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vi PREFACE TO THE SECOND EDITION.

his disposal, buf also to make such additions as his
experience might suggest in extension of the use-
fulness of the book to a new class of readers,—the
Medical Student, and the Junior Medical Practi-
tioner. To this end, besides other matter, a brief
prefatory chapter has been added, embracing the
elements of preliminary histological manipulation.
While claiming the indulgence of the elders of his
profession,—the Editor feels that the best and truest
apology for this treatise, its raison d’étre—in fact,
may be found in the words of its concluding para-
graph, to which the reader is now courteously

referred.

4, Mvixe S8tREET, MYDDELTON SQUARE, E.C.
October, 1873.



PREFACE TO THE FIRST EDITION.

N bringing this Handbook before the public, the

Author believes that he is supplying a want which
has been long felt. Much information concerning
the ¢ Preparation and Mounting of Microscopic
Objects ” has been already published ; but mostly
as supplementary chapters only, in books written
professedly upon the Microscope. From this it is
evident that it was necessary to consult a number
of works in order to obtain anything like a com-
plete knowledge of the subject. These pages,
however, will be found to comprise most of the
approved methods of mounting, together with
the results of the Author’s experience, and that

of many of his friends, in every department of
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microscopic manipulation ; and as it is intended
to assist the beginner as well as the advanced
- student, the very rudiments of the art have not
been omitted.

As there is a diversity of opinion as to the best
mode of proceeding in certain cases, numerous
quota.tioﬁs have been made. Wherever this has
been done, the Author believes that he has acknow-
ledged the source from which he has taken the
information; and he here tenders his sincere
thanks to those friends who have so freely allowed
him to make use of their works. Should, however,
any one find his own process in these pages
unacknowledged, the Author can only plead over-
sight, and his regret that such should have been

the case.

‘W ARRINGTON
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CHAPTER 1.
INTBODUCTION.

Tuis work having been written chiefly to help students,
the writer does not venture to affirm of it that it is by any
means complete or exhaustive. The art of microscopic
manipulation is progressive, and it is scarcely possible,
therefore, to say of a work on the subject, that it holds all
that is knowp at any given time. It is an art, too, which
is so inextricably mixed up with the highest branches cft
scientific inquiry, that new modes of investigation are daily
devised by the acutest intellects, and with these it is very
difficult for a writer to keep pace.

It is a well-nigh hopeless task to attempt to teach ench
modes of inquiry by precept, yet it is felt that some short
account of them may reasonably be expected here. Refci-
ence is now made more particularly to the practical part of
human and comparative histology. As this is not a treatise
on histology, but is devoted mainly to the methods of pre-
serving the results of researches in that science, it is scarcely
possible to indicate to the student how he shall proceed in
any given case; yet there are certain tests, reagents, an:l
staining matters employed, with the uses and efects of

B .



2 YBEPARATION AND MOUNTING

which he should be familiar, so as to be able to speak with
some degree of certainty of the nature of the tissnes demon-
strated by them.

It is now, therefore, intended to give the reader a list of
these aids, arranging them according to the effects which it
is desired to produce. Stricker observes, *that it is to be
borne in mind that it is impossible to say of any fluid that
it constitutes an indifferent, i.c., neutral, medium for fresh
tissues of all kinds. In all instances we must be prepared
for changes taking place.” He gives, however, a list of
fluids to which structures are generally most indifferent, <.e.,
in which least alteration may be detected under examina-
tion while fresh, viz.:— ’

1st. Fluid of the aqueous humour.

2nd. The serum of the blood.

3rd. Amniotic fluid, very fresh, in which a little iodine
has been dissolved, making it of a faint yellow tint. _

4th. Very dilute solutions of neutral salts, such as phos-
phate and acetate of soda and potash, &c.

