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PR TRODUOTION.

THE' subject of microscopic investigation is one of a most fascinat-
ing and useful character, not only to the student, the zoologist, the
mineralogist, the botanist, the physiologist, the geologist, the chemist,
and the physician, but to every individual who would enrich his
mind with the wonders and magnificence of the otherwise invisible
world, or would protect himself from the impositions practiced in
adulterating or variously deteriorating the necessaries as well as
the luxuries of life. At this day, instead of being considered a
mere toy in the hands of the curious, the microscope is the insepar-
able companion of literary and secientific men, whose studies it
materially aids, exhibiting most interesting objects, opening a new
and endless field of enquiry, and revealing many facts in nature,
which, previous to its introduction were secrets absolutely beyond
conception.

Heretofore, a great impediment to the progress of microscopic
studies has been the costliness of the instrument itself, as well as
of the various works which have been published relative to its use,
and its valuable discoveries. At present, this difficulty no longer
exists, and at an expense of forty or fifty dollars the man of
limited means can now procure an instrument, called the “ student’s
microscope,” which will enable him to prosecute his investigations
in nearly every department of nature. And to aid those who are
prosecuting their enquiries in this highly instructive and entertain-
ing field of observation, this work has been especially prepared. It
will also be very useful to those who cannot procure the more costly
English works, from which considerable of the practical matter in
the present volume is compiled. The author has endeavored to
place before the reader in as brief and explicit a manner as the sub-
ject will admit, divested of all superfluous or irrelevant matter,
those various points in microscopic manipulations which are actually
necessary for him to become practically acquainted with, particularly
if he be a novice. Thus, this volume contains a list of the principal
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works on the subject of microscopy, the names of the best American
microscope manufacturers, together with the prices of their several
instruments, the accessories which may become necessary during cer-
tain investigations, the mode of using the microscope determining the
" amount of its magnifying power, as well as the size of the objects
examined, an account of test objects, the several methods of collect-
ing, examining and preserving animalcules and other objects, the
mode of preparing cells, pursuing micro-chemical investigations, etc.,
together with a glossary containing much important and necessary
information, as well as an explanation of the principal technical
terms and signs used by microscopists; thus rendering the work a
very cheap, but useful and correct “ multum in parvo.”

The author was induced to prepare the present work not only for
the purpose of replying to the numerous enquiries relative to the
use of the instrument, ete., which have, from time to time, been
received by him from those commencing microscopic studies, but
also from the hope thata work of the kind might find favor with
the students of schools, seminaries, colleges, etc., with the scientist,
and with the great mass of community, and thas become a means
of introducing the microscope into families, increasing the happi-
ness around the domestic hearth, by contributing amusement with
instruction, cultivating a taste for the beautiful, a love for the works
of nature, and thereby enlarging and extending the sphere of the
mental and intellectual faculties. And he will feel fully repaid for
his labor, should such a hope be realized. He claims no originality
in. the matter contained in the work, which consists principally of
selections from the best writers arranged to suit the plan he had in
view of a brief, comprehensive, practically useful, and cheap publica-
tion. The authors to whom he is chiefly indebted are Griffith and
Henfrey, (Micrographic Dictionary), Quekett, Pritchard on Infu-
soria, Hogg, Bennet, Beale, Schaht, and others, beside the London
Quarterly Journal of Microscopical Science.

As the microscopist advances in his investigations, he may meet
with difficulties, or require information which could not be expected
to come within the limits of a work as elementary as the present;
he will then require the assistance of authors who have entered into
a more extensive and minute detail of all that belongs to the micro-
scope. Thus, on the general use of the Microscope, the following
works will be found useful, viz., *Brocklesby’s views of the Micro-
scopic World $1,—* Quekett on the Microscope $5,—*Hogg on the
Microscope, $2,00, Microscopic Dictionary $12,—*Carpenter on the

Microscope, $4,—London Quarterly Journal of Microscopic Science
' b
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$5 per year,—Wythe on the Microscope, $1.25. On its uses, etc.,
with insects and animalcules. * Hassall's Microscopic Examination
of Water, $0.75,—Siebold’s Comparative Anatomy $3—Pritchard
on Animalcules $12—Johnston on Zoophytes $10.50,—Bell on
Crustacea, $6.50,—Mantell’s Invisible World $3.00,—Dana on Zoo-
phytes $45—*Drops of Water, by Catlow, $2.25, etc. On Micro-
scopic Botany. *Schahton the Microscope, $1.75—%Unger’s Botanical
Letters $1.25—Quekett’s Histology, $5.75,—*Coultas on Crypto-
gamia $.90, Robin on Parasitic Vegetables, $4. Schwann and
Schleiden’s Researches $3.25.—* The Plant, by Coultas, $1,—Hoft-
meister’s Higher Cryptogamia $5.75,—Mohl on the Vegetable Cell,
$2. On Diatoms and Desmidiaceee. Ralf’s British Desmidiz, (scarce)
$18—Smith’s Synopsis of Diatomace, 2 vols., $15. On anatomy and
Physiology. * Beale on the Microscope, $3.75,—Hassall’s Microscopic
Anatomy by Vanarsdale, $8.—Tulk and Henfry’s Manipulations $2.-
50, Robin and Verdeil’s Chemical Anatomy $11,—Kolliker’s Human
Anatomy $3.50,—Jones and Sieverking’s Pathological Anatomy $3.-
50,—Bowman’s Medical Chemistry $1.30,—Manuals of Blood and
Urine $1.60,—Bird on Urinary Deposits $1.50,—Bennet’s Clinical
Leetures $1.50,—Rokistansky’s Pathological Anatomy $5,—Goadby’s
Text Book of Vegetables and Animal Physiology, $2.00,—Lehman’s
Physiological Chemistry $6,—Peaslee’s Human Histology, $3,—and
also, *Pereira on Polarized Light $2.25, Huxley on the microscope,
Gerber and Gulliver’s Microscopic Anatomy, Owen’s Odontography,
Vogel’s Pathological Anatomy, Paget on Tumors, Lebert’s great
work, ete., ete.

Those marked with an asterisk are best suited for persons not far
advanced in microscopic examinations ; and the English and French
works can be promptly obtained through the importing house of H.
Bailliere, No. 290 Broadway, New York city, who will forward them
to any part of the Union, as may be directed ; or through the house
of Robert Clarke & Co.; or Rickey, Mallory & Co., Cincinnati, O.

* ¢« The microscope opens to the observer a new and unexpected
world, full of beauty, perfection, and magnificence ; in a single drop
of water it presents to the astonished vision, living creatures, of most
beautiful and varied forms, entirely unlike all former conceptions of
organic existence,and so extremely minute that it would require from
twenty-five thousand to eighty millions to fill the narrow space of
one square inch. And yet, as small as they are, the microscope re-
veals to us their existence, their spontaneous motion, and their ex-
ternal and internal structures; it also makes known the fact that

# From the author’s “ American Family Practice.”
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these minute living beings are extremely reproductive, and ¢ con-
stitute the chief proportion of living bodies upon the face of the
earth.” They are found not only in the fresh water of ponds,
brooks, rivers, and lakes, but even in the salty waters of the great
deep, in some strong acids, in terraqueous matter, and in vegetable
and animal fluids ; indeed, there is no part of tlie world, either up-
on its external surface, or internally, but in which these microscopic
beings can be found, either in a living or fossil state. The mortar
of the builder, the chalky cliffs of Albion, extensive tracts of coun-
try in various parts of the world, as well as chains of mountains,
the coral foundation of the Polynesian Archipelagoes, of the reefs
and islets of the Indian Ocean, as well as many other places, beside
slate, flint, sandstone, limestone, rocks, &c., all contain, and are, in
fact, chiefly composed of the remains of once living, invisible ani-
malcules. ¢ Of the myriads upon myriads of organized beings
created to work out the grand designs of Providence, all calculation
seems futile ; as the results would be far beyond the grasp of human
comprehension. And the remains of these minute animals have
added much more to the mass of materials which comprise the ex-
terior crust of the globe, than the bones of elephants, mammoths,
hippopotami and whales.”

But the microscope does not terminate its utility here; it is
equally necessary and useful to the geologist, the botanist, the min-
eralogist, the chemist, and the physician. To the latter in particular, it
has demonstrated the minute structure of parts of the human system,
which were previously altogether a mystery, and has assisted in
affording a more perfect comprehension of the organic functions.
The structure of the various parts of the system has, within a few
years past, been thoroughly and correctly made known by the aid
of this mighty instrument, so that no man can, at the present day,
hold the title of a “respectable physician,” who is not conversant
with its revelations. Nor has its value ceased with a knowledge of
the healthy structure; it affords a certainty in the diagnosis or de-
tection of diseases, several of which cannot be correctly determined
without it.

It is no less useful to the non-professional man, and to the com-
munity in general, who, by its employment, may frequently learn cer-
tain unhealthy conditions of the system, without having immediate
recourse to a physician. Thus, the character of urine, as known by
its uric acid, its urates, phosphates, oxalate of lime, blood-corpuscles,
&ec., as seen under the microscope, may enable an individual to be-
come aware of changes taking place in the system not consistent
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with health, at a very early period, even before any appreciable
symptoms have developed themselves, and thus afford him informa-
tion which will lead him to adopt a proper course of treatment long
before the attack becomes serious or of a permanent nature. En-
gravings of the most common appearances of the urinary deposits
under the microscope, are given in the work to which the reader is
referred.

The non-professional man may also ascertain that many diseases
of the skin depend upon, or are accompanied with microscopic veg-
table growth, of fungous or algous character, as ring-worm of the
scalp, dow-worm, some aphthous ulcerations of the throat, mouth,
&ec., and that other diseases again, are accompanied with microscopic
animals, as the itch, acarus folliculorum, &c. The globules of blood
seen under the microscope, appear as numerous ‘“pale, and red,
rough, bi-concave discs, having a tendency to turn upon their edges,
and to arrange themselves in rolls like rouleax of coins; a very
few white corpuscles, irregular in form, granular in surface, and
rather larger than the red globules, will also be readily distinguish-
ed.” To discover whether any stain consists of blood, it must be
moistened with some white of egg, then scraped off the material
holding the stain, and examined under the microscope , if the stain
consists of blood, blood-corpuseles, as above described, will be dis-
tinctly visible. In this mauner, in supposed cases of murder, may
we distinguish between blood staing, and red spots resembling blood.

Beside the above named applications of the microscope, there are
others of still more importance to the community, as the detection of
adulterations in food and drugs. A writer observes, “to such a pitch of
refinement has the art of falsification of alimentary substances reached
that the very articles used to adulterate are adulterated. And while
one tradesman is picking the pockets of his customers, a still more
cunning rogue is, unknown to himself, deep in his own!”

The manner in which food isadulterated is not only one of degree
but of kind. The most simple of all sophistications, and that which
is the most harmless, is the mixture of inferior qualities of the same
substance. * * * Secondly, the mixture of cheaper articles of
another kind ; thirdly, the surreptitious introduction of materials
which, taken in large quantities are prejudicial to health; and
fourthly, the admixture of the most deadly poisons in order to im-
prove the appearance of the article ¢ doctored.’

¢« The microscope alone is capable of detecting at one operation
the nature and extent of the more harmless but general of these
frauds.” It distinguishes with unerring nicety an admixture of the
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common Circuma arrow root with the finer Maranta; it detects
genuine ground coffee, from its adulteration with peas, beans, oats,
dried bones, oak, or mahogany, sawdust, chicory, &c.; determines
the presence of mildew in flour ; of turmeric and flour in mustard ;
of red lead in cayenne pepper ; of water, chalk, calves brains, molasses,
annato, flour, oxide of iron, &ec., in milk, as well as the richness of
milk ; it exposes fraudulent mixtures of lard with butter ; of Prus-
sian blue, turmeric, chalk, and copperas in green tea; of gum, black
lead, Dutch pink, and leaves of other plants in black tea ; of roast-
ed wheat, beans, carrots, parsnips, horsechesnuts, oxide of iron,
baked horse’s liver, &c., in chicory ; and of wheat flour, hundreds
of sugar insects, sand, and albumen of bullock’s blood in sugar.
Impurities in butter, bread, cheese, molasses, spices, vinegar, and
other necessaries of life may at once be detected by this powerful
instrument, so that as a saving to the pocket as well as to the health,
it should form a part of the domestic apparatus of every family.
The most useful and fascinating study, is that belonging to micro-
scopic observation, and it is much to be regretted that means have
not been heretofore employed to introduce its charms and value into
the homes of the people—to their firesides. A more valuable gift
from father to son, from husband to wife. from friend to friend, than
that of a microscope, cannot be made ; for, unlike any other instru-
ment, it can bestow upon its possessor, amusement, profit, instruc-
tion, health, and happiness. Its astonishing and magnificent re-
velations are of so bewitching a nature, that the parent, the son, or
the man of common sense, who has once become fairly acquainted
with them, would rather pass his unoccupied hours at home, in the
circle of his family, displaying to its members the powers and ex-
cellencies of his microscope, thus cultivating in their minds a taste
for scientific pursuits, than to waste those hours away from home in
the turmoil and strife of political excitements, in the mind and
soul-destroying region of a porter-house, or, in any of those many
dens of dissipation, debauchery, and vice, which throw out the most
alluring temptations, to catch the indolent, the unwary, the careless
and the ignorant; to rob wives of the affections of their husbands,
to make sons rebel against and cause anguish to their parents, de-
spoil wives and daughters of all self-respect, and render them among
' the vilest of the vile. :
Unfortunately, some have conceived the microscope to be a mys-
terious instrument, capable of being managed or understood only by
certain particular persons. This, however, is a great error ; it is in-
tended as an improvement upon our sense of sight. Objects which
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can be seen well by the natural eye, do not require its assistance ;
but with those which are too small to be thus seen, we aid the power
of vision by employing the microscope, and which every individual
possessed of sight can readily use. Persons with imperfect sight use
spectacles to improve this sense; and the microscope improves the
magnifying and defining powers of the eyes.

A great obstacle to the more common use of the compound achro-
matic microscope, heretofore, has been in its expensiveness, but in-
struments are now made by our best opticians, called ¢ student’s
microscopes,” which will accomplish all that any person need desire.
The value of a microscope does not lie so much in the beauty or
workmanship of its brass mountings and other metallic accompani-
ments, as in the quality of its object-glasses and eye-glasses. An
object-glass itself, however great may be its magnifying power, is
useless unless it possesses penetrating and defining powers also. It
is from a want of these latter powers in their objectives, that the
French microscopes imported into this country are inferior in quality,
notwithstanding the excellence of their brass-work and their low
prices. ;

In purchasing a microscope, the name of its manufacturer ought
always to be learned, from the fact that our best microscope makers
never permit poor glasses to leave their workshops.”






CHAPTER L.

PHENOMENA OF LIGHT. SPHERICAL AND CHROMATIC ABERRATION.
SIMPLE MICROSCOPES.

Ix a work as limited as the present, it will be impossible to
enter into a minute detail of the optical phenomena connected
with the construction of microscopes ; this will be found in the
various works on the science of optics, especially in Brewster’s
Treatise on optic’s, and Lardner’s optics, as well as in brief,
among writers on the Microscope, as Quekett, Hogg, Ross, Car-
penter, Pritchard, etc., a reference, however, to some of these
phenomena and to simple lenses may be necessary before com-
mencing our remarks on the achromatic microscope.

Light is the principle which enables the brain to perceive
objects, through the intermedium of the eye. Whatlight is, has
not been definitely settled ; some philosophers have imagined it
to be a delicate material substance propelled from luminous bodies
in right lines, which substance striking against the eye, develops
¢ vyision,” or the ability of feeling the form, color, height,
breadth, ete., of any object, by means of the eye.  Others have,
and with more truthfulness according to my own view, considered
light to be the result of the action of the electrical rays of one
body upon those of another; as, for instance, the galvanic or
electrical rays of the sun acting upon the electrical atmosphere
of our earth, give rise to both light and heat. When one surface
of the earth is not directly exposed to the solar electrical rays, dark-
ness remains until it is acted upon by these rays. The prevailing
hypothesis relative to light is, however, that space is occupied by
a peculiar delicate, resilient substance, called et/er, the atoms of
which by their vibrations cause light. As the vibrations must
necessarily cease or intermit during that portion of each twenty-
four hours called night—if this hypothesis be true, it would seem
that the immediate presence of a luminous body is necessary to
produce the vibrations, or in other words, luminosity is required
to cause light.

A simple line of light, the smallest that can possibly be con-
ceived of, is termed @ ray; a few of these rays issuing from a
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point, and being either parallel or diverging, are called when
together, a pencil of light; a still greater number of rays col-
lected together, constitute a beam of light.

‘When the rays of light strike against a body, the light is
termed ¢ncident ; the point of the body upon which the light
strikes, is the point of incidence; a line drawn perpendicular to
the surface from the point of incidence, is the normal to the sur-
face at that point ; and the angle formed by the incident ray and
its normal, is the angle of <ncidence. When the incident rays
of light are thrown back, they are said to be r¢flected ; and this
reflexion may be regular, as from a smooth, polished surface, or,
trreqular, as from an unequal surface in which the rays are
reflected in various directions ; it is this latter kind of reflection
which renders bodies distinguishable by the eye. A reflected
ray of light is on that side of the normal to the surface exactly
opposite to the incident ray, and forms with the normal an angle
equal to that existing between the incident ray and the normal,
which is called the angle of reflection ; or, in other words, the
angle of incidence, and the angle of reflection are equal.

When the rays of light cannot pass through a body, it is called
opaque ; if the rays can pass through, the body is termed #rans-
parent. The degree of transparency varies with different bodies,
being more or less perfectly transparent according to their density
and thickness; when the rays are very imperfectly transmitted,
the body is termed #ranslucent.

The incident rays of light in passing through a transparent
body, are always turned more or less out of their true or original
dircction, except when they fall perpendicularly, they are then
said to be r¢fracted ; this refraction varies according to the dens-
ity of the body, thus, carry the normal or perpendicular line
through the transparent body,—then, if the density of the body
through which the ray of light passes is greater than that of the
medium out of which the light has just passed, the refraction will
be toward the perpendicular line. But should the density of the
transparent body be less, then the refraction will be fI:om the
perpendicular ; in both instances, being always in the same plane.
The angle of refraction is that produced between the perpendic-
ular line and the refracted ray of light, and its degree (or sine)
depends upon the density and transparency of the object through
which it passes. The refracted rays of light like those of the



THE MICROSCOPIST'S COMPANION. 1§

reflected, are on that side of the normal or perpendicular line
opposite to the incident rays. ¢

When a ray of white solar light is made to pass through a
refracting medium, as for instance a glass prism, it will be found
to have undergone a change, or to be decomposed ; instead of
being perfectly white, it is more or less colored. From this facr,
ordinary solar light is supposed to consist of seven colored lights,
which may be separated by a prism, in the following order, violet,
indigo, blue, green, yellow, orange, andred. This separation of
the colored lights is termed dispersion, or chromatic dispersion
of light. The various colors above named, constitute the pres-
matic or solar spectrum, and they are due to the different refrangi-
bility of the several colored rays which compose white solar
light, the violet are the most easily refracted, the red the least,
the other colored rays being refracted, between these two, accord-
ing to their appearance in the solar spectrum.

For the purpose of aiding the eye in discerning very minute
or distant objects, as well as to overcome defects in the eye itself,
certain transparent instruments are made, usually of glass, which
are called lenses. Of these there are several, which are named
according to their different forms, as follows—1. double convex,
both surfaces being equally or unequally convex; 2. plano-con-
vex, one surface being plane, the other convex; 3. meniscus, in
which one surface is concave, the other convex, but so arranged,
that the two surfaces would meet were they continued ; the cou-
vexity of the lens is thercfore greater than its concavity. As
these three forms of lenses converge parallel incident rays, they
are called convergent lenses. 4. A concavo-conver lens,is where
one surface is concave and the other convex, but in which the
two surfaces would not meet if continued; 5. double concave,
where both surfaces are equally or unequally concave; 6. plano-

- concave, in which one surface is plane, the other concave. As
these last three forms diverge parallel incident rays of light, they
arc called divergent lenses.
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The jobus is the point from which rays of light converge or
diverge; the principal focus is the point to which parallel rays
converge after reflection or refraction. Thus, in fig. 1, the paral-
lel rays of light L L L L in passing through the plano-convex
lens E E, are refracted and converge to a point at F, which is the
principal focus of the lens.  If, however, the rays of light diverge
trom a point posterior to the lens, as at F’, which is situated at a
greater distance from the lens than F the principal focus, then
these divergent rays will be refracted to a point beyond the prin-
cipal focus, as at f, which is a focus. The nearer F’is brought
to the lens, the more distant from it, will be the focus f; the far-
ther off F’ is removed, the nearer to the lens will be f. The point
F’ is the point of divergence or the radiant point, and from the
above interchange between the radiant point and the focus f, as
determined by the distance of F’ from the lens, these two have
been called the conjugate foci, because which ever of them be
the radiant point the other will be the focus.

