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PREFACE TO THE SECOND EDITION.

Y endeavour, in the First Edition of this work,
to produce a cheap and popular guide to the use
of the Microscope, and thus to supply a want
which I had long believed it very desirable to
see supplied, has been rewarded by a success
: exceeded my expectations. In the short space
iths a large edition of five thousand copies has
. dTI am now called upon to prepare a Second
' Edition.

My efforts on this occasion have been directed to the thorough cor-
rection and revision of the whole work, rather than to extending it
with much new matter ; and I trust I shall have succeeded in making
the present Edition more free from blemish and more generally useful
to the public than the preceding one. In endeavouring to do so, I
have fully availed myself of the judicious suggestions and criticisms of
many kind friends ; and I wish to take this opportunity of acknow-
ledging the obligations I am under to those who have so generously
accorded to this small work, whatever its defects, their meed of appro-
bation.

August 1855,
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xii ’ .PREFACE.

Finally, it is the author’s hope that, by the instrumentality of this
-volume, he may possibly assist in bringing the Microscope, and its
most valuable and delightfal studies, before the general public in a
more familiar, compendious, and economical form than has hitherto
been attempted ; and that he may thus, in these days of a diffused taste
for reading and the spread of cheap publications, submit some further
food for the exercise of the mental and intellectual faculties,—contri-
bute to the additional amusement and instruction of the family circle
around the domestic hearth,—and aid the student of nature in investi-
gating the wonderful and exquisite works of the Almighty Hand. If
it shall be the good fortune of this work, which is now confided with
great diffidence to the consideration of the public, to succeed, in how-
ever slight a degree, in furthering this design, the author will feel sin-
cerely happy ; and will be fully repaid for the attention, time, and
labour, that he has expended in writing, arranging, and compiling it.

6 Gower Street, Bedford Square,
May 1854,
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2 HISTORY OF THE MICROSCOPE.

nelius Drebell brought one made by them with him to England, and
showed it to William Borrell and others. It is possible this instrument
of Drebell's was not strictly what is now called a microscope, but was
rather a kind of microscopic telescope, something similar in principle
to that lately described by M. Aepinus in a letter to the Academy of
Sciences at St. Petersburg. It was formed of a copper tube six feet
long and one inch in diameter, supported by three brass pillars in the
shape of dolphins; these were fixed to a base of ebony, on which the
objects to be viewed by the microscope were placed. Fontana, in a
work which he published in 1646, says that he had made microscopes
in the year 1618 : this may be perfectly true, without derogating from
the merit of the Jansens; for we have many instances in our own times
of more than one person having made the same invention nearly simul-
taneously, without any communication from one to the other. In1685
Stelluti published a description of the parts of a bee, which he had
examined with a microscope.

If we consider the microscope as an instrument consisting of one
lens only, it is not at all improbable that it was known at a very early
period, nay even in a degree to the Greeks and Romans; at any rate,
it is tolerably certain that spectacles were used as early as the thirteenth
century. Now as the glasses of these were made of different convexi-
ties, and consequently of different magnifying powers, it is natural to
suppose that smaller and more convex lenses were made, and applied
to the examination of minute objects.

Aristophanes, who lived five centuries before Christ, speaks of a
% burning-sphere.” Seneca, who wrote in the first half-century of the
Christian era, says that small and indistinct objects become larger and
more distinct in form when secn through a globe of glass filled with
water. Pliny also mentions the burning property of lenses made of glass.

The history of the microscope, like that of nations and arts, has
had s brilliant periods, in which it shone with uncommon splendour,
and was cultivated with extraordinary ardour ; and these have been
succeeded by intervals marked with no discovery, and in which the
science seemed to fade away, or at least to lie dormant, till some fa-
vourable circumstance—the discovery of a new object, or some new
improvement in the instruments of observation—awakened the atten-
tion of the curious, and reanimated their researches. Thus, soon after
the invention of the microscope, the field it presented to observation
was cultivated by men of the first rank in science, who enriched almost
every branch of natural history by the discoveries they made by means
of this instrument. ]

&
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HISTORY OF THE MICROSCOPE. {

by which means the glass takes in more of an object, the field is larger,
the extremities of it less curved, and the magnifying power greater.
The tube in which the glasses were enclosed was as large as a man’s
leg, and the eye-glasses as broad as the palm of the hand. It had four
several lengths : when shut up was 16 inches long, and magnified the
diameter of an object 41 times, at the second length 90, at the third
length 111, and at the fourth length 143 times.” It does not appear
- that Divini varied the object-glasses.

Philip Bonnani published an account of his two microscopes in
1698. Both were compound. The first was similar to that which
Mr. Martin published as new, in his Micrographia Nova,in 1712. His
tecond was like the former, composed of three glasses, one for the eye,
+ middle glass, and an object lens ; they were mounted in a cylindrical
:ube, which was placed in a horizontal position; behind the stuge was
1 small tube with a convex lens at each end ; beyond this was a lamp ;
the whole capable of various adjustments, and regulated by a pinion
and rack. The small tube was used to condense the light on to the
object, and spread it uniformly over, according te its nature, and the
magnifying power that was used.

A short time before this, Sir Isaac Newton having discovered his
celebrated theory of light and colours, was led to improve the telescope;
and in 1672 he is said to have applied his principles most successfully
to the construction of a compound reflecting microscope. He also
pointed out the proper mode of illuminating objects by artificial light,
88 he describes it, “ of any convenient colour not too much compounded,
mono-chromatic.” We find other two plans of this kind ; the first that
of Dr. Robert Barker, and the second that of Dr. Smith. In the latter
there were two reflecting mirrors, one concave, and the other convex :
the image was viewed by a lens. This microscope, though far from
being executed in the best manner, performed, says Dr. Smith, very
well, so that he did not doubt it would have excelled others, had it
been properly finished.

In 1738, Lieberkuhn’s invention of the solar microscope was com-
municated to the public. The vast magnifying power obtained by this
instrument, the colossal grandeur with which it exhibited the ‘ minutise
of nature,” the pleasure which arose from being able to display the
same object to a number of observers at the same time, by affording a
new source of rational amusement, increased the number of microscopic
obeervers, who were further stimulated to the same pursuits by Mr.
Trembley's famous discovery of the polyp. The discovery of the
wonderful properties of this little animal, together with the works of
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HISTORY OF THE MICROSCOPE, 9

‘of making an object-glass composed of four achromatic compound
lenses, each consisting of two lenses. The focal length of each object-
glass was eighteen lines, its diameter six lines, and its thickness in
the centre six lines, the aperture only one line. They could be used
combined or separated.

A microscope constructed on this principle, by M. Chevalier, was
presented by M. Selligues to the Académie des Sciences on the 5th of
April, 1824. In the same year, and without a knowledge of what
had been done on the Continent, the late Mr, Tulley, at the sugges-
tion of Dr. Goring, constructed an achromatic object-glass for a com-
pound microscope of nine-tenths of an inch focal length, composed of
three lenses, and transmitting a pencil of eighteen degrees; this was
the first that had been made in England.

It was at one time hoped, as precious stones are more refrac-
tive than glass, and as the increased refractive power is unaccompanied
by a corresponding increase in chromatic dispersion, that they would
furnish valuable materials for lenses, inasmuch as the refractions would
be accomplished by shallower curves, and consequently with diminished
spherical aberration. But these hopes were disappointed. Every
thing that ingenuity and perseverance could accomplish was tried by
Mr. Varley and Mr. Pritchard, under the patronage of Dr. Goring. It
appeared, however, that the great reflective power, the doubly-refracting
property, the colour, and the heterogeneous structure of the jewels
which were tried, much more than counterbalanced the benefits arising
from their greater refractive powers, and left no doubt of the supe-
riority of skilfully-made glass doublets and triplets. The idea is now,
in fact, abandoned ; and the same remark is applicable to the attempts
at constructing fluid lenses, and to the projects for giving to glass other
than spherical surfaces ; none of which bave come into extensive use.

Mr. Lister, who was engaged with Mr. Tulley in the perfecting
the achromatic object-glass, finding that none of the microscope-stands
hitherto made were sufficiently steady for the use of high powers,
directed his attention to the improvement of this part of the instru-
ment ; and in order to carry out his views, he employed Mr. James
Smith, now one of our first opticians, to execute a stand from his
own drawings, which he completed early in 1826,

In March 1825 M. Chevalier presented to the Society for the En-
couragement of the Sciences an achromatic lens of four lines focus,
two lines in diameter, and one line in thickness in the centre. This
lens was greatly superior to the one before noticed, which had been
made by him for M. Selligues.
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HISTORY OF THE MICROSCOPE. 11

had been completely successful. The construction of this object-glass
will be illustrated and explained in a future chapter.