It is scarcely within the power of any one.observer to
have largely used or tested the whole of the processes here-
inafter to be mentioned. The writer therefore freely admits
his obligations to the treatises of Drs. Beale and Carpenter,
Mr. Quekett and Mr. Fownes, as well as to those of Stricker,
Frey, Kleio, Schultze, Kiihne, Deiters, Leber, and others,
mauny of whose processes he has personally verified, and of
whose manuals, especially those of Beale, Stricker, and Frey,
the student is advised to possess himself. He believes also,
from his own early experiences, that some short rationale
of the intentions of the processes and means of investigation
used by well-known workers may be acceptable to the stu-
dent, in repeating their experiments before embarking in
any of his own.

These materials and methods may be divided, then, and
described according to their effects somewhat as follows;
and it is in the judicious selection of each one or more of
them that the tact and discretion of the student will best
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shall have been macerated in water, or some other agent,
for so long a time as may be required to loosen or dissolve
the connective tissue. Tt is of these agents that we shall
presently have to speak in detail, greater or less according
to their relative importance. Boiling or steaming may
often be employed with advantage. It must not be too
hastily concluded that, becanse there is nothing at first
visible, there i therefore nothing to be seen. There are
many important tissues which are apparently structureless,
or homogeneous, which yet are possessed of such diverse
elements as absolutely to require some process by which
they may be optically or visually differentiated, if one may
use such a phrase, .e., discriminated from the neighbouring
tissues or organs. It is thus that their proper uses and
purposes in relation to the whole organism may be correctly
indicated or inferred, their histological nature decided, and
their physiological relations and connections established be-
yond doubt.

The student is also very emphatically cautioned against
the use of objectives of very wide angle, as well as of
deep eye-pieces. In the former case, the relations of
structures to each other can never be well made out, since
it is impossible to get a focus of any depth (i.e., of all the
structures involved), in one view, because the objects in one
plane only can be clearly seen, the rest, either above or below,
being more or less out of focus, and therefure hazy and
indistinct. This objection applies far less to those of lesser
angle, which are therefore the best for histological purposes.
In the latter case, we have nearly the same defect to con-
tend with, viz., that surface markings only, or mostly, can
be seen clearly (not to speak of the loss of light). The use
of the draw-tube is the true remedy for this.
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Concentrated sulphuric and hydrochloric acids, used cold,
cause epidermic structures to swell up, so that their cells
may be easily separated.

Tannin, dissolved in water or rectified spirit of wine,
hardens gelatinous and albuminoid tissues: it also makes
them shrink. Its solution in water has been used, as men-
tioned in another part of this treatise, as an injection pre-
liminary to one of coloured gelatine, to prevent extravasation
through the walls of the blood-vessels. It also colours the
tissues a fawn-colour, or a very faint brown.

Lime water and baryta water, especially the latter, will,
according to Rollet, dissolve the animal cement by which the
fibres of connective tissue are held together. After a few
days’ soaking such tissue, as well as tendon, may easily be
teased out by needles.

Ozxalic acid, in a cold saturated solution (1 acid, 15
water), according to Schultze, “ causes connective tissues to
swell up and become transparent, while those formed of al-
buminous substances become hardened and isolated. Ex-
tremely delicate elements of the body, such as the rods of
the retina, &c., are thus well preserved.”

Strong pitric acid mixed with chlorate of potash destroys
connective tissue in a short time, and is therefore a good
.medium for isolating muscular fibres (Kiihne).

" Sulpharie acid, highly diluted (1 to 1,000 parts of water),
used warm, gelatinizes connective tissue, and is also useful
for the isolation of muscular fibres.

Strong hydrochloric acid dissolves the intercellular sub.
stances of organs abounding in connective tissue.

Ammonia acts on animal matters much in the same way
as potash and soda.

Alcohol coagulates albuminons tissues, and makes them
opaque. It corrugates most transparent membranes, and
thus renders them more visible.

Finally, it may be affirmed that there often exists a need
of making objects which are too dark more transparent by
means of a fluid which permeates them wunegually, so that
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them. In about half an hour they will become transparent,
and may be mounted in Canada balsam.