The above will be true in case the lens be perfect, and all the
rays of each pencil of light be brought to an exact focus; but
with ordinary lenses we find it to be different. Those rays which
fall upon the lens near its periphery are more strongly refracted
than those nearer its center, which gives rise to a deviation called
spherical aberration. Thusinfig. 2, a peneil of light1L L1 falls

Fig. 2.

upon a plano-convex lens ; the rays 11 near the periphery of the lens
are refracted to the focus f, while the central rays L 1. are refracted
to the focus F.  This aberration will render images very indis-
tinet unless they be formed by the central rays only, or, by the
peripheral rays only, and which may be accomplished by either
covering the peripheral parts of the lens. or its center. The dis-
tance between F and f, is called the longitudinal spherical aber-
ration, and that between @ and b is termed the lateral spherical
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aberration of the lens. The amount of spherical aberration will
vary according to the shape of the lens, and the way in which it
is exposed to the rays of light. In a plano-convex lens with its
plane side exposed to parallel rays, as in fig. 2, the spherical aber-
ration will be 4% times the thickness of the lens at its center ;
while, if its convex side be exposed to the parallel rays, the aber-
ration will be only 1} ths of the thickness of the lens. There
will, however, be a slight variation from these proportions owing
to the refractive power of the substance composing the lens.

In a double convex lens with equal convexities, the aberration
is 1 fjths of its thickness. The least spherical aberration is found
in double convex lenses whose radii of curvature are as 1 to 6
when the surface whoseradius is 1, is turned toward parallel rays,
the aberration is only 1,5ths of its thickness; but when the sur-
face whose radius is 6 is exposed to parallel rays the aberration
is 3£ths of its thickness.

Descartes has shown that spherical aberration may be com-
pletely removed by the construction of lenses, whose sections are
ellipses or hyperbola ; but it has been found a very difficult mat-
ter to manufacture them, consequently, the microscope makers
combine two or more lenses in such a manner that their opposite
aberrations correct each other, while at the same time there is an
increase of the magnifying power.

Fig 3.

Another serious cause of confusion arising from the use of
ordinary lenses, is the unequal refrangibility of the differently-
colored rays forming white solar light,—and which is termed
chromatic aberration. In consequence of this aberration, in
which all the rays are not brought to the same focus, the margins
of the images of objects will be seen fringed with color. This
chromatic aberration may exist in a lens whose spherical aberra-
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tion has been corrected. Fig. 3, will aid us in explaining the
cause of this. Parallel rays of light /L L 7 are thrown upon the
flat surface of a plano-convex lens; the rays ¢/ being near the
periphery of the lens, are more strongly refracted than those
which are near its center LL. Consequently, the colored rays
“of 11 separate forming the spectrum, as'seen at /B and [R. fis
the focus of the red rays R, and f’ is the focus of the violet rays
I B, the latter being at a less distance from the lens than the
former. While the central rays falling perpendicularly or nearly
so upon the convex surface of the lens, are hardly, if at all
refracted ; hence, an image will be seen nearly, if not quite clear
in its center, while its edges will be colored. ¥ f is the longitud-
inal spherical aberration, and F f is the chromatic aberration, and
the circle whose diameter is ss passing through the focus of
mean refrangible rays at a point on the line f f* and directly be-
tween ss, is the circle of least aberration, or the mean focus.
Various methods have been adopted to diminish chromatic
aberration ; one is to lessen the diameter of the lens, but this at
the same time diminishes the light. Another method is by com-
bining several lenses of but slight curvature, as in many of the
French instruments, but this does not perfectly accomplish the
object. The best mode, as at present pursued, is to construct
achromatic lenses of materials whose dispersive powers bears no
relation to their simple, refracting power, as for instance, flint,
and crown glass ; these vary in form, and are so disposed in an
object glass as to form an achromatic microscope. This will be
referred to again in speaking of the Compound Mieroscope.
Microscopes are simple or compound. The simplest form of a
simple microscope is a convergent lens, usually double convex, or
plano-convex, whose focal length varies from a quarter of an inch
to two inches. The lens is secured in a frame of brass, or.bone,
and is made to shut within two plates of similar material, which
not only serve to protect it from dust and injury, but answer the
purpose of a handle. These microscopes, more commonly termed
magnifying glasses, may be met with in the shops of opticians,
either single, double, or triple, as secn in figs. 4, 5, and 6. The
triple glasses are the best for ordinary use, as one, two, or three
powers may be brought to bear upon an object under examina-
tion as desired, they take up very little more room in the pocket
than a single lens, and are by no means expensive.  Those
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doublets or triplets which Fig. 4.
contain a thin plate of brass
between each pair of lenscs,
with an orifice in its center
opposite to the axis of the
lens, for the purpose of cut-
ting off the marginal rays
of light, are superior to those
in which the plates are want-
ing, inasmuch, as they not
only have their magnitying
power increased thereby, but
the object is rendered more
distinct.

These magnifying glasses
are useful for a variety of
purposes, and could not con-
veniently be dispensed with
by persons engaged in any
department of natural his-
tory. Inthe examination of |
many botanical and mincralogical specimens, insects, larger
animalcules in water, some diseases of the skin, powders, ete.
ete., they will be found invaluable ; and in many instances where
it is required to subjcct objects to an examination under the com-
pound microscope, a preliminary employment of these will save
much time and trouble, and aid us in bringing the objeet im-
mediately under the objective glass, even when the simple lens
can give us no further information than that the object to be con-
sidered looks like a mere speck on the glass-slide. Insome cases,
the handle of the lens is attached to an upright rod, on which it
may be made to move up and down ; this facilitates many exam-
inations, especially the selection of the coarser diatoms from the
finer, foraminiferous shells from sand, ete.

The Coddington lens, another form of simple microscope, when
properly constructed, consists of a glass sphere, around the cen-
ter of which a triangular groove is cut, and then filled with some
opaque matter.  This lens is very uscful as a hand-magnifier, as
it possesses a good magnifying power, with a large field of view,
slight aberration. an'l is of a size very convenicnt for the vest
pocket. A lens of similar construction is torme 1 the Stanhope lens,
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Fig. 5. see fig. 5; itis a thick double convex lens one surface being
=== of greater convexity than the other, and is useful for
viewing some of the coarser urinary deposits, eels in
flour paste, and in vinegar, scales from the wings of
butterflies, and many other objects. These are to be
placed upon the least convex surface of the lens, while
the eye is applied to the most convex surface. When
the least convex surface is applied to the eye, the lens
\ forms a simple microscope having a focus of one fourth
or one eighth of an inch. Although considerably nsed by some
persons, it is deemed inferior to the Coddington lens, and is
viewed more as a toy than a philosophical instrument.

Fig. 6. Fig. 6, represents a hand microscope mounted
. in abrass frame, with a stem, and a small pair of
forceps attached, in which flowers, insects, ete.,
may be held while viewing them. The forceps
is moved to the proper focus, so that the object
can be seen distinctly, while the eye is placed close
to the lens. These are useful instruments, and
are generally packed in a small box with one or
two lenses, for $1.25, or $1.50. Another form
for large insects is seen in fig. 7; this may be
used for viewing any large objects. The chief
difficulty with it is the want of magnifying power
which is not equal to the triple hand magnifier,
represented by fig. 4. The focus in this instru-
ment is obtained by means of the serew attached
to the tube carrying the lenses.

There are several other varieties of sim-
ple microscopes, each being mounted for
theirintended purposes, as, Raspail's micro-
scope for botanical dissections, selection of
coarser from finer microscopie speeimens,
etc.; itis usually provided with four lenses
il whose magnifying powers vary from 50 to
il Il 300 diameters. Itis unnecess: ary to name all
i the varieties of simple mier oscopes which
| have at various times been presented to the
| publie. Perhaps the best one for general
use is that deseribed in Carpenter’s work
on the Microscope as Gairdner’s Simple
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Microscope, and which, it is to be regretted, is not manufactured
by our own opticians. It consists of a double stem united near one
end, and which end forms the handle; the separated extremities
of this stem carry, each, a brass ring, in one of which is a thin
circle of glass on the back of which the object is to be placed, the
other carries the lens; a milled-headed screw passes through that
arm of the stem carrying the lens, by means of which the two
arms may be separated or brought together, so as to bring the
object into focus. The lenses, which are Wollaston doublets,
should be three, giving magnifying powers of 50, 100, and 200
diameters. It may be employed in the examination of urinary
deposits, botanical specimens, insects, animalcules, diatoms, ete.,
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and may be convenicntly carried in a small case in the vest
pocket.

A very cheap and excellent pocket microscope, with three lenses,
giving the power of 36, 64, 100, 169, 256, 400, and 676, times
superficial measure, or, 6, 8. 10, 13,16, 20, and 26, diameters,
linear measure, anl well adapted for large insects, seeds, sand
trom sponge, etc., may be obtained for about $5. It contains a
stage to place objects on, and which slides on a rod to adjust the
focus; a mirror moveable in any direction, for reflecting light
through the object on the stage, if' it be transparent; forceps,
~needle in a handle, insect box, ivory plate for opaque objects, con-
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cave and flat glasses, etc., the whole being packed in a neat box.
Fig. 8, represents the instrument ready for use, with some of its

accessories.

Fig. 9, represents a very useful single micro-
scope for botanists, mineralogists, naturalists, etc.,
which may be had for about $10. It contains
three or four powers, a stage for holding the
objects, mirror, forceps, animalcule cage, glass
slides, dissecting instruments, ivory plate for
opaque objects, with case for containing the whole.

Fig. 10, represents a doublet or double lens
hand microscope ; it is composed of two plano-
convex lenses, having the plane surfaces extern-
ally, mounted in brass, german silver, or ivory.
They are a very useful lens for many purposes,
as investigation of parts of flowers, insects, ete.,
and may be had for from 75 cts, to $1.00.

For purposes of dissection, Messrs. Spencer
and Eaton, of Canastota, N. Y., and Messrs J. &
W. Grunow of New Haven, Conn., manufacture
“superior microscopes, with all the necessary appa-
ratus and movements.

ACHROMATIC MICROSCOPES.

$60 CO Nachet. $27.00 Student’s.

Fig. 10
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CHAPTER II.

THE COMPOUND MICROSCOPE—ITS AMERICAN MANUFACTURERS,
AND PRICES.

A compPoUND microscope is an instrument adapted for delicate
observations, and is so called because the magnified image of the
object produced by the object-glass,* and which is brought to a
focus near the field-lens of the eye-piece, is again magnified by
the eye-glass before it enters the eye. To be, however, at all fit
for use, the compound microscope must be rendered aclromatic,
by having both its spherical and chromatic aberrations properly
corrected. In the best microscopes, the object-glass is composed
ot three lenses, and the eye-piece is what is called Huyghenean.

Fig. 11, is a section of a compound achromatic microscope.
The object to be examined is represented by O, immediately
above which is seen the object-glass, consisting of three achro- .
matic lenses. The eye-piece is composed of two plano-convex
lenses; EE being called the eyeglass, and F F the field-glass.
At BB is a dark stop or diaphragm. The course of the light is
shown by three rays, drawn from the center, and three from each
end of the object O ; these rays, if not prevented by the lens, F F,
or the diaphragm at B B, would form an image at A A ; but as
they meet with the lens F'F, in their passage, they are converged
by it, and meet at B B, where the diaphragm is placed to intercept
all the light except that required for the formation of a perfect
image ; the image at BB is further magnified by the lens E E,
as it it were an original object. The triple achromatic com-
bination forming the object-glass, and constructed on Mr. Lister's
improved plan, although capable of transmitting large angular
pencils, and corrected as to its own errors of spherical and chro-
matic aberration, would nevertheless, be incomplete without an
eye-piece of peculiar construction, termed a Huyghenean eye-piece
to be described hereafter.

*Words in italic, throughout the work not otherwise explained, will be found in the
glossary at the latter part. %
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In the cut on page, 6, fig. 111, is an
enlarged section of the microscope. S S
is a glass slide holding the object O3
AA, MM, PP, are the three achromatic
lenses forming the object glass, being the
Anterior, Middle, and Posterior. As in
fig. 11, the lines drawn from the center, and
from each end of the object O, show the man-
ner in which the direct and oblique rays of
light proceed through the object-glass toward
the eye-piece. The optical center of the ob-
ject-glass taken as a whole, is at that point
where all the axial rays of the several pen-
cils of light cross each other.

The Negative Eye-piece, so called, ¢ was
invented by Huyghens for telescopes, with
no other view than that of diminishing
the spherical aberration 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 toward 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 these two 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 corrected a great
part of the chromatic aberration. The Huyg-
henean cye-piece is represented in the cut
on page 6, fig. 11\, FF being the field-
glass, EE the eye-glass, and on the line O

0’0" are the extreme rays of each of the =

three pencils of light, emanating from the -
center and ends of the object O, of which, 0

27

but for the field-glass, a series of colored images would be formed
from R R to B B; those near R R being red, those near B B blue,
and the intermediate ones green. yellow, and so on, corresponding
with the colors of the prismatic spectrum. This order of colors
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is the reverse of that occurring in the common compound micro-
scope, in which the object-glass composed of a single lens pro-
jects the red image beyond the blue.
«The effect just described, of projecting the blue image beyond
“the red, is purposely produced, for reasons presently to be given,
and is called over-correcting the object-glass as to color. It isto
be observed that the images BB, and RR, are curved in the
wrong direction, to be distinetly seen by a convex eye-lens, and
this is a further defect of the compound microscope of two lenses.
But the field-glass, at the same time that it bends the rays and
converges them to foci at B’ B’y and R R’, also reverses the curv-
ature of the images as there shown, and gives them the form
best adapted for distinet vision by the eye-glass, EE. The field
glass has at the same time brought the red and blue images closer
together, so that they are adapted to pass uncolored through the
eye-glass. To render this important point more intelligible, let
it be supposed that the object glass had not been over-corrected,
that it had been perfectly achromatic ; the rays would then have
become colored as soon as they had passed the field-glass ; the
blue rays, to take the central pencil for example, would converge
at b, and the red rays at », which is just the reverse of what the
eye-lens requires ; for as its blue focus is also shorter than the
red, it would demand rather that the blue image should be at 7,
and the red at . This effect we have shown to be produced by
the over-correction of the object-glass, which protrudes the blue
foci, B B, as much beyond the red foci, R R, as the sum of the
distances between the red and blue foci of the fi¢ld-iens and eye-
lens; so that the separation, B R, (between the field-glass and
eye-glass) is exactly taken up in passing through those two lenses,
and the whole of the colors coincide as to focal distance assoon as
the rays have passed the eye-lens, as seen above the eye-glass, at
BR, RB, etec. But while they coincide as to distance, they
differ in another respect; the blue images are rendered smaller
than the red by the superior refractive power of the field-glass
upon the blue rays. In tracing the pencil of light after it has
passed the field-glass, double dotted lines are seen passing toward
B"and R, the right hand ones of each of which represent the
blue rays, and the left hand ones the red. This is the accidental
effect in the Huyghenean eye-piece pointed out by Boscovich.
The separation into colors by the field-glass, is like the over-cor-



THE MICROSCOPIST'S COMPANION, 29

rection of the object-glass ; it leads to a subscequent complete cor-
rection. For if the differently colored rays were kept together tiil
they reached the eye-glass, they would then become colored, and
present colored images to the eye; but, fortunately, and most
beautifully, the separation effected by the field-glass causes the blue
rays to fall so much nearer the center of the eye-glass, (where,
owing to the spherical figure, the refractive power is less than at
the margin,) that the spherical error of the eye-lens constitutes a
nearly perfect balance to the chromatic dispersion of the field-lens,
and the red and blue rays, above the eye-glass at RRR R, and
BB B B, emerge sensibly parallel, presenting, in consequence,
the perfect definition of a single point to the eye. The same
reasoning is true of the intermediate colors, and of the other
pencils.”— Loss.

From this arrangement of the eye-piece the image of the object
appears magnifiel at O O’O” appearing on a flat field, and
wholly free from spherical or chromatic aberration, and a field of
view is obtained from @ @ at the eye piece, equal in diameter to
OO

The object-glasses as represented at PP, MM, and A A, con-
sist of three plano-convex lenses with the plane surface toward
the object. In fact, each lens is compound, consisting of a double
convex lens cemented to a plano-concave one, the two component
lenses being made of glass of different densities. Its action is as
follows :—the object O is placed within the principal focus of the
anterior lens A A, so that a virtual image* is formed in front of
the lens ; therays from this image fall on the second lens, but the
image is so near, even to the second lens M M as to cause the
formation of a second virtual image ; the rays from this second
virtual image fall upon the posterior lens P P, and are refracted
by it so as to form an inverted magnified image behind the whole
combination, which last image is further magnified by the eye-
piece.

The best microscopes are usually furnished with three Huy-
ghenean eye-pieces, and one micrometer eye-piece. The first are
marked A, B, and C, or 1,2, and 3. A is the longest eye-picce,
and is of the lowest power; it is best adapted for viewing the
circulation in the frog’s foot, mollusca, small insects or parts of

*When the rays of light actually pass through the points of the image, the image is
7eal ; when they do not thus pass, the image is virtual.
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large ones, seeds, coal, thin sections of wood, fossil shells, the
fructification of ferns and mosses, etc. The next eye-piece of
middle power, is B, which is used for viewing minute dissections
of insects, thin sections of bones, crystalline lens of eyes, pollen
of flowers, details of large objects, animalcules in water, crystals
by polarized light, urinary deposits, etc. ; the highest power, is
the shortest eye-piece C, though some microscope makers farnish
a still more powerful one, marked I). The C eye-piece is used
in the investigation of the intimate structure of delicate tissues,
animalcules in water, diatoms, desmidige, volvox globata, raphides,
scales from the wings of insects, test objects, etc. DBut in the use
of these eye-pieces, much will depend upon the judgment of the
investigator relative to the object under investigation. Should
there be any imperfections in the objective, the more apparent
will these become, when using the more powerful eye-piece.

The micrometer eye-piece, or positive eye-piece is the inven-
tion of Ramsden ; it consists, the same as Huyghen’s, of two
plano-convex lenses, but with the convex surface of the field-
glass toward the eye-glass, instead of its plane surface. In the
ordinary Huyghenean eye-piece, the image is formed at the dia-
phragm which is placed between the eye and field-glass, but in
the Ramsden eye-piece the image is formed outside of the ficld-
glass; and at this point, which is the focal point of the eye-glass,
a micrometer or glass divided into ,ths, or Jths, etc., of an inch
is placed. The defining power of a Ramden’s eye-piece is not
equzitl to that of a Huyghen’s, unless it be made of two achro-
matic combinations, which is rarely the case; the former eye-
piece gives the best view of the micrometer, which is all that is

required in measuring ; the latter gives the best and clearest view
of the object, which is slightly colored when the Ramsden is used.
. The negative eye-piece is, however, frequently used as a micro-
meter, an opening being made in the sides of the tube of the
faye-piece, so that a micrometer slide, see fig. 12, may be passed
in across the ficld in the focus of the eye-glass.
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Instead of the ruled glass micrometers, thcy are frequently
made by stretching two threads of cobweb across the field, one
of which may be moved by means of a micrometer screw, for
the purpose of measuring ; but these micrometers are very
expensive, although they are the most accurate. Dr. White of
New Haven, Conn., has invented a very simple and satisfactory
micrometer, see fig. 13.

The field of view ABC Fig. 13.

