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e CONSTRUCTION AND UBE OF THE MICROSCOPE.
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the object at a greater distance from the eye, without its becoming
indistinet ; for the transparent parts of his eye possess a weaker
refracting power, and can only collect the parallel or slightly diver-
gent rays emitted from a more distant object. This variety in the
eyes of different individuals is the cause of the differences in the dis-
tance of distinet vision. This distance has been fixed by Brewster at
five, but by others at fifteen inches. The usunal distance is, how-
ever, as already mentioned, from eight to ten inches. As we shall
presently see, the determination of this distance is of great import-
ance in micrometry. In microscopical investigations, we will follow
the French optician (Charles Chevalier) in reckoning the distance
of distinct vision at twenty-five centimetres (which is abount ten
inches). This measurement deserves the preference from its decimal
character, when we make use of the convenient metrical division ;
but a great want of uniformity prevails in the determination of
microscopical magnitudes as in all other numerical determinations
of ordinary life.

We form an opinion of the magnitude of an object from the
angle which is formed by the rays of light emitted from its ex-
treme points, when they intersect each other behind the lens of
the eye. This angle is called the wisual angle. All objects which
are seen at the same visnal angle appear of the same magnitude.
Thus the objects A, B, C, appear to us to be of equal size, because

Fig. 1.

the visual angle is the same, and the space which the image
occupies upon the retina N remains unchanged, whilst the distances
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of the objects are different, and the objects themselves are of uumiuili
size. If we look at the same object from different distances, it u:nll
appear larger or smaller, according to its greater or lesser proximity
to the eye, This also depends upon the size of the visual angle.

Fig. 2.

If, for example, we look at the line A, we judge of its magnitude
by that of its image on the retina, a a, or by the angle subtended
by the are, and opposite to the visual angle; if we wish to see
the object enlarged under the same illumination, we bring it nearer
to the eye at B; for then the wvisual angle becomes larger, and
consequently the image on the retina, & 4, becomes larger than a a.
The apparent magnitude of two lines is, therefore, in an inverse
proportion to their distances from the eye ; and as a plane has exten-
sion in two directions, the apparent extent of two equal planes is
in an inverse proportion to the squares of their distances,

From the above remarks, it would appear as if we had the
power of seeing objects enlarged by continuing to bring them neaser
to the eye ; but here we meet with a limit. For if the object ap-
proach the eye too closely, or, in other words, come considerably
within the limits of distinet vision, it becomes indistinet, on account
of the too great divergence of the rays of light. A short-sighted
person can, however, collect these rays, and may, consequently, ob-
tain a distinet image, which at the same time appears larger to him
than it would to a long-sighted person ; the former, therefore, sees
small objects better than the latter. Now what holds for the
image formed by the naked eye only is equally applicable to the
image formed by the assistance of magnifying instruments, To
a short-sighted person, whose distance of distinct vision is only five
inches, a given enlargement will appear less than it does to a long-
sighted person.

In order to see an ohject in a magnified state, without its distinet-
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which is perpendicular to AB, and takes the direction CD ; but pass-
ing from the prism into the air, it recedes from Ip, which is perpen-
dicular to AS, and takes the direction DO, which is not parallel
with the direction of the incident ray gC. Hence it follows, that
when the eye is placed at O, it will see the object g in the direction
OD. The two surfaces AB and AS, through which the rays pass,
form the refracting angle A, and the opposite side BS forms the base
of the prism.

The refraction of rays of light through a lens follows the same
laws as the refraction through a triangular prism. We will con-
sider the simplest case, when parallel rays of light fall perpen-
dicularly on the plane surface of a plano-convex lens, whose con

vexity is a segment of a sphere with the radius CS. The rays RS,
AS and RS pass in the same parallel direction through the lens,
until they reach the convex surface. The ray AS is called the azial
ray, becaunse it passes through the awis of the lens, or the line which
may be imagined to be drawn through the centres of the two sur-
faces of the lens. As the radius CS is perpendicular to the tangent,
this ray proceeds uninterruptedly in the same direction to F. The
marginal rays RS and RS cease to be parallel as in the prism, and
are refracted at the same time from the perpendicular, which is the
radius CS. They converge to the point F. This point, where the
parallel rays are collected, is called the focus of the lens. In a
plano-convex lens, the optical centre of the lens is situated at the point
where the axial ray meets the convex surface; in a double convex
lens, it is situated within the lens at its very centre, when the
surfaces have equal convexity. The distance from the focus to the
optical centre is called the focal distance of the lens; its magnitude
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depends on the material of the lenses and the curvature of the sur-
faces; the greater the refracting power of the material, and the
oreater the curvature of the surfaces, the shorter will be the focal
distance of a convex lens.

The passage of different rays through a double convex lens, will
be clearly understood by the following figure. If the rays P, 2 P,

Fig. 7.

which are parallel to each other and to the axis of the lens, pass
throngh a double convex lens, they will be refracted by both con-
vex surfaces, and then collected in the focus F. If the rays D, D
diverge upon the lens, they will meet on the other side of it in the
point I, which lies beyond the focus. The nearer the lens is to
the point from which the rays issue, the farther will the point
be at which the rays collect on the other side of the lens, and if
this point be in the focus of the lens, the rays become parallel and
therefore never meet; lastly, they become divergent, when their
point of divergence lies between the lens and its focus. If the rays
C, C finally become convergent, they will unite in a point C' between
the lens and its focus. The greater the distance of the point is from
the lens, at which the incident rays would meet if produced back-
wards, the nearer will their point of convergence be to the focus of
the lens; for their divergence approaches more and more the direc-
tion of the parallel rays; and this point will ultimately correspond
with the focus of the lens.