“ A peculiar effect is thus obtained. Epithelial and
glandular cells, muscles, and the walls of vessels show a
yellowish colour, with reddened nuclei, while the connective
tissue is not coloured by the picric acid, and only presents
the carmine colour.”

Another mode of effecting the above is by adding to a
saturated and filtered solution of picric acid in water, a
strong ammoniacal solution of carmine, drop by drop, until
neutralization takes place. Sections may be soaked in this
solution, more or less dilute, for a sufficient time, and
treated as in the previous method.

The other staining agents are:—nitrate of silver, osmic
acid, chloride of gold, chloride of gold and potassium, proto-
chloride of palladium. These are to be made into weak
solutions in distilled water, in which the tissues, in section
or otherwise, are to be placed, and then exposed to light for
a sufficient time.

L-ber ‘recommends a mode of staining by Prussian blue,
as follows :—Immerse the specimen in a weak solution
of a protosalt of iron for five minutes, more or less,
according to size or the thinness of the section. Then
wash and move it to and fro for a few minutes in a
1 per cent. solation of ferro-cyanide of potassium until it
assumes an intense and uniform blue colour. Then wash
in water, soak in alcohol, and mount as usual. The effect
is that of partial tingeing; the colour penetrates very
deeply, and the tissne may be subsequently stained with
iodine, carmine, or fuchsine. This method has been used for
the cornea of the frog.

Todine 1 part, with 3 of iodide of potassium, dissolved in
500 of water, may be used for tingeing of a brown colour
animal cells, as well as all amyloid substances, animal or
vegetable, sulphuric acid being added.
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solations. There are some precautions needed for perfect
success with this agent, for which the reader is referred to
Frey’s * Microscopic Technology.”

Bichromate of potash, in solutions of similar strength to
those of chromic acid, may be used in the same way, but is
far slower in producing its effect, and therefore inferior in
the opinion of many. Stricker, however, says, * that it has
the great advantage that tissues saturated with it do mot
become friable, and that the time occupied by this agent,
as well as by the preceding, may be much shortened by re-
moving the preparation into alcohol for twenty-four hours.”

It is always advisable to divide the substances to be har-
dened into portions as small as convenient, since the larger
often putrefy in the centre, though they harden at the sur-
face. It is quite certain that many of the more delicate
structures, such as the rods of the cochlea of the ear
(Pritchard), those of the eyes of insects, &c., are better
prepared with this than by the preceding agent. One great
element of success in these two processes is, that the volume
of the solation should be very large in proportion to the
size of the object; another, that the action should be
commenced with a weak solution, and continued with a
strooger. .

It sometimes happens that objects may be hardened -too
much by these solutions, though there is less risk by the
bichromate of potash. In such cases Frey recommends that
they be soaked in glycerine for a few days, and even that it
be added to the solutions at first. He, with Deiters, Arnold,
Schultze, and Kiihne, claims for these solutions an effect of
the most important kind, viz., that of “ preserving the finest
textoral relations, while exerting a somewhat macerating
action on them, so that very delicate organizations, especially
in nerve tissues, may be made visible which were previously
hidden, or not visible in examination of the fresh tissue.”

Hyperosmic acid and chloride of palladinm are sometimes
used for this purpose also. Their solutions may contain
from one-fifth to one-tenth per cent. of distilled water,
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Teeth may be treated in the same manner as bonee, except
for the examination of the enamel, which is best effected by
sections and grinding. For that purpose developing teeth
should be chosen, as in them the enamel prisms are most
easily isolated.

5tH DIvisiON.

As the solation of animal and vegetable tissues generally
means the confusion or destruction of their histological
elements, not much can or need be said of it here, except
that it may be as well to indicate the special solvents and
tests of the special components of all tissues, since it is upon
a correct knowledge and appreciation of the degrees and
differences of the action of these, that effective histological .
research must chiefly depend.

Albumen, when pure, is nearly insoluble in water, wholly
so when coagulated by heat. In dilate caustic alkali it
dissolves with facility. Solution of nitrate of potash, acetic
and tri-basic phosphoric acide, and pepsine, dissolve the pur-
est form of albumen procured from white of egg.