D is occupied with a semi- | MlHHIWWW" i

circular plate of thin glass l]' J

A CB, which is fastened to ‘

the diaphragm of a Huyg- 1:

hen’s eye-piece by means of
some cement. Along the [f
central part of the straight i f
edge of this glass, A B, are [} I
ruled lines, varying as may i ‘
be required, from ,yths to [l )”
100 ths of an inch apart. As [l e ” “‘ Ii”lll
ouly one half of the field of AT <] umuu
view is obstructed by this ruled glass, and as the obstluctlon is
but slight, this micrometer eye-piece, answers at once the pur-
poses of ordinary investigation, and measurement, the latter of
which may be effected by moving the slide containing the object,
under the object-glass. By this means, saving the time and
trouble required in changing the eye-pieces, when the size of an
object is to be determined.

The most simple, accurate, and self-calculating micrometer, is
Fraunhofer's Stage-screw Micrometer, this measures independent
of the magnifying power employed, and gives the dimensions of
any object at once, with great accuracy, and without any necessity
for the microscopist to make calculations as with ordinary micro-
" meters. Its price is $40, and can be had of the Messrs. Grunow,
New Haven, Conn. White’s micrometer slip of glass can like-
wise be had of them, for $2.

As an explanation of the various microscopes of different
manufacturers, their accessories, prices, etc., are matters of con-
siderable interest to those about engaging in microscopic investi-
gations, a few pages will be occupied with these matters wholly
for the benefit of the reader.

4
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There are various forms adapted to microscopes by the differ-
ent manufacturers of these instruments, the preferable ones being
those which are now generally adopted by the best microscope
makers in England, and in the United States. The French
instruments are generally inferior to those of the above named
countries, the objectives being less perfect, the stage too small,
and the microscope permanently vertical, as seen in fig. 14. They
are, however, much cheaper than any other instruments, and
some of them will be found to answer excellently well, especially

Fig. 14, those of Nachet, and Oberhausen ; of the
above kind, Oberhausen furnishes a Stu-
dent’s Microscope for $27 or $30, giving
two achromatic powers of 175 and 300
5 diameters. An Oberhausen’s instrument

D with five eye-pieces, three sets of object-
glasses, prism to draw objects on paper,
with magnifying powers varying from
40 to 800 diameters, may be had for $100
or $115. Nachet furnishes a vertical microscope, see fig. 15, with
two eye pieces, two sets of object-glasses, illuminating lens, and
fine adjustment, with magnifying powers varying from 60 to 500

Fig. 15. diameters for $45 or $50. He also furnishes a
microscope on joint to turn at any angle, see fig.
16, with the same apparatus as the preceeding,
for $60 or $65.

The instruments manufactured by Mr. A. Ross,
{’ Powell and Lealand, Smith and Beck, and others
= in England, are of superior construction, with
[& the greatest accuracy in the combination of their
| lenses, and other necessary apparatus, and they,

¢ together with the French instruments may be
obtained by those who desire them through any of the follow-
ing houses, viz.: B. Pike, New York City ; Joseph M. Wightman,
Boston; H. Bailliere & Co., New York City ; James W. Queen,
Philadelphia; C. T. Amalel Philadelphia; McAllister & Bro.
Philadelphia; Jas Foster, Cmcmnatl, Robert Clarke, & Co., Cin-
ciunati; II. Ware, Cincinnati; ete., ete. Among some of the
instruments which can more readily be obtained from the above
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named gentlemen, one is represented in
fig. 17. This is made after the Cheva-
lier pattern, and is so arranged as to be
used vertically, or, when examining fluids
and animalcules, horizontally. It con-
tains two eye-glasses, six object-glasses,
giving different magnifying powers, illu-
minator, micrometer, camera lucida for
drawing objects, dissecting instruments,
ete., all packed in a mahogany case with
three drawers, for $125 to $150.

A compound achromatic microscope,
the body of which may be turned at any
angle, with three objectives and eye-
glasses, and fugnished with diaphragm,
forceps, glass slides, test objects, dissect-
ing knlfe, ete. ) may be had for $23. The genel al appearance of
this microscope is seen at cuf fig. 18.

Fig 17.
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Another instrument by the same maker, as represented by fig.
19, with all the nccessary accessories fur investigations, as eye-
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Fig. 18.

glasses, objectives, forceps, stage-forceps, knife, fluid-box, ete.,
etc., may be had for $40 to $60, according to the power and
number of objectives, and the accessories.

Among the French microscopes those of Nachet have acquired
considerable reputation, one of which is represented by fig. 20,
though this optician manufactures several patterns. The one illus-
trated here, with all the various accessories, six objectives or nine
asmay be required, polarizing apparatus, etc., may be had for
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Fig. 19.

from $75 to $125. Nachet makes some of his instruments to
turn at any angle, which is preferable to a permanently vertical
one; some are made with a prism near the eye-piece, the tube
into which the latter enters being bent at a suitable angle for the
eye, without requiring to look downward; and again, some are
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so made, that two, three, and even four persons can examine the

same object at the same time. See fig. 20.
Fig 20.
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It is not intended however, to refer at all to foreign instru-

ments or their makers, further than to name them, because, 1.,
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those which are good are more costly than similar instruments by
our own manufacturers, or, at least, are of equal price; 2., those
which are cheap, are not worth having, and many of those who
have purchased these poor instruments with the design of attend-
ing to microscopic investigations, have been very much disap-
pointed in them, and supposing all microscopes to be of a similar
character, they have neglected to pursue their investigations any
further, some believing that a peculiar art was necessary to learn
" before examinations could be properly and satisfactorily con-
ducted ; in this way inferior microscopes accomplish a great
deal of harm ; 3., we have in our own country manufacturers
who can supply us with instruments equal, if not superior, to the
best of foreign construction, and, generally, at considerably less
prices. And it may be proper to state here that, in the higher
priced microscopes, there is a great deal of expensive workman-
ship about the stand, by no means necessary in the greater part
of those investigations which may be pursued with them;
although in some geological examinations, and observations of
ultimate structure, they become quite essential.

A student’s microscope, see fig. 21,is prepared by Mr. Jas. W.
Queen of Philadelphia, for about $50, which is very portable,
and will be found quite useful. It consists of a cast iron stand
upon which the body of the microscope and its accessories are
sustained ; the microscope can be bent at any angle between a
vertical and horizontal position, as will best suit the observer.
The stage is movable by means of a Fig. 21.
lever, and has underneath it a dia-
phragm perforated with orifices of dif-
ferent sizes ; a revolving plate is also
attached to it, to which the polarizer
is fastened whenever its use is re-
quired. The mirror slides on the
tube carrying it, and may be turned
at any angle to give direct or ob-
lique light. A condensing lens, is
attached to the instrument, for the
purpose of throwing light upon
opaque objects, when under examina-
tion. It has also a fine adjustment,
two eye-pieces, two object-glasses, and
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polarizing apparatus ; and gives magnifying powers varying from

60 to 500 diameters. The whole is contained in a neat box

of mahogany, with handle, lock, and key. When desired, a

prism for drawing objects, as well as higher powers, will be fur-

nished, by the manufacturer.

Spencer and Eaton, of Canastota, N.Y.; and J. & W. Grunow
& Co., of New Haven, Conn., manufacture microscopes of sup-
erior excellence, fully equal, to say the least of them, to any of
the English instruments. The Canastota gentlemen prepare object
glasses of much greater angle of aperture than any other manu-
facturers in the world, and which for power of penetration and
sharpness of definition are not excelled by any. Their angle of
aperture for the jth inch object-glass is 178°, while the greatest
angle given by other makers, does not exceed 170°; the ordinary
angle of the majority of the best foreign objectives being about
130° or 140°.

Spencer’s Trunnion Microscope, is represented in the Frontis-

piece, Fig. 110. 1. Is a strong tripod on which are mounted,

2,2, two uprights strengthened by internal buttresses. At

3, the whole of the instrument turns, so as to enable it to take
a horizontal or vertical position, or any intermediate inclina-
tion. This movable partis fixed to the axis near its center of
gravity, and consists of

4, a triangular bar, which may be moved up or down for the
coarse adjustment by 5, a rack and pinion, connected with 6’
the milled heads, one on each side of the instrument.

6, Is a strong movable arm attached to the triangular bar, 4,
which may be turned away from over the stage, and which
carries 7, the compound body, with its

8, eye-piece, and

9, object-glass; this arm also encloses the fine adjustment by
screw and lever, and which is effected by

10, the milled head.

11, Is the stage 4 inches by 6; this may be plain or movable, as
desired. In the cut it is movable in various directions by
means of screws connected with 12, the two milled heads placed
beneath it. The stage is supplied with a movable ledge, to
hold the slides firmly, when the microscope is in an inclined
position. By a simple contrivance, both the plain and mov-
able stages may be removed from or attached to the instru-
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ment, without at all interfering with their firmness or steadi-

ness; 8o that when the microscopist possesses both, he can

employ either at pleasure.

13, Is the accessory arm for carrying the diaphragm, polarizer,
illuminating or condensing lens, etc., and which may be
moved up and down by a rack and pinion, connected with

14, the milled head.

15, Are the mirrors, consisting of a concave mirror on one side,
about four inches in diameter, and a plane mirror on the
other about three inches in diameter ; these mirrors can be
moved in any direction required for cither direct or oblique
light, and the arm holding them slides upon the rod to which
it is attached, so that the mirrors may be made to approach
or recede from the stage, as may be desired.

16, Is the large bull’s eye condenser on a stand, for throwing
light upon opaque objects under examination.

17, Is the small condensmg lens on a stand, for the same puxpose,
but to be used in connection with 16. Both of these lenses
may be moved in any direction.

This instrument although not actually necessary in ovdinary
observations, is, however, a superior one, and will be found a
great luxury to those with whom price is no object, as it is adapted
to every kind of investigation.

Spencer and Eaton supply several kinds of microscopes vary-
ing from $45 to $350 or $400 ; their prices are as follows : —
1. First classlarge trunnion microscope see fig. 110 with

double mirror, plain stage, movable stage, two extra
arms for diaphragm, polarizer, ete., and coarse and
fime,, aielynis fna s el b a8V ik ks ik v i'e o0 B125.00

2. Small Trunnion, as above, + s« vverereceea e, ge 15.00
3. Standard Microscope, « s+ seseeeesersienein. ceeee 50.00
4. Student’s microscope, with eye-piece, and } inch
objective, angle of aperture 80°, «+vecvierviann <+ 30.00
5. Eye-pieces, A, Band C, each,+++-- ... TR a8 47 5.00
6. Large condenser, for opaque objects, +«« .-« cvcees 8.00
T aSmall dog .. e ba o 0 G o s SN Stk Vst ot i T O
i Dia,phragm, ....... srine s aitle 318\ fis Simin SN b o ieis as .o 3.00
9. Cameas Vgl v oo s sl s o v ABons ol 5.00

10. Micrometer Eye-piece, «++ .-« PR 10.00
11 Tolghwng Apparaing, .. ivivs e s s $15 20, and 25.00
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12. Achromatic Condenser,« «««+se-eeceeeen 2«15 to ' 35.00
13.. Animalcule Cage,. «ioi ol ool SRR, - - $2 to 3.00
14. Compressor’ ................................ 5.00
The prices of their objectives are - BT, -~ e
iDCh, first c]ass’ ................................ $20.00

inch, 0. s sieiawmaipisnnsois vo oiife Bl <nials i ol 23.00
inch, angle of aperture T0% occsecaescccarsone.: 30.00
inch, do do 800, sesernrnnencinnnnns 12.00
inch, do do 1259, die' el el i 40.00
inch, do do 980, tseer wereieieenenns 35.00
inch, do do 152 e b PR R 4. - 30.00
inch, do do 500, ceeeenn AR 15.00
inch, do do plg(0/ R i e 9000
inch, do do 1800, +envrsianaarinainas 45.00
inch, do 0.6l T8O waan bl s o 5o n sms e s 100.00
inch, do do 1509, «cverrririniiinnnnn 8 75.00
inch, do do 1789, covevnnnrnniinnnnns 125.00
Notwithstanding the apparent costliness of these instruments,
Messrs. Spencer & Eaton can farnish an instrument for $45, with
two objectives, an inch; and } inch, and which is excellently well
adapted to all medical and ordinary investigations, see fig. 22 ;
for $75 and $100, an instrument can be procured which will be
found sufficient for nearly all the purposes to which a microscope
is applied.

This microscope, fig. 22, is so arranged that the owner of the
instrument may from time to time add to it such other accessories,
eye-pieces, and objectives, as he may require. The tripod and
arm carrying the compound body is of cast iron, japanned ; the
compound body, and arm carrying the mirror is of brass, as well
as the stage, and the clip for securing the slides. The instru-
ment may be inclined at any angle, and the coarse and fine
adjustments are made with a rack and pinion connected with a
milled head, near the upper part of the iron arm, carrying the
compound body up and down within a tube, but which milled
head has been over-looked, in the cut, by the engraver. The
mirror is about three inches, concave, and may be moved in any
dircction. One eye-glass, and two object-glasses, 1 inch, and %
inch, accompany the instrument, giving the magnifying powers
of 60 and nearly 300 diameters.

The Messrs. J & W. Grunow & Co., manufacture a first

S O B B S B e )
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Fig. 22.

STILMAN.

SPENCER’S STUDENT’S MICROSCOPE.

class microscBpe, which will bear comparison, with the best of
foreign construction, and though their higher object-glasses, have
not the great amount of angle of aperture given by Spencer &
Eaton, yet they will be found of excellent penetration, and good
definition, giving with the cye-glasses a large, clear, and flat
field ; and their lower powers, including the fth inch, for which
they received a prize at the New York Exhibition, in 1853, are
almost equal to those of the Canastota firm. Their form of stand,
for steadiness, ease of management, simplicity, and economy, is
unrivalled—and their movable stage with universal motion in
one plane by a lever, improved and admirably executed by them,
is being now adopted in the best American instruments.
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Fig. 23.

GRUNOW’S LARGE MICROSCOPE,
The prices of their instruments are as follows :—
1. Improved large microscope, see fig. 23, mounted on a
stout brass tripod and uprights, with rack and pinion
movements for coarse adjustment; screw and lever
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for fine adjustment ; stage four inches square, movable
in every direction by a lever, and the under side of
which is fitted for the attachment of polarizer, con-
denser, and other accessories; plane and concave
mirrors, movable in every direction; two eye-pieces,
A, auliRe. k. . S 68 R ORI ¢ o F.. o $125.00.

Fig. 2.

2. A smaller one of the same construction, .-+ee.vv... $90.00
3. Best Students’ microscope, see fig. 24, on astrong and

firm tripod of cast-iron, japanned, with lever stage,

coarse and fine adjustments, double mirror, stage fitted
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for the application of accessory apparatus, two eye-
pieces, 1inch and } inch object-glasses, in a neat case, $70.00

“llium

4. Smaller Students’ microscope, see fig. 25, mounted on
a japanned cast iron tripod base and upright, with a
trunnion joint to incline it at any angle, (the same as
with the preceding instruments) coarse adjustment
effected by sliding the compound body in a stout brass
tube, fine adjustment by screw and lever, mirror mov-
able in any direction, movable diaphragm, two eye-
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pieces,1 inchand } inch object-glasses giving magnify-
ing powers of about 30, 50, 200, and 350 diameters,
and the stage so arranged that any accessory appar-
atus may be added and used as required, all in a neat
Case i g Sh e e R S0 60.00.
5. An Educational Microscope, well suited for schools,
students, farmers, mechanics, merchants, private fami-
lies, and for young gentlemen and ladies, and which
is a very useful and decidedly cheap instrument. This
is an excellent instrument, and capable of answering
every purpose for which a microscope can be used by

Fig. 26.

the above-named class of people; and will frequently
be found of great service to the scientific microscopist
when engaged in the higher branches of observation.
See fig. 26. 1t is mounted on a firm, japanned, cast-
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iron tripod, is movable at any angle, the coarse adjust-

ment is effected by sliding the compound body in a

stout tube, the fine adjustment by a screw with milled

head beneath the stage; the stageis two by three

inches, with clips to hold the glass slides ; a diaphragm

plate is attached below it, with orifices of various

sizes ; and a concave mirror movable in every direc-

tion; two eye-glasses accompany this instrument,

and two second class objectives, 1 inch and } inch,

giving magnifying powers of 40, 70, 180, and 350,

diameters. The whole in a neat case, ««++vevev oo $45.00
6. The same, with polariscope, camera-lucida for draw-

ing objects, stage-micrometer, bull’s eye condenser for

opaque objects, animalcule cage, stage-forceps, hand-

forceps, and a set of dissecting instruments, ...... $75.00
7. A portable microscope, see fig. 27, the same as fig.

24, as toits arrangement and apparatus, except that

the microscope body and its various parts are mounted

on three stout brass legs, which are made to fold

together, and the whole is packed in a small case, $105.00
8. These gentlemen also manufacture a chemical or In-

verted Microscope, for chemical, geological, medical,

botanical, and indeed all purposes for which the ordin-

ary instrument is used. Itis mounted on a revolving

foot, with coarse and fine adjustments, movable stage,

column with rack and pinion for carrying condenser,

polarizer, dissecting compound body, illuminator, con-

sisting of rectangular prism with condensing lenses,

oblique econdenser, two eye-pieces, bull’s eye condenser

on stand, doublémirror, ele @ . .. ... cuvvu.. .. $130.00

the objectives being extra ; goniometer and micro-

meter, $15; brass plate and spirit lamp, for heating

objects while under examination, $5; Polariscope

$27.50.  This microscope is the invention of Prof, J.

Lawrence Smith, and is admirably adapted to the pur-

poses for which it was more especially designed. The

objectives being placed beneath instead of above the

stage, the operator can readily apply his tests, acids,

ete., without the hazard of injuring his objectives, or

having his view obscured, by the fumes arising from
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Fig. 21.

the liquid experimented with. Fig. 28 is a represent-

ation of their simple inverted microscope, the price

of which is $60, without the objectives and accessories

above named.

They also manufacture a Binocular microscope, the
invention of Prof. J. L. Riddell, by which the effect of

the Stereoscope is given to the view of microscopic
objects, Priee, v« cvecveri i viio vy enaes . $100 to $150.
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Fig. 28.

The accessories to the above Grunow microscopes, have about the
same prices as those named in Spencer & Eaton’s list. The prices
of their objectives, will however, be found to differ, as follows : —

FIRST CLASS OBJECTIVES.

9 inch, angle of aperture 18°, ««eevcviveiinnn $14.00
1 'inchitdo do 25°%) ceiiiiiiieiiian, 18.00
1 inch, - .do do (ISR - e 25.00
4+inchy. do do 509, sie e vscnnenisinn s 20.00
1 inch, do do 959 t0 1009 - ¢ ev e ovse 30.00
% inch, do do 130° to140°, «v.vvtnn. 40.00
1 inchis S4de do 1GO8 G piais ciodiiaisan daticd e () 60

SECOND CLASS OBJECTIVES.

2 inch, angleof aperture 10°% .viiecniiaienans $8.00
1 ineh; #¥do do s B s S TR 1 V2 8.00
% inch, do do Al a6 il wi s veid 12.00
1 inch, do do B thie il iaie s i 15.00
% inch, do do SeE RN 25.00
i

he first class objectives, are adjusted for correcting the aber-
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ration produced by the thin glass covers, with the exception of
the 2 inch, 1 inch, and § inch of 50° angle of aperture, and they
are attached to the microscope by means of a bayonet joint. The
second class objectives screw on an adapter, and are adjusted for
a thin glass cover ,, of an inch in thickness. The principle dif-
ference in the two classes, consists mainly in increased or limited
angle of aperture. Upon application to the Messrs. Grunow &
Co., or to Spencer and Eaton, a catalogue will be furnished, con-
taining the prices of all their microscopes, accessory apparatus,
and other optical instruments.

The magnifying powers in diameters or linear measurement,
of all the above named objectives, with the different eye-pieces,
average about the following, depending, in some measure upon
the degree of angle of aperture of each.