If the rays which pass through a double convex lens be parallel,
although they fall obliquely upon the axial ray, they will be united
at points lying in the same direction as the axial ray of the oblique
rays.

Refraction by spheres takes place in exactly the same manner as
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with double convex lenses, having surfaces of the same curvature,
only the refraction is stronger, and the focus is therefore nearer the
sphere. The refractive power may be so strong that the focus may
be brought within the lens itself: this is the case with a sphere of
diamond, which is, therefore, useless in magnifying bodies.

Concave lenses follow the same laws as the convex ; but the
direction of the rays is here directly opposite. If the rays R, R be

Fig. B,

parallel to each other and to the axial ray AS, they will diverge ;
the axial ray AS, which corresponds to the radius of the curve,
whose centre is in C, passes through the lens without being re-
fracted. The rays issuing from R, R are first refracted towards the
radius perpendicular to the tangent, but on emerging they are re-
fracted from the radius perpendicular to the tangent of the other
curvature of the lens, which is here equal to the first, and they
finally converge to S, S. The point F is called the imaginary or
negative focus ; it is the point at which the divergent rays unite, if
prolonged in the opposite direction. If divergent rays fall upon a
concave lens, their divergence will increase after their passage
through the lens; the same will take place with convergent rays,
but they will diverge less on the other side of the lens.

Thus the chief properties of convex lenses are to collect rays of
light, those of concave lenses to disperse them. A concavo-convex
and a periscopic lens act as a concave or convex lens, m‘ﬂcmﬁng to
whether the concave or the convex surface has the greater curvature.

Before we proceed further, we must notice certain defects in lenses,
as, for instance, the so-called spherical and chromatic aberrations.
All the rays are not equally refracted through different parts of
the lens, as we have assumed to be the case generally in the fore-



PRELIMINARY REMARRS.

going remarks ; but the rays which are nearer the axial ray, or the
central rays, ave less refracted than those which impinge nearer to
the edges of the lens, or the marginal rays; the rays, therefore, are
collected in different foci, and the object, or its image, appears con-
fused. This deviation of the rays from the principal focus is termed

spherical aberration. As will be seen, the central rays, C, C, are
collected at ¢; the marginal rays, R, R, at r. The distance, r ¢,
on the axial ray, A ¢, is called the longitudinal aberration ; the dis-
tance, ' v, which comprises the intersection of the marginal rays in
a plane perpendicular to the axial ray, is called the lateral aberra-
tion. The spherical aberration increases with the convexity of the
lens ; it is also greater when the surfaces of the lens are equally
curved, but it is less when they are unequally curved, or when one
surface is plane or elliptical ; it is, therefore, also less in periscopic
lenses. The most favourable ratio is where the radii of curvature
are as 1 to 6. The spherical aberration is prevented by exclud-
ing the marginal rays; this is done by covering the edges of the
lens with an opaque plate, perforated in its centre with a circular
aperture, a diaphragm. The advantage thus obtained is, that the
object, or its image, is seen more distinctly; but the image is less
illuminated, because fewer rays of light can pass through the lens.
The spherical aberration may also be considerably diminished by
placing several lenses on the same axis.

The light of the sun, as is well known, is not homogeneous, but
composed of different kinds of light, each having its 1:1;:-31-31' colour,

namely, violet, indigo, blue, green, yellow, orange, and red.
Light is separated in its passage through a refracting body into
these component parts; but in consequence of each colour differ-
g in refrangibility, the red rays, which are least refracted,
B
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will be collected at R, and therefore at a greater distance from the
lens than the violet rays, which are those most strongly refracted, and

Fig. 10,

which, therefore, are sooner collected at V. The distance between
V and R in the axis of the pencil is called the ¢hromatic aberration ;
all the other coloured rays are collected in various points between
V and R; and when, therefore, an object, or its image, intervenes
between the points of union of the violet and red rays, it will be seen
surrounded by rays of various colours, according as it is nearer tp or
more distant from the points of union of these two colours. It will
appear almost colourless when at the point of intersection of the red
and violet rays, or at ¥ K, which is the least circle of chromatic disper-
sion of the lens; this is the base of a cone of colours, whose apex is at
R. Ifthe spherical aberration be considerable, the chromatic disper-
sion is increased at the same time, and in proportion to the convexity
of the lens, This defect may be partially obviated, by causing the
rays of light to pass at once through a double convex and double con-
cave lens, by which means the rays converging from the former upon
the latter are made again to diverge, and in this manner are cor-
rected. The readiest method of effecting this i1s by combining two
lenses, formed of materials of different refractive and dispersive
powers. For this purpose two different kinds of glass are employed,—

Fig. 11,

the harder crown-glass for the double convex lens C; and flint-glass,
which is softer (on account of the large quantity of lead it contains)
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CHAPTER 1.
ON THE SIMPLE MICROSCOPE,