Fownes observes, * that it must be remembered that a
considerable quantity of alkali and very minute quantities
of the mineral acids, prevent coagulation by heat, and that
the addition of acetic acid, indispensable to the test by mer-
cury, produces the same effect.”

Fibrine of blood is insoluble in both hot and cold water,
but is partly dissolved by long-continued boiling. Fresh
fibrine, wetted with concentrated acetic acid, forms after
some hours a transparent jelly, which slowly dissolves in
water. Very dilute caustic alkali dissolves fibrine completely.
Phosphoric acid produces a similar effect. Fibrine of flesh,
which is not identical with that of blood (Liebig), is soluble
in cold water containing one-tenth of hydrochloric acid.

Casein is only soluble in water in the presence of free
alkali in very small quantities. It is partly soluble also in
very dilute acids.
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Camphbor dissolves in a only very small proportion in water,
but freely in alcohol, ether, and strong acetic acid.

9tE DIVISION.

It is by no means intended to speak here of the general
properties and uses of polarized light. Bat in relation to
its special powers in the * differentiation ” of tissues, there
is very much to be learned. To be fitted for examination
by this method, objects must be made more or less trans-
parent or translucent; and in effecting this it is advisable,
perhaps pecessary, to employ media of high refractive power.
Even when so prepared, it may be further necessary in some
cases to employ selenite or mica films, still more to enhance
their colour. Not the least indication can be afforded to the
observer as to what colours he should employ generally, yet
it is a matter of frequent observation that what are called
“ neutral tints ” are to be preferred, such as result from the
Jjudicious use of compound selenite stages adjusted properly
for that special effect.

The media most suitable for the preparation of ohjects to
be examined in this way are glycerine, syrup, turpentine,
dammar and benzole—or the latter alone, Canada balsam,
and the essential oils. Of course sections must be made of
-tissues otherwise too thick. Of the advantages of employing
the first of these we have already spoken; but to these must
be added this important one, that it does not spoil the object
for examination by other methods, if the glycerine be soaked
out by maceration in water; and this is true also of syrup,
though it is far less useful. For preparation by the other
methods, tissues must have been soaked in alcohol, and then
removed into the turpentine, &c.

For the examipation of insects by polarized light, two
preliminaries are necessary. Firstly, that they be made
transphrent or translucent by prolonged soaking in ome of
the above-named media, preferably in turpentine or the
essential oils, or benzole. Secondly, that as in (most?P)
many of them their chitinous case is too deeply coloured for
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tubes into that which embraces the glass ring and the end
of the microscope tube—one for the entrance, the other for
the exit of the gas. This is a simpler and less costly plan
than that devised by Stricker. Frey observes that it is
most advantageous to use immersion lenses and the moist

chamber with the hot stage.



24 PREPARATION AND MOUNTING

CHAPTER II.
APPARATUS.

BerorE entering into the subject of the setting of Objects
for the Microscope, the student must be convinced of the
necessity of cleanliness in everything relating to the use of
that instrament. In no braunch is this more apparent than
in the preparation of objects; because a slide which would
be considered perfectly clean when viewed in the ordinary
way is seen to be far otherwise when magnified some hun-
dreds of diameters; those constant enemies, the floating
particles of dust, are everywhere present, and it is only
by uopleasant experience that we fully learn what cleanli-
ness 8. :