OBJECT GLASSES. 1

Eve
Grasses. ||2 o8 | 4 IR d0 .8 it i ] Rin. ] 4 in.
AT [[T5t020 [50 to 60 | 90 to 100 [ 200 fo 220 | 375 to 420 [ 500 to 600
B. [125t030 | 70 to 80 | 120t0 130 | 300 to 350 | 600 to 630 | 800 to 880
C.  [I35t040 ]90to100( 160 to 180 | 450 to 500 | 830 to 900 | 1206 to1600||

J

For popular use, as well as for medical purposes, and indeed
for the greater part of ordinary investigations, Grunow’s Educa-
tional Microscope, or the Student’s Microscope of either Grunow’s
or Spencer and Eaton’s, will be found fully sufficient; indeed,
there are very few observations to which these are not adapted.
A microscope should be in the possession of every family that is
able to afford the purchase of one ; it will always be found a use-
ful and interesting instrument, imparting a fund of entertainment.
and instruction, not to be obtained by any other means; it opens
a new world, and displays the most extensive scenes of creative
power, wisdom and design. A parent cannot present a more
valuable and serviceable gift to his son or daughter, one which
will be more acceptable, than that of an instrument of this kind.
With children it exercises their observing powers and instils into
their minds a fondness for proper study, and a real love of nature ;
with the adult it is a companion, which, though a silent one, yet
introduces him into the wonderful secrets of nature, and enables
him to turn to profitable account those hours which might other-
wise be passel in ennuz, at the drinking saloon, gaming table,
or in frivolous or degrading amusements. There is nothing bet-

4




50 THE MICROSCOPIST’S COMPANION.

ter calculated to improve the world in virtue, morals and science,
preserving both sexes equally alike from temptations and iniquity,
and leading all to a correct estimation of the attributes of their
Maker, than an early introduction to the wonders and magnifi-
cence of nature as disclosed by the powers of a microscope. The
head of every family should ponder well upon these few and
incontrovertible remarks. The value of the microscope to medi-
cal men, is too well known at the present day, for me to suggest
anything in its favor; for he who is unacquainted with the results
of microscopic research in his profession, is far, very far behind
the age, and is hardly worthy the name of physician.

It will be proper before closing this chapter, to name those
opticians and microscopists of Europe, who have done much to
improve both the instruments and the science of microscopy.

Mr. A RosS. .oy ai i g e London.
Powell & Lealand, .................... do
Smith & Beck, ....................... do
Pritchard, ....................... sseie - ido
Pillischer’ ........................... do
Sa]mon,............................. do
Tlantlls o . oo L mut Sl G Manchester.
Laddi. o .. i g don oo oo, < W nhenth
Lister’. ............................. England.
Wenham, ........ e T T England.
Amicl. e SRR LB A e e ol enal
Cheva]ier’ ............................. Paris.
Nachet’. o a, Salanip sl Wity i, 0.2 shaihin, o1's walbils SEEBIL Siiae do
Olseritariser .. . & oo dem s o6 bl v do
Brunner’ ............... seersesssssaess do
Franenhofers:.  Giees, 8 i el i i it B8 Munich.
Pistonsiee oo e STV R TR Berlin.
Schiek’. ...... Ve opsieein nials Bleiie e e yiaii s Qo
Plodll tou il i sisin e » s TR Mok ol Vienna.

Utzeehneider;iefci: « s o ok
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CHAPTER III,

PRELIMINARY DIRECTIONS FOR USING THE MICROSCOPE, ACCESSORIES,
ETC., ETC.

It is a popular but erroneous idea that low priced microscopes
are equally as useful in making examinations as the higher priced
ones. Cheap microscopes almost always produce much dissatis-
faction, whether with the high or low powers, being not only de-
void of distinctness, penetration, and resolution, but usually giv-
ing incorrect or distorted views of objects. It is much more eco-
nomical to obtain the right kind of a microscope at first, with
one or two low powers, and from time to time procure the other
powers, as pecuniary circumstances will permit. He who buys
a cheap microscope, soon gets dissatisfied with it, and eventually
neglects attending to this kind of investigation, from a mistaken
view, based upon the action of his cheap instrument, that it is
either too difficult for him to manage, or that there is nothing
in it.

In the selection of a microscope, whatever may be its range of
powers, there are certain points in its construction, which are very
essential, and should be particularly attended to. It should, in
addition to the combination of lenses, forming the eye-piece and
objectives, have a firm and sufficiently large stage for the objects
or slides not only to rest upon, but also to move about, as may be
required under the objective,—it should be at least three inches
by four ; a movable stage is not necessarily needed, for the best
microscopists move their slides on @ plain stage, by means of the
thumbs or fingers, and only use the movable one on particular
occasions—the greatest discoveries have been made on the plain
stage. There should be a concave mirror to illuminate transpa-
rent objects from beneath, and a bull’s eye condensing lens to
illuminate opaque objects from above, together with an arrange-
ment that will admit of a fine as well as a coarse adjustment, for
the purpose of readily and accurately adjusting the focal distance of
the objective, without moving the object, either to one side or the
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~other. The supports of the microscope should be firm, and not
too heavy, but sufliciently so to ensure steadiness, and freedom
from tremor ; for any vibration materially interferes with the
optical performance, rendering the view very confused, and unsat-
isfactory. And the whole body of the microscope and its mirror,
should be movable on its supports, so that it can be inclined at
any angle to suit the convenience of the operator. Those micro-
scopes which are made permanently vertical, so that one must
always look from above directly downward to see an object, how-
ever excellent their optical powers may be, are very poor work-
ing instruments, fatigning the neck, head, and eye of the micro-
scopist ; such should never be purchased for purposes of inves-
tigation.

The object-glasses should be free from any specks or blemishes,
and should give a clear and distinct view of the object under
examination, or in other words, they should possess a good defin-
ing power, likewise a penetrating power, by which the structure
of objects may be looked into; a resolving power by which close
markings may be distinguished according to the magnifying
power of the objective,—and the field of view should be flat or
nearly so. A good objective gives a flat, colorless field of view,
and a very clear and distinct image of the object. The best
object-glasses arc those, each one of which possesses but one
power, but which may be increased to some extent by the eye-
piece. The most useful object-glasses are the inch and quarter
inch; the former should magnify at least 40 diameters, the latter,
300. They should transmit plenty of light ; the lines of objects
under examination should be sharp and distinet, without any
colored rings around them ; and the whole field of view should
be perfectly flat, every part of it being in focus at the same time.
With the larger microscopes three eye-pieces are generally fur-
nished, but for ordinary investigation one good eye-piece will be
found sufficient, and it should not be of very high magnifying
power. The mirror is placed below the stage, and should be so
arranged that it may be moved on the rod to which it is attached
to or from the stage, and also be easily inclined to any angle that
may be required to illuminate an object. A plane mirror and a
concave one should be attached to every microscope, and they
should not be less than two inches in diameter. The bull's cye
condensing lens may be atteched to the stage or other part of
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the instrument, or it may be carried on an upright rod, frce from
the microscope. :

The above are all the parts of a microscope ordinarily neces-
sary for scientific or other investigations, but, in some branches
of microscopic study, for the purpose of facilitating and perfecting
observation, various accessory instruments are used as

Fig. 29 Fig. 30.
%\l s
== = S UUTTR
< T

= —

THE DIAPHRAGM;

Fig. 3L

THE COMPRESSOR |

Fig. 32.

THE ACIHROMATIC CONDENSER |
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THE POLARISING API’ARATUS;
Fig. 33.
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Mounting of Polarizing Prism; Mounting of Analyzing Prism ;

THE CAMERA LUCIDA | OR THE STEEL SPECULUM j

Nachet's Camera Lucida ;

Either of these last two may be used for the purpose of draw-
ing objects on paper; they fit over the eye-piece, and require
some practice to use them with advantage. Beside these are
small brass forceps, with which to hold or pick up objeets ;
small slender glass tubes, called pipettes or dipping tubes;
micrometer eye-piece for measuring the dimensions of objects ;
and, for the purpose of holding objects under the object-glasses,

THE STAGE FORCEPS.

I~ vsiNG THE MICROSCOPE it should be placed on a firm and
steady table, of sufficient height to enable the observer to make
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his examinations without inconvenieuce or straining the muscles
of the neck, and of sufficient size to hold any of the apparatus
which it may be required to have within reach ; a table whose
top is two feet by three with a drawer or two in it, will answer
all purposes ; any vibrations of the table imparted to the micro-
scope will render it of doubtful utility. Microscopic manipula-
tions and investigations require a sufficient amount of room, as
well as special arrangements ; no satisfactory nor reliable opera-
tions can be accomplished where there is an extremely limited
gpace, or where the necessary apparatus, accessories, etc., are
crowded together, so as not to be readily reached.

It may be proper to remark here, that some persons on com-
mencing microscopic examinations, are troubled with giddiness
or even headache from lengthened observations,—this, however,
will gradually pass away as they continue their investigations,
and become more and more accustomed to them. Sir David
Brewster in his work on optics, insists upon the following rules
for microscopic examinations.

“1. The eye should be protected from all extraneous light,
and should not receive any of the light, which proceeds from the
illuminating center, excepting what is transmitted through, or
reflected from the object.

¢« 2. Delicate observations should not be made when the fluid
which lubricates the cornea is in a viscid state. [This may be
overcome by plunging the face, with the eyes open in cool clear
water, frequently opening and shutting the eyes while in the
water, and repeating the plunging process two or three times,
before drying. Iam aware that this mode of bathing the eyes is
objected to by some medical men ; but I know it to be beneficial
and devoid of injury, having known hundreds of persons to pur-
sue it with advantage, beside having practiced it myself for the
last thirty-five years, with decided benefit.—K.]

¢¢ 3. The best position for microscopic observations is when the
observer is lying horizontally on his back. This arises from the
perfect stability of his head, and from the equality of the Iubri-
cating film of fluid which covers the cornea. The worst of all
positions is that in which we look downward vertically.

“4, If we stand (or sit) straight up, and look horizontally,
parallel markings or lines will be seen most perfectly when their
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direction is vertical ; viz., the direction in which the lubricating
fluid descends over the cornea. _

«5. Every part of the object should be excluded, except that

which is under immediate observation.

~ «6. The light which illuminates the object should have a very
small diameter. In the day time it should be a single hole in the
window-shutter of a darkened room, and at night an aperture
placed before an Argand lamp. (When the sun’s rays enter the
hole in the window shutter, a good light may be obtained by
closing the aperture with a piecé of ground glass, a piece of
white muslin or tissue-paper, or a piece of blue glass.]

“7. In all cases, particularly when high powers are used, the
natural diameter of the illuminating light should be diminished,
and its intensity inereased, by optical contrivances.”

A Goop nicur is always necessary ; in the day-time a northern
light is preferable to any other, and, when possible, a white cloud
opposite to the sun should be selected as the illuminating source.
The direct rays of the sun must be avoided, as tending to seri-
ously impair the distinctness of the object, cansing an iridescence,
or fringe of prismatic colors around all parts, beside materially
injuring the eyes of the observer. Moving clouds produce var-’
iations in the identity of the light, requiring a constant change of
the mirror, beside fatiguing the eye of the observer. The oper-
ator should sit with the light immediately facing him, or which
is better have it on his left side, thereby aiding in preventing any
extrancous light from entering the eye during an observation, as
well as preventing any shading or intercepting of the rays of
light, when employing his right hand in manipulating. No
light should enter the eye except that which it receives through
the microscope. A sky light, intercepted by trees or buildings,
is improper for microscopic observations.

ARTIFICIAL LIGHT 18 by no means equal to day-light, though it
is much better than bad daylight. There are many persons who
can find time for microscopic investigations only at night, such
will find an Argand Jamp with a neutral tint or deep greyish
blue glass chimney much better than any other. A wax candle,
or camphene lamp will answer, or even a gas light, but unless
the bright yellow field which they give is corrected and made
white or bluish white, by a neutral tint glass chimney, it will be
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found not only to injure the eyes but to materially impair the
distinctness of the object.

A blue glass nearer the mirror, or between the stage and
mirror, is recommended as having a much better effect in modi-
fying the intensity and color of the rays of light, than when it is
closely approximated to the flame. Dr. F. Branson recommends
slides of bluish-grey glass of various shades, one of which is
placed upon the stage under the glass slide bearing the object, or,
the object may be placed upon the colored slide itself for exam-
ination.

Mr. George Rainey, says: ¢that which gives the peculiar
burnish or glow to all objects when highly illuminated, whether
by the direct rays of the sun, or by light proceeding from ignited
matter, is due to the heating portion of the spectrum and certain
colored rays. In the former case we make use of light for micro-
scopic illumination which has been deprived of this burnish by
its having passed through the clouds ; and in the latter this can be
equally well effected by passing the light emanating from gas or
a lamp through such transparent colored media as will stop the
calorific rays, and at the same time furnish the kind and amount
of color necessary to form, with the colored rays of the flame,
white light. The combination which I find to answer best is the
following : —one piece of dark blue glass, free from any tint of
red, one of a very pale blue with a slight shade of green, and
two of thick white plate glass, all cemented together with Canada
balsam. This combination so completely stops the calorific rays,
that when the direct rays of the sun are concentrated by a bull’s
eye of the ordinary size upon a lucifer match with this medium
intervening, it does not become ignited ; and when this medium
is used with a Gillett’s condenser, objects illuminated by the
light of a camphene lamp appear as if they were secen by a
bright daylight.” Slides made similar to the above, might be
advantageously used instead of the ordinary ones, when viewing
objects by artificial light.

A portable gas apparatus (see fig. 108.) with six feet of elastic
tube, burner, tin shade, and blue glass chimney, can be purchased
in Philadelphia, for $5 or $7, and will be found valuable for
artificial light.

It is proper for the microscopist to acquire the habit of
using either eye indiseriminately, so that he may not fatigue them
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unnecessarily, but may from time to time relieve one by employ

Fig. 108. ing the other. And he should
always keep both eyes open;
the habit of closing the unoc-
cupied eye, beside confusing
the other, tends to fatigue the
muscles of both, and ultimately
will cause them to become wa-
tery or congested, a very unde-
sirable condition.

The eye should be placed
close to the eye-piece, so that
the whole field of view, will
be visible, and which should
always be a round disc of light ;
L if the eyelashes be reflected from
the eye-glass, the eye is in an improper position, looking upon,
instead of through it. It an observation is carried on for any
length of time, the least amount of light possible, should be used.

A Dblack picce of pasteboard cut into the following shape,
fig. 38, the circular orifice A being adapted over the eye-piece,
will be found valuable not only in aiding the observer to keep
both eyes open, but likewise to prevent any extraneous light from
falling upon the employed eye during delicate investigations,—
b, b, are places to receive the nose, according to which eye is
used.

Fig. 38.

Too long examinations by artificial light, and especially when
the field of view is colored, are decidedly injurious to the eyes,
and should always be avoided ; and when the light, whether arti-
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ficial or daylight, is too strong, the plane mirror should be used
instead of the concave one.

CrLeANLINESS is very important in microscopical investigations.
The glasses of the objectives and eye-pieces especially should
always be kept free from dust, or contact with the fingers, and
whenever these parts are not in use they should be placed in their
cases, more especially the object glasses, which should always be
returned to their cases as soon as an investigation with them, or
a single sitting, is finished. Should the eye-glasses become dusty,
they may be removed, only one lens at a time, and replacing it
before another is touched ;—they may be cleaned with a soft old
muslin handkerchief, which is superior to any thing else when it
becomes necessary to wipe them ; and in all cases before wiping,
first blow upon the surface of the lens, then pass a clean, dry
camel’s hair pencil over it, blow again upon it, and then, if
required, use the handkerchief. By this course any coarse or
gritty particles will be removed so that the operation of wiping
will not endanger scratching of the lenses.

The same course may be used with the object-glasses ; but in
the finer microscopes, it is better never to interfere with the lenses
of the objectives, except it be to pass a camel’s hair brush over the
exposed surface of the first or lower lens,—any dimness or other
difficulty which cannot be thus removed by the brush, will be best
and safest overcome by sending the objective to some manufac-
turer, that he may properly clean and adjust it. Many excellent
objectives have been ruined by the attempts made to clean their
lenses by those not conversant with the proper mode of doing it.
The less objectives are rubbed or cleansed the better will it be for
them ; and they will but seldom need cleaning if they be placed
carefully in their cases immediately after using them.

After using the microscope, it should be returned to its case,
rather than be allowed to remain exposed to the dust; butas this
is a very troublesome course, frequently preventing one from
making observations, from the instrument thus being unhandy,
it is better to allow it to remain on the table, covering it with
a glass shade, or with a pasteboard box, or long handbox made
for the purpose ; being careful that the edges of the glass or box
fit closely around the table so as to keep out all dust; and to
facilitate which, a strip of cloth may be glued around that part of
the table with which the rim of the shade or box comes in con-
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tact. This course will be found especially uscful, when the
microscope is used every day. Great care should likewise be
taken not to injure the object glasses by bringing them in contact
with the glass slides, covers, objects, or fluids under observation,
a thing which is apt to occur with a beginner, but which it is
very important to avoid.

All glass slides, covers, pipettes, etc., should be washed in the
cleanest water immediately after use and returned to their places ;
a person who neglects these points cannot make a reliable micro-
scopist, and all instruments must be very carefully cleansed and
preserved from rust, or they will soon become useless.

In the investigation of any object it is always better to begin
with a low power which will give its general characters; after
which the minute details may be brought out by the higher
powers. The lower powers will also be the best when a very
minute object is on the slide, for the purpose of bringing it to
the center of the field that it may be subsequently viewed with a
higher power.

The more powerful eye-glasses, especially when used with the
higher powers, occasion a diminution of light, as well as a want
of distinet and sharp definition ; hence, instead of using them to
increase the magnifying power, it will be found better to use the
eye-glass of low power, and change the object glass, whenever
this can be done. There may be occasional exceptions to this
rule.

The rocar. apjustMENTs will be made according to the construc-
tion of the instrument ; if there is a coarse, and fine adjustment,
the former will answer for low powers, the latter must be used
with the higher. With the high powers more particularly, objects
which are not perfectly flat will only have those parts in sight at
any one time, which are on the same plane or level, and to see
other portions of them, it will become necessary to change the
focus more or less, according to the peculiar shape of the object,
or of its parts. Hence, from not knowing this fact, many persons
in viewing a round, concave, convex, or rough object, are disap-
pointed because they do not see all the parts equally distinet alike.

Objectives of high angular aperture, are materially affected in
their power of distinet definition and resolution, by the thin glass
covers, or when the object is immersel in a fluid ; hence such
objectives have an aljusting arrangement, callel Compensation.
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Mr. Wenham gives the following mode of using it:— Select
any dark speck or opaque portion of the object, and bring the
outline into perfect focus ; then by means of the fine adjustment,
move the objective briskly backward and forward in both direc-
tions from its position, so as to carry the object out of focus each
way. Observe the expansion of the dark outline of the object,
both when wet/in, and when wethout, the focus. If the greater
expansion or coma, is when the object is wethout the focus, or
furtherest from the objective, the lenses must be placed further
asunder, moving the slide toward the mark ¢ uncovered.”

“If the greater coma is when the object is w<tZin the focus,
or nearest to the objective, its lenses must be brought closer
together, moving the slide toward the mark ¢covered.” When
the object glass is in proper adjustment, the expansion of the out-
line is exactly the same both within and without the focus.” With
objects, however, which present a set of distinct dots, or other
markings, as ¢ test objects,” he says,—** if' the dots have a tend-
ency to runinto lines when the object is placed wit/owt the focus,
the glasses must be brought closer together, by moving the slide
toward the mark ‘covered ;” on the contrary, if the lines appear
when the object is within the focus, the slide must be moved
toward the mark ‘uncovered.” When the angle of aperture is
very wide, the difference in the aspect of any severe test under
different adjustments becomes at once evident; markings which
are very distinct when the correction has been exactly made, dis-
appearing almost instantaneously when the screw collar is turned
a little way round.”

The simple method of Mr. Powell will answer for all ordinary
purposes ; the object glass, adjusted to *‘uncovered” is to be
focussed to the object ; its screw-collar is next to be turned, until
the surface of the glass cover comes into focus, as may be per-
ceived by the spots or striee by which it may be marked ; the
object is then to be again brought into focus by the fine adjust-
ment. Among those objectives not furnished with the adjusting
or compensating arrangement, it will usually be on account of
their small angle of aperture, and consequently the above remarks
have no reference to them.

The best method of mounting object-glasses, with the compen-
sation or adjusting arrangement, is according to Mr. Wenham’s
plan, and which is now adopted by the best microscope makers.
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Fig. 39, represents at A a longitudinal section of such an
arrangement, and at B the exterior appearance of the object-glass.
The anterior lens at A, is fixed permanently, while the middle
and posterior lenses are moved up and down by means of a screw
passing through a slide in the tube holding the anterior lens
this screw is attached to a milled-head, revolving collar 4 ; when
this collar is turned, the tube carrying the middle and posterior
lenses is conveyed from or toward the anterior lens, according to
the direction in which the collar is turned. By this means,
instead of the old vexatious method of making the adjustment,
the observer arranges the compensating apparatus for uncovered
objeets, (which is marked upon the objective)—obtains as good a
focus for the covered object as he can, and then merely turns the
revolving collar to the ,right or left, as the case may require, to
obtain a perfect focus. Some makers graduate the points between
“covered” and * uncovered,” which renders it more convenient
in many instances.