WE have seen in the foregoing pages, that the nearer an object
approaches the eye, the larger it appears, because the angle of vision
becomes greater ; but we have also remarked that there is a limit to
this approximation of an object to the eye, which is determined by
the distance of distinct vision, Thus, whilst the angle of vision be-
comes enlarged by the object being brought nearer to the eye, the
excessive divergence of the rays emitted from the object is the cause
of its being seen indistinctly, and it is only when the rays that issue
from every point of the object are parallel, or only very slightly
divergent, that the eye is able to collect them into an image upon
the retina. This may be effected, by bringing a convex lens be-
tween the eye and the closely approximated object. Thus, when we

examine Fig. 12, we see that the rays issuing from F, after passing
through the lens, become parallel; and therefore, if an object be
placed at F, or between F and C', but nearer F than C, an image
may be formed upon the retina by the parallel or but slightly
divergent rays. But we may also see the object at a greater visual
angle by the interposition of a lens. For example, an object
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A B will not be seen, because it is too far distant, or, In other
words, because the angle of vision is so small that the image
makes no sensible impression on the retina ; but if we place the lens

between the eye and the object, at such a distance that the rays,
which before were too divergent, now become parallel, or but slightly
divergent,—i. e., if the object be brought in the focus I of the lens,
or a little on the inner side of it at A’ B, it is evident that the angle
D C E must be greater than the angle A C B, and that the ob-
ject will be seen in the direction C D and C E, or at a greater
angle of vision, and at the same time at such a visual distance that
it would not be seen without the intervention of the lens.! The
object will appear to us so much the larger, as the angle D C E
is greater than the angle A C B, or so much the larger as the dis-
tance from A’ B' to C, or the focal distance of the lens is within the
normal distance of vision of ten inches. The magnifying power of
the lens is therefore obtained by dividing the distance of distinet
vision by the focal distance ; the less the divisor, or the smaller the
focal distance is, the greater will be the quotient, or the magnifying
power of the lens. The more convex lens, which has a shorter
tocal distance, magnifies likewise in a greater degree.

The greater the size of the lens, the more numerous are the
rays of light that can pass through it; therefore a more extensive,
as well as a more luminous surface is seen through a large lens,
The illuminating power of two lenses is in proportion to the squares

I The smallest visual angle at which an object is visible is assumed to be
from half a minute to a minute ; but in this case it is not merely the form of
the object, but more particularly the degree of illumination, and the ground on
which the object is seen, which must be taken into consideration.
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small fishes. Alcohol and volatile oils, although they refract light
powerfully, cannot be used in consequence of their volatility. The
inappropriateness of these materials is, however, self-evident.

Precious stones ave admirably adapted for ground lenses. Brewster
caused two lenses to be prepared from a ruby and a garnet, and in
the year 1813 endeavoured to have diamond lenses ground ; he could
find no one who would undertake to grind them, until Pritchard
(1826), under Goring’s guidance, completed the first diamond
lens, of a focal length of less than a millimetre. The advantages of
these lenses consist in their greater refracting power, their nearly
perfect achromatism, and their diminished aberration of sphericity.
This aberration is always greater in proportion to the increased
convexity of the lens, and as the diamond refracts light in an extra-
ordinarily powerful degree, the same result can be produced by a
diamond whose convexity is less than half that of a glass lens. The
field of view may therefore be extended, at the same time that the
distance of the lens from the object is also increased. However,
diamond lenses have not realised the expectations that were formed
of them ; for the erystallisation of the diamond, its double refraction
and polarisation, the mechanical difficulties presented, more particu-
larly in reference to its polishing and its costliness, oppose such seri-
ous impediments to its use, that diamond lenses have not become
general ; neither have they been the means of leading to any disco-
very that could not have been observed by means of any good com-
pound microscope. Further, the use of a single powerful lens strains
the eye in a high degree; the field of view is too small, and the distance
from the object, when the lens is very strong, becomes so short that
the lens almost rests upon it. A lens of precious stone may indeed
be preferable to a glass lens, which is also more exposed to injury ;
but it possesses no advantage over a compound microscope. If
zirconium, sapphires, topazes, or other stones having the property of
double refraction, be used, they must be cut in such a manner that
the axis of the lens coincides with the axis of double refraction.
Brewster considers garnets better than rubies.

Spherical lenses (lentilles wil @ oisean), the idea of which was first
suggested by Brewster, and afterwards modified by Coddington,
are of peculiar forms (Pl L, Fig 1). They are glass spheres, of
from about a quarter of an inch to half an inch in diameter, and are
ground in a plane perpendicular to any one of their axes, so that
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numerous investigations he used double convex lenses of very small
sizes, which were placed between two perforated metal plates; the
object was fastened upon a pin, which, by means of a screw, could
be moved in all directions, and every instrument was specially ap-
plicable to one or two objects. The object was held up against the
light, and this plan was also pursued by later observers. Thus
Wilson (1702) used a microscope consisting of two tubes, one of
which was inserted in the other; to each end there was applied a
lens, one of which served for magnifying, the other for the conden-
sation of rays of light upon the object, which was placed between both,
and was held fast by the aid of a spiral spring, and was examined
by holding it up against the light. Lieberkiihn fastened the lens in
a short tube of brass in the centre of a concave and polished silver
mirror ; in the other end of the tube there was also a condensing
lens, which threw the light upon the mirror and thence upon the
object, which was fastened between both lenses. Similar micro-
scopes were employed by Swammerdam, Lyonnet, Ellis, Cuff, and
others, but they are now out of use.

We shall have occasion to mention more circumstantially the
various arrangements for illumination, together with the stage and
its movement, when we treat of the compound microscope, for the
principles of their application and employment are the same ; indeed,
certain forms of compound microscopes can, in a few moments, be
changed into single microscopes by taking away the optical portion
and by the application of a lens. However, special stands have been
constructed for single microscopes, consisting of a pillar, which either
has a separate pedestal, or is screwed firmly to the case in which the
microscope is kept. There.is a rack and pinion on the pillar, by
means of which the stage, which is perforated in the centre, moves up
and down ; above it there is a ring to receive the lens; under the
stage is the reflecting mirror. In other microscopes, on the con-
trary, the lens is moved by the rack and pinion, and the stage is
fixed ; a finer screw for the purpose of movement has also been
applied, as in the compound microscope, and in general the same
apparatus, micrometer, camera lucida, &c., can be used. Differ-

ent forms of single microscopes have been constructed by Plossl,
Pritchard, Ross, Chevalier, Raspail, Lebaillif, and Strauss-Diirckheim,
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CHAPTER II.