An object which is to be viewed under the microscope
must, of course, be supported in some way—this is now
usually done by placing it upon a glass slide, which on
account of its tranmsparency has a great advantage over
other substances. These * slides” are almost always made
of one size, viz., three inches long by one broad, generally
baving the edges ground so as to remove all danger of
seratching or cutting any object with which they may come
in contact. The glass must be very good, else the surface
will always present the appearance of uncleanliness and dust.
This dusty look is very common amongst the cheaper kinds
of slides, because they are usnally made of ‘sheet” glass;
Lut is seldom found in those of the quality known amongst
dealers by the name of ““ patent plate.” This latter is more
expensive at first, but in the end there is little difference in
the cost, as so many of the cheaper slides cannot be used
for delicate work if the mounted object is to be seen in per-
fection. These slides vary considerably in thickness ; care
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a dial like that of a watch, whereupon are figures at fixed
distances. When the lever ia separated from the metal
which is stationary, the other end being connected with the
“ finger,” of the dial, that “ finger ” is moved in proportion
to the distance of the separation. The thin glaes is, there-
fore, thrust betwixt the end of the lever and fixed metal, and
each piece is measured by the figures on the dial in stated
and accurate degrees. This kind of apparatus, however, is
expensive, and when not at our command, thin glass may
be placed edgewise in the stage forceps, and measuared very
accurately with the micrometer, or by the calliper eye-
piece described by Dr. Matthews in No. 8, for October, 1869,
of the Journal of the Quekett Microacopical Club.

Cleanliness with thin glass is, perbaps, more necessary
than with the sides, especially when covering objects which
are to be used with a high power; but it is far more difficult
to attain, on account of the liability to breakage. The
usual method of cleaning these covers is as follows :—Two
discs of wood, about two inches in diameter, are procured,
one side of each being perfectly flat and covered with clean
wash-leather. To the other side of these a small knob is
firmly fixed as a handle, or where practicable, the whole
may be made out of a solid piece. In cleaning thin glass,
it should be placed betwixt the covered sides of the discs,
and may then be safely rubbed with a sufficient pressure,
and so cleaned on both sides by the leather. If, however,
the glass be greasy, as is sometimes the case, it must be
first washed with a strong solution of potash, infusion of
nutgalls, or any of the commonly used grease-removing
liquids; and with some impurities water, with the addition
of a few drops of strong acid, will be found very useful, but
this last is not often required.

This method of cleaning thin glass should always be used
by beginners; but after some experience the hand becomes
80 sensitive that the above apparatus is often dispensed
with, and the glasses, however thin, may be safely cleaned
betwixt the fingers and thumb with a cambric handkerchief,
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of the objects is inconsiderable, especially with some of the
Diatomacess, often termed ¢ test-objects.” The wooden
slide is cut with the central opening as above, and two
pieces of thin glass are laid upon it, betwixt which the
diatoms or other objects are placed, and kept in their proper
position by a paper cover. This arrangement is a good
one, insomuch as the very small portion of glass through
which the light passes on its way to the microscope from
the reflector causes the refraction or interference to be
reduced to the lowest point.

A novice would naturally think the appearance of some
of the slides above mentioned very slovenly and unfinished;
but they are often covered with ornamental papers, which
may be procured at almost every optician’s, at a cost
little more than nominal, and of innumerable patterns and
colours. How to use these will be described in another
place.

It is very probable that a beginner would ask his friend
what kind of slides he would advise him to use. Almost
all those made of wood are liable to warp more or less, even
when the two pieces are separate or of different kinds; those
of cardboard and wood are genmerally free from this fault,
yet the slides, being opaque, prevent the employment of
the Lieberkuhn. To some extent glass sides, when covered
with ornamental papers, are liable to the same objection,
as the light is partly hindered. And sometimes dampness
from the paste, or other substance used to affix the papers,
penetrates to the object, and so spoils it, though this may
be rendered less frequent by first attaching the thin glass to
the slide by some harder cement. Much time, however,
ig taken up by the Jabour of covering the slides, which is a
matter of consideration with some. Certainly the cost of -
the glass slides was formerly great; but now they are
reasonable enough in this respect, so that this objection is
removed. It is, therefore, well to use glass slides, except
where the thin glasses are employed for tests, &c., as above.
‘When the thin glass circles are placed upon the slides, and
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Mr. Spencer slightly modifies the above, using wood
jaws and wedge, which the following engraving will best

explain.
S
o

&

DR. MATTHEWS' TUBNTABLE, TWO-THIRD SIZE.

