire to t
focus, and the aperture 174, i
mifying power would be 63 times.
object glass 20 feet focus, the eye g

it the aperture %, ar
nmmxm ng power would be 89 times
found, that in order to

cope must be lengthened 4
magnify three times as mu

, 9 times ; four
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times as much, 16 times; t is, suppose @
telescope of 3 feet to magnify nes, in ordep
to procure a po

144 times, we must extend the telescope to the
length of 48 feet, or 16 times the length of the
other,

2. The common refracting telescope for lmd
objects.—The telescope just described, in
sequence of its showing e object in an in=
verted position, is not fitted for land objects,
In order to adapt it for terrestrial ohjects two
additional eye glasses are required. In fig. 7,
let 0 B repres ant o y L N the objeet

glass which

position ; | : represent a er glass pls

at its focal distance fro in the
astronomical tel a ond  glassy

«d at ty

this glass (¢ ¥) a second

contrary to the first i s 1M, and, conse=
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quently, ercct, This last image is viewed by
the third lens, 6 @, in the same manner as the
first image 13 would be viewed by rx, All
these eye glasses are understood to be of the
same focal distance, and are t double
their focal distance from each r. Such a
telescope represents land objects in their natural
positions.  But this arrangement of glasses is
different from the eye-piece now adapted to
achromatic telescopes, of which we shall after-
wirds give a short description.

8. The Galilean telescope. — This telescope
cansists of two glasses, a conve
sbject, and a concave, K, next

p $ WO md conver
and form an inverted image at

not intercepted by the concave




86 THE TELESCOPE.

this lens being a double concave, ons the
rays to diverge more than before, so that the
rays D 1 emitted from the object, instead of

converging to ¥, are made to proce [vnr..‘:iel to

@ u, and it is p-xm‘lul ra;
uch
, Oy 8 ig
equal to its own focal distance, and the magnis
fying power, as formerly, is in proportion to the
foonl, distance ofeibe object glass to that of the
eye glass. Thus, suppose tk
lass to be 12 inches, and that of the
glass 1 inch; the co
11 inches from the ob
the magnifying power will be as 1 to 12, or 12
times. This was the kind
strueted by Galileo, and with which he made
astronomical observations. Objects are seen
hrough this telescope in their natural positiony
n more 50 than in othel

small

to the common g esc0pey
however, can be made on this principle cupable
of showing minch to interest the obse i
we take a convex lens, 40 inches in foc :.l dig~
tance, we may apply to it & concave lens of only
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1 inchi focal distance, at the distance of

from the object glass, and the magnify

will be 40 times, which will show us Jug
gatellites, the crescent of Venus, and

ring. There is some difficulty in finding an
object with this telescope, and only a part of
the sun and moon can be seen through it at
one time.

Seorion TV.—T'he achromatic telescope.

The common astronomical refracting tele-
scope was very imperfect, and was also so un-
wieldy that its use was attended with much
trouble and inconvenience. To obtain a con-
siderable magnify! er, i ~f->‘:‘.-v1 neces-
sary to increase its length , 80, 100 feet,
and upwards. To get a
of about 200 tim
to be 120
fections sted, 1, in of compounded
light coming to their foei at d ent distances
fmm the ~1 155

iolel, cony

tbxm llw:v which are less refrangible, as the
4
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orange and the red. Hence the im ge of an}
object formed by u s lens is in some
degree confused and indistinct, and, therefore,
will not bear to hiave a high power put upon ity
2. Another imperfection was this, that spheri¢al.
surfaces do not refract the rays of light ageusy
rately to & point. The rays which

the extremities of such a lens meet in fi

distant from the lens than those which pass
nearly through the centre, and hence are in=
variably coloured.

To remedy these defects is the intention of |
the achromatic telesoope, the theory of whichy
was first made known by Mr. Dollond, an

optician of considerable celebrity in Londomy
The object glasses of this telescope aro fres
quently composed of three distinct lenses, two &
of which are convex and the other concaves

Fig. 9.
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The two which are convex are made of London
crown glass, and the middle one of white fling
glass, or that kind of glass of which wine
glasses and tumblers are made i

sents this compound triple ol

fitted up in its cell, ple

of the teléscope. But it is now more fr

the practice with opticians to form

glass double, as in 10, where A

convex of crown glass, aud ¢ b the con

flint gluss. The convex is placed outside next
the object, and the concave in the inside. By
this combination of glasses, when accw
adjusted to each other, an image of the obj

is formed without being blended with the I
matic eolours. Hence the word achromatic,
by which this telescape is distinguished, signifies
free of colour, In consequence of this property,
such glasses will bear riure,

and a much greater magnifyi Bower; Jhas
eommon refracting telescopes. While a coin-

whose object glass is 3} feet
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focal distance, will scarcely bear an aperting
i

of 1 inch, the feet achromatic telescope will
bear an aperture of 3} inches, and, conseqy sently,
will transmit more than 10 times the quantity
f light, While the one can bear a magnify ing
power of only 86 times, the other will beari
magnifying p for astronomical purposesy
" ; 8o that a good achromatis
only 4 or b feet in length, will carrya
power equal to one of the common co
100 feet Jong.

mner in which achromatic te
Jitted up for astronomical clservations.—r, in figh
11, is ‘the body of the telescope mounted on's
tripod al of brass. A is the eye-pisce
which sorews off to admit other eye-pieces tof
be applied. ®is the long eye-piece for

objects, D is

moves a p.‘ e of rack work
a b the finder

now generally used. il
ar diameter, and without
mmm.- could easily be procured, it would




500n supersede almost all other
hitherto it }

a_good

\\. have
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we possess, to the French and Germans, whe
charge high prices for such articles. But e
? now some prospect that glass for achros

i procured in greates

a more moderate cost, than

n an achromatic object glass i

prepa fitted in a tube, we apply maguis
fying powers to it in the same way as to the
common refractor ; anly we can apply to it eyal
glasses of a much shorter focal distance—suchy
as half or quarter of an inch—tk we can
apply to an ol lass with a single lenss
for achromatic telescopest

from that formerly described, it may
it here to give a short descriptiond

Seemiox V.—Tervestrial eye-picce for achnes
matic telescopes.

This eye-piece, which is represented in fig, 19§
consists of four lens
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ciple of & compound microscope. A ist j
lens, or that which is next the object, B is the
amplifying lens, ¢ the field lens, and » the ¢
lens, or that next the eye. An image is for
near the glass A by bj
imuge a second is formed ut the point 4, i
same position as the objeet. This i
might be formed by the lens a, but
not be well defined, owing to the great spherical
aberration, and therefore the lens p is placed at
alittle distance beyond the focus of A, with
dinphragm, having a hole of a small dis
at the focus of 4, to cut off the coloured ru
The glass ¢ is intended to enlarge the field
view, and the image at 7 is viewed by the
glass . At the place where the second im
is formed, there should be a stop, m n, to pre
any false light passing through to the eye
to the focal distance and arrangement of these
glasses, suppose the lens A 17 inch foc

¢ be 2}

I lengt
2} inches, 0 2 inches, and p 13; and

their distances A 8 2}, 8 ¢ 8}, and ¢ 0 2). In

& small pocket achromatic

ope, wh
object glass wus 8} i foc

maguifying power 1

length, and its
5%, the focal lengths of the
© glasses were found to be, 4 (

s 775 of an
inch, » 1.(

; € 101, p 0.79; the distanices,
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A5 L18, Bo 1.83, and 0 p 1,105 This ayes
Piece would be nearly equivalent, in magniy
POWer, to & single lens of half an inch
focal distance.

For the sake of those young persons whe
may wish to construct pitce of this kindy)
I shall state the dimensions of one or two iy
the possession of the writer. In one of these;
adapted to an achromatic ohject glass §

3 inches focal distance, and 4 inches dismeteny¥
the Jens o inches focal length, plan:

the plain sic o

inches, b 1} in all plano-convexy
with the plain sides next the eye, exceptthe

Their distances are, A p 31, mo 5§

€D 2 inches, This eye-piece is 11} inches

a magnifying power fop
land. objects of about times.  The tube
contuining the two gls

long, and produces

next the eye, ¢ and 5y
0 out, & tube containing other two
focal distances of which:
» D 2 inches, and their distancs

his, in combination with the other

» Produces a power of about G0 timess
568, C D, placed in a movable
tube, ¢ d a &, by pulling out this tube, and
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consequently increasing the distance between
wand ¢, the magnifying power may onally
be ineréased to one-half, or nearly double what
it had in its original state. On this principle,
Kitchener's Pancratic eye tube is constructed.

Astronomical eye-pieces—The combination of
lenges now most frequently used for astronomical
obseryation is that which is denominated the
Huygerian eye-piece; which is a great improve-
ment on the eye-piece with a singl
produces a more distinct and enlarged field of

Fig. 13,

view. Let o 3, fig. 13, be a compounded pencil
of white light proceeding from the objeet glass,
B ¥ & plano-field glass, with its plain si

the eye plass

e red rays of

A B, after refraction, would cross th

and the violet rays in v, but mee! be eye
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glass , the red rays will be refracted to
muj the vm]vr n.wly in the samé di

piece almmz v : ll-\- \h\lnum‘
the two glasses, s uce this correetia
must be equal to l.‘.lr the sum of their
distances. Suppose the focal distance of
field lens ¥ to be 3 inches, and that of ¥,
lens next th ye, 1 inch, the two  len
should be

inche

the field glass as is equal
distance. The focal length

has the same magni

pound eye glass, is eq

of the field glass. In the present case, the
length of a single lens which would prod
the same magnifying power would be 1§
The proportion of the focal lengths of the
lenses to each other should be as 8 to
that is, if the ficld be 1} inch, the eye gl

should be 4 inch. An astronomieal eye-p

may also be formed with two plano-conys
glasses, placed with their convex sides tows
each other, and at a ve ry small distange
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each other, namely, somewhat less than the focal
distance of the lens next the eye, If, for ample,
one of the lenses were 1 inch focal length, and
that next the eye # of an inch, they might be
placed at somewhat less than ¥ inch asunder.

Diagonal eye-picces—When
is at & high altitude, the obserys r is obliged to
P4 bis head in a very inconver
and to direct his eye nes arly upwards, in which
position a steady view of the object can son
be obtained.  The diagonal eye-piece has be
invented to remedy this inconvenience, This
is effected by Placing a flat piece of polished

Fig. 14,

B

*peculum metal, b ¢, fig. 14, at an angle of 45
% the axis of (he tube, A B. . This part slides
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into the tube of the telescope, ® ¥ ; the tule

seope, and lides into g
exterior tube, a #, i 0, and the eye is applied
at 6. This construction of the diagonal eye-
piece may be used either with lhu lI'xnylin'
eye-piece before described, o
is formed of two plar

sides towards each other,
any magnifying powers generally appli
to the telescope, and may be changed at
sure. The rays procee
glass and fulling upon the plain speculuin, 51
are reflected in a perpendicular dis
eye-piece, £ F, and enter the eye at 6.
i directed to cele
elevation, the observer may
.und look down upon the o
ct ease. When it is directed to nmumll1
objects, the spectator likewis
them, but aspect, &

when the moved from one side

!
another, they have the appearange of a moy
panorama. When the eye-piece 1§ ttirned

a quarter of a cle towards thé ri ht, ¢
objects which are in the south will appear &8

they were in ghe east; when it is tirned




quarter of a
appear as if 1k
it is turned half
they will 1

A& telescope furnished with a diagonal eye-
Pieoe is the most conyenient for exhibiting the

BPots in the eun. The window shutters should

be all close

d, having & small opening

5
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to admit the solar rays, and when the tv‘.exmpg.
is properly adjusted, a large and’ beautif§
image of the sun, with all the s ) then
happen to diversify its surfuc: thrown upen’
the ceiling of the room, which must be of il
white colour. In this way we may measuns
with & scale the diame c 2 solar imagey
and also the

comparison

trieul proportion of the lat
Skcrion VI.—Reflecting telescapes.

The great inconvenience attend

nagement of the long refracting telescope with
a single object glass, led to the invention Gf
reflecting teléscopes. It iz generally supposed
that Mr. James Greg son of th . John
Gregory, minister of Drumoak, ‘Aberd

was the first who suggested the constructioniof
that kind of reflecting telescope which bénrs
his name; but as he was endowed with no

mechanical dexterity, he never actually formed

a telescope @ to his own theory

years after he had published his desc

ity sir Isaac Newton directed his atte

this subject, and, in the year 1672, completé
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two emall reflecting telescopes, the construction
of which somewhat differed from the plan
Gregory had proposed in 1663, They were
anly 6 inches long, but were considered as equal
in magnifying power to a common refrac
gelescope 6 feet in length. Nothing more wa
Yeard of reflecting telescopes till about ha
century afterwards, when, in the year 17
Mr, Hadley made a refl on Newton's plan,
the large speculum of which was 62§ inch
y and 5 inches diameter, and wa

ad with magnifying powers of from 190
o 230 times. Tt equalled in its performance
the telescope of Huygens, 123 feet in length
Reflecting telescopes have been ever since in
general use among astronomers, and have en-
tirely superseded the long refractors of the
seventeenth century. We shall give a brief
description of cach of the telescapes to which
we have alladed.

1. The Newtonian refloctor.—This instrument
i8 represented in fig. 16, where 2 4 & ¥ is the
fube, in which is placed. the concave speculum
BE, which reflects the parallel rays o o,  d, to

& plane speculum 6, which is placed at half a

ight angle to the axis of the tube, as much
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nearer the speculum than its focus ag
centre of the small mirror is distant from
tube, that is;, the distance ¢ A of the sm
speculum from the focus of the d
be equal to 6 1, half the diameter of the tubel
This small speculum should be of an oval form
the length of which should be to the breadth
us 7 to 5. It is supported t arm fixed to
the side of the tube. Therays, 0¢, » d, whicl
Fig. 10.

form” the image of ‘the ohject by reflection®
instead of proceeding to form it at A, are inters

cepted by the plane speculum

upwards to an aperture in the

A B, where the image is formed,

by a convex lens of a short foca

which the eye is applied, looking downwand on

the object, which appears inverted; or, the
lass, instead of being on the upper partof

the tube, may be placed on of the sidesy

and for viewing land objects a terrestrial ayas

picce may be applied.  The magnifying powers

of this telescope is in the proportion of
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focal distance of the speculum to that of the
eye glass. Thus, if the focal length of the
gpeculum be 60 inches, and that the
glass o quarter of
power will be 240 times. This is the form
the reflecting telescope which was mos

sally used by the late sir W. Herschel. The
iollowing table exhibits a statement of the
dismeters of the specula of Newtonian reflectors,
the focal distances of their eye glasses,and their
magnifying powers :—

an inch, the magr

oca! distance]  Aperture

of concave of
spéculum. - cuncare metal.(

Mugnifying

power.