ON THE CONSTRUCTION OF THE DIOPTRIC COMPOUND
MICROSBCOPE,

THE greater spherical and chromatic aberration of a single lens, or
system of lenses—the diminished field of view, as well as the dimin-
ished light—the increased exertion for the eye—and the short dis-
tance between the object and the lens—constitute defects to which
we have already referred in the preceding section, and on account of
which the single microscope is scarcely ever used for high magnity-
ing powers, or with lenses that magnify more than twenty or thirty
times. Moreover, we make use of another property which convex
lenses possess, namely, that of magnifying the image of an object.
If, for instance, we suppose the object ab placed behind a lens;
a pencil of divergent rays will issue from « and meet the surface of

Figr. 14.

the lens, they will then be refracted, as well at their entrance into
the lens as on emerging from it, and at last converge before the lens in
the point A. The same is the case with the pencil of rays from the
point b; the divergent rays will converge on the other side of the
lens, and be collected in the point B. Ifrom all points between a
and & there will also proceed pencils of rays which are collected be-
tween A and B. In this manner an image of the object ab will be
obtained at A}, but inverted,
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In order that an image may be formed, the object must not
occupy the focus of the lens, for the rays then become parallel
and do not unite on the other side of the lens; nor must it
be placed within the focus, for then the emergent rays will
become divergent. We have already shown the use of this pro-
perty in treating of magnifying objects by the single microscope.
The object must, however, be situated beyond the focus of the
lens, for it is only in this case that the rays become convergent
on the other side of the lens (see Fig 7). If the object be placed
at double the focal distance, the image becomes precisely as large as
the object ; if the object be situated at more than twice the focal
distance, it becomes less than the object. Dut this arrangement
will not cause the image to be magnified, and we must therefore
bring the object between the single and double focal length of the
lens, and as near the focus as possible, to form a large image. The
image is only seen distinetly when received at a spot where all the
points of the pencils of rays are formed; if the rays be allowed to
cross—as, for instance, beyond AB—the image becomes indistinet.
The magnitude of the image bears the same relation to that of the
object, as its distance from the lens does to the distance of the object
from the lens. The more convex the lens, the nearer the object
must be brought to the lens, but the image will then be formed at a
proportional distance, and will appear so much the larger.

If the rays pass through one convex lens, the image will be in-
verted ; if the rays of this image pass through a second lens, the
new image becomes erect, and we may thus obtain inverted or erect
images by employing one or more lenses. An inverted object
duces, consequently, an erect image when it is formed by one lens,

If we employ another lens to magnify the image, we have a com-
pound, microscope (microscopium compositum), As the image is
formed by a lens, it is also called the dioptric compound microscope,
_ to distinguish it from the cafoptric compound microscope, in which

the image is formed by means of a concave mirror, and of which we
shall speak in the sequel.

The theory of the compound microscope is easy of comprehension,
if we bear in mind the two properties we have already mentioned,
as belonging to convex lenses,—viz., that of magnifying an object
and its image also. The former is effected (see Fig 15) by the lens
OV; the divergent rays from the object ab are allowed to continue
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their course, so that the magnified image exactly occupies the focus
of the second lens OR.  'When seen through this, the image becomes

Fig. 15.

magnified in accordance with the same laws as in the amplification
of an object by means of a single microscope. Thus, after the image
of ab is formed at AB, it is observed through the lens OR, and is
seen in the direction RA' and OB’ as A'B..

The lens OV, by which the image is formed, and which is nearest
the object, is called the object-glass ; the lens OR, by which the
image is magnified, and which is nearest the eye, is called the eye-
glass. These two lenses are placed at either end of a tube; and
between the object-glass and the eye-glass there is a separate lens,
called the field-glass. The tube is fixed to a stand, which, at the
same time, supports the stage and the apparatus for illumination.
We will first consider more closely these prineipal parts of the
microscope.

a. Of the Principal Parts of the Dioptric Compound Microscope.

The discovery of the compound microscope is ascribed to Zacha-
rias Joannides, or Jansen, a native of Holland, in the year 1590.
His microscope consisted of a copper tube, six feet in length, and one
inch in diameter. Ie presented an instrument of this kind to
the Archduke Charles Albert, of Austria, by whom it was given to
Cornelius Drebbel, a Dutch alchymist, who was afterwards astro-
nomer at the court of James the First of England, whither he
brought the instrument in 1619, and where it was shown to Borelli
and several other learned men. Many persons, therefore, ascribed the