Many objects for the microscope may be seriously injured
by allowing the fingers to touch them—many more are 80
minute that they cannot be removed in this way at all, and
often it is necessary to take from a mass of small grains, 88
in sand, some particular particle. To accomplish this, there
are two or three contrivances recommended : one by means
of split bristles, many of which will readily be found in
any shaving-brush when it has been well used. The bristles
when pressed upon any hard surface, open, and when the
pressure is removed close again with a spring; but the use
of these is limited. Camel-hair pencils are of great service
for this, and many other purposes, to the microscopist.
In very fine work they are sometimes required so small that
all the hairs, with the exception of one or two finer pointed

Y
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these there are various modifications, which for certain
purposes are more convenient than the usual form, The
ordinary metal ones are employed for taking up smal
objects, thin glass, &c.; but when slides are to be held over
a lamp, or in any position where the tingers cannot con- °
veniently be used, a different instrument must be found.
Of these there are many kinds; bat Mr. Page’s wooden
forceps serve the purpose very well. Two pieces of elastis
wood are strongly bound together at one end, so that they
may be easily opened at the other, closing again by their
own elasticity. Through the first of these pieces is loosely
passed a brass stud, resembling a small screw, and fastened
in the second, and through the second a similar stud is
taken and fized in the first—so that on pressure of the studs
the two strips of wood are opened to admit a slide or other
object required to be held in position. The wood strips are
generally used three or four inches long, one inch wide, and
about one-eighth inch thick.
Again, some objects when placed upon the glass slide arc
of such an elastic nature that no cement will secure the
thin glass covering until it becomes hard. 'This difficulty
may be overcome by various methods. The following are
as good and simple as any. Take two pieces of wood about
two inches long, three-quarters wide, and one-quarter thick;
and a small rounded piece one inch long, and one-quarter in
diameter; place this latter betwixt the two larger pieces.
Over one end of the two combined pass an india-rubber
band. This will give a continual pressure, and may be
opened by bringing the two pieces together at the other
end; the pressure may be readily made uniform by paring
the points at the inner sides, and may be regulated by the
strength of the india-rubber band. These bands may be
made cheaply, and of any power, by procuring a piece of
india-rubber tubing of the width required, and cutting off
certain breadths. Another very simple method of getting
+4his pressure is mentioned in the “Micrographic Dictionary.”
Two pieces of whalebone of the length required are tied
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be steeped in any liquid; and the use of them saves much
trouble in examining cursorily under the microscope, whethier
the air-bubbles are expelled from insects, &c. &c. They are
readily cleaned, and serve very well as covers, when turned
upside down, to protect objects from dust. For this latter
purpose Dr. Carpenter recommends the use of a number of
bell-glasses, especially when one object must be left for a
time (which often happens) in order that another may be
proceeded with, Wine-glasses, when the legs are broken,
may thus be rendered very useful.

As heat is necessary in mounting many obejects, a lamp
will be required. 'Where gas is used, the small lamp known
as “ Bunsen’s” is the most convenient and inexpensive. It
gives great heat, is free from smoke, and is readily affixed
to the common gas-burner by a few feet of india-rubber
tubing. The light from these lamps is small, bat this is
little or no drawback to their use. Where gas is not avail-
able, the common spirit-lamps may be used, as they are very
clean and answer every purpose.

In applying the required heat to the slides, covers, &c., it
is mecessary in all cases to ensure uniformity, otherwise
there is danger of the glass being broken. For this purpose
a brass plate at least three inches wide, somewhat longer,
and one-eighth of an inch thick must be procured. It
should then be affixed to a stand, so that it may be readily
moved higher or lower, in order that the distance from the
lamp may be changed at will, and thus the degree of heat
more easily regulated. This has also the advantage of
enabling the operator to allow his slides, &ec., to cool more
gradually, which, in some cases, is absolutely necessary,—
as in fusing some of the salts, &c.