It will generully be found, that the power
Froduced by, multiplying the diameter of the
5




speculum by thirty or for

ed in dm
following manner:—1 1 1 7 is (hn Enaz mb':
open at the end next the o
large concave speculum p v v # i.\ r]
principal focus is at m, and in its middle i
round hole ¥, opposite to which is plued
small mirror 1, concave towards the
speculum, and so fixed on a strong wire 3,
it may be moved further from or
great mirror, by means of
outside of the tube. Th uuhng'l‘m
the object A B, and falling on the speculum D&
will be reflected to its m, where an
inverted image of the object \\A” be formed.

is formed at a little more than¥

its surfice, and Hn small mirror ac

this first image is ml..m[ th

to a b, wk

and larger than the first in the proportion of B
Kto k g. This image is aguin magnified byl
the eye glass s, to which the
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) om the glass s pass through
small hole ¢, which should seldom ‘be more ti
% th of aninch in diameter. To find the m
ying power of this telescope, multiply the focll
distance of the great speculum by the dis
of the small speculum from the image next

eye; and multiply the focal distance of
2 I

smull speculum by the focal distance of

ye glass ;
multiplication by the product of the last,
the quotient will be the magnifying power.

igrainian reflector.— This kind

r is constructed in the same way as

ian, with this difference, that a
convew speeulum is substituted in the room#
the small concave 1, fig, 17. This com
mirror is placed as mue
great speculum as is equal to its owa
distance. Thus, if the focal length of the
speculum be 24 inches, and that of the
convex 2} inches, they are placed at 213 ingh
from each other, and instead of two, thered
only one image formed, namely, that in
focus of the eye gluss. The length of
telescope is less than that of a C gorian
twice the focal length of the small mi
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From the experiments of Short, Ramsden,
captain Kater, and others, it appears t).. |I_wx-c
is more light in this telescope than in the Gre-
gorian ; and that it is, on the whole, superior
in its performance, but it represents the object
in an inverted position.*

Short account ‘of some large achromatic and

reflecting telescopes.,

1. Zarge ackromatic telescopes.—(1.) The
great. Cambridge telescope, in Mazsachusetts,
United States,—This instrament was procured

from Munich, in Germany, at a vast e pense,

= Bealdes the telescopes described sbove, there are plans of
Oers Ly which distant objects may be viewed, 1. A teln
Mbpe Ay be. made of a single lens of & long foeal distay
RS writor. has . lons 96 feet focal distance and 113 dinmeter,
which, withont any other glass, produces a magni

8f nearly 30 times, and by which he Iy

k5 06 & public clock two miles distant, ) o nds
S diktance of wbout 5 foet (rom the leas, his eyo erving g
$he e5e glaww, on the principls of the Galilean telescope, 4,
he adrial telescope, constructed by the writer, which has only
ity e tumn, wnd fn Joaking throwgh which the observer ity
ith bis back to the object. This te
Suly & short socket to hold the s
exlendn the length ofthe focn

, but
An drm at one side

4 considernble
Apensa, fitted up one on this plan, which
PO admirably, 1 be changed at pleasure into
ey s usged at pleasure into the
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ments of
gluss i8 15 ine

length 28 f

equatorinl apparatus, and clock-work is u

to it, to give it a quiet sidereal motion,
everything which has lately been discow

lord Rosse has been. seen ti
scope. It has m: ying powers from 25008
above 1,000 tim (2.) Sir J. Souths &
scope.—The object glass of this telescope, wh
was procured at Paris, is 114, inches dia

and 19 inches focal length, This telescopesl

ohseryato
berland telescope; in the observatory ut Cam
bridge, is among the largest of the kind®s
Great Britain. The object b
25 feet
when visited

ge achromatic t d
be from 15 to 18 féét long, and the object g
from 12 to 14 inches diameter. (5.) Zhedk
pat telescope.—This telescope was madess
Fratnhefr of Munich, for the observatory bl
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Imperial University of I\.-:) ut, in the year 1825,
The aperture of the object glass is 9 inches, and
jts focal fength 14 feet. wagnifying powers
runge from 175 to 700 lr is mounted on an
equatorial stand, with clock-work, and'it cost
£800. (6.) The

telbscope: was procured from Germany, and
fitted up by professor Mitchell, of Cincinnati,
United States. It is mounted on equutorial
machinery, accompaniedgvith clock-work. Its
object_glass is nearly 18 inches fo

and 12 inches diameter, with magnifying powers
from 100 to 1,400 times, ] instrument
with its machinery weighs about 2,500

(1) Mr. Cooper's telescope.—Mr. Cooper, .,
for Sligo, is in' possession of & telescope, 26

long and the diameter of th@iobject glass is 14
inches. (8.) Dr. Pearson's télescope.~This gen-
tleman, who is secretary to the Astronomical
Society, is'in possession of a telescope made b y
the late Mr. Tulley, the object glass of which
812 feot focal Tength, and 7 inches diameter.
(9 Mr. Lawson's telescope—This gentleman,

Who s a diligent astrpfiomical of pos-
Besses & nfost beautiful telescope, feet focal
length, Sid 7 inches diumeter, made | sné of

e Te is suid to bear powers of
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1,100 or 1,200. (10.) M. ])'rf‘lyu'd telesoop)

4 feet focal length, Amwi 5% in
dismetl . The object glass cost 200 g

the equatorial machinery 150, and the obse
tory 00 guineas ; in all, 450 guineas, Jf
Captain Smith's telescope, at Bedford.—1
instrument is t focal length, and 6
diameter, and will bear & magnifying pows
1,200,

eflecting telescopes.—Mr, Ja
Short, of Edinburgh, was the first who i

pencer, of 18
focai length, far which be zeceived 600 g
752, he fitished a still larger one
king of men for which he rece
od the noblest instrument
its kind till Herschel constructed his
reflectors,  About the year 1780, the late
W. Herschel construgted a Newtonian reﬂec
20 feet long, with ulnrh he explored the
Way, and other objeots in the sidereal heas
In 1780, he finished his large 40 foet telossop
which at that time was unrivalled, Its ped

i
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was 4 feet diameter, and it had neither a concave
nor plane small speculum, but the obs

with his back to the ot

upon the great speculum.

dismantled a few years e t )
20 feet in lengtly, has 1 1
by Mr. Larsels, of Liverpool, with which he has
diseovered several small planets. Butthela
reflectors now in existence are those which

One of these, in the lawn before his lor
mansion, is’ 27 feet long, and its spec

feot "diameter. Another, called the “monster
telescope,” is 56 foet long, and its speculum 6
feet in diameter, and weighs above 3 tons,
This is the largest telescope in the world, and
its erection cost his lordship £12,000. It is
ofthe Newtonian form,

Prices of, teles opes, of a moderate s
made by the London -o ticians.—To such of
OBE readers as may be desirous of pursuing
&stronomical- studies, the following list may
be tseful, ‘

the preceding
Fmade to order, and are, conse-
6
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quently, very expensive. The more common}
sizés of telescopes for astronomical purposes
are the following :—

1. Achromatic telescopes—* The improved @
feet achromatic, on a brass stand, mahe
with three eye-pieces, two magnify
40 or 50 times, and the other about 76
astronomical purposes, in mahogany
£10, 10s. ; ditto, with brass tube, £11. 1k
ditto, with vertical and horizontal racks
motions, £15. 15" This telescope, if the

brass tube, £21 ; ditto, all in brass
work motions, £26. Be.; ditto, tl

s aperture, and the ruc!
an improved principle, from £
The magnifying powers of these te
fram 130 to 180 or 200 times, This is 48
telestope which we would recommend to s
nomical ohservers, Tt will show all the commg
phenomena of the solar system.

achromatic is also frequently ma

the object glass 32 inches ; powers; 65
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190, and 250. Its general price is abo
guineas,  Achromatic object glasse: r
telescopes may sometimes be purchased se
zately, at such prices as the following :— 1
dength 30 inches, diameter 2} inches, from 2
o 2§ guineas; focus 42 inches, diameter 24
dnches, from § to 8 guineas; focal length 42
dnches, dismeter 8} inches, from 12 to 20
guineas. Eye-pieces may be procured from
10s. 6d. to 14s.

2, Beflecting telescopes.—The reflectors come
monly. made and eold in London are the

following :—

A 4 feet 7 inch aperture, Gre, gorian reflector,
with the vertical motions Upon a new principle,
with apparatus to render the tubemore steady
for observation, according to L}n- additional
Apparatus of small specula, eye 68, micrgs
meters, ete., from £80 o £120; 3 feet long,
mounted on 4 brass stand, £28, 2., ditto, with
Tackwork motiox improved monntin g8
metals, £39. 180.; 2 feet long, withous
work,aml with 4 magnifying g powers, £11

itto, Hproved, with rackwork motions, £22.1s;

8 inch, on 4 plain stand, £9, 95.; 12 inch
ditto, £, ¢,,
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Secrion VIL—Discoveries which have
made by means of the telescope.

Phe human eye is a most wonderful pig
mechanism ; it is a natural telescope,
spherical in its form, and exquisitely-dé
and beautiful in its structure. The complef
of its organization, and the perfect ease
rapidity with which it fulfils all its fi
show that He by whom it was ®fofm

i it to minister continually to

uction and happiness. We need nof'e
avour to imagine what would have been
helpless and hopeless state of uncertainty o8
fusion, and distress, had we been withou)
faculty of sight. Almighty wisdom xmd b
volence co@l@not fail to render our e
harmonious, to adapt onr pe reeptions 0
condition, and to endow us with those
which are necessary toa wise and satisfs
enjoyment of life. “ Of all our senses
Mr. Addison, “our sight is the most
and delightful ; it fills the mind with the

variety of ideas, converses with its objects

the greatest d ce, and continues the long
1 without being tired and satinted
enjoyments.” Above allis it.va




relation to God as believers in Christ, rej
gommune with him in the works of creation,
4 The endless volume of nature, full of beau
and illuminated by heaven, seems to then
sufficient to fill the soul with satisfaction for
ever, because here they learn familiarity with
the attributes of a Power they may trust as
thorouglly as they can admire.”*

"

But our vision, at the best, is feeble, and it is
limited within & very narrow range. From the
brow of a hill we may look on an extensive
landscape, but it is only within two or three
miles that its varied beauties are distinetly seen.
Even ab this distance we cannot distinguish a
friend, or read a sign, or accurately describe
the actions of our fellow men. 1f we gaze up
dnlo the sky on a clear evening, we' see the
moon, it may be a slender crescent, or a full
enlightened orb, or one of the varied phas
between those two extremes; we see five or
#ix hundred gleamin, sparkles of light, which
Wo call stars, and we see a lustrous cloud
#ucompnssing a considerable part of the

= The Infiuence of the Body in relation o the Mind, By

Moore, at.n,
6%
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heavens, but here the discoveries of unassis
on terminate, Some more int lligent
rutinizing inquirer may, indeed, detect dif

ences which others overlook, a:

where they only find confusion; and

cohservations may suggest to him truer

sublimer conceptions

unassisted organs of vision can g

can be satisfied with nothing

tainty, and he is bewildered and oppressed

doubt and m y. To him how yal

are the discoveries of the telescope, and

important are they to all, for the stupendo
proofs which they afford of

of the Creator, and of the vastness of
dominions.

We shall now give a brief sketoh of
discoveries, both within the solar system
in the sidereal heavens,

Discoveries in the solar gystem.

The moon.—The nearest to the earth of i
heavenly bodies is the moon. By the telescop
it has been discovered that a very large numiby
of mountains diversify its surface, They
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from llf il 0 five miles in perpendicalar
elevation, and are slmost univ

in their form. They may be

following order: — 1. Tnsulated mount
whith rise from plains nearly level, like
sugar-loaf on & table, 2. Ranges of moun-
taing, extending in length three or four h

miles; resembling our Alps and Ag

8. Circular ranges, surrounding

OF an extensive plin, from whi

trally & mountain of considerable

There are also caverns in the moon,

which are more than two miles in perpendicular
fepth,  Their dinmeter varies from threc
foxty or fifty miles, and the lar

fiat bottoms. Nearly a handred of thes

may be seen on the south-western ¥

planet.  Although there are large region
the moon perfectly level, and which seem to
of an alluvial chy s 00 seus or large
lection of waters can be discerned in it, and in
its utmosphere there is no appearance of clouds,
Tehus been asc rtained that the moon always
Btrus the same side to the earth, o that we geg

mothing of its other hemisphere,

The Sun—Am & the first discoveries of the
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telescope was motion of cer
across the dise of the sun. They have g
been more closely ohserved, and by them

uluted that the 3 val

ure of
eter e 3 3
centre, s rder of fainter sl

called L the same

» spols and & numb
at other times
y the former in a kiod of

almost free

on its surfuce at « n The sun is supposes
to be u solid globe, surrounded by & Jumison

atmg re, from whence heat and light

diffused throngh the planetary system, and i

probable the spots are its opaque body$
through that phere, when any portions
it are more rare or thinner than usual.