honour of the discovery to Drebbel. Fontana also claimed the merit
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of having made this discovery as early as 1618, The use of compound
microscopes soon became much extended ; and amongst the first
used must be mentioned those of Hooke (1656), Eustachius Divini
(1668), Griendel (1687 ), Philipo Bonnani (1698), and Zahn (1702).
Hooke’s microscope measured three inches in diameter, and seven
inches in length, and might be lengthened by means of four tubes
inserted in each other. It consisted of a small object-glass, a field-
lens, and a powerful eye-glass. Divini’s microscope was also com-
posed of three similar parts; but the eye-piece was composed of
two plano-convex lenses, by which the field of view was enlarged,
the magnifying power increased, and the spherical aberration
diminished ; the eye-piece was as large as the palm of the hand,
whilst the circumference of the tube was as large as a man’s thigh ;
yet, with this colossal instrument, he could not magnify more than
143 times. Bonnani’s microscope, which was still more inconve-
nient, was horizontal, and moved by a rack and pinion. It was
illuminated by a concentration of the light of a lamp, through two
glass lenses. (riendel used two plano-convex lenses in all three
glasses, so that there were altogether six lenses. Lake constructed,
amongst others, a double microscope for both eyes. The great cause
of the imperfection of these and other old microscopes was the dif-
ficulty of constructing achromatic object-glasses, and even after
Chester More Hall (1729), led by the study of the structure of the
human eye, perhaps also following Gregory’s (1713) ideas on this
subject, had discovered achromatism by combining two different
kinds of glass, microscope lenses were for a long time not con-
structed on this principle. Even Dollond, who constructed achro-
matic telescopes in 1757, did not apply the achromatic principle to
the microscope. It was not until 1774, that Euler proposed to em-
ploy achromatic object-glasses for the microscope, and his suggestions
were first carried into effect four years after by Nicolas Fuss, who
constructed a compound object-glass of three lenses, of which the first
and third were of crown glass, and the second of flint glass. The at-
tempts of /pinus (1784) for the same object were unsuccessful, and
the lenses of Charles (1800-1810) could scarcely be considered to be
achromatic. Brewster’s (1812) lenses of glass and of fluids of differ-
ent density, were not practically applicable, According to Harting,
Herman van Deyl is said to have prepared excellent achromatic
object-pieces in 1807. Yet Fraunhofer’s (1811) achromatic micro-
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together which give the clearest image. As the separate lenses do
not possess equal focal lengths ; when we are about to examine an
object, care must be taken in combining the lenses to preserve the
order in which they have been put together by the instrument-maker.
Thus the lenses of Schiek and Pléssl follow in the order in which
they are marked with numbers 1, 142, 14243, 24344,
34445, 44 546, 54 64 7, which last is the highest magni-
fying power. We cannot arbitrarily combine 2 4-4 45, &e. Che-
valier, Oberhiiuser, and others supply their microscopes with fixed
sets of object-glasses, having different magnifying powers, consisting
of from 1 to 3 lenses; thus the inconvenience of screwing the lenses
upon each other is avoided ; they become less easily soiled, because
it is unnecessary to unscrew them ; at the same time, the manner in
which the whole object-glass is fixed to the tube, by means of two
hooks, avoids the loss of time and the trouble required for screwing
on the single lenses. Such fixed systems of lenses deserve, there-
fore, the preference. (Pl I, fig. 4.)

" Besides the correction of the aberrations, our object-glasses in the
present ‘day are distinguished from the older ones by the improve-
ment in the mode of illumination, the greater clearness of the image,
and the high magnifying powers which are now obtained indepen-
dently of the more powerful eye-piece formerly required, and which
always gives a more incorrect image; and, lastly, by the greater
distance of the object-glass from the object. The higher the mag-
nifying power, the nearer the object-glass is to the object; the prox-
imity on the whole must not be under one-thirtieth of an inch; if it
be less, it is very difficult to cover the object with athin glass plate;
the object-glass becomes easily soiled or bedewed when evaporation
arises from the object, and is injured by constant wiping. The excel-
lence of the object-glass depends upon the distance that may inter-
vene between it and the object when in focus, without any decrease
in the magnifying power. In order to increase the distance be-
tween the object-glass and the object, and to enlarge the field of
view, Charles Chevalier has constructed an object-glass, consisting
of two lenses, between which the distance may be varied ; but the
object is less enlarged here than with the ordinary object-glasses.
Amici makes two kinds of object-glasses, for observing an object
either with or without the covering of a glass plate. Briinner is said
to make object-glasses having unequal distances between the lenses.

D
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The image formed by the object-glass is observed through the eye-
ptece, and is therefore seen inverted. Formerly only a single lens
of high power was used for the eye-piece, in order to lf‘UIIJ[!"IJ“.:jt" for
the lower power of the object-glass; but, in consequence of this
arrangement, the field of view required to be considerably dimi-
nished, and the aberration was not destroyed. At the present day,
l}lﬂl‘l‘ﬁll‘i.‘, a lens 1s introduced into every grmi.l [‘_‘!r'i."]rjﬁ:l?f: between the
object-glass and the spot where the image is formed. This lens is
alled the field-glass ; it is plano-convex, like the proper eye-lens,
and its convex side is also turned towards the object-glass ; it
is two or three times as broad, and the radius of the curve is in
general three times as large as that of the eye-lens; however, it is
sometimes made of a more or less high power. The accompanying
figure explains the action of the field-glass. By the assistance of

the achromatic object-glass OV, the inverted image a'd' is formed
of the object ab. But since the field-glass CV is inserted be-
tween the object-glass OV and the eye-glass OR, the pencil of
rays is refracted, and the image is formed at AB, exactly in the
focus of the eye-glass OR. From this image proceed divergent
rays of light, which meet the eye; and hence the image is seen with
the eye-glass OR, and found to be magnified in the direction AA
and BB' as A'B". Although the image is certainly diminished by
the field-glass, and AB is less than «'#, it becomes clearer, and
a creater portion of it can be brought mto view at once, or, in
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other words, a larger field of view is obtained. The most im-
portant object with the field-glass is, however, to correct both the
spherical and chromatic aberrations; the latter indeed could be rec-
tified by an achromatic combination of erown and flint-glass, and the
former by introducing a diaphragm ; but in that case the field of
view would be much diminished. A diaphragm is, however, inter-
posed between the eye-glass and the field-glass, to exclude the mar-
ginal rays; but the aperture will not be required to be so small as
in the case already mentioned. (Pl I, fig. 5.)