TrANSPARENT oBJEOCTS are usually placed on a glass slide, and
when in fluid, or when a high power is used, covered Wit}; thin,
glass ; the slide is then laid upon the stage of the microscope
and the object brought to a proper position under the objective b‘;r
means of a movable stage, or by the fingers. The light is t,hen
reflected upon the under surface of the slide, and transmitted
through the object by means of the mirror, which must be moved
in various directions until a good light is obtained. A nimalenles
may be viewed in this manner, or, still better, in the animalcule
cage, instead of on a slide.

Generally it is better to obtain the proper light first, and when
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the field of view presents the clearest and brightest dise, place the
object upon the stage, under the object-glass, and carefully bring
this to a correct focus upon the object. In many instances, the
slide will require to be moved about by the fingers, for a little
time, or by the movable stage, before the object can be brought
to the center of the field of view.

The young observer must be careful not to be deceived by air
globules, when examining objects in fluid; and with which he
will frequently meet. They appear as black rings with a lumin-
ous center, the same as globules of oil, but may be distinguished
from these latter, by altering the focus ; thus, if the object-glass
be brought closer to the dark ring the air-globule assumes a more
luminous appearance, while an oil-globule would appear darker ;
on the other hand, if the objective be elevated above the focus,
the air-globule assumes a darker appearance, while the oil-globule
appears lighter. A little attention to these points will soon
enable one to recognize an air-globule from one of oil at once.

OraquE oBJECTS are generally placed on a black slide of glass,
wood, or paper, brought to a proper position under the objective,
and illuminated from above by the Condensing, or Bull’s eye lens.
These are, for the most part, examined by low powers ; the lens
is so arranged in front of] or at the side of the object, as to inter-
cept and bring a cone of rays of light to a point upon that part
of the object which is under examination. Direct sunlight must
always be avoided.

The convex side of the bull’s eye condenser should be placed
toward the lamp or source of light, and the plane side toward
the object under examination ; and the condensing lens should be
placed so near the stage, that all the light falling on it may be
brought into a focus upon the object. Wher a lamp is used, it
may be from ten to fifteen or twenty inches distant from the con-
denser. It is very seldom that the reverse of this position of the
lens will be required, and then in those cases only where parallel
or diverging rays of light are required for the purpose of illum-
inating a large surface. The Lieberkuhn, a small silver concave
mirror attached to the objective for the purpose of throwing rays
of light upon opaque objects is not much used by microscopists
of the present day.

In all microscopes, when using an objective of short focus or
high power, it, together with the compound body should be ele-
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vated or turned to one side previous to removing the object (as
the instrument will permit,) in order to prevent the front lens of
the objective from coming in contact with the object, and thereby
becoming injured. Indeed it is an excellent practice to turn the
compound body and objective aside, or to elevate them, accord-
ing to the character of the instrument, whenever objects are
removed from the stage for some alteration, or for the purpose of
placing new objects under the object-glass—a little attention to
this point will soon render it a natural habit.

A few words relative to the use of the camera lucide may not
be amiss. This must be adapted to the peculiar form of the eye-
piece, on which it is to be placed, and it must be remembered
that it is chiefly intended for taking the outline of objects. The
proper focus of the object must first be had, then arrange the
compound body of the microscope in a horizontal position, and,
if it has not been placed on previously, now fasten on the camera,
and place a piece of white paper on the table immediately under
the camera. The observer will then place his eye over the uncov-
ered edge of the prism, and look through it down upon the paper ;
he must not be discouraged if he sees nothing at first, as it
requires a little practice to accomplish this ; if, however, he can-
not see a circle of white light upon the paper, with the image of the
object within it, after looking through the prism in various direc-
tions, he may slightly turn the camera round on the eye-piece, or
if it is arranged for such movement the prism may be revolved on
its axis, until the field is brought inte view ; and similar move-
ments may be given, when only part of the field is seen, in order
to render the whole visible. It may be that the motion of the
apparatus will somewhat alter the focus, but this can be casily
remedied by the fine adjustment.

The paper should be about as far from the camera as the object
is from the field lens of the eye-glass; if it be removed to a
greater distance the object is rendered larger but less clear and
distinct. It should be kept in its place, by pins or wafers. The
lead pencil used to trace the outline of the object, should not be
too.soft, and mustbe brought to a fine point, in order to produce
delicate marks, and any shading or thickening of lines can be
done subsequently. A very fine camel's hair brush may also be
u.sed, especially when the object is quite delicate, the color being
either India ink, Sepia, or Prout’s brown ; the latter is the best.
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Having arranged the instrument and paper, the observer must
obtain as good a position as possible for secing the image dis-
tinetly on the paper and the pencil point at the same time, and
when this is obtained the eye should be held as steadily as pos-
sible until the outlines have been completely traced ; any change
or faulty position of the eye will alter the place of the image on
the paper and render the tracings very irregular and erroneous.
The drawing should be made with a very fine sharp-pointed
pencil, taking considerable pains to make the outline as true to
nature as possible. It is necessary that the paper and the object
be equally illuminated ; sometimes it will be required to throw a
stronger light upon the object than upon the paper, or the pencil
point will not be distinctly seen; again, it will sometimes be
found advantageous to shade the paper by placing a thin blind or
sereen between it and the light. Practice, however, will soon
determine these points. Sometimes, the pencil point will sud-
denly disappear, owing to a change in the axis of the eye ; when
this occurs, the pencil should be kept stationary upon the paper,
and the eye moved about until the pencil is again seen, and the
marks already made be found to correspond with those of the
object, and then the eye should be kept steadfastly fixed in the
same position until the tracing is finished.

It requires some practice before the observer will be able to
trace well, but he should persevere and not allow himself to be
foiled in his first attempts. His best plan will be to take some
object with a well defined margin, and trace its outline by a low
power, repeating it until it is perfect, and so continue until he
can use the higher powers in this way. ¢The importance of
being able to make accurate delineations of the microscopical
characters of tissues, animalcules, microscopic plants, and espec-
ially of morbid growths, can hardly be sufficiently dwelt upon,
and every student should learn to draw as soon as possible.”

In order to facilitate seeing both object and pencil with the
same degree of distinctness, one or two lenses, or colored glasses
are attached to the cameras of most microscopes.

When the drawing will require several sittings the utmost care
should be taken that neither the microscope, object, nor paper
are moved in the least during the intervals, and each time, pre-
vious to recommencing the tracing, the eye should be moved care-

5
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fully about, until all the parts of the object and the tracing are
found to be in perfect approximation.

The beautiful and accurate drawings and engravings of many
objects met with in works on the microscope, are not only the
result of much practice and perseverance, but are frequently per-
fected by the artist, who changes the focus of the objective, as he
proceeds in his drawing, to bring into view the several parts of
an object. So that ome must not be disappointed in having to
change the focus of his object-glass in order to observe all the
characters marked out in the engraving of many objects present-
ing a globular or irregular surface, and it is one test of a good
object-glass, that all parts of an object on the same plane are seen
equally distinct, while any elevation above, or depression below
this plane is more or less indistinet according to its distance from
the plane. Objects which are perfect and most accurately
mounted, or which are seen with the greatest degree of distinct-
ness, are more generally selected as the ones from which draw-
ings are made.

The camera-lucida may also be used as micrometer. All that
is necessary is to have a stage micrometer of known value under
examination, and its magnified lines are to be accurately traced
upon the paper. These lines may be subdivided to almost any
extent, and thus a scale obtained, by which images drawn under
the same power, and at the same distance beneath the camera,
may be measured.

Mr. Henry Coles believes that the following method of using
the camera lucida with a stage micrometer answers the requisites
of cheapness, facility, and accuracy ;— Place a stage micro-
meter in the focus of a microscope ; adapt a camera lucida, and
then accurately trace on a piece of card board, one, two, three, or
more of the divisions. Subdivide each division by tens, or (if
need be) by hundreds ; then place the object to be measured in the
focus of the microscope, and observe, through the camera lucida,
the number of divisions it extends over on the card board. For
instance: I have an object-glass and eye-piece which, with the
length of tube in my microscope, magnify 500 diameters ; and
on looking with these ata stage micrometer, with 200 divi-
sions to the inch, I find that each division occupies 21 inches
on a card-board placed underneath the camera lucida on the table.
I mark one of these spaces on the card board, and divide it into
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25 parts; that is into tenths of an inch, and conseque.tly, each
tenth of an inch on the card-board corresponds to the 5000th part
of an inch of an object in the focus of the microscope, obviously,
also, if instead of card board, I use a slip of ruled glass, with a
hundred divisions to the inch, each division will then correspond
to the 50,000tk part of an inch.”

“ For convenience of calculation, it is desirable that each divi-
sion of the micrometer should coincide with the lines of inches,
or large fractional parts of an inch, on the card-board ; and this
is easily effected when the microscope is furnished with a draw-
tube ; but when the latter is wanting, the same point may be
gained by elevating the card-board on a book or some kind of
stage; of course, always taking care that the distance of the
camera-lucida from the card-board should be precisely the same,
when an object is to be measured, as it was when the divisions
were marked on the card-board. The ease of this method, also,
in accurately determining the magnifying power of any combina-
tion of lenses and eye-pieces one may happen to possess, will be
evident to those attempting to practice it. The cost of a camera
lucida is very trifling, and there would be no need to purchase
a stage micrometer, if one could be borrowed for a short time,
” (a bad plan, however, to borrow)* gince a piece of card board,
once accurately marked for each power in the above manner,
would supersede its further use.”

The instruments necessary for the preparation of objects, are,
for animalcules, diatoms, desmidie, etc., vZals, which may be
attached to the end of a stick to collect or dip up water contain-
ing these objects—bottles in which to preserve them at home,—
glass-pipettes—one or two needles in handles,—small brass for-
ceps,—one or two watch glasses—and animaleule cage or com-
pressor. For preparing dissections, other instruments are needed,
as, dissecting needles in holders, (straight and curved,) Valentin’s
knife or a microtome, straight and curved forceps, small
scalpels, fine syringes for injections, small water-bath, watch-
glasses of various sizes, etc. A pair of thin brass forceps
should always be kept solely for removing and laying on the thin
glass covers.

Upon examining an old shaving brush some of its bristles will
be found split into two or three parts; several of these being
selected and mounted in the end of light sticks, will be found
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useful in removing many small objects ; for, by placing the split
end of the bristle near the desired object, when on a slide or
watch-glass, and pressing upon it, the split parts will separate
like a forceps, and the object may be caught between them and
removed to a slide or elsewhere. . Some little care and practice
will be required in order to operate rapidly and successfully with
these mounted bristles.

Dr. A. M. Edwards, of New York, recommends a very cheap
and excellent contrivance for ¢lluminating objects under the micro-
scope; it consists of an ordinary glass slide, to the center of one
surface of which the plane surface of a plano-convex lens is attached
by means of Canada balsam. Lenses of half inch, and quarter-
inch focus are the most useful but different powers may be used.
This slide is placed upon the microscope stage with the lens
downward ; on the upper flat surface the object, or a slide con-
taining it, is placed. This gives an even whitelight over the
whole field of vision, and is particularly useful on dull days. It
brings out the markings of the Diatomaceze very distinetly. If a
dark stop be placed exactly in its center, or a small disc of black
paper be pasted on the center of the slide, it shows the objects
clearly and beautifully on a black ground. It forms a cheap sub-
stitute for the achromatic condenser, and parabolic illuminator.
These lenses are small, the largest not exceeding half an inch in
diameter.

For illuminating opaque or transparent objects on a black-
ground, Mr. Wenham has proposed a small triangular prism, each
of whose plane surfaces is about one fourth of an inch square, ‘“to
be placed beneath the object, so that one of its plane surfaces is in
contact with the under surface of the slide carrying the object.
The light is refracted so highly, that none passes directly through
the object ; but being thrown at the proper angle upon the under
surface of the thin glass which covers the object, is entirely reflected
from thence upon the object itself, which is thus highly illum-
inated. In employing these instruments, the light should be
reflected from the plane mirror.”— Beale.

As microscopists frequently send their specimens to each other
by mail, it becomes necessary that an indicator should be used. for
the purpose of at once bringing the specimens in the field of xjiew
without loss of time. The following Indicator Jig. 40 which I
recommend to the notice of microscopists will be found to answer
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an admirable purpose, it is manufacturel at my request by Mr.
Jas. Foster, of Cincinnati, and may he obtained with the gradu-
ations divided into ths of aninch, or for the higher powers, into
Lths. For accuracy, it is important that each indicator be gra-
duated exactly alike from the center of the scales. Price $5.00.
o H’\
I
\'H\

Fig. 40.
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KING'S UNIVERSAL INDICATOR.

A is a flat, smooth plate of brass or other substance, about 3
inches in Jlength, 1 % inches in width, and sufficiently thick to be
firm and not springy; about ; inch. @aa a o are five strips of
brass, about {; of an inch wide, and j; of an inch in thickness,
which are sclewel upon the plate A, (aftu this has been properly
graduated, ete.,) and which are designed to contain and hold the
glass slides when under examination. The width of the space
included between the horizontal slips is about 1 {th of an inch,
so as to hold slides which may occasionally exceed an inch in
width.

2, 2, 2, are pieces of watch-spring inserted into the slips, as
shown, for the purpose of holding the glass slide firmly against
the sides of the slips on which they press; 2’ being a strong
spring to press the slide strongly against the left side of the
Indicator.

¢, is a quadrangular opening cut out of the plate A, being 1 %
inch in length, and 1 ¢ inch in width ; the center of this aperture
is exactly 1 & inch from the inner surface of the left hand slip, &

¢, ¢, these inner edges of the aperturc in the plate A, are
bevelled, and on each bevel is marked a scale graduated into
sths, or ths, of an.inch, and which graduations must be placed
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exactly opposite to each other ; these graduations give their indi-
cations when in conjunction with the line from left to right on the
plain stage of the microscope.

d, d, these outer edges of the plate A, are bevelled and gradu-
ated similar to ¢, ¢.; which graduations are to be read with the
vertical line on the stage of the microscope. In order not to

interfere with these readings, the slips @, @, @, @, are not carried

across the graduated part of the plate.

This indicator isintended for all microscopes whose stages are
not less than 2 4 inches square ; and microscopists in possession
of one may readily find objects either of their own, or on slides
forwarded by ochers, who furnish them with the recorded indica-
tions ascertaired by another indicator similarly constructed.

Its wse is very simple. In the first place, it will be necessary
to prepare the stage of the microscope, by marking upon its sur-
face two liaes at right angles with each other, and running par-
allel with the sides of the stage plate, the intersection of which
Iines will be exactly in the center of the field ot the highest power
of the microscope ; and a sliding spring clip or ledge should be
attached to the stage, in order to support the indicator when the
microscope is inclined to any angle. The closed end of the indi-
cator, 1, must always be placed ou the left side of the stage ; and
the glass slide should be marked or numbered on that end of it
which must be placed against this left side of the indicator.

Placing the glass slide in the indicator, this may be moved
about, and any object be brought into the center of the field ;
ther. by observing the number of the graduations lying immedi-
ately over the lines on the stage, and recording them, we may,
at any subsequent time, readily bring the same object into view,
by again placing the recorded graduations of the indicator directly
over the stage-lines.

It will be better to have a universal method of recording,—thus,
graduations corresponding to the stage-line running from left to
right, forming the denominator, and those which are read with
the vertical stage-line forming the numerator. If but few objects
are on a slide, their situation in numbers, forming a fraction,
may be attached to it, by pasting on it a piece of paper contain-
ing the record. This, however, will prove very inconvenient and
unsatisfactory ; and a recording book arranged as follows, for
preserving the situation of objeets on slides, with each object-

/



THE MICROSCOPIST'S COMPANION. T

ive, will be found an excellent method. Each page may be large
enough for recording 50, 100, or 200 objects.

No. of [Names of
Slide. | Objects.

OBJECT GLASSES.

3.
Pleurosigma

Angulata,
Biddulphia
Pulchella,

Pleurosigma
Spenceri,

- : : ; : : EMARKS.
2 ¢n.|1en.|% wn. |t in. | in. | in. ’R
|
10 1 10 i 10 | 93y ( 934 | 1044 || Aug. Tth, 1856
| ; 3/ | From Prof. J. W.
37 37 37 | 3634 | 363 37
{ %\ 3% | Bailey in exchange
20 | 20 | 20 |19y 19%\20% Ifor, cte.
10 10 10 | 93 | 93 | 10 A perfect specimen
3 3. Lea Lead oie Nale
6 6 f 6 |53% | 5% 1 6 ‘

$15.
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CHAPTER 1IV.
METHODS OF MEASUREMENT.—TEST OBJECTS.

Every microscopist should understand how to ascertain the
power of his various objectives and ecye-glasses, as well as to
measure the size of objects, and for which an ivory rule gradu-
ated into inches, tenths and hundredths, and a stage micrometer
will be required, as well as an eye-piece micrometer. The value
of each objective, and of each eye-picce with the several object-
ives should be ascertained, and recorded in a table, for ready
reference, arranged as hereafter shown.

To determine the power of the combination of each eye-piece
and objective, the stage micrometer is to be placed upon thestage
with its lines under the object-glass, and the ivory scale placed
outside upon a level with it, so as to be seen by the left eye
when the right is occupied in observing the stage micrometer
lines through the microscope ; adjust the focus, and also the lines
on both the scale and the micrometer, so that they shall be paral-
lel with, and run into each other, when viewed in the manner
about to be described. Then keeping both eyes open, with one,
(usually the right), look through the microscope to see the lines
on the stage micrometer, and with the other look at the ivory
scale; while looking steadily thus for a few minutes, if the eyes
be properly placed, the disc of light in the ficld of view, together
with the micrometer lines will be seen to project upon the scale,
so that the lines on each can be viewed at one and the same time,
and some of them be seen to pass into each other, as it were,
making the lines on the stage micrometer and on the ivory scale
continuous with each other, so that it will be an easy matter to
count how many divisions of the ivory scale lie between one or
more spaces of the stage micrometer.

Thus, suppose the stage micrometer is divided into ,%ths of an
inch, and one of its spaces occupies just one inch of the scale,
then the diameter is 100 because yth of an inch is made to appear
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as large as an inch ; if it be the th of an inch, and one space
occupies two tenths of an inch on the scale, the diameter is 100.
The diameter can always be ascertained by multiplying the size
of the divisions of the stage micrometer by the numerator of the
fraction of parts of an inch to which one or more of them corres-
pond, [when magnified and viewed as above described], on the
scale, and dividing this result by the denominator, thus; sup-
pose the observer has not a scale of tenths, but an ordinary one
‘of sixteenths, and his stage micrometer is divided into 500ths of
an inch ; on an examination, he finds one of the magnified divi-
sions of the micrometer equal to an inch and three eighths on
the scale. By reducing this to eighths to facilitate the calculation,
it will give ¥ ; now multiply the size of the micrometer divisions,
500, by the numerator, 11, which gives 5500, and this being
divided by the denominator, 8, gives 687} diameters, equal to
472.656 times superficial measure. Butif] instead of one micro-
meter division occupying, when magnified, the inch and three
eighths, as above, suppose it requires three of them to equal this
measure on the scale; then three micrometer divisions will be
equal to 6874 diameters, and one of these divisions will be just
one third, equal to 229 4 diameters.

Not only must the magnifying power of the different object-
glasses, with each of the eye pieces be known, but, with those
microscopes which have draw-tubes at the eye-piece end, the dis-
tances to which the draw-tube is moved must likewise be known,
because every variation of distance between the eye-piece and
objective changes the diameter.