The rapid progress of improvement in the manufacture of the
achromatic compound microscope in this country has been greatly fur-
thered by the spirit of liberality evinced by the late Dr. Goring, Mr.
R. H. Solly, and Mr. Bowerbank. To the patronage of the former we
owe the construction, by Tulley, of the first triplet achromatic object-
glass, of the diamond lens, and of the improved reflecting instrument
of Amici by Cuthbert.

To Mr. Solly is due the credit of bringing before the public the
improved microscope of Mr. Valentine, the excellent workmanship of
Mr. Ross ; and by his intimate connection with the Society of Arts, he
has been the means of making its Transactions, since 1831, the vehicle
through which nearly all the improvements in the construction of tele-
scopes and microscopes have been made known to the world. The
achromatic microscopes now manufactured by our London makers,
Mr. Ross, Messrs. Powell and Lealand, and Messrs. Smith and Beck,
are unequalled in any part of the world. This opinion is confirmed by
the reports of the juries on the Exhibition of Works of Industry of all
Nations, 1851 ; at that time the instruments exhibited by the above
makers by far excelled those of all other countries. See Juries’ Reports
for much interesting matter on this subject; article “Microscope,”
Penny Cyclopedia, by Mr. Ross ; Cyclopedia of Anatomy and Phy-
siology, by Dr. Carpenter ; Practical Treatise on the Microscope, by
Professor Quekett; Brewster's Treatise on the Microscope; Dujardin’s
Observateur; Maudl, Traité pratique du Microscope; Dr. Robin, Ju
Microscope, &ec.




CHAPTER II.

MECHANICAL AND OPTICAL PRINCIPLES INVOLVED IN THE CONSTRUCTION
OF THE MICROSCOPE—LENSES—MODE OF ESTIMATING THEIR POWER,
ETC.— ACHROMATIC LENSES— MAGNIFYING POWER — WOLLASTON'S
DOUBLET — CODDINGTON'S LENS — ROSS'S SIMPLE AND COMPOUND

IICBOBOOPB'—’IICBOHETEBS, ETC.

N the construction of the modern microscope optical
and mechanical principles of some importance are
involved. These principles we now proceed to no-
tice, together with the more recent improvements
effected in the instrument generally.

The microscope depends for its utility and ope-
ration upon concave and convex lenses, and the
course of the rays of light passing through them.
Lenses are usually defined as pieces of glass, or
other transparent substances, having their two sur-
faces so formed that the rays of light, in passing
through them, have their direction changed, and
are made to converge or diverge from their original
parallelism, or to become parallel after converging
or diverging. When a ray of light passes in an oblique direction from
one transparent medium to another of a different density, the direc-
tion of the ray is changed both on entering and leaving ; this influence
is the result of the well-known law of refraction,— that a ray of light
passing from a rare into a dense medium is refracted towards the per-
pendicular, and vice versq.

Dr. Arnott remarks : “ But for this fact, which to many persons might
at first appear a subject of regret, as preventing the distinct vision of
objects through all transparent media, light could have been of little
utility to man. There could have been neither lenses, as now; nor any
optical instruments, as telescopes and microscopes, of which lenses
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form a part ; nor even the eye itself.” Rays of light falling perpendi-
cularly upon a surface of glass or other transparent substance, pass
through without being bent from the original line of their direction.
Thus, if a ray pass from % perpendicularly to the surface of the piece of
glass at ¢ (fig. 3), it will

go on to A in the right

line k6 0gh. Butif the

same ray be directed to

the surface e obliquely, as

from a, instead of passing

through in a direct line

to b in the direction a e

m b, it will be refracted

to d, in a direction ap-

proaching nearer to the

perpendicular line % A.

The ray a e is termed

the ray of incidence, or fig. 3.

the incident ray ; and the angle a ¢ £ which it makes with the perpen-
dicular % 4 is called the angle of incidence. That part of the ray
from e to d passing through the transparent medium is called the
ray of refraction, or the refracted ray; and the angle d e g which it
makes with the perpendicular is called the angle of refraction. The
ray projected from a to e and refracted to d, in passing out of the
transparent medium as at d, is as much bent from the line of the re-
fracted ray ¢ d as that was from the line of the original ray a ¢ 5 ; the
ray then passes from d to c, parallel to the line of the original ray a e b.
It follows, then, that any ray passing through a transparent medium,
whose two surfaces, the one at which the ray enters, and the one at
which it passes out, are parallel planes, is first refracted from its
original course ; but in passing out is bent into a line parallel to, and
running in the same direction as the original line, the only difference
being, that its course at this stage is shifted a little to one side of
that of the original. If from the centre ¢ a circle be described with
any radius, as d ¢, the arc g m measures the angle of incidence g ¢ m,
and the arc g d the angle of refraction g e d. A line m o drawn from
the point m perpendicular to % % is called the sine of the angle of
incidence, and the line d g the sine of the angle of refraction. From
the conclusions drawn from the principles of geometry, it has been
found, that in any particular transparent substance the sine of the
angle of incidence m o has always the same ratio to the sine d g of the
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angle of rifraction, no matter what be the degree of obliquity with
which the ray of incidence a e is projected to the surface of the trans-
parent medium. If the ray of incidence passes from air obliquely into
water, the sine of incidence is to that of refraction as 4 to 3 ; if it passes
from air into glass, the proportion is as 3 to 2; and if from air into
diamond, it is as 5 to 2.

By the help of glasses of certain forms, we unite in the same sensible
point a great number of rays proceeding from one point of an object ;
and as each ray carries with it the image of the point from whence it
proceeded, and all the rays united must form an image of the object
from whence they were emitted, this image is higher in proportion as
there are more rays united, and more distinct in proportion as the
order in which they proceeded is better preserved in their union. The
point at which the object must be placed is called the focus of the lens;
and the distance from the middle of the lens to the focus is called the
Jocal length, or distance. In every lens the right line perpendicular to
the two surfaces is called the axis of the lens, and is seen in the annexed
figure ; the point where the axis cuts the surface is called the verfex of
the lens ; the middle point between them the cenére ; and the distance
between them the diameter.

Fig. 4 is intended to represent the different forms of lenses in use :

a is a plane glass of equal
thickness throughout ; b
& meniscus, concave on
one side, convex on the
other; ¢, a double-con-
cave; d, a plano-concave;
¢, a double-convex; f, a

a b c d e S plano-convex.

Refraction of Light through Lenses, and Method of tracing the
Progress of Rays.

‘When a ray of light enters the concave surface of a dense medium,
or quits a similar surface and enters the convex surface of a rare
medium, the method of tracing its progress is shown in fig. 5, where m'n
is a dense medium of glass with two concave surfaces, forming a thick con-
cave lens. Let c ¢’ be the centres of the two surfaces lying in the axis
¢ ¢, and A'r, A"’ parallel rays incident on the first surface. Ascr is per-
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16 COXSTRUCTION OF THE MICROSCOPE.

But when the rays are oblique to the axis, as &, 8’7, £, "2, the
rays & ¢, £ ¢, which pass through the centre, ¢, of the lens, will suffer
refraction at each surface; but as the two refractions are equal and in
opposite directions, the finally refracted rays cf, ¢/” will pass from

& P

,b,
fig. 6.

& ¢, t'c; and it will be found that s, "' will be refracted to & com-
mon point, f”, in the direction of the central ray '/, and ¢7, ¢’ I’ to the
point 1 When the lens is of glass and equally convex, the focal dis-
tance will be equal to the radius. As esgch ray carries with it the
image of the object from whence it proceeded, it follows, that if those
‘rays, after intersecting each other, and having formed an image at their
intersection, are again united by refraction or reflection, they will form
a new image, and that repeatedly, so long as their order is not dis-
turbed. - It follows also, that when the progress of the luminous ray
is under consideration, we may look on the image as the object, and
the object as the image ; and consider the second image, as if it had
been produced by the first, as an object, and so on. This is one of
the priuciples involved in the adaptation of these lenses to magnifying
objects. It has been shown in fig 6, that if the point of light be situ-
ated above the line of the axis, the focus will then be below it, and vice
versa; but the surface of every luminous body may be regarded as
comprehending an infinite number of such points, from all of which a
pencil of light-rays proceeds, and is refracted according to the general
law ; so that a perfect but inverted image or picture of the object is
formed upon any surface placed in the focus, and adapted to receive
the rays.