Venus and Mercury.—Venus is the bhright
of the planets, and is kr as the morning 48
the evening star; it is the morning stir when i

west of the sun, and rises before it; and

evening star when it is east of the sun, and séi8

3
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afierit.  One of the earliest discoveries of ﬂw
gelescope was the fact that Venus pa ugh
the same phases as the moon, af
its inferior conjunction with the sun, and when
jts dark side is turned towards the earth,
s i creseent, then as a half moon, then gibbous,
and atlength as a full enlightened hemisphere
This discovery was an important confirmation
of the theory of Coparnicus, that this planet did
not move round the earth, as was formerly
supposed, but round the sun, and in an orbit
between the earth and the sun. ' It proved, also,
that the planets are dark bodies, and derive all
their light from the central lur nary. From
subsequent examinations it was found that
Venus torns round its axis in twenty-three
hiours apd twenty-one minutes. With the
telesoope it has been obs n different
Geeasions to transit the sun's dise, by which the
distance of the sun has been more accurately
determined.—Few discoveries have been n
in Mercury, on account of its
S, It hus been found, however, that it passes
through all the phases of the moon, in the same
WAy s Venus; that it moves round its axis
in tweaty-four hovrs and three minutes, and
that high elovations project from its surface,
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Mars.—This planet is remarkable fop
eolour, which is a glowing red. Someth
looks nearly 4
times appears as i
size of a small star. These variations are
o its diffe
extremes of which are fifty, and two hun
and forty millions of miles,
orbit more distant frowm the sun than thatiof
earth, and accomplishes its revolution in s

r and ten months. Spots have been

ch seem to jndicate

ice of land and water. A white spot

> been discovered near its south p
h is supposed by some to arise fromih
reflection of the sun’s light around the pall
regions, The red hue of Mars is occasioned B

the dense atmos] with which it i

rounded. By watching its spots it bas
found to have a rotation round its axieds
twenty-four hours and thirty-seven minut
This

lanet is of  spheroidal figure, KGN
earth, baving its polar diameter twe hundss

and sixty-three miles shos

torial, which is four thousand two B
miles. From these and other observatiod
has been concluded that about one-third 688
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fourth of its surface is covered with water, that
shere are strata of clouds of considerable extent
gecasionally floating in its atmosphere, and that
jthas a change of seasons similur to our own.

he new planets between the orbits of Mars
end Jupiter~—Within the limits of the present
century, certsin comparatively small anomalous
bodies huve been discovered, revolving around
the sun in the regions between the orhits of
Murs and Jupiter, The grest distance which
intervenes between Mars and Jupiter led astro-
nomers to suppose that a planet existed some-
where within that part of the planetary system.
But they were astonished when it was found
thiat not only one planet, but a consideruble
mumber, were running their courses in that
region. The first of these planets was discovered
enJanuary 1st, 1801, by Piazzi, at Puler
which is named Ceres; the second, named Juno,
by professor Hurding of Giittinigen, in 1804 ;
the third and fourth, named Pallas Vesta,
in 1802 and 1807, by Dr. Olbers of Bremen,
No further discoveries were made till Dece mber
8k, 1845, when professor Hencke of Driessen
iscovernd Astrga ; and on the th July, 1847,

thie same gentleman discovered the planet Hebe
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t the Observatary, Regent's Py
Angust 18th, 1847, discovered Zrigg
18th of October, the planet Flum,
5th, 1848, Mr. Grahs ;
12th 2 asparis, of
atory at Nap 11~, nm\umd Il ygeiug
o 11th May, 1850, anotk
s Parthenope. Hh September 18th, 3|
][ml discovered another planct in the
us, \.LW;. appeared lile s st
the ninth ma, ‘iuulu, and with a pale bl
light; he in to call it Fictoria
ws the twellth of the group of st
planets, of which eight have been disoots
within the space of little more than four
se planets are umsnbla

half years. All the
naked eye, and conse uently their

would never have been known withowt
telescope.  Their magnitudes are. not yet
roeter; a celebrated

r, calouluted the d

rately decided
astr
, of Juno
1,624 miles, and of Pall; bout .',uoo
gree of mystery @
which it is nove

There is a consid
nected with these

to unravel. have a much greutes

degree of inalimtion & the ecliptic thin th
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of the other planets ; they are more eccentrie,
and several of them cross each other ; they
revolve nearly at the same di rom the
sun, they perform their revolutions nearly in
the same periods, and they are all much smaller
than those previously disco It has been
thought, therefore, by some, that these planets
are the fragments of a greater planet, which
Bad formerly circulated between Mars and
supiter, and which an immense irruptive foree
from its interior had burst asunder. This,
however, is mere speculation.

Jupiter—This is the largest planet in the
solar system. It is eighty-eight tl
in dismeter, and in bulle exon ds that of the
earth about thirteen hundre times. Dark helts,
which frequently shify their position, a;
i breadth as well as in situatic n, embrace
whole ciroumference, T hese belts are, proba
it8 real surfuce, and the intervals between them
Home astronomers Suppose to he
it atmosphere, Large
Jupiter, and by these it has 1
Tevolves round its axis in niy
#2 minutes, Tt is attended by fo moons, or
satellites, which, it will be remembered, were
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among the first discoveries made by

with the telescope.  These satellites are seen)
different positions.  Sometimes, two are Seen's
one side of their primary, and two on the'oth
sidd ; and sowetimes, all four are seen in g
regular distances on one side, nearly in &

line from each other and from the centre gl
the planet. At other times, only two are vi
the other two being eclips )

Jupiter, The first satellite, or that nearest
planet, revolves round it in forty-two hours

a half, and suffers an eclipse eighteen
every month, The eclipses of these sate

are of considerable use in determining the lon=
gitude of places on the earth. Jupitery 1
his moons, which are all invisible to the s

€ye, is a most splendid object w!

a powerful telescope, and presents a fisld
contemplation which never fails to astonish
delight by its magnificence and variety.

and six millions of miles from the sun,

is nearly double the distance of Jupiter.
seventy-nine thousand miles in diametery
nearly a thousand times larger than the e
Tt has eight satellites. Some dusky spots bl
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been occasionally seen on its surface, by the
motion of which its diurnal rotation has been
found to be accomplished in ten hours and
sixteen miinutes, Belts have likewise been ¢
govered in Saturn, almost resembling those of
Jupiter, but fainter, and invariable in their
The belts of Saturn also cover a
But the
imost remarkable discovery which the telescope
has made in connexion with Saturn is, that, at
4 distance from it of more than twenty thousand
aniles, it is surrounded by an immense double
ying, - This ring, or rather these rings, are con-
“eentric with the planet and with one another,
botk Iying in one plane, and separated from
each other by an interval of more than two
thousand miles. The outside diamoter of the
exterior ting exceeds two hundred thous
miles, its circumference is upwards of
dred and thirty thousand miles, and its breadth
I8 seven thousand two hundred mile The out-
Bide dismeter of the interior ring is one hundred
#nd eighty-four thousand miles, and its breadth
twenty thousand miles, These rings, reckoning
the extent of surface on both sides, contain an
Wres of more than twe aty-eight thonsand eight

dred millions of square miles ; that is, it is
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equal to one hundred and forty-six timeg

number of square miles on our own terrag
globe. The rings revolve round the planet ey

ten hours and a half;, which is at the ratg

more than a the

They

Planet at all time

round the sun in the space of twen e

aud a half. If viewed from the planet it

they would appear like magnificent luningy

arches, streto! hm' from eas

heavens, and di

From our distant point of observation, we
these stupendous phenomens

Omnipotence is everywhere present, and

He who regulates and keeps in perfoct I

the movements of all world

in goodness as he is in powe

us.—This planet is 1,800 millionssol
miles from the sun, and about 900 millions
miles beyond the orbit of Saturn, It rems
invisible till the year 1781, when the tele

T d it to sir 'W. Herschel. It revel
round the sun i

miles in circumference, in the course of

84 years, at the rate of 15,000 miles an hou
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Owing to its great distance from us, no spots
wor belts are discernible on its surfice, and con-
gequently the period of its diurnal rotation
i unknown. Its magnitude is estimated at
85,000 miles in diameter, or about eighty-two
times larger than the earth. Ithas four satellites,
and probubly five or six, but their periods are
not ascertained with accuracy, and their orbits
present remarkable peculiarities.

Neptune—This planet was discovered on the
28ed of Saptember, 1846, by Dr. Galle, of the
Rayal Observatory st Berlin, Its plac
been caleulated, even before it was disco d,
by Mr. Adams of Cambridge, and M. Loverrier
of Puris, by whom its: position ia the heavens
Was pointed out within ‘a degree of the spot
where it was actually found. Tt is probably
the planet whose existence and position had
Been also caloulated, by professor Challis of the
Obscrvatary of Oambridge, on the 4th and the
A2tk of August, 1846, but he declined publish-
Mg his observations at that time. Neptune
Appears like a star of the eighth magnitude : its
Sisthncs from the sun is about times that

ofthe earth, or more than 1,000 millions of
Biiles beyond the orbit of U ranus,
7%

Its diameter
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is 50,000 miles; it is therefore 250
r than the earth

h, and its revolution
o n]rh&]lwl in 164 years,
Larsels of Liverpool, from several obsers
has concluded that it is surrounded bya

s and others have f
the game conclusion. Mr. Larsels hag
ascertained that it has two satellites,
which revolves round it in & days 20
50 minutes.

Discoveries made by the telescope in the
real heavens,

in former uuw-, ux.d many wonderful
veries have been made, of which it i imp
sible to give more than a meagre outlings

1. The distance and magnituds of the

stars.—The determination of the distance of
star depenc

gives a ba:
miles in extent, But the at formed “y
line at the stars is so small, thiut astool
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o adjust it. - Of late, however, this point
been settled in reference to some of the fixed
stars. Professor Bessel

wiined the angle of parallax of t

o be somewhat more thun i of

malkes the distance of that star to be

sizty billions four hundred thousand mill
miles, & distance through which light, flying
it the mte of 192,000 miles every moment,
would requira ten years to pass. Another star,
@ Centauri, has had its parallax determined to
be the $9th of a second, which mukes the
distance above twenty billions of miles And
&3 the magnitude of a star depends upon our
knowing its distance, the magnitude of these
stars must be much larger than that of our
sun,

The Milky Way.~—This is an irregular white
zone, which, with some variations, mpasses
the heavens in a great circle, inclined at an
Angle of 63° to the equinoctial. The telescope
Bils enibled uy to ascertain that the whiteness
of this zane is awing to the countless multitude of
Stars which it contains, In & powerful glass, the

L Bl of view will be filled with more than 4
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hundred stars, and turning the in
the right and left, or up and 'down farigh
erable distance, a similar number will
with every
are the stars in some parts of this zone,
W. Herschel, by counting the numbes
single field of his telescope, concluded!
50,000 had passed under his review ditrig
hour's ot tion. Tt has been caloulate
Milky Way, there eannot b less
illions of stars, which is twenty
sund times the number of those visitle
And if every star be s

every reason to believe, how overpow
the sense of indefiniteness as to the extent

universe ! And, yet when we see ¥

w--rH
t, that He who made them mll h
r of the stars; he calleth them alli
their names,” Psa. exlvii. 4; and thath
liim order and arrangement indicate & A
and beneficent superintendence of all 4§
waorks of his hands."

Double stars—There are numbers of
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he heavens, which appear single to the naked
eye, but when viewed through a tel
discovered to be double, and sometim
quadruple. These double stars are
diffirent magnitudes ; and it has been frequen
found, after a long series of observations, that
the suinller star performs a revolution around
the larger ome. Above fifty instances lave
been ascertained in which one star r
zound another, and although in some of the
# complete revolution has not yet been witnessed,
yeb from what has been observed, the period of
entire rotation has been determined. of
these stars, y Corone, accomplishes its revolu-
tion in 43 years; another, a Leonis, in 82
(years; and another, a Castor, in 252 years,
dere we have the astonishing spectacle of suns
feyolving around suns, and systems around
#ystems ! Another interesting fact is, that these
$tars frequently exhibic contrasted’ colours; the
large star is usually of an orange hue, while the
smaller one appears blue or green ;
Casds, the large one is a white
the smaller one a rich muddy purple, What
& dissimilar illumination must these suns
afford, yot how beautifully do their colours
onize ! The works of God are as perfect
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as they are inexhaustible in wonders
variety.

New and variable stars—New starail

frequently appeared in the heavens®ig}
where none existed before, and; aftes
for a year or two, have again disapy
the 28th of April, 1848, Mr. Hind obag
star of the fifth magnitude, where he Wasol
up to the Hth of that month, no starsol
previously existed. Tt continied to'd
withont
months it was nearly extinet. Some
ole, or periodical. One, in the cons
Cetus, appears 12 times in 11 yearsi 18
period af 331 days, and remains b i8S §
brightness about a fortnight, like a/stae)
second magnitude ; after which it

to the naked eye, in which state" it eol
5 months, and then inc

remainder of its period. Another, called@
is visible as a star of the second

for 2 days 13 hours, when it suddenly™
to decline in dour, and in 8§ b
reduced to the fourth magnitude ; it then
to increase, and in 3} hours more is o
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its usual brightuess. Nearly forty of these vari-
Jda stars are known, and almost every year
ﬂ. to their number. The cause of their
wariation is unknown, though, in some i

there can. be little doubt that it is o e
by the interposition of opaque bodies, such as
the planets.

Clusters of stars and the Nebul,— When we
look up to the heavens in a clear o
perveive groups of stars compressed within
narmwer limits than other constellations. There
i remarkable cluster, called the Pleiades, in
which a common telescope shows ab
large stars orowded together. There is another,
marcely visible to the naked ¢ 2, in the con-~
stellation Cancer, called Prase; vhich containg
about forty or fifty brilliant stars : and in the
sword handle of Perseus there is a most beau-
tifal group, whicl can only be seen with a tele-
OB Thest ure called clusters, and aro sup-
Posed to be drawn together by the influence of
SERAIn physical luws, Nebulo is the name
fo small clondy spots w! are seen in
the heavens, Many of ‘these nebuls are found
%2 be thick set with stars, which powerful tele-
#e0pes. alone enable us to distinguish, ~ They
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are not to be reckoned by hundreds,
thousan “On a rough caleulation
sir J. Herschel, “it would appear thut
clusters of this deseription must contain s
five thousand stars, compacted in a round .
not more than a tenth part of that ?
the moon.” More than thres thousand
have been discovered in different parts] f
heavens ; and if they are all resolvable i
many stars as this caleulation supposes, i)
add fifteen millions to the number
believed to exist. But some of the
nebule are thought to equal the Milley¥ {
the number of stars; for if that palssys
been placed at such a remote distance
as some of the nebulm, it would have

hese now do, when el
dim specks even through the telescopes
planetary nebulm are a very extraordintrye
of ot they have a near resembl
planets, presenting discs round or slightiyl
One of t s-situated somewhat south
pum]lxl of ,9 Ursee Maj )r"s, um] ahvul

“ata w..!s!nnu no ;r( ater than that of &ist
cygui; would imply a linear diameter
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times greater than that of the orbit Ofxu*p:v-mi!."
Now, & body seven times the diameter of the
orhit of Neptune would be nearly twenty thou-
eand millions of miles in dismeter. Of such a
fody we ean bave no adequate conception. We
are overwhelmed by its magnitud

enly be persunded of its existence by

bering that there are no bounds to the power of
tha Infinite.

Such is a very brief sketch of the d
in the heavens which have been m
aid of the telescape. Before its i
seven of the heavenly bodie 2 known to
belong to our system, namely, the Sun and
Aoen, Mereiry, Venus, Mars, Jupiter,
Sufarn,  Since its invention, fourteen primary
and twenty secon planets have be

of which had not been previou

To its assistance we also owe

le stars, double stars,
elusters, nebule, the Milky Way, and of the
e maguitudes of the bodies which compose
the solar system.®

.
THoss who wish t see more particalar details of the dis-
Roveries which have Leen mad the heavens, are referred

L]
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Reftecti

ressive 4‘u!h»<i::vn\':,x-ie;f,1'

¢ illustrate the almigh y power of Godfh
Let the reader reflect for a moment upon. g
view which this admirable instrument prese
of the extent of creation, 'There wasa time,
the conception of neither poct, philosophie i
divine, soured beyond the sphere of unaj
human vision; and when, looking upon the
as the ody in the universe, and
sun, moon, and stars, as mere nmn-ndngu
enlighten and adorn it, they imagined all
Creator's works to be confined within s
narrow bounds. But the telescope las apen
to us & field to which no limits can he

Within our own planetary system, it hus digs
covered to us bodies more than

times larger than the globe we inhabil § nndi
the distant starry regions, beyond our muag
circle, it has sl 0 to us myriads of &
to & volumie entitled * Ce

the Plavetary System
real Heaven

much interesting information on the subject.
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equal in magunitude to the one which rules our

day, and cach the centre of other worlds, all
Wf which are probably teeming with
dwellers, or is this all; for as one

‘scenc of splesdour rises above another, in almost
Boundless perspective, who can doubt that others,
et more wonderful and sublime, lie |

range of the most powerful telescope ?