THE VALUE OF EACH SPACE IN THE MICROMETER EYE-PIECE WITH
THE VARIOUS OBJECTIVES must also be ascertained, and which is
effected by comparing the spaces of the eye-piece with those on
the stage micrometer. Thus, suppose the stage micrometer to be
divided into 500ths of an inch, and ten of the micrometer eye-
piece spaces occupy one of the stage micrometer, then each space
of the micrometer eye-piece will be the 5000th of an inch; or,
if four of them occupy one space of the stage micrometer, each
division of the eye-piece will be the 2000th of an inch. The
value of the spaces of the stage micrometer will vary with the
power of the object-glass, and the distance to which the draw-
tube, if present, is moved, so that it must be determined in each
case respectively, and recorded.
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The value of each space in the micrometer eye-piece will also
vary with each objective. Thus, suppose the stage micrometer to
be divided into five hundredths of an inch, and, that with aninch
objective, three of the micrometer eye-piece divisions occupy just
one of the stage micrometer spaces; then with this objective,
three micrometer eye-piece divisions are equal to zth of an inch,
and one of these divisions is equal to the one third of this, or
the ;i,th of an inch.

Again, suppose we remove the inch objective, and employ the-
quarter inch, and with this find that it requires twenty of the
micrometer eye-piece divisions to occupy just one of the stage
micrometer spaces ; then, when measuring with this object-glass,
twenty micrometer eye-piece divisions are equal to ;th of an inch,
and one is equal to the one twentieth of this, or the 15'y,th of an inch.

Or, suppose the stage micrometer to be divided into five hun-
dredths of an inch, and it requires five and a half divisions of
the eye-piece micrometer to occupy one division of the stage
micrometer ; reduce the included divisions of the eye piece into
halves, which would make eleven, and multiply this by the
measure of one division of the stage micrometer, (500), which
would make fifty-five hundred the value of half a space in the
micrometer eye-piece, when used with the particular objective
employed in the operation. One half of this, (twenty seven hun-
dred and fifty,) will in this instance be the value of one space in
the micrometer eye-piece.

In measuring an object, the micrometer eye-piece must be so
placed that one margin of the object corresponds with one of the
micrometer lines, and then the distance of the other margin can
be counted off. Thus, suppose each space in the micrometer eye-
piece be yloth of an inch, and the object occupies two and a half
spaces or divisions, it will then be the ¢l,th of an inch long ; this
is readily ascertained by reducing the whole measurements to
halves in order to facilitate the calculation ; thus, in two and a
half spaces there are five halves —half a space in the micrometer
eye-piece is equal to 'owth of an inch, which divided by the five
halves occupied by the object, gives its measure 44sth of an inch.

Or, if each eye-piece division be ,,2oth of an inch
object oecupie§ ten ot: them, it is ,0,th of an inch long ; and which
measurement is obtained by dividing the measure of one micro-
meter space by the number of spaces occupied by the object.

, and the
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Or, should it be preferred to set down the diameter in decimals,
by adding ciphers to the ten, and making it the dividend, and
10.000 (the value of one micrometer eye-piece division, with
the particular object glass employed,) the divisor, it will give the
diameter as .0001.

The table above alluded to for recording these measurements
of the lenses of a microscope should be constructed as follows,
80 as to show the linear and superficial measurement of the eye-
pieces with the several object-glasses, and the value of the micro-
meter spaces in fractions of an inch, and in decimals.

Magnifying Power of the Object-Glasses, with their Eye- Glasses in Diameters
and Superficially.

OBJECT GLASSES.

Eye-Glasses. ‘

s Badneg 2 ) Xin. [k iy e oA 14 in.
7, H 20 60 100 220 420
' i 400 3600 10,000 48,400 170,400
| 30 80 130 350 670
B. \ \ 900 \ 6400 ' 16,500 | 122,500 \ 448,900
] 40 100 | 180 500 900
C. | 1 1600 \ 10,00 | 32,400 1 250,000 810,000
S 70 B ek 550
Micrometer | ‘ 225 I 4900 l 14,400 ’ 90,000 ! 302,500
Valuo ol easmpiivialia. . 4. ko | 1 1 | 1
space in the mi- 400 970 1900 4300 ‘ 9000
crometer Eye- !
Piece, with the“ | 0025 .001031 000526 10002325 | .0001111
various Object‘l' .................................................. 1. z e
Glasses. 1 B=hiineh| B=Luiny (£ 5= in — S a0, 1.

The decimals are obtained by making the value of each space
the divisor, and ten the dividend, adding ciphers to it as the div-

ision proceeds, thus .
: 10.
100 100 .0025
1000
J 800

2000
2000

In this country and England the inch is usually taken as the
standard of mecasurement ; on the continent of Europe, lines,
parts of a line, or millimetres are employed for asimilar purpose.
When fractions of a millimetre are adopted, it is usually signified
by the addition of mm to the figure or figures.
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PARTS OF AN INCH.

a Paris line .08815 or & of an inch.

a metre = 39.37100 inches, or 3.281 feet.
a centimetre = .39371 do or a little less than ? of an inch.
a millimetre = .039371 do or a little less than j; of an inch.

To CONVERT PARIS LINES INTO ENGLISH MEASURE, multiply the
numerator of the fraction & by the number of Paris lines stated,
or divide the denominator of the fraction by the same number, or
multiply the number .088815 by the number of lines and parts
of the same. ]

To CONVERT MILLIMETRES INTO ENGLISH MEASURE, multiply the
number .039371 by the number of millimetres and parts of the
same, the quotient will be the equivalent measure in decimal
parts of the English inch.

The following tables of comparative micrometrical measures
are given, as they may be useful for reference.

Millimetre. l Paris Lines. Vienna Lines. ‘ Rhenish Lines. ‘ English Inches.

1 [ 0443206 | 0455550 | 0.458813 0.0393708
2.255829 1 1 1.027643 1.035003 ‘ 0.0888138
2.195149 0973101 | 1 1.0071625 0.0864248
2.179538 0.966181 | 0.992888 1 l 0.0858101
25.39954 11.25952 i 11.57076 . 11.65354 1

TABLE FOR CONVERSION OF FOREIGN INTO ENGLISH MEASURES.

MILLIMETRES. OLp Paris LinEs. Prussian LINEs.
into into into
English Inches. English Inches. English Inches.
;L .039370 | .088815 T .085817
2 078741 177630 ’ 171633
& 118112 266445 25745
4 157483 | .355260 343267
5 196853 444075 .429083
6 236224 .532890 51490
7 9275595 | 621705 600717
8 .314966 710520 686532
Gy | 354337 ! 799335 ! 17235

¢In the last table the numbersin the first or left hand column
correspond to the denominations expressed in the head or upper-
most line of the three broader columns, while the fractions opposite
these numbers denote their values in parts of the denominations
of the lowermost head line. Thus, 1™ = 0.039370 Eng. inch ;
3m» =(.118112 Eng. inch; 2 Prussian lines = 0.171633 Eng.
inch, ete. In using this table, the decimal fraction to be con
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verted into parts of an English inch must be broken up into its
decimal parts, and each valued separately irom the table; thus,
to convert 0.75™= into a fraction of an English inch—

O aa—— 02 595

0.05m=0.00196853 § (PY the table).

0.75m=— 0.02952803 Eng. inch.

“ The only circumstance which requires attention in the use
of this table is the position of the decimal point. Thus, in the
above measure of 0.75™®, which, when broken up, makes 0.7=
and 0.05™=, if the first value (0.7) had been 7.0, the value in
Eng. inch. would have been, according to the table, 0.275595
Eng. inch; but this is ten times too much, or = 7 whole milli-
metres ; hence the shifting of the decimal point, etc. To express
the mode of proceeding by rule,—the decimal point in the frac-
tion of an English inch given by the table should be shifted to
the left and as many ciphers added as there are decimal placesin
the foreign measure.”— Mic. Dict.

Whenever figures of objects are given, the magnifying power
with which they are drawn should always be expressed in num-
bers near the figures; and the microscopist should acquire the
habit of noting the power of the objective, as well as the dimen-
sions of all objects examined.

No microscope is perfect for use unless it has a glass stage
micrometer, and a micrometer oye-piece. And those student’s
microscopes which have inch and quarter inch objectives, should
also have a glass stage micrometer divided into spaces the
value of the two hundredth, or two hundred and fiftieth of an
inch, and also a micrometer eye-picce; or, such an arrangement
of theeye-piece furnished with the instrument as will enable the
student to slide in at pleasure an accompanying graduated glass
scale, and thus be enabled to convert his eye-piece, at will, into a
micrometer eye-piece.

Trst oByECTS are microscopic objects used merely to determine
the value of the object-glasses as relates to distinctness and resolv-
ing power, and in the examination of which it frequently becomes
necessary to employ oblique light, condensers, etc. There are
many objects of this kind, a few of which will be noticed here.

For 2 inch, or 1 inch object-glasses, any opaque object may be
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viewed, as an injected preparation, also the hair of a mouse, of
a bat, the pygidium ot the flea, ete.

For } inch objective, the hair of the dermestes, the coarser
scales of Lepisma Saccharina, a dark scale of Podura, ete.

For 1 inch, the hair of Dermestes, scales of the Hipparchia
Janira, the smaller scales of Lepisma Saccharina, the scales of
Podura, the filaments of Didymohelix, a confervoid algee, and the
scales of Pontia Brassicee, or cabbage butterfly.

For ¢ inch, the paler scales of Podura, the scales of Pontia
Brassicee, the salivary corpuscles, scales of Polyommatus Argio-
lus, Navicula (or Pleurosigma), Hippocampus, Navicula (or
Pleurosigma) Spencerii, ete.

For j; or j inch, the filaments of Didymohelix mounted in
balsam, Navicula (or Pleurosigma) Spencerii, Grammatophora,
Nobert’s test, the primitive fibrillee of muscular fiber, ete.

These objects should appear with well defined margins, and
the lines or dots according to the power used, should be clear,
and distinct. Too much balsam, or too thick a cover over the
object will prevent the best objective from showing them well.
Hairs of animals should be mounted in Canada balsam ; scales
of insects should be mounted dry; the Didymohelix should be
mounted in asolution of chloride of calcium, orin balsam for the
lower powers ; the valves of the Diatomaces should be mounted
dry or in Canada balsam, as well as fossil infusoria, foraminifera,
etc. The delicate markings on those diatoms which are used as
test objects, and which require large angle of aperture, high
power, proper oblique light, good manipulation, and great
patience, to render them visible, are as follows :—

LINES IN o0 OF AN INCH.

Pleurosigma strigilis, marine ............o.u.... o AR 34 to 36
Pleurosigma strigosum, ........ .
b Sl p P T e SRR e SRR TR
PicntimgiaSienpceniys . i, c oo ot i, e

Pleurosigma liniatam, ..........

Pleurosigma angulatum., ..
Pleurosigma fasciola,.......,..u

Flenyorrrmahnierum ettt e e A SRR e 85
Nitzschia sigmoidea, ............. e 85
Navicnla. rliombeitlesit 8 il o - Lo i e g 85
Navicula arcus, 130

*The genus P!eumsigmn” of Prof. W. Smith, includes those Navicule whose frus-
tules have a sigmoid curvatnre, resembling the letter f,
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Mr. John Gorham recommends the following preparation ** for
the production of transparent membranes for microscopic pur-
poses, by means of which impressions of very beautiful or very
rare specimens can be multiplied at pleasure. It presents the
minute tracery observed on the surface of many opaque objects
in a transparent form, and bids fair, also, to put us into posses-
sion of the general configuration on the surface of certain minute
fresh vegetable structures which become shrivelled, and their
beauty obliterated in drying. A few chips of red Sanders wood
are to be shaken up in a drachm or two of good collodion ; the
surface of the object is then to be painted over four or five times,
and in less than ten minutes the flake or cast of collodion can be
peeled off, and mounted on a slide under a thin cover as a dry
preparation.”

AN \

Dioptric Magic Lantern for Dissolving Views, Price $100 to $135.



80 THE MICROSCOPIST'S COMPANION.

CHAPTER V.

COLLECTION AND PREPARATION OF DIATOMACEZ, DESMIDLE, AND
FOSSIL VALVES OF DIATOMS, ETC.

Tue chief attraction of the DrATOMACEE to microscopists, lies
in the structure of their siliceous coverings or valves, the appear-
ance of which will vary according to their structure, their mode
of preparation and mounting, and the manner in which they are
examined. It will frequently be the case, that with a sufficiently
powerful objective the markings on the valves may be seen very
distinctly with the ordinary direct light of the mirror ; while
with other objects no markings will be visible, at least until the
mirror is moved to one side that the light may be thrown
obliquely upon them. Object glasses of large angular aper-
ture are the best adapted for distinguishing the more difficult
markings, but those who do not possess these, may frequently
render the markings apparent with a moderate angle of aperture
by using a central stop, (a dark disc one or twolines in diameter)
placed exactly in the center, of both the condenser and the object
glass. :

In collecting diatoms, several wide mouthed vials, of the capa-
city of an ounce or two will be required, in order to hold each
gathering separate from the others, and when filled they must be
corked so that none of the water will be spilled, and thus be a
means of losing some valuable specimens. I find it a very good
plan to place a number of wide mouthed vialsin a small covered
tin kettle, which may be carried by hand or in a carriage, with-
out corking the bottles, and without the risk of losing any of the
water ; this plan is preferable to stopping the bottles, on account
of its not endangering the lives of any delicate animalcules that
may be present, especially if some time will elapse after their
collection before the bottles can be attended to at home,

It will also be necessary to have a long rod or stick to one end

of which a bottle, or a small fine muslin net may be fastenel by
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a piece of twine, or otherwise. Having arrived at the place
where the collection is to be made, the bottle attached to one end
of the rod and held in an inverted position, must be brought as
closely as possible to the masses of diatoms in the water, passed
slowly down into the water a short distance, and then turned
upward, as it is inclined upward the water will enter it carrying
the diatomacez along. Or, it the diatoms are at the bottom of
the water, the bottle may be carried horizontally along the bottom,
and thus many of them be secured ; some persons use a spoon to
detach them from the bottom ; and when they are entangled in
the meshes of their stems, they may be cut off’ by means of a knife
made in the shape of a pruning hook.

Frequently, the muslin net will be found preferable to the
bottle, as it will collect many specimens without a superfluity of
water, as it allows this fluid to drain off; this will answer, espec- -
ially, where the diatoms float upon the surface of the water.

There will frequently be considerable mud, sand or other foreign
matter with the collection, but by exposing the bottles for some
time to the light of the sun, the diatoms will collect on the sur-
face and may be removed with a dipping tube. Or, by agitat-
ing the water and diffusing the particles through it, the coarser
and heavy particles will speedily subside on allowing the bottle
to rest, and the supernatant water may be poured off'; and by
carefully repeating the process a few times, most of the impurities
which would interfere with observation, may be thus removed.
The deep sea species may be obtained by dredging, or, by treat-
ing the alimentary canal of fishes, mollusks, etc., with strong
nitric acid, as now to be described.

When it is desired to prepare the valves for mounting, the best
method is to allow the diatoms to settle in the water, then pour
all this fluid off, add strong nitric acid to the remaining deposit,
and boil for some time, in order to deprive the mass of all organic
matters ; taking care to remove a portion from time to time with
a dipping tube in order to ascertain when the valves are perfectly
clean. As soon as this is the case, add twice the amount of dis-
tilled water to the acid solution, and allow the whole to settle.
Then carefully pour off the supernatant fluid, add more water,
and continue this process until all the acid has been washed out,
and until a drop of the liquid when evaporated on a slide, leaves

no film at the margins of the drop. If the valve be not perfectly
6
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cleansed in this manner, the specimen will be spoiled after mount-
ing it. The diatoms or valves thus thoroughly washed, may be
kept in alcohol in readiness for mounting.

Those who do not live near the sea-shore, may obtain many
beantiful diatoms from the oyster juice contained in the oyster
cans sent to various inland sections of the country, by the follow-
ing process : —Pour the juice into a tall glass jar or bottle, and -
when there is no further deposit of sediment, pour off’ the super-
natant liquor, and supply its place with clear water ; as soon as
no more deposit oceurs, pour off’ the supernatant fluid as before,
supplying its place again with clear water, and repeat this wash-
ing process for three or four times. Then, boil the sediment
obtained from the last washing in pure sulphuric acid for some
time, until all organic matter present is charred ; add water to
the mixture, let it stand about six hours, and pour off the super-
natant fluid. The sediment is now to be again boiled in sulphuric
acid, with the addition of chlorate of potassa, according to Prof.
J. W. Bailey’s method, explained on page 88; finally it must be
repeatedly, washed with water to remove the acid, and the speci-
mens obtained should be kept in clean alcohol. By this process,
I have frequently obtained many fine specimens of Coscinodiscus,
Tricerativm, Grammatophora, Heliopelta, Cocconeis, Gallion-
ella, Actinocyclus, Campylodiscus, Gyrosigma, Navicula,
Sponge Spicules, ete., ete.

The diatoms may be mounted dry, or in balsam, water, or
dilute spirit, (one part of alcohol to six of water). If it be
desired to exhibit their delicate markings they should be mounted
dry, and placed upon and covered by the thinnest glass which can
be obtained. In order to isolate them, or remove them upon the
slides, the mouunted shaving brush bristle, page 67, will be found
very useful, together with a pocket or other lens sufficiently
powerful to enable the eye to recognize and select them.

Dr. A.S. Donkin, obtained many beautiful living specimens
of marine diatomaces, by collecting the sands of still bays, on
the shore, where the diatoms are exposed by the reflux of the
tide, at a distance corresponding with the half-tide margin. In
these places, where the sands are sloping toward the sea, and
grooved out into small furrows, filled with salt water oozing out
from b.ehind, the living diatoms imparted to the surface of the
sand different hues of chesnut and olive, according to the species
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present. During the sunshine, these colored patches were stud-
ded by numerous minute air-bubbles. As he could not separate
them from the sand, he carefully scooped up the surface of the
colored sand, emptied it into a wide mouthed bottle, and when
half full, filled the other half with salt water. He then shook the
whole briskly, and allowed the bottle to stand for a short time ;
the sand fell to the bottom, the diatoms remained suspended in
the water above, forming about the ,gth part of the whole.
These were removed into another bottle, the sand thrown away,
and by not having a superfluous amount of salt water, he was
enabled to convey them home in ounce and a half vials.

The Desmipiacez, consist entirely of microscopic flexible con-
fervoid algee, and are found inhabiting fresh waters, resting at
the bottom of the water, adhering to aquatic plants, or lying in
exposed situations, ete. The peculiarity, beauty, and variety of
their forms, and their external marking and appendages, render
them very interesting objects of microscopic investigation. They
are of a green color, evolve oxygen when exposed to the light of
the sun, and some have the power of attaching themselves to
external objects, while others possess feeble powers of locomotion.

Their modes of reproduction are; 1, by cell division where
each frustule divides into two; 2, by the discharge of active
ciliated zoospores from the parent-cells, which after a time,
arrange themselves within the sac containing them, forming a
colony having the regular pattern of the species, and in which
each zoospore becomes one of the notched frustules of the group ;
3, by a process analogous to the preceding, but in which no
motion takes place; cellulose coverings are acquired, the zoos-
pores arrange themselves within the parent cell, which ultimately
splits, peels off, and leaves them as the foundation of a new
group; 4, by conjugation, where two parent cells unite to form
a spore.

The desmidize may be collected in the same manner as recom-
mended for the diatoms. They are rather difficult to preserve,
being more or less altered by the preservative liquids ; Thwaite’s
liquid, Ralf’s liquid, and camphor water, probably, produce the
least change. A few of them are not changed by chloride of
calcium. They are not to be found in turbid waters, but more
generally in those which are always clear to the very bottom.

InrusoriA may be collected in the same manner as the preced-
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ing objects, and placed upon slides according to the method
named under pipettes or dipping tubes. 1f viewed by the low
powers they need not be covered by thin glass ; but they must be
covered when the high powers are used, both for the purpose of
flattening the drop, and rendering it sufficiently shallow to allow
of the animalcule being brought within the focus of the objective,
and likewise to prevent the object glass from becoming soiled or
injured by the contact with water; a minute portion of dirt in
the drop will prevent the thin cover from crushing these living
specks. The animalcule cage is best adapted to the examination
of infusoria with the higher powers. DBut in the absence of this,
I have found a thin glass cover, having a narrow slip of very
thin glass cemented on each end by Canada balsam, quite useful
in preventing many forms of animalcules from being crushed, the
cemented slips preventing the thin cover from resting its whole
weight upon their delicate bodies.