And if the object be placed at twice the distance of the principal
focus, the image being formed at an equal distance on the other side
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18 CONSTRUCTION OF THE MICROSCOPE.

ence at cd: in either case the image will have a certain degree of
indistinctness; and the difference between the focal points of their cir-
cumferential and central rays is termed the spherical aberration. It

therefore becomes apparent that, to produce the desired effect, the cur-
vature of the lens is required to be increased around the centre, so as
to bring the rays which pass through it more speedily to a focus; and
to be diminished towards the circumference, so as to throw the focus
of the rays influenced by it to a greater distance. This condition is in
a measure fulfilled in the meniscus form of lens, which is shown to be
the segment of an ellipsoid instead of a sphere.

But the ellipse and the hyperbola are curves of this kind, in which
the curvature diminishes from the central ray, or axis, to the circum-
ference b; and mathematicians have shown how spherical aberration
may be entirely removed by lenses whose sections are ellipses or hy-
perbolas. This curious discovery we owe to Descartes.

If al, al for example, fig.
10, be part of an ellipse whose
greater axis is to the distance
between its foci // as the in-
dex of refraction is to unity,
then parallel rays = 7, #" { in-
cident upon the elliptical sur-
face lal, will be refracted by
the single action of that sur-
face into lines which would
meet cxactly in the farther
focus f; if there were no second surface intervening between /el and /.
But as every useful lens must have two surfaces, we have only to describe
a circle  a’ I’ round f as a centre, for the second surface of the lens /' Z.

As all the rays refracted at the surface [al’ converge accurately
to f, and as the circular surface /@'l is perpendicular to every one of
the refracted rays, all these rays will go on to f without suffering any

fig. 10.
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20 CONSTRUCTION OF THE MICROSCOPE.

vex, provided the distance of the point of convergence or divergence
from the centre of the first surface is to the radius of the first surface
as the index of refraction
is to unity. Thus, if m{
T n is a meniscus, and r {,
7! rays converging to the
point 6 whose distance
ec from the centre of the
first surface lal of the
meniscus is to the radius
ca, or cl, as the index
of refraction is to unity,
that is as 1-500 to 1 in
glass; then if /'is the fo-
fig. 18. cus of the first surface,
describe, with any radius
less than fa, a circle m o' n for the seeond surface of the lens. Now it
will be found by projection, that the rays =/, 7, whether near the axis
a e or remote from it, will be refracted accarately to the focus /; and as
all these rays fall perpendicularly on the second surface m n, they will
still pass on, without refraction, to the focus . In like manner, it is
obvious that rays f7, /7, diverging from f will be refracted into r?, » 7,
which diverge accurately from the virtual focus.*

There are certain mechanical difficulties in the way of such lenses
as these, but which have to some extent been surmounted by dimin-
ishing the working aperture with stops, for correcting their aberra-
tion. This is still better effected, or even got rid of altogether, by
using combinations of lenses, so disposed that their opposite aber-
rations shall correct each other, whilst magnifying power is gained.
For it is easily seen that, as the aberration of a concave lens is just
the opposite of that of a convex lens, the aberration of a
convex lens placed in its most favourable position may be
corrected by a concave lens of much less power in its most
favourable position. This is the principle of a combina-
tion proposed by Sir John F. W. Herschel, fig. 14, con-
sisting of a plano-convex lens and a meniscus; and a
doublet of this kind will be found extremely useful and
available for microscopic purposes : it affords a large field,
like the Coddington lens. Another and serious difficulty
arises to the optician in the unequal refrangibility of the different
coloured rays which together make up white light, so that they are not

* Brewster’s Optics,

fig. 14.
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22 CONSTRUCTION OF THE MICROSCOPE.

passing glance at the ordinary phenomena of vision. The human eye
is 8o constituted, that it can only have distinct vision when.the rays
falling upon it are parallel or slightly divergent; because the retina,
on which the image impinges, requires the intervention of the crystal-
line lens to bring the rays to an accurate focus upon its surface.
The limit of distinct vision is generally estimated at from six to ten
inches ; objects viewed nearer, to most persons, become indistinct,
although they may be larger. The apparent size of an object is, in-
deed, the angle it subtends to the eye, or the angle formed by two lines
drawn from the centre of the eye to the extremity of the object. This
will be understood upon reference to fig.

17. The lines drawn from the eye to A
and R form an angle, which, when the

o distance is small, is nearly twice as great
as the angle from the eye to o w,
formed by lines drawn at twice the
distance. The arrow at A B will there-
fore appear nearly twice as long as o w,

W being seen under twice the angle; and
in the same proportion for any greater

5 1'_‘_ or lesser difference in distance. This,

g - then, is called the angle of vision, or

the visual angle. Now the utility of a

convex lens interposed between a near object and the eye consists in
its reducing the divergence of the rays forming the several pencils is-
suing from it ; so that they enter the eye in a state of moderate diver-
gence, as if they had is-

sued from an object be-

yond the nearest limit of

distinet vision ; and a

well-defined image is con-

sequently formed upon

§ the retina, In fig. 18

a double-convex lens is

placed before the eye,

near which is a small

arrow, to represent the

fig. 18, object under examina-

tion ; and the cones

drawn from it are portions of the rays of light diverging from those
points and falling upon the lens. These rays, if permitted to fall

)
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‘at once upon the pupil, would be too divergent to allow of their
being brought to a focus upon the retina by the optical arrangements
of the eye. But being first passed through the lens, they are bent into
nearly parallel lines, or into lines diverging from some points within
the limits of distinct vision.. Thus altered, the eye receives them pre-
cisely as if they had emanated directly from a larger arrow placed at
ten inches from the eye. The difference between the real and the ima-
ginary arrow is called the magnifying power of the lens. Fig 19 will
perhaps convey a clearer idea of the increase of the angle of vision by
interposing a convex lens
without this lens placed at
J' ¢, the eye would see the
dart at &' ¢ under the
angle formed by the eye
and &' ¢; but the rays &' f”
and ¢’¢’ from the extremi-
ties of the dart, in passing
through the lens, are re-
fracted to the eye in the
direction of f'and g, which
causes the dart to be seen
under the much larger
angle formed with the eye
and de; and it therefore appears so much magnified as to extend from
d to e. The object, when thus seen, appears to be magnified nearly in
the proportion which the focal distance of the lens bears to the distance
of the object when viewed by the unassisted eye ; and is entirely owing
to the object being distinctly viewed so much nearer to the eye than it
could be without the lens.* With these preliminary remarks as to the
medium by which microscopic power is obtained, we shall proceed to
apply them to the construction of a perfect instrument. A microscope,
as we have before explained, may be either a single or simple, or a com-
pound instrument. The simple microscope may consist of one, as seen
in fig. 18, or of two or three lenses; but these latter are so arranged
as to have the effect only of a single lens. In the compound micro-
scope, not less than two lenses must be employed : one to form the in-
verted image of the object, which being the nearest to the object, is
called the object-glass; and the other to magnify this image, and from
being next the eye of the observer, called the eye-glass. Both these

* “The Magnifying Power of Short Spaces’ has received an able elucidation from
John Gorham, Esq. M.R.C.8. Journal of Microscopical Society, October 1854,



24 CONSTRUCTION OF THE MICROSCOPE.

may be formed out of a combination of lenses, as will be hereafter
seen.

‘We have hitherto considered a lens only in reference to its enlarge-
ment of the object, or the increase of the angle under which the object
is seen. A further and equally important consideration is that of the
number of rays or quantity of light by which every point of the object
is rendered visible; but it at the same time becomes as important that
we do not sacrifice definition to this end. Much may be accomplished,
as we have before pointed out, by the combination of two or more
lenses instead of one, thus reducing the angles of incidence and re-
fraction.

The first satisfactory arrangement for this purpose was the inven-
tion of the celebrated Dr. Wollaston. His doublet (fig. 20) consisted of

two plano-convex lenses
having their focal lengths
in the proportion of one
to three, or nearly so, and
placed at a distance which
can be ascertained best by
actual experiment. Their
plane sides are placed
towards the object, and
the lens of shortest focal
length next the object.
It appears that Dr,
Wollaston was led to this
invention by considering
that the achromatic Huy-
ghenean eye-piece, which
will be presently de-
scribed, would, if revers-
ed, possess similar good
properties as a simple mi-
croscope. But it will be
evident, when the eye-
piece is understood, that
the circumstances whieh
fig. 20. render it achromatic are
very imperfectly applie-
able to the simple microscope, and that the doublet, without a pice
adjustment of the stop, would be valueless. Dr. Wollaston makes no
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or corrected at the second bending, in the opposite direction, by the
third lens.

Every increase in the number of lenses is attended with one draw-
back, from the circumstance that a certain portion of light is lost by
reflection and absorption each time that the ray enters a new medium.

The combination of three lenses approaches so very close to the
object under observation as, indeed, to prevent the use of more than
three ; and this constitutes a limit to the improvement of the simple
microscope,—for it is called a simple microscope, although consisting
of three lenses. . .