4t Bas taken us to the furthest line of observ
tion it can reach, who will say that  the wou

of tlie Almighty are at an end, because we can
B0 longer trace his footsteps >—that his omni-
potence is exhausted, because human heart can
9 longer follow him 7"

Scarcely less caloulated to raise our concep-
almighty power of God, is the mag-
he ohjects which the telescope brings
under our notice. The planet Jupiter is com-
Puted to be more than thirteen hundred times
larger than the 5 is five hundred
Kiimes lurger than all the planets and comets
would be, were it possible to unite them in one
vast globe. The star o Lyre is reckoned to be
thiseeBmillion two hundred and seventy-fi
$hBusand miles i diameter, and more than fifty~
four thoucand timesarger than the sun. Omni-
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potence is implied in the existence of an
as well as of & world, but we realize that
bute more vividly in the latter than in g
We look st our own globe, with
r occans and continents, containing
than two hundred and sixty thousand
of cubical miles of solid matter, and
astonished
is that astonishment increased, when we
from the discoveries of the telescope,
instead of being distinguished from othen
it is

ation 3 and that, in comparisons
ather systems, the one in which thig

found is but u mere shred, which,
attered into nothing, would
of God one entire scene of greatness mudl
ty!

To these considerations may be added
veloeity with which these stupendous X
move in their courses. The planet 8
with its rings and moons, moves in its it
round the sun at the rate of twenty-tyo T
miles an hour. The planet Venus pe
revolution at the rate of ejghty thousind 8
an hour, and the planet Mercury flics
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s orbit at the extracrdinary speed of one
fundred and nine thousand miles an hour.
fflse motion of some of the fixed stars, n million
Simes larger thun the earth, has been calculated
%5 be one hundred and seventy thousand miles
an hour, and the velocity of some of the comets
48 known to be no less than eight hundred
thousand miles an hour, or more than thirtesn

msatid miles a minute, When we reflect,

, on the size and number of the heavenly
Bodies, on the probability that they all move
with a rapidity which, if it be not impossible
10 ealculute, is most difficult to conceive, and
that there is an order and harmony in their
motions which prove them to be controlled
and regulated by a will as omnipotent as that
Wihich called them intoexistence, we cannot
Fefinin from excluiming with the psalmist, when
Hié thought upon the glories of the firmament,
®Great is our Lord, and of great power,”
exlvii, 5.

2. How striking aud beautiful is the co

dence between these discoveries of the telescope

#nd the representations of Scripture! It is

impossible to determine whether the wonders

Which modern astronomy has brought to light
8
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were revealed to the sacred writers, But
bly consistent is their language
wonders which the
Where would the de
own the instrument with which he
1 the heavens, f it
on for those feelings which have i
ened by what he has. there sesn GORR
and power of the eternal Creator @
would he find language more elevated
appropriate than in the sacred volume?
currence between science and

the fict, that the God of nature is the Godigh
the Bible ?

8. All subjects, as they are exhibited i
Bible, have reference to the gres
redemption. The cross of Christ is g8

from whence the

aniverse. The hill of Calvary will be ks
servatory. Oh! how unutterable will b8
emotions with which he will * considet®s
heuvens, whes e remembers that theif)
mighty Maker is his Redeemer! «All
were made by him ; and without himn was!
anything made that was made,” John &
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There is a rapture felt in gazing on the starry
%y, which can be only known to him in whose
heart the Saviour is enthroned. He will sce
all the glories of creation reflected on the media-
yarinl work of that Saviour, and every discovery
which expands his views of the former will
exalt his conceptions of the latter. “ Those
worlds of light," he will say, *those countl
guns and systems which the telescope brings
Within my sight, and in the contemplation of
which, either individually or collectively, T am
Jost in astonishment and filled with awe, are all
the workmanship of my Redcemer. And is it
207 Then how transcendent must be his glory !
Dol go to Bethlehem, the place of his incarna-
tion, and see him,

#On whom the vast universe hung,"
85 4n infant cradled in a manger? What an
anfinite depth of condescension! Do I visit the
Place of his crucifixion, and see him bearing
#our sins in his own body on the tree 7" 1 Pet,

How inestimable must be the value of

thie sacrift Does my faith follow him from
the scene of his abasement to that of his exals
Eitign? Do behold him as Mediator, invested
With absolute and nnlimited sovereignty? How
um) confidence strengthened | Secely “he is




922 THE TELESCOPE.

able also to save them to the ubtermost
come unto God by him," Heb. vii, 25,

T menuu as revealed in |
Bible. The objection has been made, but
wholé fore the one simple ¢o
ation, £ ,in additiol
of dw on & multiplicity of objects ¢
and the same ti has this facultyin
wonderful perf

after the invention of the telescope, which
infidelity in possession of objection,
instrument was found, “ which laid open a8
no less wonderful, and rewarded the ing}
spirit of man with a discovery which servs
neutralize the whole of this argument, i
was the mier . The one,” said that g8

* “Discourses on the Chr
nexion with modern Astro;
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man whose language we quote, led me to see
3 system in every star. The other leads me to
see a world in “every atom. The one taught
soe that this mighty globe, with the whole
hurden of its people and of its countries, is but
5 grain of sand on the high field of immensity.
The other teaches me that every grain of sand
gmuy harbour within it the tribes and the
families of a busy population. The one told me
of the insignificance of the world I tread upon.
| The other redeems it from all its insignificance;
for it tells me that in the leaves of every forest,
Sand in the flowers of every garden, and in the
Araters of every rivulet, there are worlds teem-
ing with life; and numberless as are the glories
of the firmament. The one has suggested to
e, that beyond and above all that is visible to
man, there may lie fields of creation which
#weep immeasurably along, and carry the im-
Press of the Almighty’s hand to the remotest
#oeues of the universe. The other suggests to
Wie, that within and beneath all that minute-
Bess which the aided eye of man has been able
) explore, there may lie a region of invisibles,
i that, could we draw aside the mysterious
irtain which shrouds it from our senses, we
AWight there see a theatre of as many wonders
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as astronomy has unfolded—a universa w

the compass of a point 50 small 4% to
rs of the microscope, but

wonder-working God finds room for the

cise of all his attributes, where he can
another mechanism of worlds, and §il
animate them all with the evidencss

By the teleswope they have discovered §
agnitude, however vast, is beyond (he'g
of the Divinity, But by the microseops
have also discovered, that no minutenessy
ever shrunk from the notice of human'ey
beneath the condescension of His n'gud.
addition to the powers of the one 1
extends the limit of his visible dominionse
by every addition to the powers of the
instrument, we see each part of them
crowded than before with the wondens
unwearying hand. The one i
ing the circle of his territory. The ot
as constantly filling up its separats po
with all that is rich, and various, and
word, by the one I am told dhisl
ghty is now at work in regions
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distant than geometry has ever measured, and
among worlds more manifold than numbers
B have ever reached. But, by the other, 1 am
lio told, that, with a mind to comprehend the
whole in the vast compass of its generality, He
Bhas wlso a mind to concentrate a close and
Wepanite attention on each and od all of its
pueticulurs ; and that the same God who sends
Worth wo upliolding influence among all the orbs
Bhnd movements of astronomy, cun fill the re
jgisses of every single atom with the intimacy of
his presence; and travel, in all the greatness of
WBi8 tiimpuired attributes, upon every one spot
“8id corner of the universe he has formed.”*

“Por the introduction of a passage so long,
All 0 well-known, the reader will find an
Wpology in its great bewuty and appositeness,
BBy also be added, that it would be impos-
bls 1o supply a more appropriate prefice to
B8 Subjeot of the following pages, 1t is a link
of exquisite workmanship, connecting the two
A of this little volume.

* Rev. Dr. Chalmers's Astronomical Discourses,
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PART TL

THE MICROSCOPE AND ITS OBJECTS:
A wickoscor is an optical instrument, by Wi
very small objects are magnified. By
of it many discoveries have been madiy)
are, in some respects, even more wonderiy

those of the telescope. We naturally
ideas of magnitude with power; buttod
the infinite in the invisible, not because
remote, but because it is too diminutiveso
discerned, baffles all our attempts to ' find:

Him whose greatness

minute as in the mighty,

Invention of the microscope.
appears to have been invented not long il
cope, and it is probable that the in
ne instrument led to that of thi
we can be assured of is, that
scopes were first used in Germany, aboub
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1621, or nearly twelve years afier the
fnvention of the telescope.  According to Borel-
Jus, who gives the most particular details of its
favention, we are indebted to Zachary Jansen
gnd his son for the microscope,  Others, how-
gver, claim the honour of inventing it, parti-
gulurly Cornelius Drebell, a man of science and
ingenuity, who invented the thermometer, and
Fontana, who professed th made the disco-
Wery in 1618, although he published noaccount
il 1646. Borellus informs us that the Jansens
presented the first microscopes which they made
%0 prince Maurice and Albert, archduke of
Austrin. A minute description has been given
of these instruments, from which it is evident
they were either compound microscopes, or
telescopes adapted to the examination of near
Objects by a different arrangement of the
Bhsses. Tn No. 42 of the Philosophical
'hamncnuns of the Royal Society for 1668,
e liave an account of & microse pe made by

stachio Divini, at Rome, which consisted of
;m planc-convex glasses, so placed as to touch

rb other in the middle of their convex surfuce.
i8 described as sixteen inches long, the eye
'i’:: almost us broad as the palm of a man's
d, and the tube in which it was inclosed

9
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almost as thick as & man's leg; it was adj
at four different lengths; in the first

the least, it showed objects 41 times
than to the naked eye, in the second 90 4
hird 111 times, and in the fourth

About the peried now referred to, M.
soeker proposed using small globules of
instead of lenses, A microscope, containg
globule &th of an inch in dinmeter, magt
demonstrated to have a magaifying powen
100 times in diameter. Were it not for

fliculty of applying objects to these magi
the want of light, and the small field of di

ision that can be obtained in them, theg
perhaps be the most perfuct of single

above 800 times, but th

Few distinguished themselves more,
seventeenth century, hy their micross
obgervations and discoveries, than the

M. Leuwenhoek, a nutive of Hollands
microscopes all consisted of small doubles
Jenses, set in a socket between two silver
riveted together, and pierced with & smull
and the object was fixed on the pointiel
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meedle, so contrived as to be placed at any
Gistance from the lens  These microscopes
were bequeathed 1o the Royal Society, and on
examining them it was found thut the highest
guagnifier increased the dinmeter of an object
260 times, but that all the rest fell much short
of that power.

General description of microscopes.

There are different kinds of microscopes,
#nd they are constructed in a great variety of
forms. A brief deseription will now be given
of those which are most simple and most com-
amonly used.

1. The single microscope.—This simplest of
microscopes is nothing more than a convex
lets, whose focal distance is extremely short,

et &5, fig. 18, be a double convex lens, ¥ &
M8 object at its focus ¢, o the €eye very near




100 THE MICROSCOPE AND ITS OBJEOTS,

the lens 4 5 ; the xays coming from ghey
will,

eye, m:\, consequent]

Therefore, a mim
through a small. glass lens 4 B, hy.the aye
close to it, appears so n.\hIl grcnlﬂ-
would to 3 ed
tance ® b, thi
# ¢ To illustrate
focal distance of
n D eight
ch we uew
cts, then x)u \*U{ t may be

If the focal dis of the lens were

an inch, the magnifying power would B

times; if,4th of an

if &th of an inch, the diameter of any

ject would be fied 160 times, whichis
nd by dividing 8 inches by the focal

of the lens, & <+ 8—160. The surfacs

self, which produces 25
times, and the solidity or bulk weuld be
fied 4,096,000 times, that is, the surface
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by the diameter. A single microscope may

be represented by fig. 19, where v is the lens
fixed ioto 8 socket with a handle, A & a small

ohject placed at focal distance from the lens,
and a ¢ the magnified picture of the object.
Fig. 19.

The performance of the single microscope
depends, in a great measure, on the clearness
and purity of the glass of which it is made,
and on the accuracy with which it is polished,
8 83 to keep it of a true spherical figure.
When completed—that is, when ground and
polished—it should be as thin as it can possibly
be rendered with a sufficient aperture. When
@lens is thick, approaching to the figure of
# globe, it is not so transparent as when thin,
and the field of view at the edges is partly dis-
forted.  And it must be of a sufficient diameter
“OF aperture, that the eye may take in a moderate

o
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field of view, and that there may b.,
deficiency of light as possible:
been made whose focal length did ug’-

oth, Ath, or Ath of an inchs B
high powers are difficult to be useds
Brewster has remarked, that “we cannp
pect any essential improvement in the
microscope, unless from the dbwver,uf
transparent substance, which, like the dim
combines a h
power of dispers
this snggestion, the diamond has been ofill
years formed into lenses by Mr. Peite
London, who commenced the unde
July, 1824. The first diamond lens winl
pleted at the end of that year, and n
standing the difficulty of working this &b
into a perfect figure, he ultimately overcan
and finished the first diamond smicrs
1826, 'The focal distance of this m
which was double convex, is aboub
of an inch. The principal advantages of
ploying diamonds in the formation of

s arise from the naturally high

power they possess, by which we cén
lenses of any degree of magnifying power,
comparatively shallow curves. The ind
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ootasioned by the figure of the lens is thus
greatly diminished, and the dispersion of colour.
i the substance being as low as that of water,
penders the lens nearly achromatic. M. Prit-
ehard has also formed lenses of supphire and
iollier precious stones, but they are not preferable
fo the diamond. The following table exhibits
the magnifying powers of Mr. Pritchard’s sap-
phire microséopes :—
ot . | o Poer. Mogiting e

= | 6,400
14,400
|

dn mounting the diamond and sapphire lenses
Mhere are advantages which gluss lenses do not
Possess, Their extreme hardness enubles them
#8 be burnished with brass settings, which is
Yery difficult with those of glass. This fucility
mounting renders them more extensively
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useful in experimental researches, from
capability of being applied in every
way with regard to the object, the light, o
eye.  Butit is evident that such lenses,
from the difficulty of grinding and po
and from the costliness of the material,
be very expe