There must be a fixed distance between the eye-glass and the
field-glass, so that the image may come precisely into the foeus of
the eye-glass. They are therefore united in a tube, which is black-
ened on the inside, to prevent the reflexion of rays of light from
its sides. Commonly they are combined without being able to
be moved towards each other, and the distance must be so ar-
ranged, that the aberrations may at the same time be corrected by
the corresponding object-glass. It would be best therefore only to
use one eye-piece with the same object-glass ; and when an observer
has become familiar with his microscope, he soon perceives whether
one combination be better than another, or whether the clearest
image can only be obtained by the combination of one eye-piece with
one object-glass.  Still the same eye-piece is mostly used with seve-
ral object-glasses ; and this may be done when there is no great dif-
ference in the aberration of the object-glasses. Amici on this account
has also formed eye-pieces in such a manner that the eye-glass can
be moved towards and from the field-glass ; and this is particularly
convenient, when the tube of the microscope is made either shorter
or longer to obtain a higher or a lower magnifying power, an arrange-
ment which we shall presently consider.

There are two kinds of eye-pieces ; that of Campani, which is the
one described above, where the image is formed between the eye-lens
and the field-glass ; and Ramsden’s, where the image is formed be-
fore the field-glass ; but, so far as I know, the last-mentioned kind,
which is applied to some astronomical telescopes, has not yet been
used in microscopes.

Eye-pieces are of various magnifying powers ; the most powerful
are fixed in the shortest tubes. In Plissl's and Schiek’s microscopes
there are four or five eye-pieces, and amongst these an aplanatic lens,
which shows the object clearer and more distinct, and is particularly
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lens ; if, therefore, the tube be made longer, the image will be
formed at a more distant spot, whilst the rays continue to diverge;
or, in other words, the image becomes larger, whilst at the same
time the object is brought nearer to the object-piece. But what in
this caseis gained in magnifying power, is easily lost in distinctness;
besides which, we are only able to see a smaller portion of the image.
If, on the other hand, the tube is made shorter, a stronger eye-piece
must be used, to magnify the object as much as in the former case.
Fixed limits, therefore, must be established for the length of the
tube, in order that it may not be necessary to use a very powerful
eye-piece with a tube that is too short ; because, by doing so, the
image, on account of the greater intensity of the aberration, always
becomes deteriorated ; while, on the other hand, care must be taken
that the use of too long a tube does not render the image indistinet,
the illumination defective, and the field of view too small. To this,
also, we may add, that a very long tube makes the microscope
inconvenient, especially when it is used in a perpendicular position.
When the tube is very long, it is well to have it divided in two or
more pieces, which can slide into each other, and be moved with a
rack and pinion, that the centricity of the lenses may not be dis-
turbed. For the rest the tube can be lengthened, either by moving
the part in which the eye-piece is placed, or the part containing the
object-glass ; Charles Chevalier has, at my suggestion, adopted the
latter arrangement in his larger microscopes.

A method of increasing the power, without lengthening the tube,
was first employed by Selligues. He placed a concave lens between
the eye-piece and the object-glass, by means of which the rays of
the image were made more divergent before it was seen through the
eye-piece. It was replaced at a later date in Fraunhofer's micro-
scopes by an achromatic concave lens. The chief advantage of this
mode of adjustment is, that the object can be placed at a greater dis-
tance from the object-glass; but, as the image loses in distinetness
by the increase of the spherical aberration, this method has almost
fallen into disuse.

The present is a fitting place to notice the pancratic microscope, in
which the magnifying of the object is produced by lengthening the
tube. This instrument was first constructed by Chevalier (1841),
in accordance with the directions of Fischer, of Moscow. The image
formed by the object-glass is seen by means of a compound micro-
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handle when placed upon a common table. If; on the contrary, the
object be viewed in a horizontal direction, the height is of little con-
sequence; still we shall have occasion to see that it is most conve-
nient for the delineation of the object, that the distance from the eye-
piece to the table on which the microscope stands should be exactly
the same as the distance of distinet vision. The pillar, in general,
can be divided in the middle by means of a joint, and the perpen-
dicular position of the tube of the microscope can then be made to
assume a horizontal or an oblique direction. The stage on which
the object is placed either moves with the tube, and the observation
is made by looking directly against the light, or the stage remains
fixed ; in the latter case the tube of the microscope must be divided,
and a prism placed in the joint, to change the direction of the rays
of light ; this is best done by placing the prism as near the object-
glass as possible, in order that reflexion may take place before the
rays reach the eye-piece.