Before we proceed to describe the simple microscope and its appen-
dages, it will be well to explain such other points in reference to the
form and materials of lenses as are most likely to be interesting.

A very useful form of lens was proposed by Dr. Wollaston, and
called by him the Periscopic lens. It consisted of two hemispherical
lenses cemented together by their plane faces, having a stop between
them to limit the aperture. A similar proposal was made by Mr.
Coddington, who, however, executed the project in a better manner, by
cutting a groove in a whole sphere, and filling the groove with opaque
matter. His lens, which is the well-known Coddington lens, is shown
at fig. 21: it gives a large field of view, which is equally good in all direc-
tions, as it is evident that the pencils a b and b a pass through under pre-

] (-4

d (.4
fig. 21. fig. 22.
cisely the same circumstances. Its spherical form has the further ad-
vantage of rendering the position in which it is held of comparatively

little consequence. It is therefore very convenient as a hand mag-
nifier ; but its definition is, of course, not so good as that of a well-made
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and down by means of two small handles projecting from the cell in
which the lens is set. Two small tnbes i, with either a condensing
lens for opaque objects, or a pair of forceps, may be attached to this
side of the stage. The magnifiers are either simple lenses or doublets;
or it could be easily converted into a compound microscope by insert-
ing a compound body, supported on & bent arm, in the place of the one
carrying the single lenses.

THE COMPOUND MICROSCOPE.

The compound microscope may, as before stated, consist of only two
lenses, while & simple microscope has been shown
to contain sometimes three. In the triplet for
the simple microscope, however, it was explained
that the object of the first two lenses was to do
what might bave been accomplished, though not
80 well, by ene; and the third merely effected
certain modifications in the light before it entered
the eye. But in the compound microscope the
two lenses have totally different functions: the
first receives the rays from the object, and bring-
ing them to new foci, forms an image, which the
second lens treats as an original object, and mag-
nifies it just as the single microscope magnified
the object itself,

Fig. 25 shows the earliest form of the com-
pound microscope, with the magnified image of a
fly, as given by Adams, which he describes as con-
sisting of an object-glass, /n, and an eye-glass, f¢;
the objeet, &' o', being placed a little further from
the lens than its principal focal distance, the pencil
of rays from which converge to a focus, and form
an inverted image of the object at p g, which
image is viewed by the eye placed at a through
the eye-glass /g. The rays remain parallel after
pessing out until they reach the eye, when they
will converge by the refractive powers of this
organ, and be collected on the retina. But the
image differs from the real object in & very easen- fig. 25.
tial particular. The light being emitted from the
object in every direction, renders it visible to an eye placed in any

Ve
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position ; but the points of the image formed by a lens emitting no
more than a small conical body of rays, which it receives from the
glass, can be visible only to the eye situate within its range. Thus
the pencil of rays emanating from the object at o is converged by the
lens to f; cross each other, and diverge towards A, and therefore would
never arrive at the lens fg, without the interposition of the plano-
convex lens at de, placed at a smaller distance from the object ; and
by this means the pencil d n, which would have proceeded to %, is
refracted or bent towards the lens fg, having a radial point at p ¢q.
The object is magnified upon two accounts: first, because if we view
the image with the naked eye, it would appear as much longer than
the object as the image is really longer than it, or as the distance £
is greater than the distance from the real object to /; and secondly,
because this picture is again magnified by the eye-glass. The com-
pound microscope, then, consists of an object-lens, ¢ #, by which the
image is formed, enlarged, and inverted ; an amplifying lens, de, by
which the field of view is enlarged, and is consequently called the field-
glass ; and an eye-glass or lens, by which the eye.is permitted to ap-
proach very near, and consequently enabled to view the image under a
large angle of apparent magnitude. The two, when combined, are
called the eye-piece.

Upon the construction of this microscopc Mr. Ross observes :
“ Since the power depends on the ratio between the anterior and pos-
terior foci of the object-glass, it is evident that by increasing that ratio
any power may be obtained, the same eye-glass being used ; or having
determined the first, any further power may be obtained by increasing
that of the eye-glass; and thus, by a pre-arrangement of the relative
proportions in which the magnifying power shall be divided between
the object-glass and the eye-glass, almost any given distance (within
certain limits) between the first and its object may be secured. This
is one valuable peculiarity of the compound instrument ; and another
is the large ficld, or large angle of view, which may be obtained, every
part of which will be nearly equally good ; whereas with the best sim-
ple microscopes the field is small, and is good only in the centre.”

Mr. Lister, as we stated in a previous chapter, first set about in-
vestigations which have ultimately proved of the utmost value. The
results arrived at by him were published in the Philosophical Transac-
tions; and the principles have since been applied and exhibited by Mr.
Hugh Powell and Mr. Andrew Ross. It is due to the late Mr. Tulley
to say, that he coustructed an achromatic object-glass of nine-tenths of
an inch focal length, composed of three lenses, transmitting a pencil of
cighteen degrees; and as regards accurate correction throughout the
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36 CONSTRUCTION OF THE MICROSCOPE.

spherical and chromatic aberration, would, nevertheless, be of little
service without an eye-piece of peculiar construction.

If we stopped here, we should convey a very imperfect idea of the
beautiful series of corrections effected by the eye-piece, and which were
first pointed out in detail in a paper on the subject, published by Mr.
Varley, in the fifty-first volume of the Z'ransactions of the Society of
Arts. The eye-piece in question was invented by Huyghens for tele-
scopes, with no other view than that of diminishing the spherical aber-
ration by producing the refractions at two glasses instead of one, and
of increasing the field of view. It consists of two plano-convex lenses,
with their plane sides towards the eye, and placed at a distance apart
equal to half the sum of their focal lengths, with a stop or diaphragm
placed midway between the lenses. Huyghens was not aware of the
value of his eye-piece; it was reserved for Boscovich to point out that

he had, by this important ar-
rangement, accidentally cor-
rected a great part of the
e achromatic aberration. Let
fig. 31 represent the Huyghe-
nian eye-piece of a micro-
b scope, /f being the field-glass,
i and ee the eye-glass, and
i Imn the two extreme rays
of cach of the three pencils
emanating from the centre
{ and ends of the object, of
/i which, but for the field-glass,
i1 a series of coloured images
i ‘would be formed from rr to
bb; those near rr being red,
those near 5b blue, and the
intermediate ones green, yel-
low, and so on, corresponding
with the colours of the pris-
matic spectrum. This order
of colours is the reverse of
that of the common compound
microscope, in which the sin-
gle object-glass projects the
red image beyond the blue,

fig. 31.
The effect just described, of projecting the blue image beyond the
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42 CONSTRUCTION OF THE XICROSCOPE.

band being composed of parallel lines of some fraction of a Prussian
inch apart; in some they are 1-1000th, and in others only 1-4000th of
a Prussian inch separated. The distance of these parallel lines forms
part of a geometric series :

0001000 lines. 0000463 lines.
0000857 ,, 0-000397 ,,
0°000735 » 0000340 ”
0-000630 ,, 0-000202 ,,
0-000540 ,, 0-000225 ,,

To see these lines at all, it is requisite to use a microscope with a
magnifying power of 100 diameters ; the bands containing the fewest
number of lines will then be visible. To distinguish the finer lines, it
will be necessary to use a magnifying power of 2000, and then the lines
which are only 1-47000th of an inch apart will be seen as perfectly
traced as the coarser lines. Of all the tests yet found for object-glasses
of high power, these would seem the most valuable. These tracings
have tended to confirm the undulating theory of light, the different
colours of the spectrum being exhibited in the ruled spaces according
to the separation of the lines ; and in those cases where the distances
between the lines are smaller than the length of the violet-coloured
waves, no colour is perceived ; and it is stated, that if inequalities
amounting to ‘000002 line occur in some of the systems, stripes of
another colour would appear in them,

Achromatic object-glasses for microscopes are of various foci, dif-
fering from 2 inches to 1-16th of an inch.

Magnifining Power of Mr. Ross's Object-Glasses with his various

Eye-Pieces.
OBJECT-GLASSES,
EYE-GLASSES,
1-inch. | 2-inch. }-inch, {-inch. 1-inch. Yy-inch.
A 20 60 100 220 420 600
B 30 80 130 350 670 870
(o} 40 100 180 5600 900 1200
Value 3‘1' e;ich
e in the Micro- 3 1 1,
'l:cehr oyoglass, s s 1Wss 338 wiso Nl
with tho various | -0025 |-001031 | -0005263 | -0002326 | -0001111 | -000074
object-glasses.
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52 THE MICROSCOPE.

being of light weight, can be carried in the coat-pecket : the cost com-
plete is 2. 10s.