There are various simple methods of ot
ing small lenses for microscopes, some of
may be here stated. Take a small g
window glass, about #th of an inchibn
melt it in the flame of a lamp, then draw i
into fine threads, then hold one of these
with its extremity in or near the flamne,
Tuns into a globule. The globnle may 4l
be cut off and placed above a small a
that none of the rays which it transmits
through the part where it is joined to thel
of glass. Lenses composed of fiuids Hsye

h are frequently usefl
croscopes are not at hand,
#drop of water on the point of & pin, and
it in @ small hole in a thin piece of
about Wth of an inch in diameter. Thel
should be in the middle of a small
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» little more than half the thickness of the
Trass, which should not exceed #th of an
jach in thickness. On the opposite side of
She brass should be another spherical cavity,
half as broad as the former, and so deep as to
peduce the circumference of the small hole to a
gharp edge. The water being placed in these
wavities will form a double convex lens with
jies, which will produce  pretty

fying power. A better substitute

far water is & drop of very pure and viscid
furpentine varnish, which may be taken up on
the point of a piece of wood and drapped upon
& piece of thin and well-polished glass. Sir D,
Brewster describes the following as the best
method of constructing flaid microscopes :—Take
Canada balsam, castor oil, or pure turpentine
warnish, and drop either of them on a piece of
glass, the surfaces of which are parallel, when a
Plaso-convex lens will be formed.  Their power
may be varied by the quantity of the fluid
‘mployed, or” by allowing the plate of glass
0 be horizontal with the drop above or
Bencath. it: if the plate be uppermost, the
plmy of the fluid will make it more con-

WEx; if the drop be above the plate, the len

Will be flattened. When turpentine is vsed, it
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soon becomes indurated, and, if kept from|
very duruble. Sir David informs usy
has made both the ¢ ject and eye log
compound microscopes in this manner,
performed extremely well, and lasted 3 g
siderable time.* A single reflctfig micron
may be formed by a concave speculumy ha
the object placed on its axis, and nearer to
surface of the reflector than the focus, wh
enlarged view of the obje

locking into the mirror, This instrument
be employed to enable a person to view/his)
eye, and will show a magnified repi

of the ball, the pupil, the iris, and the
cations of the blood vessels, On fthe'®
principle, if the reflector be large, for

six inches in diameter, the whole head snd
may be seen magnified three ar four 8
length and breadth, and above ten fime
surface. There is a species of loris,8om
called the Coddington lens, formed of &
of glass nearly half an inch in

The upper and lower surf

sides are hollowed out, g

ng the lens
what the shape of an hour-glass, and red
the stem to a very small size. These e

* Treatise on New Philosophical Instruments, pp. 48
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of u very short focal distance, have a great
L maguifyiog power, and serve either as single

migroscopes, or for the object glasses of coms
pound ones.
There are various modes of fitting up single
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es, some of which are eom
expensive.  The following plan may by
mended as both simple and convenenty
(p. 107) represents the wounting of g
microscope, K represents the box
the whole apparatus. On its top
hollow screw, for receiving the screw g
the bottom of the pillar A. p is ab
that fits into the pillar.  On the top of
is & hollow socket to receive {he g
carries the magnifiers ; the pin is to e
up or down to adjust the lenses to theis
distance from the object. % the bar
carries the magnifying lens; which fits
socket x.  This arm may be moved bag
and forwards in the socket x, and
the pin D, so that the magnifiery
screwed into the ring at the edd B, @
easily made to traverse over any part
object that lies on the stage or plate n.
polished silver speculum, with &
placed at its centre, which is perforated
purpose. The silver speculum screws in
arm &, as at ¥. 1t the semicirele which
the mirror 1, » the stage or the plina on
the objects are to be placed. 1. A pair of
which are fixed on the stage by the pini 4
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m glider which oceasionally screws to
of the nippe The silver speculur

Sitended to throw light on the upper surface o

“gu opaque object, but when transparent objec

Sare viewed, there are other le
ke msed without the speculum. ¢
ratus is connected with this and other

ieroscopes, which it is unnecessary here to
describe.

9. The compound microscope.—When a micro-
isbope consists of two or more lenses or specula,
itis called & compound microscope. In this

i the image is emplated instead of
e object ; one of the lenses of which it is com-
jposed forms an image or picture of the ohject,
#8in the telescope, and this image, in a mag-
mified state, is viewed by an eye glass, which
Produces an additional magnifying power. Let
Lx, fig. 21, ropresent a double convex lens, and
OB & small object, so applied that the pencils
of rays which emerge from it and pass throngh
Mha lens may converge to their respective fo
#iod form an inverted im at 1, rlus image

ion as its dx:mmc L,nccds that of the
from the lens. For example, if the
10
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distance of the lens L ¥ from tha o
half an inch, and the |iis|:\ncel.l,
image is formed, be 7 inches, the image
times larger than the object; and if it b
through the lens » @, which Supposa:

Fig. 7m0,
e

Linch, it will again he magnified 8
she principle of the single microscope; "
whole ‘magnifying power will be 8
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Bat the pencil of rays emitted from »
in the object, and made to converge by the
Jens to M, proceeds afterwards diverging towards
%, and, thercfore, never arrives at the léns ¥ o,
por enters the eye at B, Ouly the rays that
proceed from the points ¢ and b will be received
ga the lens ¥ o, and by it be carried to the eye;
the parts of the image { and m will be visible,
Bt those situated towards 1 and » will not be
wen, This quantity (i m) of the image 1% is
walled the jield of view, which is comparatively
gmall when only a single glass is used. In order
to enlarge the field of view, it is requisite that a
broad lens, » &, fig. 22, be interposed at a small
distance from the focal image; for by thas
means the pencil B, which would otherwise
have proceeded towards m, is refracted to the
#ye, as shown in the figure. In the same man-
et the other extreme of the image is seen at g,
#ad the intermediate points are also rendered
visible. On these considerations it is that com-
ponnd microscopes are usually made to consist
of an object lens, L N, by which the image is
formed and enlarged, an amplifying lens, b 5,
by which the field of view is enlarged, and an
Eye glass, ¥ o, by which the eye is allowed to
Bpptonch very near, and to view the image
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under a great angle of apparent magnitude.
For similar reasons three, and sometimes four
eye glasses are substituted in place of the
amplifying

Having briefly described the theory and
principle of this micro , we shall now give

3 description of the finished instrument, and
the way in which it is used. The large figure,
fig- 23, represents the body of the microscope
veady for use, which, including the pedestal, is
from 12 to 15 inches in height. TIn this figure
8 is represented as consisting of three tubes.
In the large tube, A, the smaller one, B, slides
up and down. At the upper part, a, oné or
two eye glasses are contained, snd at some
distance beneath them the amplifying lens is
placed. At the lower part, b, the object glass
is placed, and the small tube which contains it
i connected with the tube », by which it is
made to slide up or down, to adjust the focus ta
the eye. Below the object glass is ¢, a kind of
spring to receive the sliders, which may be
occasionally taken out, and a plane glass lsid
across the opening in the stageon which any
small chject may be laid. D is the pedestal on
which the instrument stands.  C is a glass con-
10%
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all directions, o
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the cost of one of these 1enses 1} inch focal
distance, anc
foeal dists
upwards.

those which were of a shorter
were charged at two guineas and
A person who feels himself nnable
4o purchase an expensive compound microscojs
may construct a pretty powerful one for a few
ading to the following direc-
the object glass & lens

st } an inch focal distance, another for the

amplifying lens 2} inches ft Jength and 1%

jnch diameter, mul a third glass 1 inch focal
distance, to be placed next the eye. The dis-
wnces at which these glasses should be placed
from each other are us follows :—The object
glass, 4 inch focal distance, should be placed at
the end of a small tube next the obje eot, and the
aperture or hole that lets in the light should
1 one-tenth of an inch in dinmeter.
inches from this

not e
At the distance of about 7
glass the amplifying lens should be plac 1, and
the glass next the eye, 1 inch foeal distance,
should be pluced about 13 inch from the
plifying lens. Such a microscope reck

the combined eye glassés to magy

6 times, and (hu object glass to my

object 14 times, will produce a mugui

power of 84 times in lineal dimensions, and
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diameter and B inches focal distance, is to be
sed in the end of the tube, which is put into
The object, b b, is placed about 2}

hes from the glass @ a. If the object be u
living animal it must be put between two
o » glasses. A little more than a quarter
of an inch from the object is placed the small

convex Jens ¢ ¢, whose focal distance may be

about a quarter of an inch. The tube may be

JUIL -

Fig. 80,
<t

s0 placed, when the sun s low, as that his rays,
r directly into it ; but when he is
high, his rays, » 5, must be reflected into the
tube by the plain mirror c¢. Things
this state, the rays that enter the tube will be
conveyed by the lens aa towards the ohjec
b, by which means it will be strong! i
natel, and the rays d, which flow from it
through the lens ¢ ¢, will form a large inverted
picture of the object at b b, which being received
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the distange

o the distange

Thus, suppose

1 the lens to be
{ the image 14
be magnified
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are more particnlarly represented.  The square
plate, be¢d,is attaclied to the window shutter by
the screws o . The mirror g is mounted on &
wooden frame, and may be elevated or depressed
by a screw at.d. A rotary motion is commu-
nicated by a pinion and handle at o. The firss
Jens is placed in the tube a, immediately adjoin-
ing the mirror, Another tube, m, is attnohed
by a screw at #, and contains the small lenses
for magnifying the object, and the rack-work
k I for adjusting the focus of the instrument,
The objects are introduced at .  When lenses
of high power are employed at k, they are

now constructed on the achromatic principle.

This instrument is not so much used as for-
merly, in consequence of the invention of
oxyhydrogen microscope, which is not depe

suny but may be used either by day
or by night, provided the room be darkened,

'n‘()h\\lluwu light being substituted for

that of the sun, This is the microscape which

is now exhibited in lecture-rooms, and in our
Polytechnic Institutions. It wmay not be im-
proper here, to give s hint to some persons nog
much acquainted with such exhibitions. One
of the objects shown by this microscope (the
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; it consists of two bruss tubes I, one
g within the other, and a vertical flat
, at the top of which is the hole for the eye.

¢ be pulled out or pushed in,
ens of the glasses, The

or depressed, that the
2 object is to be viewed

may coincide with the centre of the field of view.

At the small end of the cone is placed a tul

which carries the magnifiers, one of which is

Tepresented at ¢; the tube may be unscrewed
n
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wooden Beneath

‘ & long bar, which
irries the stage “or frumea

§IE L be moyed

L 1s, to ad the foons,
by means of the pinion & A handle with un

vint for turning the pinion, is shown

1 ato. The stage &, for of ique objects, fits upon
- the bar by means of a socket, and s brought
nearer to or further from the magnifying long

i . pinion £, At the lower part of
"; sa circular lump of plss,

receive the light from

to throw neave mirra
I eflet he object. {The
the opaq tage takes out, that
nsparent objects may be inserted

v its place. Between the )

rest 1o

receive ng from the
object whose representation is to be ¥ieweds
An Arganil lamp, or the ox I

, is

placed beyond t
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geen with ease and distinctness, The beautiful
eolours with which most of them are adorned
gre rendered more brilliant, without changing
in the least the real tint ; and the concave and
convex parts retain also their proper form
The fucility with which all opaque objects are
applied to this instrument is another consider-
able advantage, and one almost peculiar to it.
The lucernal microscope does not in the least
fatigue the eye; the object appears like nature
itself, ng ease to the sight uml pleasure to
the mind ; and there is no oc 1 to shut the
eye that is not directed to the objectsdThe
outlines of every object may be taken even by
those who are not accustomed to draw, while
those .who can draw well will receive great
assistance. Transparent objects as well as
opaque may be copied in the sume manner.
This instrument may be used at any time of
the day, but the best effect is by night, in
which respect it has a superiority over the
solar microseope, which can only be used when

sun shines. Such are some of the pro-
perties of the lucernal microscope, us stated by
the inventor.

Besides the microscopes we have already
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jnstrument ever yet bestowed by art upon the
investigator of mnature," The application of
achromatic object glasses to compound witro-
scopes hias only been  attempted within the lust
twenty-six years. In 1824, the late Mr. Tulley,
of London, succeeded in making the first Er
bir ss for & compound
It was' composed of three lenses,
wble of transmitting a pencil of rays
of 16%  He soon after constructed another com-
Bination, to he placed in the front of the first
mentioned, which increased the angle of the
vencil to 38% Mz, Tulley's object glass exhi-
bited « flat field, and was perfectly corrected ;
w it wus applied an eye-piece, by which the
mugnifying power produced was 120 dinmeters,
but when the second combination was added,
the power was inereased to 800, These object
ces have since been improved by Messrs.
er, Powell, Ross, and Smith. Their focal
distances vary from 14 inch b of an inch;
and they may be used either separately or in

combination. Sometimes three sets of them
combined togéther, which produces s v
powerful effect.  Magnifying powers equal to
1,200 diumeters ve thus been obtained with
great distinctness, that is, the surfiaces of objects

1%
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should be made visible to the eye, though so
minute that a million of them are less than a

grain of sand ?

The various sections of animal and vegetable
life ave full of beauty, and in their minutest
details exhibit a completeness and a finish
infinitely transcending the most exquisite and
admired pieces of art. The scale of a sole, so
small to be overlooked by us, is a work of most
admirable regularity and delicacy. It is a kind
of web, with & number of small points st one
end, which fasten it to the back of the fish.
There is not & single fish whose scales are not
more beautifully woven than any texture which
is found in the finest handiwork of man. The
fibres that compose the scale of a pike are
formed in a manner quite différent from those
we admire in the scale of & curp or a péreli;
still one order is invariable in all the scules of
the same speeies. Equal regularity is found in
the structure of the feathers of birds, in the

ral kinds of wood, and in the figures
salts. The dust on the wi
moth or a butterfly; a single particle of which
is so minute as to be invisible, is found, when
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ugnifiel, to be a beautifully formed Rthen
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The following objects, among nany others,
may afford amusement and i to those
who a 1 of s :—the seiles
of fishesy 1 It 1 the wings of butterflies,
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and o t or little
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fibres of a peacock’s feather, and the feathers of
other birds ; the human hair; the hair of a
mouse, and the hair of an Indian bat ; the sting
of a bee or a wasp ; the stings of a nettle ; small
flies which infest fruit and trees ; the beard of
ild oat; seeds of poppies and other small
seeds ; mouldiness, which is a species of
tation, or a forest of mushrooms; the smull
nimble inscets existing among pinks, roses, and
sunflowers ; water spiders, not larger than a
grain of sand, found in ditches ; the silkworm
in its various transformations; the nymph,
surelin, or chrysalis of moths, batterflies, and
other insects; the proboscie of a butterfl
which winds round in a spiral-form like th
spring vatch, serving both for mouth
and tongue ; of all kinds; spong
reckoned & plant-animal, composed of minute
vessels resembling ns and arteries; graing
of sand, which are of various forms, having
all numerous sides and angles, some of them
finely polished ; the flakes of snow before they
melt ; the tails of fishes, the fins of water newts,
and the webs between the toes of frogs, in which
the circulation of the blood may be beautifully

seen; and fresh water polyps, with arms in the
form of horns,
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gented Tike the branches of trees, in.the most
peantiful varie ery different kind of salt
forms & new arrangement and @ different figure.