The bodies of infusoria are composed of protein compounds,
and are soluble in solution of potash. The simplest form con-
sists of a glutinous, homogeneous or slightly granular diaphan-
ous mass of sarcode, in which no trace of organs can be detected.
And from this they proceed upward until they assume a more
complex form, having many distinct and mostly transparent
organs, as well as an apparent circulation. By rubbing up some
carmine or indigo with water, and placing a drop of it on the
slide containing the animalcules, they will feed wpon it, and thus
enable the observer to detect their stomachs by the coloration
effected thereby.

The red pigment of a fly’s eye, obtained by rubbing up the
fly’s head with a drop or two of water, has been recommended
for the same purpose, and is said to be superior to the above, the
animalcules greedily devouring it, beside which it does not crowd
the field of view with dark particles, embarrassing the eye and
confusing the object, as is the case with carmine and indigo.

They propagate, in many instances, similar to the desmidize,
as, by spontancous division in which the body of one divides
transversely or horizontally into two perfect animals ; by gem-
mation ; by diffluence, where the substance of the body breaks
up into a number of pieces, each of which becomes a perfect
individual, though some doubt this process; by encysting, in
which the animal becomes rounded, and enclosed in a gelatinous



THE MICROSCOPIST'S COMPANION. 85

matter, and the encysted mass is then converted into a variable
number of new individuals discharged by the bursting of the
parent cyst; by conjugation ; and by actual sexual intercourse,
deposit of eggs, ete.

Infusoria are met with in all kinds of water, except that which
is pure, as spring water. They may be seen in a drop of water
placed on a slide covered with thin glass, but their natural move-
ments are best observed in the animalcule cage; sometimes the
thin glass cover prepared as named on page 84, may be advan-
tageously used to observe their motions, and when it is desired
to arrest their motions, it may be effected by warming the slide
containing them over a lamp or a candle for a short time. They
are very difficult to preserve; some exhibit the cilia, vacuoles,
ete., very well when dried; others are but little changed by a
concentrated solution of chloride of lime, or by a solution of
chromic acid ; and several keep very well in Deane’s Gelatine ;
but the greater part of them can only be observed during their
life time. :

By Fossi, Inrusoria is meant the fossil valves of the Diatom-
acez, and which are found in vast numbers in aquatic and marine
geological deposits, forming hills, rocks, and various strata
also in peat-beds, guano, tripoli, various infusorial carths, asthey
are called, as those of Richmond, Va., Bermuda, Petersburg, Va.
Andover, Conn., ete. Several plans have been recommended to
prepare these fossil diatoms for mounting and microscopic exam-
ination, a few of which I will select.

Beale recommends calcination as being less liable to break the
shells, than when the deposit containing them is boiled for some
time in strong acid ; he says: “I much prefer to destroy the
organic matter by burning the deposit in a platinum basiu, and
allowing it to remain for some hours at a red heat until the black
carbonaceous matter has burnt off, leaving a pure white ash.
From which the phosphates and carbonates may be removed with
dilute nitrie acid, and the remaining deposit be then washed for
mounting.”

Quekett says : ¢ A great many of the infusorial earths may be
mounted as objects without any previous washing or preparation ;
some, however, such as chalk, must be repeatedly washed, to
deprive the Infusoria of all impurities ; while others, by far the
most numerous class, require either to be digested for a long
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time, or even boiled in strong nitrie, or hydrochloric acid, for the
same purpose. Place a small portion of the earth to be prepared,
in a test tube or other convenient vessel capable of bearing the
heat of a lamp ; tiien pour upon it enough diluted hydrochlorie
acid to about half fill the tube. DBrisk effervescence will now
take place, which may be assisted by the application of a small
amount of heat, either from a sand-bath or from a lamp ; assoon
as the action of this acid has ceased, another supply may be
added ; and the same continued until no further effect is pro-
duced.

“Strong nitric acid should now be substituted for the hydro-
chloric, when a further effervescence will take place, which may
be greatly aided by heat ; after two or three fresh supplies of this
acid, distilled water may be employed to neutralize all remains
of acid in the tube ; and this should be repeated until the water
comes away perfectly clear, and without any trace of acidity.
The residuum of the earth, which consists of silica, will contain
all the infusorial forms,” (which instead of being kept in a vial
in the dry state, should be kept in aleohol, to keep them from
cohering together, K.) ; “and some of this may be taken up by
a pipette, dipping tube, or mounted bristle, laid on a slide, and
examined in the usual manner.

“ Should perfect specimens of the Coscinodiscus, Gallionella, or
Navicula, etc., be present, they may be isolated with the mounted
bristle, if required, and mounted in Canada Balsam ; if not, the
slide may be wiped clean,” (by first dipping ittwo or three times
in water, and then drying with a soft piece of old muslin, which
will thus prevent the silica from scratching it, K.) “and another
portion of the sediment taken, and dealt with in the same way ;
or, if good, after being dried it may be mounted in Canada Bal-
sam.” By keeping the fossil infusoria in alecohol instead of water,
they dry much more rapidly when placed upon a slide.

The fossils of many earths, as for instance, of the Richmond
earth, may often be more easily obtained than by the method just
named, thus,—place a small portion of the earth in a wine-glass
of water, stir it and give to it a strong rotary motion for ten or
twenty seconds—the fossils will be deposited upon the sides of
the glass. If Tam not mistaken, this plan of procuring fossil
diatoms originated with the late Prof. J. W. Bailey.

Guano contains a large amount of animal matter, and requires
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a somewhat different mode of treatment. Mr. Henry Deane, of
Clapham, England, recommends the following method :—* Take
a convenient quantity of guano, and wash it several times in dis-
tilled water, until the water is no longer colored by it, observing,
to stir it well after each addition of water, and then allow the
sediment to settle for some hours, that none of the lighter diatoms
may be lost, which might be the case were the water poured off
too soon.

“ When sufliciently washed, place the sediment in a test-tube,
or flask, and add some hydrochloric acid to it; when efferves-
cence ceases, subject the mixture to a gentle heat, continuing it
as long as effervescence continues. When this again ceases, allow
the mixture to stand until the sediment has all subsided, pour off
the clear acid, and add another portion ; repeating this process as
long as the acid produces effervescence.

¢ When hydrochloric acid no longer occasions effervescence, a
quantity of strong nitric acid, say two fluid ounces to every ounce
of guano, should be added in place of the hydrochloric; this
occasions a strong effervescence, upon the cessation of which the
mixture should be exposed to a continued heat of 200° F., for six
hours, during which time the greater part of the guano is dissolved.

“The mixture is then allowed to stand in a cold place for
twenty-four hours, in which time all the sediment will have sct-
tled ; the clear acid liquor must be poured off, and a fresh quan-
tity of strong nitric acid added, repeating this until no further
effervescence ensues.

¢ The sediment is, finally, to be repeatedly washed in distilled
water, until no trace of acid remains; being careful after each
washing, not to pour off the water, until sufficient time has
elapsed for all the sediment to subside. And should no siliceous
sand be in the guano, the washed deposit will be found to consist
of diatoms, ete.”

Should the deposit contain sand, it may be separated from them,
and the diatoms also be procured, the coarser and finer kinds by
themselves, by the following process of Okeden. Place the
diatoms in a tall narrow glass vessel nearly filled with water and
stir it quickly ; as soon as the coarser portion has subsided, which
will be long before the motion of the water ceases, pour off’ the
supernatant water, and set it aside. These coarser particles may
be treated three or four times in the same way, until all the
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diatoms have been removed from the sand, which may be thrown
away. Now, after the sedimentin the decanted portions of water
which have been set aside, have subsided, treat it in the same
way as before, allowing about a minute to pass after stirring,
when the supernatant fluid may be poured off; and the sediment
will be found to consist of the coarser diatoms.

Take the sediment of the second decanted portions of water,
and treat it in the same .manner, as before, allowing two and a
half minutes to pass after stirring, when a still finer supply of
diatoms will be procured: And the process may be repeated
several times, each time allowing a longer period for the sedi-
ment to subside, as the finer diatoms float in the water much
longer than the coarser ones, requiring half an hour, or even two
or three hours before they will be deposited on the bottom of the
vessel.

When there is much sand with the diatoms, I have found it a
very quick method to make a saturated solution of salt, in a por-
tion of which the mass is to be agitated, and then allowed to
stand ; the sand is deposited more quickly than thediatoms. In
a minute or so pour off the fluid into another tall glass jar, and
again agitate the sand in more of the salt solution, repeating
the process three er four times. Mix the solutions together, con-
taining the diatoms, and when all have been deposited, pour off
the, supernatant liquid, and remove the salt from the diatoms by
washing them in pure water, several times.

The late Prof. J. W. Bailey of West Point, N. Y., stated to me
the following method which he pursued when infusorial matters
were mixed with other organic bodies :—*“ All the lime present
is to be dissolved out by nitric acid, filter, then with a little water
wash the contents of the filter into a porcelain eapsule, to which
add strong sulphuric acid, and apply heat until the extraneous
matters ave all charred. Then while the capsule is still over the
lamp, and the acid is vErY HOT, drop in carefully, a very small
quantity at a time of powdered chlorate of potassa, continuing its
addition until the acid is clear, or of a light yellow or reddish
color. This oxidizes the carbon, and if the acid is %ot enough
there is no accumulation of the explosive compounds of chlorine.
The resulting sediment is beautifully white and clear ; it must
then be washed with water and cleansed of acid by decantation
as above, repeating the washing three or four times. I never
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dry the sediment as when once felted together it does not break
up well ; I add alcohol and keep it in the liquid state.”

Should any sand be mixed up with the infusorial specimens,
these may be isolated from it by one of the modes above recom-
mended. The various processes referred to, of boiling with sul-
phuric acid, nitric acid, etc., should not be conducted in the apart-
ment where the microscope is kept, lest the glasses become injured
thereby from the action of the gaseous matter evolved, upon them.
In powdering the chlorate of potassa, it may be placed in a glass
or Wedgewood mortar, covered with considerable water, and rub-
bed with the pestle; if no water be added, a dangerous explo-
sion will be apt to take place during the trituration. After it
has been sufficiently powdered, filter, dry the salt on the filter,
and carefully remove into a labelled vial.

Fossil diatoms are often so firmly consolidated together, that it
proves very difficult, it not entirely impossible, to separate or
disperse them, in either cold or boiling alcohol or water ; macer-
ation in acids; frequent exposures to intense cold and heat, alter-
nately, ete. And if it be attempted to separate them by crushing
the cemented mass, or by scraping or filing, the finest speci-
mens are destroyed. The material which thus holds the diatoms
together, is usually of a siliceous character, and may be destroyed
by the following means: Pieces ot the agglutinated diatoms are
placed into a suitable vessel, as for instance, a test-tube, then cov-
ered with a strong alkaline solution, and exposed to the flame of
an aleohol lamp; as soon as the pieces arc observed to fall to a
powder, they must be émmediately emptied into a vessel contain-
ing twenty or thirty times as much water as there is of the alka-
line ley, in order to prevent the caustic solution from acting upon
the diatoms also ; and which water may be poured off, after the
diatoms have all been deposited. The alkaline solution may be
made of either caustic soda or potash. Some specimens will
give way to a weak solution, while others will require one very
strong ; the better plan will be to commence with a weak liquor,
and increase its strength as often as it is observed that a boiling
temperature continued for a few minutes does not cause the
agglutinated mass to crumble. If the operator waits until the
whole mass is reduced to powder by this process, he will find
that the greater part of the diatoms will be dissolved by the alkali ;
he must empty the whole in water, as above stated, as fast as he
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perceives the mass breaking up, repeating the action of ‘the alka-
line solution on the untouched lumps, as often as may be neces-
sary :—and if the alkaline liquor appears to act too powerfully
on the masses, it should be diluted. Sometimes, the cementing
material will be so hard and stony, that the diatoms will be dis-
solved before the masses can be acted upon sufliciently to crumble.
After the whole mass has thus been reduced to powder, the
diatoms should be repeatedly washed in clean cold water, until
every trace of alkali has been removed ; and then, if required
they may be boiled in acid, with or without the chlorate of pot-
ash, and prepared for mounting, as heretofore named on page
82, Prof. J. W. Bailey.

« Foraminifera may be separated by taking the sediment or
earth in which they are supposed to exist, and gradually, but
thoroughly drying it; then take a glass full of cold water and
strew the powder upon the surface of the water, when, in a few
minutes, the earth and sand will sink to the bottom of the glass,
and the shells, being filled with air, will float upon the surface,
and may be removed by gently introducing a glass slide under
them.” — Pritchard.

In procuring fossil specimens from chalk, rub the chalk to
powder with water, by means of a soft brush ; and separate the
specimens according to the plan named above by Okeden. Or,
a piece of chalk may be finely scraped upon a glass slide, a drop
of water be added to it, and after remaining for a few seconds,
the water, with any particles floating on it, should be removed ;
and the sediment left on the glass should be dried and mounted
in balsam.

According to Quekett, Dr. Southby recommends to boil the
picce of chalk in a saturated solution of sulphate of soda; the
subsequent crystalization of the sulphate, tears the chalk to atoms
without injuring the shells.

In the examination of coal, it should * be macerated for about
a week in a solution of carbonate of potash ; at the end of that
time, it is possible to cut toler ably thin slices with a razor. These
slices are then to be placed in a watch-glass with strong nitric
acid, covered, and gently heated ; they soon turn blO\VIllbh then
yellow, When the process must bc arrested by dropping the whole
into a saucer of cold water, or else the coal would be dissolved.
The slices thus treated appear of a darkish amber color, very
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transparent, and exhibit the structure, when existing, most clearly.
The specimens are best preserved in glycerin, in cells.”— Mic.
Dict.

In relation to the preparation of other objects for mounting, a
few general remarks may be offered, for which I am indebted to
the Microscopic Dictionary. ¢ The soft parts of animal or vege-
table bodies are separated by means of needles under a dissect-
ing microscope, or by means of sections, according to the nature
of the views which it is desired to obtain. The separation by
needles is usually performed under water, in a watch glass, cell,
or other convenient holder.

“The preparation of sections is « more complicated process.
Soft parts of animals are best sliced by means of a Valentine’s
knife ; but Zorn, and other firmer structures, may be cut with a
sharp razor. Vegetable structures in general are sliced with a
razor, which must be kept very sharp, and rubbed on a strop fre-
quently while in use, and always before putting it away.

“ Fresh stems, thick leaves, etc., may be simply held in the
fingers ; thin objects, such as leaves, petals, ete., are best placed
in a split cork, the halves of which are kept together by insertion
in the neck of a vial, or a test-tube, which at the same time serves
as a handle. In cutting the section the razor is carried through
the cork, from which the object must be subsequently separated.
Sometimes it is advantageous to immerse objects, especially soft
or very small ones, in thick mucilage of gum arabic, and to
allow this to dry until tough enough to be cut by the razor; the
slices are afterward freed from the gum by immersion in water.

“ Dry objects, such as wood, dried leaves, seeds, ete., must be
softened by soaking in water before slicing. Small firm objects,
such as seeds, are most easily sliced when fixed in a bit of white
wax or stearin, which may be done by placing them on the sur-
face of the latter, and stirring them into the substance melted by
the application of a hot wire. Most slices of vegetable objects
are obscured by air-bubbles engaged in the intercellular passages,
etc. Inold wood and similar objects the air is readily driven
out by heat; in fresh structures, where heat may coagulate or
dissolve matters, the air may be allowed to dissolve or escape by
itself, which requires time, or may be removed by exhaustion.

¢ A substitute for a regular air-pump may prove useful to the
microscopist, consisting of a piece of thick and stout glass tube,
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closed at one end, containing a tight fitting piston, with a valve
opening upward ; the object being placed in water (or other
liquid) at the bottom, a single raising of the piston, or at all
events two pulls will draw out all the air, and the water will take
its place as the piston is lowered. This apparatus may be used
also for saturating dry objects with oil of turpentine (for mount-
ing in balsam), or with oil to produce transparency.

“ Sections of wood, cte., which are to be mounted in liquids,
should be soaked for some little time in spirit or turpentine, to
remove resinous matter, etc. A special apparatus is made for
slicing such objects, but this is not of much use except when
large numbers of very perfect sections of the same kind are
required for purposes of sale, etc. A brass tube about an inch
in length, and half an inch in diameter, closed at one end, with
a screw and milled head passing through the closed end, so as to
move a circular diaphram up or down within the tube, will be
found an excellent section cutter for many purposes; using a
razor to cut the slices. When the object is too small to fill the
diameter of the tube, it may be placed between two pieces of cork,
and’ the whole be sliced together; afterward removing the
object from the cork. Sections require to be made in various
directions, in order to properly study an object. Thus stems
should be sliced horizontally, and perpendicularly, both parallel
to the medullary rays, and at right angles to them, ete.

“The structure of laminated shells, ete., may often be seen in
fragments broken off’ by the point of a knife. But sections of
shell, bone, etc., are best made by sawing off as thin pieces as
possible, with a frame saw having a watch-spring blade, grind-
ing them down upon a water-of-Ayr, Arkansas, or some other
stone, and polishing them upon a clean leather-hone or strop with
putty powder and water, and finally upon a dry hone alone. This
process may be much facilitated by polishing one side of the
object previous to sawing it, and then after the section is made,
fastening the polished side to a level surface of cork, by means
of shell-lac, sealing wax, or glue, etc., by which a handle is
afforded to work by ; and after the section is reduced to a suffie-
ient thinness and polish, it may be removed from the cork, by
some appropriate fluid.

“ Sections of very hard substances, as agate, cte., are so easily
made by jewellers, that a description of the process is scarcely
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necessary. They are made by means of a circular iron plate,
made to rotate by a lathe, its margins being coated with a mix-
ture of oil and diamond dust. They are then ground upon a
plate of metal with emery powder and water, and polished upon
a flat surface of pitch, with putty powder and water.

“In grinding and polishing sections of hard structures, it is
often requisite to cement them to a slide with Canada balsam,
heat being applied until the balsam has become so hard as to fix
the section firmly to the slide. As soon as one side has been
polished, the section is removed from the slide, the balsam being
rendered soft by heat, the polished side cemented to the glass,
and the other side polished. The balsam may afterward be
removed from the section by maceration in oil of turpentine,
ether, ete.”—Mic. Dict.
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CHABEER SVl
MOUNTING AND PRESERVATION OF OBJECTS.

« Soluble crystals are preserved with difficulty, and the more
soluble crystals of an organic nature can seldom be preserved
unless they are perfectly pure. Crystals of chloride of sodium
keep pretty well in their mother-liquor, as well as other crystals
which contain water of crystallization ; oxalate of lime may be
preserved in an aqueous solution containing a little oxalic acid ;
triple-phosphate, in water containing an ammoniacal salt in solu-
tion, or, in water to which a little aqua ammonia and muriate of
ammonia have been added, which preserves the beautiful smooth
character of their surfaces; dumb-bells (oxalurate of lime,) in
Deane’s gelatine; cystine, in a dilute solution of acetic acid ;
epithelium may be preserved in Deane’s gelatine, creosote, or
naphtha solution. And whatever preservative fluid is used, care
should be taken that the deposit to be put up is thoroughly satu-
rated with it, for uuless this object be attained, there is danger
of the preparation being destroyed after a time. Uric acid may
be mounted dry, in preservative fluid, or in Canada balsam;
when crystals are put up as objects for examination with polarized
light, they should be mounted in Canada balsam, or oil of turpen-
tine. Insoluble erystals may be mounted dry, in Canada balsam,
or in some aqueous solution.”—ZBeale.

Transparent objects are usually mounted in a way which will
display their minute structure to the greatest advantage ; thus,
some are mounted in a dry state, some in cells in some preserv-
ative liquid, and others again in Canada balsam, oil, turpentine,
or some highly refracting medium. The glass slides used, as well
as the thin glass covers, should be clear, and free from veins and
bubbles. Delicate animal and vegetable tissues, exhibit their
structure more clearly when mounted in some preservative fluid.

In mounting in the prY way, if the object be extremely thin, it
may simply be placed on a glass slide, covered with thin glass,
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which should be kept in its place by pasting with gum a picce of
paper rather larger than the thin glass cover, in the center of
which a hole has been cut of less size than the cover, but suffici-
ently large to permit the entire object being seen ; or the cover
may be fastened to the slide by touching its edges with sealing
wax, varnish, or other suitable cement.

If gum-paste and paper is used in fastening the cover, this
should be gently pressed and held down, and the paste be dried
as quickly as possible, in order to prevent any of it from being
drawn by capillary attraction between the cover and the slide, and
thus by reaching the object, spoil it.