The following useful remarks on the microscope are extracted
from the Juries’ Reports of the Great Exhibition, 1851 : « The powers
varying from one-inch to a quarter-inch focus, inclusive, are by far the
most generally useful in the whole range of microscopic combinations,
especially for educational purposes. It must be remarked, that the
angle of aperture of the combinations should not be extended to its
utmost possible limit when destined for the general purposes of natural
history or anatomical investigation. Combinations of high power, and
extremely extended angle of aperture, are excellent in developing one
class of test objects, viz. minute lines or dots on plane surfaces, and
admirably demonstrate the high perfection to which such glasses are
capable of being carried by scientific opticians; but such combinations,
with a less angle of aperture and more penetrating power, are far more
generally useful and valuable to the minute anatomist and the naturalist.
In regard to the brass-work, the qualities especially requisite in the
stand of a microscope are simplicity of construction, portability, com-
bined with sufficient weight to ensure safety and steadiness, with smooth-
ness and accuracy of action in all the working parts, and such a con-
struction as to distribute any tremor that may be communicated to the
instrument equally over its body, stage, and other working parts.”
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66 THE MICROSCOPE.

the object-glass is turned small enough to pass through the aperture
in the centre of the Lieberkuhn ; but in the lower powers, where a
great amount of reflecting surface would be lost on account of the large
size of the glasses employed if this plan were adopted, the aperture
in the centre of the Lieberkuhn is made to admit as many rays as
will fill the field of view, and no more.

Mr. S. Highley’s achromatic gas-lamp, fig. 44, is now much in use,
for condensing the light on the mirror. Gas, as a source of light,
presents great advantages over oil and spirit, on account of clean-
liness, being ever ready for use, and affording a perfect control over

fig. 44.

the flame ; but when the ordinary gas-lamps are used for the purpose
of illuminating the field of the microscope, a yellow glaring light is
given, alike injurious to the eye and the definition of the object under
examination. To correct these evils this lamp was arranged, which is
also otherwise useful to the microscopist. It comsists of a stage A,
supported by a tube and socket, sliding on an upright rod rising from
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90 THE MICROSCOPE.

then retain the quill, and withdraw the needle from the tube. I then
seize with the small forceps the quill, and introduce into it the small
extremity of the syringe; and push the piston with a force always
decreasing.” '

By carefully following out these directions, any one, after a Lttle
practice, will be enabled to succeed in making many useful and valuable
preparations. Injections are best viewed by the aid of the Leiberkuhn,
or under a condensed light with a one or two inch object-glass. For
Harting’s process of injecting, see translations in the Edinburgh Monthly
Journal, 1852. '

CHEMICAL RE-AGENTS.

Dr. Schacht recommends the following chemical re-agents and pre-
servative fluids for microscopic uses :

1. Alcohol, principally for the removal of air from sections of wood
and other preparations ; also as a solvent for certain colouring matters.

2. Ather, chiefly as a solvent for resins, fatty and other essential
oils, &ec. ; also useful for the removal of air.

3. Solution of Caustic Potass, as a solvent for fatty matters ; also of
use occasionally in consequence of its action upon the rest of the cell-con-
tents and thickening layers. This solution acts best upon being heated.

4. Solution of fodine (iodine one grain, iodide of potassium three
grains, distilled water onc ounce) for the coloration of the cell-mem-
brane and of the cell-contents.

5. Concentrated Sulphuric Acid, employed chiefly in the examina-
tion of pollen and spores.

6. Diluted Sulphuric Acid (three parts acid, one part water), for
the coloration of cells previously immersed in the iodine solution. The
preparation is first moistened with the iodine solution, which is after-
wards removed with a hair pencil, and a drop of sulphuric acid added
by means of a glass rod ; the preparation is then immediately covered
with a piece of glass. The action of the sulphuric acid and iodine, as
well as that of the iodised chloride of zinc solution, is not always uni-
form throughout the whole surface of the preparation. The colour is
more intense where the mixture is more concentrated ; it frequently
happens that many spots remain uncoloured. The colour changes after
some time, the blue being frequently changed into red after twenty-
four hours.

7. A Solution of Chloride of Zinc, Iodine, and Iodide of Potassium.
A drop of this compound solution, added to a preparation placed in a
little water, produces the same colour as iodine and sulphuric acid,
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100 THE MICROSCOPE.

Section of shell—Haliotis. Trans, sect. of human bone.
”» spine of I'(l;hmus. " bone of bird.
” »” du“‘ 2” k24 il d
——— » » w
Xanthidia in flint.
Moss agate. PBlood of bird.
Iﬁmestone. ” fish.
»»  reptile.
” human.
Fossil tooth of shark.
”» fish, Opaque :
Fossil bone of whale. Gold dust.
s reptile. Fossil shells,
» elk. Pollens.
Fern spores.
. Needle antimony.
Fossil wood (g:;gen). Avanturine.
»  (Endogen).
Sections of coal. Polari .
Simple cellular tissue. e
A Selenite.
Stellate tissue. Starch
Fibro-celular tissue. Hoirs from loaf
Spiral vesscls. Eu;a m
Hairs from leaf of Deutzia. R:‘ Tyo oy-:o T8
Seods of & forn, inoceros horn.
Sections of fir. Hoof of horse.
” ::al.‘l;o o gagn‘:]t:.tone.
” gany. Sulphate of Cadmium.
” clematis. .
Petal of geranium. ﬁ,nhcm?' a
'artaric acid.
Leaf insoct, - Carbonate of lime.
Flea.
. Anatomical :
Parasito of peacock. . : .
Skin of caterpillar. Section o.f ilage, showing tho
n formation of the bone-cells.
Wing of a butterfly. .
Seales of ditto Muscle of mammalia.
Proboscis of blow-fly. ” ;“.f_‘;.“"'
Btomach of ditto. ” ﬁ;h
Foot of ditto. ” .
Spiracles of Dytiscus. L. )
Foot of Ophion. Tnjections of
Proboscis of moth, Human lung.
- ,, intestine,
,»  skin,
Tran. sects. of human hairs., ;5 kidney.
3 hairs of clephant. 5y  stomach.
”» whalebone. ,»  muscle.
Feather of bird. ,»  section of finger.

This forms a very nice cabinet. Mr. S. Stevens, 24 Bloomsbury
Street, London, supplies neatly mounted microscopic objects at 10s. 6d.
per dozen in racked boxes.



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



104 THE MICROSCOPE.

doms which defy all such modes of examination, and which will yield
only to the magical analysis of polarised light. A body which is
quite transparent to the eye, and which might be judged as momo-
tonous in structure as it is in aspect, will yet exhibit, under polarised
light, the most exquisite organisation, and will display the result of new
laws of combination which the imagination even could scarcely have
conceived. In evidence of the utility of this agent in exploring mine-
ral, vegetable, and animal structures, the extraordinary organisation
of Apophyllite and Analcime may be referred to; also the symmetrical
and figurate depositions of siliceous crystals in the epidermis of equi-
setaceous plants, and the wonderful variations of density in the crystal-
line lenses of the eyes of animals.

If we transmit a beam of the sun’s light through a circular aper-
ture into a darkened room, and if we reflect it from any crystallised
or uncrystallised body, or transmit it through a thin plate of either of
them, it will be reflected and transmitted in the very same manner,
and with the same intensity, whether the surface of the body is held
above or below the beam, or on the right side or left, provided that
in all cases it falls upon the surface in the same manner; or, what
amounts to the same thing, the beam of solar light has the same pro-
perties on all its sides; and this is true, whether it is white light as
directly emitted from the sun, or from a candle or any burning or self-
luminous body ; and all such light is called commonlight. A section of
such a beam of light will be a circle, like a b ¢ d, fig. 69 ; and we shall

B.
dOo e

fig. 69.

distinguish the section of a beam of common light by a circle with two
diameters a b, cd, at right angles to each other.

If we now allow the same beam of light to fall upon a rhomb of
Iceland spar, and examine the two circular beams, Oo e, formed by
double refraction, we shall find, 1st, that the beams O o % ¢ have dif-
ferent properties on different sides, so that each of them differs in this
respect from the beam of common light.
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can always cleave it or split it into shapes represented by fig. 70,
which is called a rhomb of Iceland spar, a solid bounded by six equal
and similar rhomboidal surfaces, whose sides
are parallel, and whose angles bae, acd, are
101° 55 and 78° 5. The line ax, called the
axis of the rhomb or of the crystal, is equally
inclined to each of the six faces at an angle
4 4 of 45° 23 It is very transparent, and gene-
rally colourless. Its natural faces when it is
split are commonly even and perfectly polished ;
but when they are not so, we may by a new cleaverage replace the
imperfect face by a better one, or we may grind and polish an im-
perfect face.