The tube of the mieroscope is connected with the stand in such
manner that it can either be moved upon the latter or remain fixed.
The tube can be moved by sliding up and down in another tube,
taking advantage of the resistance caused by friction ; but this
method is objectionable, because this resistance may become too
strong when the tube grows rusty, or too feeble when it wears out.
It is better, therefore, that the tube should be moved by a rack and
pinion, for which purpose a set of teeth is placed upon the hind-
most surface of the pillar, in which a pinion fits with precision ;
sometimes the pillar supports a lesser one, on which the adjustment
takes place, or the coarser adjustment is brought about by the rack,
and the finer by means of a separate screw. Still the finer screw is
very nearly superfluous, when some practice has been acquired in
the use of the rack ; but it must be well made, and so fitted that the
movement shall not become too firm or too loose, and shall take place
in a perfectly perpendicular direction, without working towards either
side. If, on the other hand, the tube of the microscope be fixed,
the stage must be moveable up and down the pillar, by the same
means as the tube is moved in the other case. The stand and the
rack are made of brass or steel; the latter becomes easily rusty,
which makes the adjustment more difficult, and for this reason a
brass rack is perhaps preferable, notwithstanding that the teeth in
the course of time wear out more quickly.
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the slice may be cut off under water; pointed and curved needles,
which should be attached to a flat handle, that they may not roll
away on being laid aside; cataract needles, quills cut to a pont;
seissors with a broad blade; Strauss-Dfirckheim’s microtome, con-
sisting of scissors which terminate in two sharp plates ; fine glass
syphons or funnels, used partly to take up minute bodies—for -
stance, infusoria—out of a glass, partly to add a drop of fluid to a
preparation ; wax and cork plates, for fastening bodies during the
preparation ; cork plates may be furnished with an under surface of
zine or lead, to prevent warping by moisture, and to enable them to
sink to the bottom, when a preparation is being made under water ;
various glass vessels, grindstones, saws, files, and chisels, for the pre-
paration of hard bodies (for example, teeth), camel-hair pencils, a
blowpipe, a syringe, injecting apparatus, &e. It is well to accustom
one’s self to use as few instruments as possible.

Glass plates are indispensable, whatever be the construction of
the microscope. Objects are spread upon them for the purpose
of being examined with transmitted light. Their size and shape
should be regulated according to the size and form of the stage.
The glass of which they are cut must be plate-glass, colourless,
without any tinge of red, green, or blue, without streaks or air-
bubbles, and free from any admixture of the red oxide of iron which
being used in polishing the glass, is not unfrequently met with when
examining the plate under the microscope, and gives rise to errors;
hence care must be taken to examine the glasses before they are
used. They may be about the twelfth part of an inch in thickness ;
if very thin, they easily break when they are cleaned or thrown
down. Concave glasses—as, for instance, small watch glasses—-
may be used in examining an object which swims in a larger quan-
tity of fluid. Living animals may also be enclosed in small cylindri-
cal glasses ; but small boxes, impervious to water, and made of plane
glass plates, are better suited to the purpose. Glass rings are also
useful for the same object; these rings must be cut from a glass
tube, and be fastened with putty upon a glass plate, or a concave
and a plane glass, or two watch-glasses may be united together in a
metal ring,—as, for instance, to hold a living animal, &e. Every
one constructs these appliances best in accordance with his own
plan. Coloured and black glasses have also been used for opaque
bodies, but here the nature of the ground is of little consequence ;
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but as it only balances at two points, the pressure is not so unjfnm?,
as with Purkinje’s compressorium, in which it is completely perpendi-
cular. The object, therefore, is very liable to escape when it is elas-
tic. Oberhiinser, Pacini, Amici, and Wallach have made some
alterations of less importance in Schieck’s compressorium. In order,
at the same time, to cause the object to roll or to fold itself, when it
is a membrane, Mandl added a screw on one side of Schieck’s com-
pressorium ; by moving the screw the upper plate is drawn over the
object, and produces this effect. Quatrefages has applied four
small pins to the upper surface of the compressorium, to set it in
a horizontal position, when turning it round to view the object
from the opposite side. Dujardin also has somewhat altered it, in
order to be able to use it in conmection with his illuminating
apparatus.

The compressorium must be made with such nicety as to keep
both glass plates always parallel to one another; because, unless
they be so, the pressure will not be uniform. If the glasses become
scratched by use, they must be changed. When the compressorinm
is used, care must be taken not to apply too much force, lest the
thinner glass should give way, and the preparation be destroyed ; this
particularly occurs with very hard substances, or when, for instance,
a grain of sand is accidentally mixed with a soft object, The use of
the compressorium is in fact much less common now than when
Purkinje first introduced it ; and, on the whole, it can be very well
dispensed with. It can be applied for the crushing of harder bodies,
as well as for the demonstration of an objeet which we desire to hold
firm without its moving; but even here its place may be supplied
by placing small balls of wax between the glasses, for the purpose
of moderating the pressure. With a little practice, we soon learn to
estimate the amount of pressure that an object may bear or require,
and this may easily be applied by pressing upon the upper plate
with a needle or the point of a knife,

Certain bodies, as for instance tourmaline and Iceland spar, pos-
sess a power of double refraction. This property of Iceland spar
was discovered by Bartholin in 1669. After the discovery by Malus
in 1810, of the polarisation of light by such bodies, Talbot was
the first who made use of polarised light for the microscope ; it was
subsequently applied by Brewster. If a single lens be used, it is
covered with a plate of transparent tourmaline, or the lens is com-

F
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applied, in recent times, to excite the contractions of the fibres of
muscle under the microscope (Weber). In order to protect the object-
glass against chemical agents, or on sinking it in a fluid, a protector is
used, consisting either of a little glass bell, or of a small cylinder,
with a plane glass at its extremity, which is screwed upon the object-
glass; if we wish to make an observation in a horizontal direction,
a prism in a tube may be applied to the object-glass, and then be
allowed to sink down into the fluid. Wagner and Donné have con-
structed special forms of apparatus, for showing the circulation of the
blood in the web of the feet of frogs. For this purpose I make use of
a cork plate, upon which the frog is bound fast, after being enveloped
in a piece of linen; the leg and each of the toes are put into loops of
thread, which are drawn through the cork plate, and are so fastened
that the web of the foot is extended, and comes immediately over
an aperture in the cork plate of several lines in diameter, through
which the light falls; by tightening and loosening the loops round
the leg, the circulation can be alternately accelerated or retarded.
These, and a similar apparatus for special investigations, may
readily be adapted to the peculiar tastes or requirements of the
observer.