Among the multitude of objects which nature

presents for the employment of the mioroscape,

our limits will permit us to select only a few for
particular notice. We shall commence with a
description of a few species of —

Anniate ~—This term is now generally
used to distinguish animals of a size so diminu-
tive that their true figure cannot be discerned
without the assistance of glasses; and more
especially, it is applied to such as are altogether
invisible to the nuked eye. By the microscape
we are brought into acquaintance with new
tribes of the living world, and innumersble
animated beings, which, from their minuteness,
would without it have escaped our observa-
tion. How many of these invisible tribes there

throughout the air, the waters, and the
earth, is still unknown, but they doubtless fir
excevd the number of ull other classes of living
ereatures combined. To koow that there are
myriads of utoms, endued with vitality, exist-
ing in u single drop of water, executing all their
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le to the na eye ; others so small that

m hair would cover more than a hundred

15 while millions of millions of them
contained withiu the compass of a

} , however, possess peculiar

their respoetive forms, While

sOme MOVE wI.v mgh the water with the greatest
T Imin_v. darting, ing, o imming, others

glide nlon

ir movements. We
deseription of some individ clos of

animalcules,

1. The Monads.— This genus of animaleules
includes the smallest forms in which a volun~
tary motion has been observed under the most
powerful microseopes. Motion appeared to be
the only property of life they possessed, till Dr.
Ehrenberg, an eminent observer of anim
existence, demonstrated an organization equally
perfect with creatures of much larger dimen-
sions. Their forms are sphe

drical, and they are colourless, and transpar:

as the arest crystal. Tlu\ increasc

spontaneous division of the parent into two

more parts, and these pum aguin divide, as do
12
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attained theip
are chiefly ine

¢ from ¢ " They
form limit of Juaintance with gnj-

) ature ters vary from the
art of an inch to the jdyth. Whatis called

E d is so very minute that its exige
L ence o disc th ¢ instrg-
' ats with 4 Jes than 400 linear, or

160,000 tim

are often so
1 wbundant on the s that many

zl millions in a single drop may 1

aken up on
of these
arranged
, it would
cubic inch

B ol 884,736,000,000, Some ol thess
"_. monads are found in various vegetabledne
fusior wre very numerons about theine

fused k 5
2. Animalcules four n infusions of pepper—
hie hottom of an oy essel be coversd to;
of half an incl r

e minute sainial
o referred ¥
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grossly bruised, and rain or river water be
poured d in until it rises above the pepper about
an inch, aud if the water be well stirred and
exposed to the air, in a fow days a little pellicle
or skin will d on its surface. This

skin, examined by the sope, will be

to contain millions of

cernible at first by

it continually growing lar
ain their full size. Their numbers,
ery duy multiply, and at length the
whole fluid will seem alive. About the qu itity
of a pin's head of this scum, taken up with the
point of a pen, or a small hair pencil, and
plied to the microscope, will show several
of animaloules, differing both in size and
The following are some of their

varieties :—

88 represents the largest kind. The

of the body is about the diameter of &
w.,h hair, and three or four times more than
its breadth. Tt is very thin and transparent,
but that side which appears to be the back is
darker than the other. Th y frequently turn
themselves in the water, and show both back
and belly, as seen in figs. 1, 2. The edges of
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body are fringed with a great number of

minute feet, which are chiefly per-

two extremities. At one

ceptible about ¢k
end, there are likewise some bristles, longer
than the feet, resembling a tail. The motion of

wleules is sw

these &

nd by their turns,

and sudden stops, they seem to be

lly bunting about for their pn
t in  running

They

employ their fe

a5 well as

n swimming ; for, on putting &

hair among them, they often creep along it
from end to end, bending in several strange
postires.
There is another kind of animaleule in this
usion, whose length is about one-third of a

adth, with tails five or six times as

sometimes longer. Fig. 84, No. 1,
exhibits one of them with the tail extended.
. 2 represents another & them, its tail

in a screw-like form, which y commaon,

Oc:

y when they lie still, they thrust

e

back again

t, bul

without tails, appear sometimes in an oval

rd kind, about the size

shape, as in 35, No. 1; and sometimes »

little lo

esembling a flounder; as No. 2

12%
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the same fa

fifth

them in o row would not equal  the

in of sand, ar
f a grain of gand, u

i

itly &
of them are but equal to & grainiof

eand in bulk. Their shape is almost rownd;

To pro-

flour and water, und

wateryy,

but of a moderate con

e.  Expose it #o

the open uir in an open vessel 1 prevent its

hardening, or becoming n

n the surfuge,

days

together After som

it will tur sour, an y i examined
tively, multitudes of small, | nde

gling animalcules will be discerned, which 108
crease daily in s T'o promote their develo)

p-
be
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After the eels a

may be kept all the year by

¢ onoe

to them occasionally a little vinegar

They may be taken to the micro-

2 of tale or th

s

, & drop of

water to swim in be

ng previously
provided. * They are very entertaining ohjects,

Sometimes the motion of their inte

nal parts

In vinegar itself, after

sianding & ShwidgeTblovars especially in
summer, & species of eels will frequently be

for The figure of these eel-like animaleules

hown at fig, ¢

. Animalcules in infusions of hay, grass, oats,
and other vegetable productions—When

substances are infused in water, after

asort of whitish soum will appear
e, which, examin

und

red by a micro-

contain

immense

ing creatures, of varions sizes and

The most common is an oval animal-

mewhat in the shape of an emmet's

own fig. 87, They are extremely nimble,

and in continual motion buckwards and for-

wards ;

sometimes they

and turn round on

stop ‘on a sudden,
their axi
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and alternately in different dir

tions, with sur

wson, the water that g

hes appears
of g
Dicro-

amining it by o

2 multitudes of

r oon its sur-
r The
d trang=

is cithey

[ reason to believe, that
_ itches the number of
j ! ek
it I £ all I
: sabitar g b lig
* hich drait la : & dowp
brown colour, i s onged with

i A eems to b alive, and
must it W | water wlore t ey can
be sufficien wated to distinguish thain
various  kix Among these nCtimes
i L 8 r set fig. 38. Theis
middle part ay eset with
L ut botk 1 them are transpas

a lang
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sprig at the extremity, and their motion is
glow and waddling.

Our limits will not permit us to prosecute
this subject much further. We may just re-
mark, that an infusion of any herb, grain, fruit,
flower, leaves; or stalks of any description of

table, in common water, will be found, after

a few days, to contain animalcules in immense
numbers, and of a species peculiar to the dif-
ent substances which are infused. M. Joblot,

is, has given us & deseription of numerous
experiments he made on this subject. He
examined the infusions of pepper—black, white,
and long—aof senna, pinks, blue- tle, roses,
mine, raspberry stalks, tea, barberries, fennel,
sage, d flowers, sour grapes; mushrooms,
and rhuhm'b and found different animaleules.,
Hay, new and old, abounded with many kinds,
Rhubarb, mushrooms, sweet basil, and citron
flowers, had their particular snimaleules; The
anemone afforded a very wonderful species,
with a satyr’s face upon the back. Celery
produced many kinds, as also did wheat-cars,

straw, rye, oats, aud Turkish corn.  Oxk-bark,
new and old, afforded great variety. Some of
these infusions M. Job kept a' whole year,




142  THE MICROSCOPE AND ITS OEOTS.

and ob:

rved that not only each infusion had
les of shapes quite different from thage
ers, but likewise that in the sume infusion
ferent kinds of animalcules appeared at
different times.

5. De
forms.—I

s a wonde

dcules of wnoompon
ons of nature thees

diversity, particularly in the
An infusion ot

forms of animaleular
anemone, prepared afte
at the end of eight days will
afford a new and uncoramon animiloule, which

with cold wate

form of a luoman jac

, perfectly well made, I¢
has three feet on each side, and a tuil coming
out from under the mask. Another curions
found in an infusion of hay, 48

ig. 40. 4 shows its head, Bite

rt, which m

inte
ally opens its mouth
Its lips, which it moves
with bairs, There ame
g round its bodys
j Another animalcule, which bears a certailh

sver another
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yesemblance to this, was found in an

of pinks, jasmine, and other flowers. It is
41. Te diffe

, in being longer, in its tail

from the one

sbove

being composed of three points insteud of two,

in having L ¥, one on each side

of its

rt, marked a, in its intestines, b, being

without any visible separat

, and in having

neither ringlets, teeth, nor hairs in its tail.

Another curious animaleule is fonnd con-

nected with duck-weed roots.  This little orea-

ture is represented at 2. It hus two wheels,

de, witha great many te

h, or notches, coming

from its head, ench turning round upon an

axis, At the least toue

draws the wheel-
work into its bedy, and its body into a sheuth,

after which it appears as in fig. 48. But when

guin, and the
wed. One of

it thrusts itself out a

rotation of the wheel-work is rer

nimaleules has been noticed whose ¢

smposed of minute globules, as a, fig.
in this the wheel-work, ¢, was dis-
1 to consist of four round parts, with
little divisi each, In the water of

15 between

slimy matter, found in
various kinds of animalcules are discovered,

en pipes or gutters,
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and g the rest, multitudes that appénr to
have & s k, turning round i the
manner now described.®

The immense multitude of mimaleuley,

forms they assume,

the stran niinuteand

Koate organ; n of their bodies, and ik he
2, Tender
In the cone
nders of the Divine
probubility of life
he miioroscope. ie
ch the  telescope
—who does
itle a8 il s
versal ?

diversities o

ts of w

nili

points ar

not see th

nor nnite

ther these minnt
with that facaltyof

ribed by the word

s us, that & small

ption of aofmls
be referred 0 Adamy's * Micragraphia. Hinatrat
wenhoek's “ Aredn

* Those who wirh a more particul

whers there are hundreds of
deline
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tity of the matter contain

qu

animaloules baving

bottom, w
top. When things had re
in this

sition, cach of these

began to

of animalenle row weary of

« situntion, and had a mind apparently to change

set out at

the

the other d

whwards, so the
middle

2 on this

;i

led the ¢ ver to wa them careful

t that was
ht and left,

\at, which was descending

the army

) his surprise, he

marching upwards open to the

mak

ut confusion or 1

on its way 3 the body th

in two columns to the

other journeyir
as if each had
lead
croseof
return
1 hioldi
washing it off the slider wit!
13

Ve

a little pure water.




ted, and th

jove. At

u, after
another
} 7 at the spots in

the sun, and was not & littl surprised to see ong
t ross its dise,
rimal, abous

the on one of the glussesial
t 1

pe which I inclosed between two
5 o watched ita
and ob=

, the little
reasoned and: acted
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rational beings might have done in similar

umstances,”

ng those who stand foremost in the rank
r Ehren

Aw

of microscopic

turulists, prof
aturalists, pr

to whom we haye

In various parts of the eurth he has

id minute organic productions; and the

been

results of his persevering inquiries b

to the world. His research

n Humbelde's last jour

ey,

more than fifty degrees of longitude
teen -lo;,ms of latitude. He went as
and the A

mounts

ned animal s in u great

. He found them on Mount

Sinai ; swarms of varions species were in the

of Jupiter Ammon, and at

wells of the Oq
a considerable depth in some Siberian mines,
ht.

entirely deprived of 1

1 under

e confout

All animaleules were
the ng

with, by their

me of Infusoria, because they were met

rst discoverers, in water cone

taini able matter, or in infusions of

nees.

it the propriety of &
general appellation will be apparent; when a
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animaloul

Tripoli, or rotten-

ng been well arts—

in the form of powt lishing
s and mets It hs
"

among othér. places, from Bilin in Bohemia ;

a wide avea,

ngle bed, extending ove

et thick. Immense

js no less than fourteen

ntain-musses consist of symmetrical hodies,

idth and one ten-thou-

een one five-thamw

gandth of an inch in diameter, articulated toge-

ther in the form of rings, is in chalk ; ar of

tz

slender threads; as in limestone and the qua

of granite. An exuct counterpart of  this

curious structure in the mine ngdom is

ex

ibited in the vegetable by the mouldiness of

paste, and in the animal by the creature called

illonella. ferruginea

ioned consists almost

The tripoli just men
of an aggregate of animaloules, in
s ded |
m. A cubie ir

8, without any connecting

would

h of this substan

tain, o0 4n aver about forty-one thou-

s of the

3 the shield

1 milli

: guillonells

: thousand one

g about the oy

shty-seven millionth part of a
At every stroke that is made with this

18%
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several  mill

perhapy
ot fossils are orushed

Even where

s distinet form,

idate \l nodules
r suby «Lumu,

opal
¥
und

scarcely

former age:

for their vuy

we thus acoumulated, It i

u iteresting to trace such occurrences

in progress at the present time, Water, broght

from & lake in the St. Vincent, has

Ids of races of

g ity and the

abundantly gt

ttom of the luke is stated by DriCae
penter, tg ! t

been seen crowde

animalc

At present inhabit

1 which is being deposi

entirely

Some remarkable

Vru,nlvi‘hlll,

the vessel

gues south of Concept

{ throu,

one day
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logres the same

of Valparais

more extensive, Some

buen drawn up in « glass,

led with

and contracts

n which proceeded

of motion ; it was diffioul camine

them, for

to &3

mast the instant motion ceased their

bodies burst. Sometimes both ends burst at

once ; sometimes only one, and a quantity of
1

wiiish matter was thrown out. They

were exceedingly minut ble to

naked ey

the s

wnd quite iny

covering & space equal to
ch? “In
ds Mr. Darwin, “ we pussed throngh

ed ich

{ the thousandth of an i

spaces of water th

wl s red

ctly defined ; the weather, f
ad

sbounded, to an un

previously, calm,

wual degt
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creatures.” minous

ppearance of the

ocean is also coounted for by innumer-

e multitud animaleules,

a lake near
wntity of extremely fine mitter

In Sweden, on th

Urnea, a vast ¢

flour in appears

the nativ tin

s mour

y being mixed with flour, and is
nutritious. But what is this mountain meal

wher

examined by the microscope?  Nothing
in anis
As the animals perish, thess covers

more than' the shelly coverin

malcules |

ers, leep

drying on the shore, or on places

I
longer cove:

water, assumes the appeats
i 2, each particle

ance whence

roscopic animal

almosk
st powerful  mis
g points, of

& minuteness of some animaloy

inconeeivable, Under the

appear only as mo

* Readers desirous of further
may be referred to “ Curiosities

on this subject,
1 Life, with recent

bed by the Religious

Discoveries of the Microscape,”
Traet Soclety
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which, by use of t jerom

rument for measuring very minute

ated

ight hundrec susand millions are cs

upy 8 cubic inch of the water in which

y are found. Superior instruments, in re-

finement and . accuracy, would probably dis-

s fur inferior in size. Let it not

statements are extrava-
facts, which

1 repeatedly obse

statement may by

op of wa

T, tenan
cules, termed monads, (to which we have already
v of the

luded,) contain a number equal v

whole human population of the g

The phenomena of blood.