It is found that in all bodies where there seems to be a regularity
of structure, as salts, crystallised minerals, on light passing through
them it is divided into two distinct pencils. Ifwe take a crystal of Ice-
land spar, and look at a black line or dot on a sheet of paper, there
will appear to be two lines or dots; and on turning the spar round,
these objects will seem to turn round also; and twice in the revolution
they will full upon each other, which occurs when the two positions of
the spar are exactly opposite, that is, when turned one-balf from the
position where it is first observed. In the accompanying diagram, fig. 71,
the line appears double, as a b
and cd, or the dot, as ¢ and £
Or allow a ray of light, g&, to
fall thus on the crystal, it will
in its passage through be se-
parated into two rays, Af, he;
and on coming to the opposite
surface of the crystal, they will
pass out at ¢f in the direction
of ik, parallel to gh. The
plane Immno is designated the
principal seetion of the crystal,
and the line drawn from the solid angle [ to the angle o is where the
axis of the crystal is contained ; it is also the optic axis of the mineral,
Now when a ray of light passes along this axis, it is undivided, and
there is only one image; but in all other directions there are two.

If two crystals of Iceland spar be used, the ouly difference will be,
that the objects seem farther apart, from the increased thickness. But
if two crystals be placed with their principal sections at right angles to

fig. 70.
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194 THE MICROSCOPE.

cumstances alone seem clearly to disprove the idea of their being
purely siliceous. The casts of the Polythalamia, portions of minute
crustaceans, &c. appeared also to be, like the Xanthidia, some modifi-
cation of organic matter ; and in the case of the Polythalamia, the
bodies are so perfectly preserved, that in some the lining membranes
of the shells are readily distinguishable.

These investigations corroborate Mr. Ralfs, and also show that the
same fossil remains, so abundant in flint, are to be found in the beds of
chalk by which it is surrounded.

Mr. Wilkinson, who examined some Xanthidia found in the Thames
mud and slime on piles and stones at Greenhithe, gives it as his
opinion that they are not siliceous, but of -a horny nature, similar to
the wiry sponges, which Mr. Bowerbank describes as being very diffi-
cult to destroywithout the action of fire.

He also met with a peculiarity in a X. spinosum, which he had
never seen in any other species; it was'in a piece of a gun-flint. There
appeared, as it were, a groove or division round the circumference,
similar to that formed by two cups when placed on each other, so as
to make their rims or upper edges meet. There also seemed to be a
peculiarity in the arrangement of the tentacula : the tentacula of Xan-
thidia gencrally pass from the body in a direction perpendicular to its
centre, without any apparent fixed arrangement of position ; but in this
instance, both in the upper and lower portions, there were two circlets
of tentacula ; one placed round cach extremity, and another round that
part where the specimen appeared to be separated. The size was the
325th part of an inch in diameter, and the number of tentacula about
twenty-five.

The other fossil Infusoria, found most abundantly in the chalk and
flint of England, are the Rotalia or wheel-shaped, and the Teatularia or
woven-work animalcules ; the latter having the appearance of a cluster
of eggs in a pyramidical form, the largest being at the base, and lessen-
ing towards the apex.
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No. 4. Cells of adipose tissue, or fat, magnified 100 diameters.

No. 5. A single fat-cell separated, and magnified 250 diameters.

No. 6. A capillary of blood-vessels distributed in the fat-tissue.

No. 7. Section of the tendo-Achillis as it joins the cartilage, showing the stellate
cells of tendon gradually coalescing to form the round or oval cells of the cartilage.

No. 8. A vertical section of cartilage, with clusters of cells arranged in columns
previous to their conversion into bone, which is seen condensed at the upper surface.
The greater opacity of this portion is owing to the increase of osseous fibres, the
opacity of the cell-contents, and the multiplication of the oil-globules ; the dark inter-
cellular spaces become filled up with vessels.

Neo. 9. A small transverse section of tho same, showing the gradual change of the
cartilage cells at a into the true bone-cells termed lacune, at b, with their character-
istic canaliculi.

No. 10 is a stellate nerve corpuscle, with tubular processes issuing from them : at a
it is filled with corpuscles containing black pigment, above which is a corpuscle in the
nucleus of which is seen nucleoli ; at 4 is a corpuscle enclosed within its sheath, and
filled with granular matter : this is taken from the root of a spinal nerve.

No. 11 shows the continuity of muscle, the upper portion, with connective tissue ;
the lower portion, from the tongue of a lamb.

No. 12. Branched muscle, ending in stellate connective cells, from the upper-lip of
the rat.

No. 13. Black pigment-cells from the human eye, lining the internal surface of the
eye, magnified 150 diameters.

® From Buos, life, and Aoyos, discourse—a disoourse on life ; a more expressive
torm than physiology. .
% From loros, a tissue or web, and Aoyos, a discourse.
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Brachione, 169.

Brewaster, Sir David, on viewing objects,
54,

Brooke, Mr., on viewing opaque objects,
64.

—— on test objects, 44.

Bryozoa, 236.

—— Bowerbankia, 238.

Burnett, Dr., on parasites, 332.

Busk, Mr., on Anguinaria spatulata, 228.

—— on Hydatids, 274.

«—— on Notamia, 238.

—— on starch granules, 424.

Butterflies and moths, 304.

CALEPTERYX VIRGO, 299.

Camera-lucida, 101.

—— Quekett, Professor, on the use of
the, 101.

Campanularia, 207.

—— volubilis, 207.

Campylodiscus clypeus, 161.

Capillaries, 363.

Cartilage, 373.

Caryophillia, 224.

Celleporides, 225.

Cells of glass for disscctions, 77.

Cellularie, 226.

Cellular tissue of plants, 419.

—— in animals, 368.

Cementing pencil, 73.

Cementas, 77.

Chara vulgaris, 433.

Cheese-mite, 330.

Chemical re-agents, 90.

Circulation of blood in frog, how to view,
389.

Cirrhipoda, 279.

Clepeinide, 276.

Clione, 186.

Cocconeis, 161.

Gocconimo Baeckii, 159,

Cochineal insect, 308,

Cockchafer, 316.

Collecting objects, 95.

—— animalcules, 69.

—— stick, Mr. Williamson’s, 70.

Collodion for multiplying objects, 291.

Comatulide, 251.

Confervoideze, 406.
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Consolidated tissues, 272

Corallines, 233.

Coral reefs, Captain Basil Hall on, 235.
Dr. Macculloch on, 23+.
Coryne-stauridia, 210.
Coscinodiscus, 162,

Crane-fly, 288.

Cricket, 323.

Crinoidea, 250.

Crisiadee, 927.

Crustacea, 278.

Crystals of snow, 118,

—— quinine, 116.

—— urinary salts, 115.

Cutting machine, 444.

Cyclops, 280.

Cypride, 281.

Czermak upon tooth substance, 376,

DaruiNapk, 281,

Deane, Mr., on mounting objects, 80.

Death-watch bectle, 318.

Delabarre’s microscope, 8.

Demodex folliculorum, 330.

Denny, Mr., on parasites, 326.

Desmidaces, 409.

Deutzia scabia, 422,

Diaphragm, description of, 56,

Diatomaces, 148.

—— Kiitzing on, 149.

—— Rev. W. Smith on collecting and
preserving, 153.

Dipping-tube for animalcules, 68,

Disk, circular, 76.

Dissecting knives and needles, 72.

Divini’s microscope, 6.

Dragon-fly, description of, 299.

Drone-fly, 295.

EcHINIDE, 248,
Echinococei, 274.
Egg of bed-bug, 122.
Eggs of insects, 304.
Ehrenberg on infusoria, 143.
Enchelia, 147.
Encrinide, 251.
Entomostraca, 281.
Entozoa, 270.
Epizoa, 270.
Errantia, 277.
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Insects, parts of, for examination, 288.
—— proboscis, 301.

—— stings, 312,

tongues, 275, 383.

—— uses of, 296.

wings, 299.

Internal parts of the body, 360.

Isis hippuris, 169.

Isthmia enervis, 161.

Ixodide, 333.

JacksoN’s Mr., micrometer, 39.

Johnston, Dr., on sponges, 178.

Jones. Mr. Wharton, on mnon-atriated
muscular fibre, 371.

— on the circulation in frog’s foot,
363.

Kixng, Mr., on polarised light, 110. |
Knives, Quekett’s and Valentin's, 75.
Kalliker on the muscles of the skin, 371. |

LANKESTER, Dr., on sponges, 179.

—— on the distinction between plants
and animals, 179.

Leech, medicinal, 275.