If the object is rather thick, a paper or pasteboard cell or athin
glass cell may be fastened to the slide, within which the object is
placed, and over the whole of which the thin glass cover is
cemented. If it be desired to examine the object by reflected
light, as an opague body, it should be placed upon a dark ground,
as blackened pasteboard, or in a pill box, or, the glass slide on
which it is mounted, may havea piece of black paper, some
black paint, or black varnish applied to the side opposite to the
one on which the object is placed.

The objects which are best mounted in the dry state, are test
objects from infusoria, scales of butterflies and other insects, hairs
of animals, sections of some kinds of wood, also of bone, and
teeth.

When objects are to be mounted in CANADA BALsAM, they should
be thoroughly dried and freed from moisture, otherwise they will
acquire a milky appearance from being surrounded by minute
drops of water. To prevent the objects from becoming curled up,
or deformed while drying, they may be held between two glass
slides. They may be dried in the sun, by means of a gentle heat,
or, if this would injure their structure, they may be thoroughly
dried by exposing the slide holding them for some time over a
dish containing strong sulphuric acid, the whole being covered
with a bell jar, or placed under a receiver, which may be
exhausted by connecting it with the air-pump.

Some objects, as parts of insects, must be soaked for some time
in oil of turpentine, which removes the air from their intersti-
ces, and renders them more transparent. Any oily or greasy
matter may be removed from the object by ether. When objects
are very thin and transparent, so as to be indistinctly scen when
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in the balsam, they should be darkened either by charring them
over a lamp between two plates of glass, or by soaking them in
a weak solution of iodine, or a decoction of logwood. For
mounting, pale Canada balsam, not too old, is the best for ordinary
use, and it should be kept in a clean, wide-mouthed, covered vial.
Many persons place the body of a small insect, or one of its
limbs, under a microscope, and instead of seeing a transparent
object, have a dark, opaque substance presented of a very unsatis-
factory character. This is because it has not been prepared as a
transparent object, by removing its fat or other internal tissue.
All organic substances not originally transparent, have to undergo
a certain preparation in order to render them so. Thus, the vari-
ous parts of a bug, or bee, etc., as the limbs, antenne, eyes, ete.,
must be soaked in turpentine for a short time, which removes the
opaque internal matters ; in some instances where there is a hard
skin, as with the head of any kind of bee, wasp, cricket, beetle,
ete., a maceration in a solution of caustic potash, from five to
fitteen days will be required to soften the hard parts and dissolve
the internal matter—after which the object should be placed in a
watch-glass and washed with water, until it is freed from the
alkali, dried by compression between two slides, then macerated
for two or three days in spirits of turpentine, and mounted in
Canada balsam. To see vegetable cells, as of leaves, flowers,
roots, ete., these require to be kept in water until decomposition
commences, when the cells may readily be seen. Some cells,
and other parts of plants may be seen without such preparation.
Pollen should be examined while fresh, a drop of oil of lemon,
or of water, will render it transparent. Spores of fungous plants
may frequently be seen to pass from out of their spore-cases, by
first macerating the cell or case for a short time in a drop or two
of alcohol, and then adding a drop of nitric acid ; if the slide be
now gently heated, and the thin glass be placed over the spore-
case, (which must be brought into focus under the objective), a
slight degree of pressure will effect the desired object. Some
small insects, as the flea, require maceration in spirits of turpen-
tine, before being mounted in balsam. Sea weed, (alge) may be
mounted in balsam; but to observe their propagation, they
should be mounted in cells with Goadby's solution, A. No. 2.
The structure of hair may be seen after they have been macer-
ated in a solution of soda oracetic acid, then washed with water,
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dried and mounted. And in this way, must all opaque organic
substances be prepared previous to mounting ; some parts, as
bones, etc., require only to be made in thin sections, but most
of them require some solvent to remove their opaque sub-
stances in order to render them transparent and display their
structure.

When the object is properly prepared, being freed from mois-
ture, and air, it may be placed upon the center of a clean slide.
A drop of balsam is now taken up on the end of a small wire or
knitting needle, the wire is held for a second or two in the flame
of an aleohol lamp, being heated near the balsam but not so close
as to ignite it ; remove the wire quickly from the lamp and hold
it over the object, upon which the balsam will directly fall. A
little practice will soon make known the length of time during
which the wire should be held in the flame, and the rapidity with
which the drop of balsam should be conveyed toward and over
the object. The slide is now to be warmed over a spirit lamp, or
it may be laid upon a warm plate of tin or brass, but must not
be heated too much, and any air bubbles which may be present,
and which usually ascend to the top of the balsam may be care-
fully carried to one side and removed from the neighborhood of
the object, by means of a small needle, mounted.

This being done, and while the slide and balsam are still warm,
the thin glass cover previously cleaned, is to be gently warmed
(by carrying it quickly across the flame three or four times,) and
then carefully laid upon the surface of the balsam. A small pair
of wooden forceps may answer to hold the slide, in warming it,
and the ordinary small brass forceps will answer for warming and
holding the cover. The simple pressure of the glass cover will
cause the superfluous balsam to escape at its sides, and this should
be facilitated by a gentle pressure upon the cover. The prepara-
tion is now allowed to cool, and as soon as the balsam is perfectly
hard, the superfluous portions about the edges of the cover, may
be scraped or cut away with a knife, and the surface of the glasses
thoroughly cleansed from any remaining balsam by caretully rub-
bing them with a rag moistened with oil of turpentine, alcohol,
or ether. The mounting now being finished, the edges of the
cover may be painted with some sealing wax, varnish, or other
cement.

Some recommend to drop the balsam on the slide, warm it, and

7
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then place the object upon it; others advise to drop the balsam
near the object on the slide, and when it is warmed, allow it to
run upon the object. These plans may sometimes be useful, but
ordinarily I prefer the method explained.

If the object has been thoroughly dried, and all air removed
from its interstices by previously placing it in turpentine, or
under the receiver of an air pump, it will thus be well mounted.
If too much heat is applied in warming the balsam, so as to
render it more fluid, the object will curl up, or be otherwise
injured, and a new operation with a new specimen will have to
be undertaken. If air bubbles have found their way into the
object, the slide will have to be macerated in alcohol, ether, oroil
of turpentine, to dissolve the balsam and liberate the object, and
a fresh mounting made.

Sometimes, by gently heating the slide sufficiently to render
the balsam fluid, the air-bubbles may be removed by moderate
pressure upon the cover aided by moving it slightly about, or
from side to side ; but this will also remove the object from the
center of the slide toward one of the edges of the cover, but
which is of no importance, if air-bubbles and other obstacles to
a correct view of it, are absent. Some preparations require boil-
ing in the balsam, in order to expel the air contained in their
internal cavities.

If the object be large, it must be placed in a cell of suitable
size attached to the slide by marine glue, the cavity of which cell
is to be filled with fluid balsam, and then the cover applied;
being careful to remove all air-bubbles before fastening on the
cover.

It the object be very minute, it may be placed on the slide, a
drop or two of turpentine added to remove the air in its cavities,
and the turpentine may be drained off, or allowed to dry by time,
or by the application of heat, according to the nature of the object,
and the balsam and cover may then be applied as already
described.

The objects which are generally mounted in Canada balsam are
pollen grains, entire insects, corals, sections of wood, of shells,
and of hard fruit envelopes, membranes and thin sections of tissues
as of the spinal cord, muscular fiber, ete., diatoms, chalk with

foraminifera, parts of insects, polypidoms of zoophytes, fossil
infusoria, foraminifera, some crystals, etc.
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When objects are to be mounted in media containing gelatine,
as Deane’s Gelatine, the same rules will be applicable as for
mounting in balsam ; the great difficulty consists in getting rid of
the air bubbles. The best plan is to warm the slide, place the
object on it, cover it with the gelatine warmed and in a fluid state,
and then cover with the thin glass previously warmed. If a small
portion of the gelatine mixture be previously heated in a watch
glass, or small cell, the air-bubbles may be removed before apply-
ing the cover.

When objects are MOUNTED IN FLUID Or IN PRESERVATIVE LIQUIDS,
cells of various kinds and sizes are used, according to the nature
and size of the objects to be preserved. All very delicate animal
and vegetable tissues, are usually mounted in this way, and which
exhibits their structure clearly; and ¢ that preservative fluid
should always be chosen which exerts least action upon the struct-
ure of the object which it is required to preserve. The use of
spirit should always be avoided if possible, because, although
slowly, yet surely, it will act upon the cement used to close the
cell.”—Mic. Dict.

Glass cells, round, oval, square, etc., and of various depths can
be had already prepared at the stores of those who sell micro-
scopes, Jas. W. Queen; McAllister and Brother, Philadelphia ;
Mr. Pike, New York City ; Mr. Jas. Foster, Jr., Cincinnati, etc. ;
these cells are to be fastened upon the glass slides by means of
marine glue. The glue is warmed until it is fluid, one edge of
the cell, warmed, is then rubbed with the glue, immediately
placed upon the warmed slide, and held there, until cold, by the
fingers, or by a weight placed upon it. The superfluous glue is.
first removed by a warm knife and then by rubbing with a cloth
moistened in a solution of potash. The cell is now ready for use.
In some instances, thin glass cells are fastened to the slides by
Canada balsam, gold size, various varnishes, etc. The surface of
glass to which a cement is to be applied should always be rough-
ened by grinding or rubbing on a perfectly flat pewter plate with
emery and a little water, as the cement adheres much more inti-
mately to a rough surface than to the polished glass.

A thin glass cell may be made by cementing a square of thin
glass to the flat surface of aring of brass or of glass; the central
opening being of the exact size of that required to be made in
the thin glass. When the marine glue is cold, a file is forced
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through the center of the thin glass, which will not be injured at
its cemented part, and the edges must then be filed smooth. A
little warmth will remove it fromthe ring, after which it may
be cleaned in a solution of potash, dried, and be fixed upon a slide
with cement, to form a thin glass cell.

When an object is to be preserved in fluid it should be allowed
to soak for a day or two in some of the fluid, previous to mount-
ing it. - The cell is then to be filled with the preservative fluid,
the object carefully placed in it by means of a forceps or pipette,
and the thin glass cover applied. This cover should be of slightly
less diameter than that of the outer margin of the glass cell, and
when placed upon it, should be made to slide wpon the upper sur-
face of the cell, so as to displace any excess of fluid, and prevent
the admission of air-bubbles. The superabundant fluid is then
forced out by gentle pressure, and may be removed by a piece of
blotting paper, old muslin, or soft sponge. If there is not enough
fluid to fill the cell, as indicated by a bubble of air, the cover must
be removed, and more liquid be added wuntil a slight excess be
present, when replace the cover as before.

After removing the superfluous fluid, allow the edges of the
cell and cover to dry for a minute or two, when the thin glass
cover may be fixed in its place, by coating it lightly with a thin
layer of Brunswick black, gold size, or other of the liguid cements,
by means of a small camel’s hair pencil, or with a small piece of
soft wood cut to a blunt point, and hammered in order to separate
the fibres a little. When this coat of cement is thoroughly dry,
and not before, another layer of cement must be applied, and so
continue, until the exposed edges of the thin cover and of the
glass cell are firmly cemented together, and the cell so completely
closed that no evaporation of the contained fluid can take place.
It too large a quantity of cement be laid on at a time, it will be
very apt to run into the preparation, or will dry so unevenly as to
crack and admit air. When the cementing is perfected, the
mounting may be finished by painting the cemented edges with a
solution of shell-lac, or sealing wax.

“ Specimens are frequently spoiled by the intrusion of the gold-
size into the cell ; which should not be too fluid, but of the consis-
tence of molasses. Experience will best teach how this accident
can be avoided. Attention, however, to the following particulars

will assist the inexperienced. The cells should be prepared some
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days before they are used, in order that their walls may become
firm. The glass slides and thin covers, should be perfectly freed
from any grease, and be well cleansed. And when the cell is
closed, the brush should be passed round the edge of the cover,
with just sufficient size to prevent admission of air into the cell;
and upon the operator’s care in this respect his success will depend.
If too little be used, the air will enter ; whereas if too much be
put on, or if the cell be not completely filled with fluid, the size
will enter, in either case spoiling the specimen.”—ZHogg. To
ensure success, it is better to observe that each subsequent layer
of cement or varnish be a little broader than the one previously
applied.

Large cells are constructed of strips of glass, cemented together
by marine glue, and so arranged as to constitute four sides of a
box, whose bottom is formed by the glass slide, and top by the
thin glass cover.

Cells for minute objects may be made with one of the cements,
as, gold size with which a little finely powdered litharge has been
well mixed, and applied immediately, as it soon hardens; or the
electrical cement may be used, provided spirit does not enter into
the preservative liquid ; or black japan, sealing waw varnish,
solution of marine glue in naphtha, Canada balsam in ether, or
alone, ete. One of these cements is laid upon the glass slide in the
form of" a ring, by means of a fine camel’s hair pencil, and which
may be accurately accomplished by the assistance of an instru-
ment, (fig. 41,) which may be obtained of the Messrs Grunow at
New Haven, Conn. ¢ The left hand rests upon the instrument ;
the glass slide being placed under the two spring clips, the brass

Fig. 41.

circle which works on a pivot is then made to revolve by means
of the milled head underneath the circle. While the slide revolves,
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a camel’s hair brush dipped in the gold size or other cement, is
held in the hand which rests upon the wooden body of the instru-
ment in such a manner that the tip of the brush just touches the
glass-slide during its revolution. - (The brush should not be too
large.) By this means, a thin annular layer of cement is deposited
on the slide, which, when dry, serves for a cell. If the cell be
not deep enough, a second, and a third, etc., layer of cement may
be added when the first has become dry.”—Schakt.

Some recommend drying the cell by the application of a con-
tinued heat until the cement becomes thoroughly hard when cold.
The selected preservative fluid is dropped within the cement cell,
and the object is placed within it. The edges of the thin glass
cover are to be touched with cement, and, in order to avoid air-
bubbles arising in the fluid, it should be placed so as to form an
angle of about 45° with the glass slide, and then let down very
gradually and carefully to its horizontal position upon the cell.
Press it lightly, to remove superfluous fluid and also to insure
the junction of the cement at its edges with the cement which
forms the cell, and then perfect the mounting as named for the
glass cell.

Cells are sometimes made of marine glue, thus :—melt a little
of the glue, and pour it upon a piece of plate glass or pill slab,
which has been wetted with cold water, and immediately press
upon it another wetted piece of plate glass or pill slab so as to force
it into a thin sheet, the amount of thickness depending on the
degree of pressure. When cold, separate the plates, if required,
by the aid of a large knife, and punch or cut out from the sheet of
glue thus made, a nmmber of discs of the necessary size. Heat
the slides tolerably hot, and drop one of these dises upon its cen-
ter, to which it will become attached, and it may be made as
hard as desired, by keeping up a gentle warmth for some time.
The object is to be mounted and covered as described heretofore.

Coal tar or pitch may also be pressed into thin sheets, and,
when dried, be used in the same manner as marine glue for mak-
ing cells and, for many purposes, sheet india rubber will be found
to answer. The cells cut out of these substances will become
firmly attached to the glass slides by the application of sufficient
heat. T have found a thick solution of Soluble Glass to form an
excellent and golid cell wall; the cell may be made as shallow or
as decp as may be required, and its wall as thick ; it may be
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applied in the same manner as gold size, by the instrument fig.
41. It may likewise be used to secure the margins of the thin
glass cover upon the cell, rendering the cell, in this manner, per-
fectly and permanently air-tight. It is better adapted for objects
preserved in alcohol, as water slowly dissolves it, and ultimately
becomes turbid.

Aceording to Thos. S. Ralph, Esq., cells of any form or required
size may be made as follows: ¢ Take a slide or piece of glass of
the required thickness for the walls of the cell, and place under
it a piece of blotting paper folded so as to support the central
square inch only, where the hole is to be drilled ; have then pre-
pared a steel instrument, called by watch makers a broach, which
is a five-sided, well-tempered tool, and sharpen it on a flint or on
a hone of some hardness, so as to give it a three or more sided
cutting end (this tool should be let into a cedar pencil stick pre-
viously deprived of its lead, and glued up again), dipping the point
into oil of turpentine, place the end on the glass where the per-
foration is required, and endeavor to pierce it by a steady drilling
movement ; the first effect will be to break off' a small piece of
the surface of the glass, or, if the operator has been too rash, to
break it into pieces. Once the surface has been thus scratched,
proceed with the drilling, always keeping a drop of turpentine on
the spot ; in one or two minutes, the drill should penetrate through
to the other side of an ordinary glass slide. The finger may be
placed behind the spot where the glass generally drops out in a
small piece before the point of the instrument. A small hole
being thus made, proceed next with a fine rat-tail file, dipped in
turpentine, and drill on, and use larger sized files till the opening
is of the required size. A Two or three minutes will suffice to make
a hole of three fourths of an inch in diameter. The operator
should always begin with a recently sharpened broach ; always
keep it and the files wet with turpentine, and in screwing therat-
tail file through the glass always use it with an wascrewing
movement, as if you were using a screw driver to fake out a screw,
for the reverse movement immediately locks the tool into the glass
and a leverage is used, and the glass shivers into pieces ; and never
use the tool with any leverage against the edges of the glass. The
required evenness of the edges of the hole may be brought out in five
or six minutes, by using a carpenter’s rose or counter-sink, previ-
ously sharpened, and #hen hardened in the fire to flint hardness ;
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using this also with turpentine. It is hardly necessary to polish the
edges.” A square opening can be made in the same manner,
With flat files and turpentine, after the orifice has been made suffi-
ciently large to admit the files by the above method.

Mr. Ralph states that a friend has improved on his method,
which is much quicker, with less likelihood of breaking the glass.
¢ He prepares a stout plate of brass about the same thickness as
the glass, and this plate is perforated with such sized and shaped
openings as he wishes to make in the glass. The glass is then
cemented to the plate with melted shell-lac or wax, and when
cold, a diamond is drawn round the opening in the plate so as to
scratch out the size on the glass—this is done chiefly to limit the
fracture of the glass. He then perforates the glass, in the man-
ner above described, with the broach, and uses the rat-tail files
with the most unsparing vigor, so as to shiver the glass to pieces
as far as the marked outline of the cell. Thisisdone in a minute
or two, and then, polishing the edges a little, he soaks the glass
in a solution of soda, or melts off the cement.” A piece of this
glass may be cemented on one side of this opening, by means of
marine glue or other cement, the object and preservative mixture
be placed in the cell thus made, and then covered with another
thin glass cover, in the way heretofore named.

As soon as the mounting of an object is finished, its name
should be labeled upon one end of the slide, cither with a writing
diamond, or with a paper label pasted upon it, having its name
and other particulars expressed thereon in writing. It is a good
plan to number each slide, and enter its number, date of mount-
ing, fluid used, etc., in a book kept for that purpose, and which
will not only facilitate the means of finding the slide when required,
but also a knowledge of its particulars.—(see page T71.)

All microscopical preparations should be kept in boxes or
drawers prepared for the purpose, in order to preserve them from
dust and from the influence of light. Dry preparations and those
mounted in Canada Balsam may be arranged in vertical grooves
cut into the partitions of the drawer. The grooves should be wide
enough to allow the slide to fall in easily, and should be about a
quarter of an inch apart. Preparations mounted in fluid, how-
ever, must be kept in a horizontal position, although they neces-
sarily occupy much space ; but otherwise it will be found that the
tendency for the cells to leak is much increased. Large prepara-



THE MICROSCOPIST'S COMPANION. 105

tions can only be kept lying perfectly flat in shallow drawers.”—
L. Beale. .

For keeping slides on their edges in grooves made in boxes, a
very ¢heap plan is to fold light pasteboard, alternately in opposite
directions, like the folds of a fan. Two strips thus made, being
folded evenly and at equal distances may be placed in a box of
proper size, and the slides will be held as firmly and as safely in
the folds or grooves thus made, as by any other method.

Mzr. Deane observes ; most objects require to be mounted in
some fluid, as very few can be preserved unaltered for any time
when dry. Scales of insects, hairs, test-objects, etc., may be
mounted dry, and will thus exhibit their lines, etc., more distinetly.
In dry mounting a few of the objects are laid upon the glass-slide
previously moistened with the breath, in order to make them
adhere toit, then cover with a thin glass cover, and paste round both
slide and cover a piece of paper, having an opening in its center,
corresponding to the size of the thin cover and the position of the
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