is

The bloed of man and of I

found by the microscope to cons sund red

globules, floating in a transparent water or

yule

s made up of

sh red g :
and more transparent oues, and each

n, according to Leuwenl
¢ globi
colourless, so tht every common red

1 more minute and

iposed ¢

lobule

is compounded of ut least thirty-six smaller
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ones. The diameter of a common round
n found to be
In order to
blood with a microscope, take o snyll

globule of kuman blood has *
equal to the Jith part of an
view. the

drop of

m hm«-vl as it comes lmm the yein,

and, with the spread'it aa

thinly as pos It may

also be diluted

Clirculati the blood.—This wonderful
nee of which was first
about
ar 1619, was never actually witnessed by
s microscopes were at thut time seureely
e, it appears
to have Leen first discovered in the water newt,
by Mr. Williun Molynesux, in thie year 1688.
L 1 h famed for his akill, has

phenom:

rtain. .l by the celebrated Harvey,

As regards microscopic

gi criptions of the
m rining it in eels and small fishes.
In ¢ erve the blood circulating in'the
veins

their transy
their

ency permit us to look though
nd see what passes
Such are
spiders,
and some other insects. 'The transparent mems

rnal cuticle,

them, are fittest to be us

the frog, the water newt, tadpoles,
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ween the toes of the hind foot of a

et most commonly selected for
irculation of the blood, and in

Fig. 46,

e seen distinetly and benv Iy,

the veins and arteries. A more str
object than this can scarcely be imagined, or
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ene more calouluted to @l our mind

with ad-

n every
s of God.

wiration of the Divine skill manifested

part of the organization of the ¢

vessels in wihich this
wmed, A A are this two toes

5, the 1 brane
tend C ¢ trunks
the vin B Ky
the mbrane, with

hrough them,
guishable bp s
it each contruction of

5 the rent pusses through
with an equal and unintermitting
stream. Tn the finer ar mwe branches of
liffer is not pereeplibles
| also be dis-
out an inch
1 length.  This
still under the
s seen in the
each side, nnd

creatu

mieroseop

vessels of

near t ead tells us, that
in the tail of f an ingh
in townrds,

hrough arteries, and returning
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idently

rere ev.

those arteries, and of the

r with them. He remarks, “It
e how small the ta

> diame

y to conc must be,

and yet in it there were sixty-eight vessels

which e

ried and returned the blood, and

these ve were far from being the most

ably numerous,

minute of all. How incon

st the cireulations in the whole human

then, u

body b

Description of the parts of some small animals,

as seen in the microscope.

vimal

1. The jlea—This unpopular little s
apps

wi

a very beautiful and curious creature

wicroseupe.  With a
ified
gth
g breadth, It is adorned

mined by the

ass, it may be m:

common compound g

to the extent of eight or ten inches in

and 4

corresponc
with a curiously polished coat of armour, ar

jointed and folded

hard shelly scal

and ‘studded with I spikes,

The
general appearance of the animal is that of a
beantifal pi gated tortoise-shell. Its
neck is finely arched, and in shape resembles a
14

over each oth

t like the quills of @ porcapine

som:

¢ of vari
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lobster's tail.  Tts hiead is fury

with a beautiful, quick, an

round bl

behind which appears & small cavit

moves a thin film, with n

a8 is supposed, its

PF

has made {8
the flesh, to
rmed that round

it, cailed

> breast.
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er, and then throws them all out at

instant, and therehy ex its

it onee, s¢

om each of which proceed

; and each foot is fur-

long

Jong hairs

1 claws or talons,

nay cling the better
It is i

pstin

gility with which

a8 m;

d, a hundred times

us strength is no less

It

has been made to draw log

heavier than its owr

How

vigorons

+ in proportion to the

worse, the camel, and even the ele-

h this puny insect!
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2. Mites—Mites are y small creatures
found in cheese, meal, and oth 8.

substanc

T naked eye they appear dust in
motion ; but the sharpest ile to dis-
wguish- their parts without the assistance of

sses, By the mi

cope we perceive that
perfect in all thei

n all the off

they are animals

and that they y

members,
life in as
are ten thou
3 i8 @ crustaceons
ead in proportion
ly, & sharp snout, ahd a mouth like
s two small eyes, and six
of which termi-
Each leg has six
The hinder part
Is in'an oval
w long hairs,
long as the animal itselfi
nd the h also liave
ys eggs, and the young
h with all their members entire.

regular a manner as those whick

sund times 1 The mi

animal n small §

that of a mole. It h

and sometimes ¢

nates in two hool
i
of the body is plump aad bulky,

some

Othe

hairs

ones issuy
. limmeter of a mite's egg is about the dis=
600 such
It
o equal in
very yora-

- of the hair of a v

Bairs are equal to th
would take 91,12

size one
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ngly tenacious of

for months tagether withous
animals ditches.

T'wo of the most remarkable are represented in

figs. 49 and 50, in the posture in which they

are somewhat Jike

swim. Their |

shrimps , but of a more curions

structur > they

a very

small flea. They carry their spawn cither on
the tail or in s in fig. 49, They appear
to have mly one which is placed in the
middl r They are sometim
found so transparent that the motion of theie
ntestines | tly seen through the mien
‘ t ar pulsatio part syp=

is covered with Tt has
, and a large
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mouth. The hinder par nsists
of eight joints, th h, on
eith side, issue su

1o WO parts, §

cture.  One of them,

ir, by wh

bh it can steer itself in t

cases ; the other par

division of it

the hend appe )t
le. After
ts allotted time, &

which the peristaltic m

lived in the water

kable

asues. It assunmes a dif-

rent form, and having oast

nd tails, it s
ant ¢

horns,
e

zars the in

ent. The most beautiful
its hes

plumage adorn
fringed and ornamented

with astonishing fr

ure which a

minutes

inhabitant of the v . would now be

if it were plunged into it

of animals, — These

penetrating instruments, with

rnets, and some other

r defending themselves

snemies. The u bee and
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of & wasp wre similar; it is & horny sheath
wdes two bearded darts.  The sheath
ers 1o & very fine point, and near it is an

through whic

ime of stinging,

of them is a
y penetrate

g hold of
» sting is buried

ce is injected

in the wound, when a venomous

from a little At its root, which occasions an

acute pain h with its darts is repre-

ted in If the wounded persoi

starts befor the sting, it

is left bel the wound ; but if le

to stand calm & unnoved,

can have

the bee brings down the lateral points, dnd
clinches them round the shaft of the dart, by
overed, and lesy

which means the w

apon is 1

pain is given to the sufferer.

5. The hairs of animals.— These supply
for microscopical ohservations
ar, that is, they
minute tubes or pipes.
airs of different

materials

ound to be tubul

There is & great v

animals when examined by the microse
rows, the

Hairs taken from the head,

he eye:
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Is; the beard, the hand, and other parts of

, appear dissimilar, both in the roots

round bulbous root, which Les very

in the skin, and imbibe their proper food

cent humours, T hair' of a

to be one si t tube,

le transpa

ally. A bat's hair, esp

that of the Indian bat, presents a most 1

able for a se

in the form of & whorl

like projecti g
ral part, or sh

around the o

In some

hairs, the suc

mbles very

a gs, placed one

within the other,

6. Scales of fishes—The outside co

fishes are scales, formed with inconceivable
t

seauty and regularity, and are very curious
for the micro

Some are long,

me round, some s gular, and

hers of all ima

pes. Some are

armed with sharp prickles, as those of the perch

and the s

e, while others have smooth edges.
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There is likewise  great variety of scales, even

same fish, for the scales taken from the
¥, the back, the sides, the head, and other
e ig
1 compare with their

parts, are different from each other. The

no work of art we ¢

beautiful mechanism. The finest needle-work

which er been wrought cannot for &

moment be put in competition with the beantiful
work, and interweavings, and divari

cations
" these seales,
z the most remark-
hese fish are withoug
ir being firmly imbedded
in a thick epidermal mucus. In order to pro-
e them, & sharp knife must be passed under-
h the epidermal la ,A.m a portionof it
may be de-
e, und ruther
To view the
\ they should be
R g s days, and then carg
fully rubbed, t n them from the skin pnd
dirt which may adhere to them,

the contextu

havin; n raised, a few

They are of an o

er than those of other f

any fish to advant

The di
butterfiy.—(

e wings of the moth and
of these insects is &
beautiful objest
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ND ORJEA

he microscope.  The lines on its minute

for

particles b

ve been used of late years for test-
ing the defining powers of

mple lenses and

matic combinations. The dust is

a

removed from the wing by gently

upon an ondin r, or upon a thin piece of

ass, to which it will firmly adhere. It consists

{ feathers of diffe

nt shapes, with ten or twelve

Jing from a point, i

ines on each, proc

radii of a circle, and termi well-defi

hose in one

points at the other end

from those in

the wing

t. On its fri ul

shoulder, they have the appenrance of huir

rather than of feathers. The hers of the

nore beautiful than those

tity of

motl are Jonger and

of the butterfly. But when some ¢

dust from the wing of either is b

n slip of

slider, or a ss, under

ind achromatic n

p oscope, with a power
which will rake the feuthers appear two or

thréc inches in length, they present a variegated

and splendid appearance

8. The eyes of insects—1In all ereatures the

is & striking ohjuet ; but the eyes of insects,

our highest admiration

80 peculiar as tc
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would have been unknown to us wif

ut the
e wicroscope.  On the heads of
mmon flies, ants, dragon-
d other insects, may be per-
which contain & pro<

protul

small transparent hemi=
regularity in

gions numk

fictly smooth
mi
: or u window=
1 to an astonish=
taken from Adams's
entation of
id some other parts of a drongfiyy
of the hemispheres, ¢ p &, © DB
which Jooked towards its legs, was observedito
ABCE
awa) The sur=
was so smooth and
em th ISETVET WAR
ape of those objets
window, part of which
» he plainly
saw. These little hemispheres have each &
minute transparent lens in the middle, whith

its a repl

n the other ha

ced upwards and

which' lag

wits ge trée, whose trunk and t
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has . distinct optic nerve mi

ering to it.

t

14,000, being 7,000 in each

Leuwen 1
hoek reckoned 6,286 in a silkworm’s two e

Fig. 53.
\

asition,
A por-
15
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it hemispheres may be
the sun to shine
d under

tion of these transpa

allowing the rays o

a dead i

seen

upon the eye ¢ when pla

u slip of glass.

& 1icroscope «

bstances.

Vegetable

Vegetable nature presents to us an immense
field for the emplo;

innumerable heauties and wonders which, with=

ent of the microscope, und

out this instrument, would never have been
pined, Our limits preventius

discovered or ims

than bricfly noticing & féw

from doing mc

mples.  We may notice—

appears 16
ve u kind of powder, which is found;
of almost every flowes
Its colour is various in di b its
riably the same in plants of
hus shown

fowers.—

1. 77
the naked

on the pondant te

rent flowers,

etrueture is inv

the same species. The microsec

in former ages supposed to
wentitions and unnecessary
is produced with the utmose

us that this powder,

be a mere excre

part of the plun

contrived to opems

rge it when it becomes mature and

sels wonderful

care, in ¥

and di
that there is a pistil, or seed-vessel, in the centre
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of the flower, ready to receive the minute grains

wowder, either as they fall of then

blown out of their little cells, From

it is found that on this

y depends ; for if
furina vessels are cut off

open

unpro-

d for the microscope, the
ina should be guthered during a

ir

y sunny
wed off with a soft hair

/, and gently

2 paper.

d put upon

be applied to the miex

remarkable kinds of

wers will

amply repay
care and attention of all who delight to examine

the works of God.

[ plants and flowers.—

, shrubs, or flowers, are found to

wimerable ramifications, which

spirable
their discharge. - The

stand in even lines from the stalk, but always

s for

jices to the po;

es of the leaf donot

in an angular

or circular position. This ar-
rangement tends to the more ¢
th of the

security of its sd

t growth and

ater stre , and also to the

p. M. Leuwenhoek, having




172 mHE MICROSOPE AND Trs OBIECTS.

torn-a leaf of. box to pieee

mine

y that he might exa=
ighly, computed one side of it to
1080 pores; and as the other side
had the same number, the total amount of
pores o box leaf ined to be
344,180, Leaves in general ¢ a great
y of beautiful ramifications, The back

of a 1o

contain 17

thus

varie

of 4 sweit-

briar leaf, d with silver, A

tasselled with white
ished with fine round
ot stalk
these and
d to give rise
{ the leaf of the

round with whi

view of the swee

nts a mag

: sage leaf

1d, how they grow ; they toil

y unto

glory was

Matt. vi, 28, 29,

aud delicate is the fubric of the
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leaves of plants, and especially of flowers, as
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in these respects all the fir

st pieces of work-
produced. The
e riband, under the

manship that art ha

ev
threads of the most del

TOSCOp

and tl

look like the coarsest rope-
its

arn,

like the substanee of a com-

wn door-mat.  But the more we maguify

leaves of plaats, the more
1

wnd of Him who fills the unive

3. Transverse sections of plants.—These soe=

s are progured by cutting g

suall branch

transversely with a very fine sharp instrument,
50 @ [ a slice nearly as thin as the
1 i then ma 1 as &

trausparent object ; while air ve

ls, sap
will be seen in

he wood,
1

es, incalouls

vesscls, and. pores

heir variegated fi

numbers,

aud nt.
st )ns, one
never without the gre
It is more tl er of an inch in

dismeter, It consists of a number of concentrig

circles or divisions in diameter, with an

immense namber of radii proceeding from the

centre to the eircumference, and pores, or sap

es, distributed in

d air ve

ent




COPE AND ITS ORJECTS. 175

beatti

imetrical order throughout the

From a calenlation made, it appears
that there are not less than 1

0,000 pores, or

the openings of tubes, contained within its
ircumference. And all natire is full of thess

“ marvellous works 1 "

ubove figure represents a portion of a
sverse section of the root of mallows. The
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diameter of the

ion was about three-ej
,and the one-e

ghths
hith part of that sestion
out from it, and placed under the micra-
scope, when it appeared as r»[vl-vwxhrl in the

figure. A 3 gh

ws the skin 3 op,

part of the root which answers to it. ®g

» common lympheducts ; 6 u,

educts

, in both

the root; 1%, more Iymg
are the air vessels, Ie
it

however, to rey

ving all the openings or vess

els

ity when
, 45 new
gmentation’ of

ar in the section of a |

wed through a powerful micros

seen by every

wer of

on

number of openin, s are all

< Or vesse

vh.w.wu from each other the roots and

tes 3 %0 that in this

as well as in every of

of different

Tesp

is an

imme fusion of b

ity and variety in the

works of God,

> ohjeots
had our limited spaoe

permi

followi

1 briefly mention only the

By the microscope it has been dis-
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cov human

skin,

of Leuw oek

calculation

red

by & grain of sand, able matter is

supposed

hutmours exude.