Leeuwenhoeks microscope, 5.

Lenses, achromatic, 2].

—— chromatic aberration of, 21.

~——— Coddington, 26.

—— concavo-convex, 19.

condensing, 64.

—— different forms of, 14.

—— doyble convex, 20.

—— meniscus, 20.

—— method of tracing progress of rays |
through, 14.

periscopic, 26.

——— plano-convex, 18.

—— refraction of light through, 14.

—— spherical aberration of, 17.

—— Stanhope, 27.

Lepidoptera, 304.

Lepismidee, 323.

Lepralia, 226.

Libellulidse, 299.

Lieberkhun’s microscope, 4.

—— specala, 65.

Life, theory of animal, 344.

Limneus stagnalis, 263.

Linnsus on drone-fly, 296.
Lister’s lenses, 10.

Louse, 327.
Lucernaride,
campanulata, 222,
Lycosida, 285,
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Marine vivaria, 243.
Micrometers, 38.

Microscope, Baker on the, 8.
Baker's student’s, 50.

——— Bonnani’s, 7.

compound, 29.

—— Huyghenian eye-picce of, 36.
Lieberkhun’s, 4.

Powell and Leland’s, 51.
——- Ross’s, body of, 35.

—— Ross's large compound, 47.

i —— Ross’s small compound, 50.

—— simple, 27.

simple for dissections, 27.
‘Warington's, 446.

Mollusca, 253.

Monads, 142.

Mosses, 405.

Moths and butterflies, 304.
Miilder on the vegetable cell, 398.
Muscular fibre, 369.

NavicrLs, 151,
Quekett on, 234
Nerves, 371.

Newport on Moths, 305,
Newt, 391.

Nicols® prism, 107.
Nitella, 432.

Noctiluca miliaris, 141,
Notamia, 238.

OBskcT-GLASSES, 32,

Ross’s, 42,

Objects, Shadbolt on collecting, 95.

mounting and preserving, 77.

Boys on mounting, 86.

On collecting salt-water specimens, 267.

Ophiuride, 251.

Osborne, Rev. S. G., on fungi ia the air,
401.

Owen, Professor, on animalcules, 176.
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Snow, crystals of, 118.

—— red, 404, i

Sphagnum, leaf of, 438.

Spider tribes, 282.

diving, 285.

Sponges, 177.

skeletons of, 186.

Starch in plants, 422.

—— tests for, 411, 424.

Stentor, 165.

Stinging-nettle, leaves of, 432.

Structure of shells, 266,

Sugar insect, 331.

—— cane, 439. )

Swammerdam’s dissection of insects,
286.

Synaptidam, 252.

‘Teern, 375. )

Test objects, 44, 306.

Tissues, consolidated animal, 372,
=-—— elastic and non-elastic, 368.
Tomata, diseased, 400.
Topping’s, Mr., fluid for mounting, 95.
——— test-objects, 307.

Torula cerevisia, 398.

—— dinbetica, 359.

Tourmaline, 109.

Transformation of insects, 338.
Trichocera hyemalis, 301.
Troughs for animalcules, 72.
Tubicola, 276.

Tubularidee, 208.

‘Waebp, N. B, Mr., on aquaria, 245.
Warington's, Mr., microscope, 447.
— preservative fluid, 81.
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‘Water-mites, 336.

Wenham, Mr., binocular microscope,
121,

illuminator, 62.

Westwood on insects, 294.

Wheat-flour, adulterations of, 425.

portions of husk, 423.

Wichura, M., on the spiral forces of na-
ture, 368, ’

Wollaston's and Coddington’s lenses, 26.

Wonders of microscope, 155.

Wood, cutting sections of, 444.

Woodward, Mr., on polarised light. 108.

VALLISNERIA, 433.

Varley, Mr., on the culture of water-
plants, 434.

Vegetables, structure of, 394.

cellular tissue of, 419.

fungi, 401.

—— hairs in, 432.

preparation of tissues, 440,

—— raphides in, 420.

— starch in, 424,

—— vascular tissue in, 436.

Vibrio spirilla, 145.

Virgularia mirabilis, 214.

Vivaria, the mode of forming, 244.

—— by Mr. Gosse, 243.

by Mr. Lloyd, 393.

Volvox, 407.

Vorticellidee, 163.

XANTHIDIA, 192,
Y EasT-PLANT, 399.

Zoorogicar Society’s marine vivaria,
243.

‘Wasp’s tongue, 269. Zoophytes, 195.
Water-beetle, sucker of, 292, —— preservation of polypidoms of, 241.
‘Water microscope, 3. Zygoceros thombus, 162,
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TESTIMONIALS.

¢ We can have no hesitation in giving it as our decided opinion, that this is the most elaborate and
successful undertaking of the kind which has ever appeared.” — Times.

“ The present edition is in a handsome portable form—imperial octavo; it is clearly and
printed, upon moderately thick paper; and it is sold at a price proportioned rather to the wants of the
public than to its intrinsic cost—so cheap is it compared with other similar publications.”—Odserver.

*‘ A mine of philological wealth.”"—Wm. Russell, Esq.

¢ Best Dictionary of the English Language.”—Morning Chronicle.

“ A noble monument of erudition.”—Literary Gazelte.
s “ Ni‘o-t complete, accurate, and reliable Dictionary of the Language.”—TAirly Members of United

tates Senate.

¢ It is acknowledged, both in this country and in America, to be the most copious and most exeel-
lent at present in circulation.”—Editor of the London Imperial Diclionary, 1849.

‘¢ We rejoice that it bids fairto b the jard Dicti y to be used by the numerous mfl-
lions of people who are to inhabit the United States.”—Signed by 104 Members of Congress.

¢ I possess many Dictionaries, and of most of the learned and cultivated languages, ancient and
modern; but 1 never feel that I am entirely armed and equipped in this respect, without Dr. Webster
at command.”—Daniel Webster.

“ This edition of Webster's unrivalled work gives us an opportunity of recording our judgment
in its favour, and in harmony with authorities who have described it as the standard of our laa-

guage. Dr. Johnson places the writer of ai fes g the unhappy mortals who are exposed te
censure, without the hope of praise; one whom mankind have considered not as the pupil but as the
slave of science, the prisoncr of li e, and its humble drudge where toils are not cheered by a smile

from learning and genius as they press forward to conquest and glory. If this be the rule, Dr. Webster
is the exception. There is, we suppose, no scholar or writer in this country who does not give the
greatest honour to the man whose lengthened labours, aided by his very able associates, have compiled
this vast treasure of learning. Great indeed was the work of Dr. Joh but it has ril d
to be a dictionary of a language which has been growing and enriching itself ever since he h‘l down
his pen, and of which period we have the benefit in the 27,000 words more than are contained in Todd’s
Johnson. The book is essential to every one who wishes to kuow the words that are now in our
tongue, their definition given with severe simplicitly and beauty, their correct pronunciation, and their
classification in synonymes.”—Leeds Times.

LONDON: H. INGRAM AND CO., 198 STRAND.
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Saimo!
Adjustment, in case, 6/. 10s.

Salmon’s small Student's or School Microscope, with two Eye-pieces, and two
Achromatics, in case, 4/, 12s.

Mr. Warington’s Travelling Microscope, 2/. 10s.

A large assortment of Telescopes, Spectacles, Opera, Race, Field, and Marine
Glasses of the best make, Barometers, Thermometers, &c.

AQUARIUMS,

MANUFACTURED BY

WILLIAM THOMAS SALTMARSH,
Carpenter,
4 SALISBURY COURT, FLEET STREET.

Area. Depth. £ s d
14 inches by 10 inches . . . 12inches . . . 0190
8 0, 12, . . .4 . . . 150
22 14 I [ . . . 112 0
% , 16 ., .. .18 . . . 116 0

N.B. Larger Sizes at proportionate Prices.
‘Warranted thoroughly Waterproof.



DISSOLVING VIEWS.
AMUSEMENT and INSTRUCTION by means of
CARPENTER and WESTLEY’S

Improved Phantasmagoria Lanterns with the Chromatrope and Dissolving Views,
and every possible variety of Sliders, including
Natural History, Comic, Lever, Movable, and Plain,
Astronomical, Views in the Holy Land, Scriptural Portraits, &ec.

No. 1. Lantern, with Argand Lamp, in a box, 2/. 12+, 6d.
No. 2. ditto, of a larger size, 41 14s. 6d.
A pair of Dissolving-View Lanterns, No. 2, with Apparatus, 117. 11s.

The above are supplied with a Lucernal Microscope and 7 Sliders at 31s. 6d.
extra.

The Lamp for the No. 2 Lanterns is very superior.

(The price of the Lanterns, is without Sliders.)