Finally, microscopical investigations very often require the em-
ployment of chemical substances. Among these we may especially
reckon distilled water, aleohol, turpentine, Canada balsam, various
acids, especially acetic, chromic, sulphuric, muriatic, and iodic,
(which Platner recommends for the demonstration of the nuclei
of cells instead of acetic acid), solutions of carbonate of potash,
and of caustic potash, common salt and sugar, tincture of iodine
for the detection of starch, ete. Charles Chevalier has con-
structed a pyro-chemical apparatus, consisting of a stage, under
which two spirit lamps are placed, for the purpose of warming
it and the object upon it.

We may conclude this section with a brief notice of the case in
which the microscope is kept; and which should be constructed in
the same manner as other cases intended for the preservation of in-
struments. It should be solid, but not clumsy, and composed of dry
materials, which will resist dampness. A commodious arrangement
of the objects in the case, by which they may be secured from con-
cussion or from being shaken when the instrument is moved, is an
essential requirement. In this respect French instruments are
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by an nhlim_'t-piw-r; L)y ttmn]mm-d of three achromatic lenses, which

may be of different strength, and is then thrown upon a screen

Fip, 18.

placed behind the instrument. If we wish to form the image upon
another place, for example upon the floor or the ceiling of the room,
a prism, P, is employed, by which the direction of the rays of the
image is changed.

Lieberkiihn was the inventor of the solar microscope (1738); but
his instrament lacked an essential part, namely, the reflecting mirror,
and he could therefore only use it during a h]HJ]l portion of the day,
or only so long as the concentrating lens could be directed imme-
diately against the sun. The reflecting mirror was added by Cuff,
who at the same time made it nmvmhle, which is necessary in order
to maintain the illumination unchanged, and fix the image at one and
the same spot,—for example, for the purpose of drawing it; for, as
the earth gradually changes its position relatively to the sun, the
position of the image is also changed, and we must therefore con-
tinually pursue it with the mirror. To render the movement of the
mirror very accurate, a heliostat may be employed, which is so con-
structed that the mirror is moved by clock-work, and exactly follows
the apparent motion of the sun. Instead of a mirror of glass, Euler
used one of metal. Gleichen added (1768) the camera obscura to
this mieroscope, for the purpose of delineating objects.

(Charles Chevalier has made the lesser lens moveable in the coni-
val tube, in order to vary the focus of the rays and diminish their
strength. As with the compound microscope, this is of particular
imluﬁ'tuucu in the case of very transparent bodies. Objects may,
however, become burnt by the stronglv concentrated rays: living

animals are killed by the heat, and humid objects become dry.
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CHAPTER V.
THE CATOPTRIC COMPOUND MICROSCOPE,

Twis microscope differs so far from the dioptric compound micro-
scope, that the object-piece, which in the latter is composed of lenses,
is supplied in the former by a concave mirror, by which a magnified
image of the object is produced. This image, again, is viewed with
the same eye-piece, as in the dioptric compound microscope. To
understand the operation of the concave mirror, we will call to mind
some principles of catoptrics, or the doctrine of reflection of rays of
light.

When a ray of light falls upon the smooth polished surface of an
opaque body, its continuance in the same direction is interrupted, it
is thrown back by the reflecting body, which is called a mirrer. If
the rays fall perpendicularly upon it, their reflection is in the same
direction ; if, on the contrary, they fall obliquely upon the mirror,
reflection takes place at an angle formed with the perpendicular to
the surface, equal to the angle which they make with the same
perpendicular when they fall on the mirror; or, in other words,
the angle of reflection is equal to the angle of incidence. This
is the law of all reflecting surfaces, both plane and curved; for,
in the last case, the size of the angle is determined by the pérpen-
dicular which accords with the radius of the curve to which the
tangent is perpendicular. If we suppose that the rays P S, A S,

Fig. 19.

I’ 5, parallel with the radius O S, fall upon a concave speculum,
the ray A S will be refleected in the same perpendicular direction
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as that in which it fell. "The rays P 5, P 5, are reflected at an angle
which is equal to the angle of incidence formed by the tangents per-
pﬂudiuul:u‘ to the radii O S, O S; they coincide in a point which
lies between the concave surface and its centre (). This point, F,
in the radius to which p:lm“t!l rays are reflected, is ealled the focus
of the speculum. 1t is sitnated in the middle of the radius of the cur-
vature, and its distance from the mirror is the focal distance of the
speculum. If the rays D S, D S, falling upon a concave speculum,
are divergent, they are indeed reflected to a point I, between the
mirror and the centre; but this point is at a greater distance from
the mirror than the focus of the parallel rays. The nearer the lu-
minous point approaches the centre of curvature, the nearer does the
point of convergence advance towards it ; and when the luminous
point is precisely in the centre of curvature, this centre coincides with
the point of convergence. If the luminous point is between the centre
and the focus, the rays again converge upon the other side of the centre,
they are reflected as parallel rays when they proceed from the focus.
If, finally, the converging rays C 5, C S5, impinge upon a concave
speculum, they are reflected and converge in a point C', between the
speculum and the focus, and their condition becomes the same as that
of parallel rays, when they come from a very considerable distance.
Here we find a complete analogy with the refraction of rays of light
(See Fig. 7, p. 71), and the analogy is also apparent in the manner in
which the concave mirror is used to produce an enlarged image of an
object. If, for instance, the object a b is placed a little beyond the
focus, a ray, a S, proceeding from a, will be reflected at an angle,

Fig. 20.

a Sb, to a point A, and in the same manner the ray proceeding
from the point & to a point B, or by the help of the concave specu-
lum, the image A B of the object a & is formed, which image is con-



















