ceedingly nume If a slice of the upper

skin be cut off with a sharp razor, as thin as

possible, and

e perceived
are 100 porés
An inch will,
ow, and a foot
, & foot

lions of pa

an inch |

therefore, contain 1,000 in a

12,000.  According to this computati

ist have in it 144

SQUAT 85

of a middle-si man be

and if the superfi
14s
millions of pores. Ifit

uare feet, there will be in his skin 2,016

e hand be well washed,

iz lens in the

and examined with a magni
palm, or upon the ends or the first joints of the
parallel
On these ridges,

thumb and fir
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standing in it as clear as water ; if wiped awa;
the perspiration will be found immediately to
spring up again,

The threads with which a spider weavesits web
are worthy of our attentive consid ration, on ac-
count of their extreme fineness. M. Leuwenhoek,

n,

having st spider he
could find, and ni t, at last
discovered a vast number of instruments, as they
be termed, from which the spider draws

sected the body of the

ly examined each

xngy
thre
he judged to be at least 400, lying, not close
toguther, b I distinet clusters. Having
laid a spider on its back, so that it could nog
stir, he pulled out, with a very fine pair of
pincers, a thread that he perceived stickingont
one of the working instruments. At the
2 saw & great many other very fine
from the insect's trunk, whickj st
ith or two from the
thick
) EX-
, though

lusses.

s of various fineness ; these thread vessels

insev

same time
thres
the distance of a hair's br

ds issuing

body, were joined together, and mud

S these filame:

thre me ¢

most toely

tremely fine as

he made use of his most powerfu
Hence it appears that the threads of a spider’s
1 to the naked eye seem to be singley

of which

wel

do

consist of several plies, so
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fine, that Leuwenhoek
uld

nake one-hundredth part of the thickness of

them put together

iir of his

Pen thousand, therefore,

ends of a full-grown spider are

& human hair ; and if we add
, thut 400 y

to s
pi

than a full-g

g spiders, when they first

one with anoth

e, and yet that each of

provided with all the instru-

, it will follow that the

is 400 times
if %0, then

wre not so thick as the

gmullest thread ¢

young &pi

souller than that
1,000,000

t one ; a

hair of a man’s head, a finer

and beyond our conception.

Juite astonishing,

Test obje 1696, D,

ring ’lll~(\\i(\“ that the structure of certain

ts, — About the

s could 1 adily seen by some

, but n iy others.  The

In the course of his ¢

ed test objec peri-

conclusion that there

ments, he was led to the

two distinet powers In

microscope,

un

namely, defining and penetrating, and that

object glass might possess the one almost to

¢ devoid of the

ion, and yet be total
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or might be parfect in both, As present,
» it i theopinion of the most celebrated

cians that the terms definition and defining

are the only expressions requisite to be

ed to den

e the good or bad qualities of
The text abjects now generally

for ascerts

ng the merits of an

c combination may bhe divided intg
three kinds, namely, hairs of nin

from the wings and bodies ¢

il infusaria,
the most. diffienlt

siliceous coatin
those of the lutter kind bei
of all to def
few of the

r which forms one
from the speies

Hai

iting some

h dlject

projees
s whorly
v sharp. In
lsare

a spiral form, Mouse hai

hair of this little animal differs mater



THE MICROSCOPE AND ITS OBJECTS. 181

in structure and in size from that of the b: In

some parts of the hair the internal structure is

cellular, there being three or more ¢ in each

row, the colour of the hair spending upon the

greater or less ok pigment

When vi

meters, all the light

sontained in the
power of 100 or
parts should be shown distir

wed with &

ly from the ¢
and the line of separation of the two
defined. W
this hair is very besutiful. Hair of the der-
mestes. —This very remarkable hair is obtained
from the larva of a small beetle, commonly met

correctly

n viewed as an opaqy

object,

with in bacon, hams, and other dried agimal
substances. It ia covered over with brownish

hairs, the longest S

mens of which should be
selected.  When one of these is viewed with a
magnifying power of 200 diameters, the upper
part may be said to consist of a shaft and
expanded extremity or head. The upper part
of the shaft, near the head, is provided with

several larger and more obtuse spines, forming

a knob. This very beautiful hair now forms a
good test of the defining power of & half-inch
object glass. The hairs of the mole, the
rabbit, and the squirrel, are also used as test
objects,

16
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Scales on the wings or bodies of-insbetss
Hipparchia Janira, the common meadaw brown
butterfly. The scales of this butterily vonsist
of longitudinal striee; with ‘& number'of Brown
spots of irregulur shape. When the maghifying
power is inercased to 1,200 dimmeters, the
brown cells are mude more evident.—Pontia
Brassiea, th e butterfly.  This
scale, like that of the formen, is provided at ita
free extremity with a brush-like' nppendige:
Lis strim are

conmon cabbs

gitudinal, and with & power of

meters, it appears to be composed of
rows of -little squares. or bea

Pogdura, the cortmmon spring | ta

wirk legs of -these . tiny crentures are oovered

I sca . “The  surfioe of
them appears covered with immense numbers of
wedge-shaped de d 50 as to form both
transverse
e 1,200/di

scales of "great deli

| runving

gnals
meLers,
ands or SUei

wing
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which  project: beyond the end in the form of
wpines: In the membrane between the longi-

tudinal strire there is sometimes an appearance
like the watering in kilk.— Ssals of Morphe
Menelaus. A scale of this splendid butterfly,

when magnified 500 diameters, exhibits stron

marked. longitudinal 1 very delicate trans-

verse sirim, the former frequently bifurcating,
A half-inch achromatic object glass should
show them readily. Several other tests, besides
those above enumerated, have been discovered
by ‘modern micrascopes; which our ' confined
limits prevent us from noticing.

Comparison of the works of nature and art.—
There is nothing thus more oonspicuously
displays the perfuction of the works of Ged
than a comparison of them with the finest works
of art. ' The contrast: hetween the one and the
other is exceedingly striking, and humbling o
the pride of man. His best performances,
when examined by the microscope, appear
coarse and shape sely and
clearly we dre dnabled to inspect the works of
God, the more apparent is their supreme excel-
lence,  This may be exemplified by a few
ilustrations.  The point of an exceedingly

3 ‘but the more
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small needle, highly polished, when viewed with
a high fying power, appears neither
round nor flat, but full of hales and seratches,
and as broad and blunt as the end of a poker,
and looks as if it had been hammered on the
vil. On the other hand, the sting of & bee
or of a gnat, the proboscis of a butterfly or flea,
appear, when examined by the microscope, tor
be formed with the most surprising beauty,and
with exact regularity, The sting of a bee
shows a polish without the least flaw, blemish,

or inequality, and ends in a point too fine to be
discerned ; yet this is only the sheath of instru-
till more refined. The adjoining figure
ents @ piece of exceedingly fine lawn, as

ment
o
it appeared through the microscope. From the
great distances between its threads it looks like
and the threads themselves appear
r than ropes. Compare this with any

a la
cos
leaf of the forest, or grass of the field, under the

same magnifying power, and a most striking
contrast will be perceived.

The small dot or point, which is generally the
mark of a full stop or period, when greatly
d appears to be rough, jagged, and
1 all round its edges, and very far from

being truly round. The smoothest and most
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oxquisitely engraved lines and points, whem

axamiined by the microscope, seem like so many

furrows and holes, or like daubings on & mat

made with a blunt extinguished brand. On

submittin

to the microscope the edge of a very
keen razor, it appears as broad as the back
of a thick knife, rough, full of notchies, and
furrows, sharper in some places than others.
Compare these works of human art with the
operations of a puny insect, directed by instinet,

or the wisdom and intelligence of its Creator,

ars most striking and
he

and the contrast app
admirat

kworm's web, examined by
microscope, appears perfeetly smooth and shin-
ing; everywhere equal, and as much finer than
any thréad which the most dexterous spinner
in the world can make, as the thiunest twine
16%
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is smaller than the thickest cable. The web
woven by a spider is still more delicate, Ry

thread of it is many thousands of times smaller
than a human hair. In short, every minute
hair and fibre on a flea, & gnat, a fly, and other
insects, is mot ouly smooth and beautifully
polished, but, when magnified thousands of
times, appears as sharp at the point as & needle,

Thaus sink the works of man when placed in
comparison with the works of God. Wherever
the microscope is applied, there beauty, order,
and perfection are displayed. In all thefinno-
merable varieties of insects which fly through
the air, swim in the waters, or crawl along the
earth, symmetry, proportion, and uniformity
are lN'PL‘P[

ble.  Their bodies, heads, wings,
feet, an other membiers, are embellished s
with rubies, diamonds, gold, silver, and pearls ;
they are coloured with azure, green, yellow, red,
and vermilion hues ; yet in all there is nothing
gaudy or incongruous. Ilow unutterable the
Perfection of which thes

e the creations !

oscopes.—1. In applying
use, examine in the first

place whether the glasses be clean ; if not, they
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must be carefully wiped with very soft leather,
taking care not o soil them with the fingers,
nor to place them in an oblique situation.
The object should be brought as near the
centre of the field of view as possible, for there
only it will be exhibited in perfection. In
a compound microscope, the eye should be
moved up and down till the situation is found
where the largest field and the most distinct
view of tH® object are to be had. 8. A small
magnifying power should always be first used,
by which means an observer will best obtain an
exagtidea of the connexion and situation of the
wholel' In general, it may be remarked, that
there is no advantage in examining any object

with a higher power than what shows it dis-
tinctly. A moderate power affords a greater
light, and shows objects more clearly, than the
highest powers, although sometimes these are
required. 4. The eye should be protected
from all extraneous light, and should not re-
ceive any but what is transmitted through or

reflected from the object. 5. According to sir

D. Bre
observations is when the ohserver is lying

, the best position for microseopical

horizontally on his back. This, he says, arises
from the perfect stability of his head, and from
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the equality of the labricating film of ‘fluid
which covers the cornea. The worst of ‘all
positions is that in which we look downwards,
vertically.  If we stand up and look horizon-
tally, parallel markings or lines will be seen
most. perfictly when their direction is vertical,
being the course in which the lubricating fluid
descends over the cornes. 6. Every part of
the view should be excluded except that which
is under immediate observation. - #. In every
case of microscopical observations, homogunemu
yellow light, d from a h

lamp, should be employed. 8. In viewing
opaque objeots, an opportunity should ba'taken
when the sun shines of making his rays strike
upon the surface of the object. In this way we
may view to advantage the body and the eye
of -a fly, the fibres of a peacock’s feather, and
similar objeots.  Or, a broad convex lens, about
three inches focal distance, may be so placed
as to throw the light of a lamp upon the ohject,
the surface of which would then be distinctly
visible. The best mode, however, of viewing
apaque objects' is by means of a contrivance
called the Lieberkuhn, from the name of its
inventor. This consists of & concave silver
speculum, 'highly polished, ‘in the centre of
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which is placed a mognifying lens. This
speculum has a small_hole in its ceutre, and
may be applied immediftely delow the object
glass of a compeund microstope. For this
purpose the speculum must be plaged at the

end of & small tube, to slip over the tube which
holds the' object glass. The light proceeding
from the mirror falls upon the speeuhum, and is
reflected perpendicularly on the upper surface
of the object.

It secms almost trite and needless to say,
that the discoveries which we have been con-
sidering, equally with those of the telescope,
demonstrate the existenc Gan, and teach us
lessons of confidence’ in hifn, by @howing us
that there is nothing too minute for his notice,
or too humble for his care Why is it; then,

we may inguire, that any should habitually
livas as if He could nowhere be seen in © the
thitgs that are made?” Why is it that He
shonld Be so little thought of, acknowledged,
cted by

't in nature, from the blazing sun to

and adored, when his glory is refl

every obj

the atom which floats in its beam—from the
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mountain to the flower which blooms beneath
its shelter—and from % the great and wide sea ™
to that drop of watér which is as s ogean to
the numberless and invisible ereaturegiwhich
it contains? To these solemn questions wa
huve s reply in the words of the great reformer,
Luther: “ HiAp wor saw sm " said he,
“how would he have recognised the glory of
God in all hisi créatures, and have loved and
exalted his holy name ; so that in the smallest
flower he would have acknowledged the Al
mighty power, wisdom, and goodness of God |*
Max uas sienep, and therefore it s that * God
is not'in all his thoughts.”

It is sometimes said, as if it were @ maxim
mot ta he disputed, that “ nature leads us up
to nature’s God" Tt is not frue Max sas
asnep, and he # will not seek after God,” ill
he knows more than oature, with ull its light,
can teach himi  HE is surrounded, as we have
seen in the preveding pages, by proofs of wisdom
and’ power, infinit ng the highest
ts of human intelligence and '$kill. “This
dmiration,
se displays

surp:

€l

may be confessed.  There may be 4

and even gratitude, awakened by
of the Divine perfections, and yet thero may be
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80 knowledge of God. Such a recognition of
him is better than' atheism, bétter than indif
ference, better than absolute forgetfulness ; and
yet itis compatible with mournful ignorance of
the moral perfections of God, and with the ab-
sence of all desire to retain him in the mind,

Mas nas sooNED, and he needs the word of
God| to teach, him how Divine holiness and
Justice may be harmonized with merey in ki
pardon and 'restoration to happiness, He is

conscions | of ' estrangément: ‘and danger § and
before he can know God in nature, so as to
delight in him, he must know him in Christ as
& Father “ reconciling the world unto himself™
Has the reader, then, we may appropriately
ask, been thus resonciled 7 If not, then, “ as
though Goddid beseech you, by us: we prsy you
in Christ's s iled to God. For
he hath made him to be sin for us, who knew
ht be made the righteousness
of God in him,” 2 Cor. v. 19—21. The te
scope and the microscope, whose revelations we
have  been considering, may

emphasis to this app
they open to us of the majesty of God, they
proclaim his infi

ad, be ye recon

no sin; that we mi

said to lend

al. In the views which

ite power to bless those who
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love him, no luss than |
such as obstinately

wiul ability to punish
the proclamation of
his grace. How dréadful must it be o die at
enmity with o great a Being l—how delightful
to be liis adopted child, through faith in Christ)
Now, then, while it is the a

time, may
the reader, if he has not yet done so, closé with
the proffers of his pardoning love, Repent,
and believe the gospel. “ For God so loyed the
world, that he gave his only begotten Son, that
whosoover believeth in him should not perish,
but have everlasting life," John iii, 16,
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