Lists of the Sliders and prices upon application to the Manufacturers,
MESSRS. CARPENTER AND WESTLEY, OPTICIANS,

2¢ REGENT STREET, WATERLOO PLACE, LONDON.

W. ALFORD LLOYD,
164 ST. JOHN STREET ROAD, LONDON.

Dealer in Marine Living Animals, Sea-Weed, Artificial Sea-Water,
and Marine and Fresh-water Aquaria.

A stock of small Aquaria, ready fitted up with Weed, Shells, Rockwork, and
Marine Life, always on hand, at very moderate prices.

Valisneria, Chara, Nitella, Anacharis, and other living fresh-water Plants,
Insects, Mollusks, Fish, &c.

SOCIETY OF ARTS PRIZE MICROSCOPES.

R. FIELD & SON, NEW STREET, BIRMINGHAM, have had
awarded to them both of the Special Prizes of the Society of Arts for the hest
Students’ and School Microscopes.

Student’s Achromatic Microscope, with two Eye-pieces and two Objectives, in
Mahoguny Cabinet, 3/. 3s.

Ditto, superior and more complete, 4/. 10s.

Ditto, 6/. Gs. and 12/.

Movable Stages, from 17, 15s. to 4. extra.

School Microscope, Rack Adjustment, three Powers, and Instruments, 10¢. 6d.

Superi or ditto, upwards to 50s.



MICROSCOPIC OBJECTS FOR SALE.
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MR. SAMUEL STEVENS,

NATURAL HISTORY AGENT,

24 BLOOMSBURY STREET, LONDON.

Has on sale the following objects, neatly mounted, for microscopic examination.
is 10s. 6d. per dozen, [w.ked in racked boxes containing one or two dozen.

&c.,

The priee
It is sutlicient if

gentlemen favouring lim with their orders indicate the number prefixed to ench specimen.

(b.) Mounted in halsam.

(f.) in fluld,

(d.) dry.

1. Trans, Sect. of Cherry Stone (f.} | 48. Femur of Poliocephalus Ed- | 99. Mylobates Jaw (Trane. sect. (%

2. Palate of Lymnvus Stagnabis ) wardsii (b.) 100, W haletone | Trana. sect.l (b,

3. Cellsconty. Starch from Peony «f.) = 49. Sponge Spicules, Thames (d.) 101. Cuticle of Oncidium (f.)

4. Scales of Ourapteryx Machaon- | 50. Hair of Bat, Cynopterus Brevi- | 102, Rib of Porpesse \Tr. seet.iib)
aria (d.) caudatus (b ) 103. Trifid Spicules of Spenge b}

5. Parietal of Foetug, 3 months by 1510 Theear and Sporules of Pteris | 104. Battledore Scales, Polyonmstus

6. Cocoa-nut Shell (Trans. seet.) (V.1 | Crenata (b.) Arion id.)

7. Cocconeix Scutellum «b.) t 52, Scales of Nodura Nigra (d.) 105, Testa of Illicum anisatum (t.|

8. Palate of Whelk (f.) ] . Humming Bird Feather (d.) 106. f Gorgonia miniats b}

9. Infusorial Earth fiom Obero in ; 5. Cuticle of Indian Corn (f.) 107. ll:urof'l‘aphozousmehnom
Germany (b.) . Infusorial Earth, Italy (b.) M)

10, Tranas.Sect. of LebanonCedarib.) . Femur of Eagle (Tr. sect.) b)) 108. Scales ILepisma Saccharina 4.}

11. Tusk of Sus Indicus {b.) Hair of Bat, Taphozous Philli- | 109, Fibro cellular tissue, Cotz

12, Foot of the Hive Bee (b)) pensis (h.) Scandeus (f )

13. Cutlcle of Yuerca Glorinsa (f.) 58. Spicules of Gorgonia tricolor (b.) | 110, Palate, Helix caperata {f.)

14. Infusorial Karth from West ufusiorial Earth, Rarbadoes (b.) | 111. Cuticle, S8accolabium guitatum

Point, New York (b )
15. Hair ot Bat, Taphozous perfura-

50, Seales of Vanessa Erythyia (d.)
. Paiishing Slate Bilin (b )

(f)
. Parallel spined Sponge Spicaze

tus (b, Bird ¢ Iu rry (Trane. sect.) (b.) (b.
18. Humerus of Opassum (Tr. 8.)(b.) Infusorial Farth, Mull (b.) 113. Starch of Sagn (f.)
17. Starch from Arrowroot (f.) . Coquillt Nut {Trans, sect.) (f.) 114. Claws of Astruphyton Lin:kl
18. Xanthidia in Fhint (b) i5. Ulna of Australian (‘at (b.) (b.)
19. Mouse Hair ¢b.) 6. Infusorial Earth, Algiers (b.) 115. Starch, Sweet Casava (f.)
20, Ditto, Albino variety (b.) 7. wmg of \h-rph-n Menclaus (b.) 116. Scale n( Lepidosteos (Tr. sec.)
21. Pollen of Hellyhock (f.) Spine of l-.vhinuu (h ) th)
22, Infu,Earth, Wreatham, Mass.(h.) | 69. Infu. Karth, Virginia, U. 8. (b.) | 117. Porcupine Quill \ Tr. scct.) M
23, Palate of Lymnieas Palustria of 0 U700 Palate of Helix Aspersa (£.) 118, Archor-shaped Sponge Sni-.

1. Infu, Farth, Manchester,ULS, b))

- Imiu Farth, Bargor, U8, h.)

Hnm. of Antelope TT.

Hair of Albino Rat (b 72, Flstion Dhamond Beetoe od.)
Spiral Vesseis from Testa of Coo 0 78 Poat of Wasn b2
iommnia L b Scaes o Cyphma Gormario bl
<2, Femur of Emuch T ' : ator b H B}
23, Infusari th, Rappanhannah , 7o, To pho Monchis od) . Carapace of
Clil, Rl v ©s ftem Nark i) . Palate of Helin llu'(u‘\ s f
29, Sporulesof Anerned teetyon Fraxi- o 7v Metwearpal Bone, Man o Palate of Helix i
nitolium -bhy 70 P shoped Syicnlos ot Sponge h . Spicules of Gor '

Arem \l

20, Starch from Rice ofs - Bone o Tur Trans, ~ect,) b, . Portland Meal,
1. Seales ot Podura Plumbea 3 , S lwn clrans, sect. b)) tum .
3 Palate of Planorbis Cornens s2. et ahile l\- ot + 129, Femur of Tetr o Ureg
a3, Tooth of Sawhish T s ets o) s, i . Haphides, Azave Ame
St Durts and Spiral Vessdds troay 6 ith of ’I.r ) il Palate of Helix Rueel
Carrot {0 85 ticle of |n~ 1 ! Gemmules of Sponae (L
. L Farth, Schoekhae HOLU Soh o~ . Caticle of A.oe
Hairof Bat, Dysojes Nass Ill sy N Fibres . os, Cor il
. Starch of M ml- toes Spicules of Gergonia .
Trans. Sect. l uph at's Haiv b, sy e lun\ uluhnum , Har of Craoitheryre P
. Palate of Winkle £ b : dovus bt y
. Raphides of Rhmbarh by e Alahiehtiwald h ' Spic. Aleyonimmn dizitatum )
. Intusorial Farth, Piscatawzy b 2l Bhinocous Horn 8 134, Cuticle Opunt:a Vil N
2, Femur of  Dinornis Mattehi 97, Spicules of Malatva o " 10, Truneated SpEonge cond
(Trans. s “h.y ' . Spiculos of Gorzonia Zin 1 10, Seaies of Po'vem,
1. H.arof Bat, Mezaderma Lyra{b.: . Movkey Fewur T 111, Fin Bone of Lo pido-te i
41, The Blight Wheat - by < Beech Wood eTrans, sceto) by seet (b
43. Starch from Potato (£.) Rit of Pythen b)) ' 143, Genunulesof Pachymarisme .’
44, Infusorial rth, Lunenberz W) 7. Spicules of Gorsondarugosa{h ) 143, Testa of Bignoma (f.)
47. Elytron of Cyplus Genari o0 . Gemmules of Geodia bl | Lt Spicules, Gorgona Guriata (0}
|

Mr. 8. STEVENS h:m nlso on Sale—

A Collection of INFUSORIAL EARTHS,

t \ . icules of Gorgonia
from twenty-four dith rent jocalities

per Sct, mounted

, price per S t, monnted 208, en oi Lepidoptera .: :.' ite.
12 Palates of Mollusca " “ 10s. 24 Sections of Bones and Tecth " 208,
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D205 Hoge, J.
lH'?l The microscope.
11856 15750
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