In order to get rid of air-bubbles, which are frequently
disagreeable enemies to the mounter of objects, an air-pump
is often very useful. This is made by covering a circular
plate of metal with a bell-glass, both of which are ground so
finely at the edges that greasing the place of contact renders
it air-tight. The pump is then joined to the metal plate
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made by dissolving gum dammar in benzole, and adding
about one-third of gold size: it dries very readily, and is
especially usefal when mounting objects in fluid, taking care
that no moisture extends beyond the covering glass, which
would prevent the complete adhesion of the cement, In
those cases where glycerine is employed as the mounting
mediam, a ring of liquid glue put round the cover first, and
when that is dry, a second coat of gunm dammar will keep
the cover very secure, and no leakage take place.

Liquip GLUE is another of these cements, which is made
by dissolving gum shellac in naphtha in such quantity that
it may be of the required consistency. This cement appears
to me almost worthless in ordinary work, as its adherence
can never be relied upon ; but it is 8o often used and recom-
mended that an enameration of cements might be.deemed
incomplete without it. Even when employed simply for
varnishing the outside of the glass covers, for appearance’s
sake alone, it invariably chips. 'Where, however, oil is nsed
as a preservative liquid, it serves very well to atiach the
thin glass; but when this is accomplished, another varnish
less liable to chip must always be laid upon it. (See
Chapter V.) Yet it makes excellent cells.

Brack JaraN.—This is prepared from oil of turpentine,
linseed oil, amber, gum anime, and asphalt. It is trouble-
some to make, and therefore it is much better to procure it
at the shops. It is a really good cement, and serves very
well to make shallow cells for liquids, as will be described in
Chapter IV. The finished cell should be exposed for a
short time to the heat of what is usually termed a “ecool
oven.” This renders it very-darable, and many very carefal
manipulators use it for their preparations.

Evrectrical CemeNT.—This will be found very good for
some purposes hereinafter described. To make it, melt
together—

5 parts of resin,
1 »  beeswax,
1 » red ochre,
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usually affixed to one end of the slide, on which is written
what is required. These labels may be bought of different
colours and designs; but the most simple are quite as good,
and very readily procured. Take a sheet of thin writing
paper and brush over one side a strong solution of gum,
with the addition of a few drops of glycerine, or grains of
moist sugar, as above recommended ; allow this to dry, and
then with a common gun-punch stamp out the circles,
which may be affized to the slides by simply damping the
gummed surface, tuking care to write the required name,
&o., upon it before damping it, or else allowing it to become
perfectly dry first. :

There is one difficulty which a beginner often experiences
in sorting and mounting certain specimens under the micro-
scope, viz., the inversion of the objects; and it is often
stated to be almost impossible to work without an erector.
Bat this difficulty soon vanishes, the young student becoming
used to working what at first seems in contradiction to his
sight.

gLet it be understood, that in giving the description of
those articles which are usually esteemed mecessary in the
various parts of microscopic manipulation, I do not mean to
say that without many of these no work of any value can
be done. There are, as all will allow, certain forms of
apparatus which aid the operator considerably; but the
cost may be too great for him. A little thought, however,
will frequently overcome this difficulty, by enabling him to
make, or get made, for himself, at a comparatively light
expense, something which will accomplish all he desires.
As an example of this, a friend of mine made what he terms
his “ universal stand,” to carry various condensers, &e. &c.,
in the following way:—Take a steel or brass wire, three-
sixteenths or one-quarter inch thick and six or eight inches
long; “tap” into & solid, or make rough and fasten with
melted lead into a kollow, ball. (The foot of a cabinet
or work-box answers the purpose very well.) In the centre
of a round piece of tough board, three inches in diameter,
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CHAPTER III.
TO PREPARE AND MOUNT OBJECTS “ DRY.”

Tae term “dry” is used when the object to be mounted is
not immersed in any liguid or medium, but preserved in its
natural state, unless it requires cleaning and drying.

I have before stated that thorough cleanliness is necessary
in the mounting of all microscopic objects. I may here add
that almost every kind of substance used by the microscopist
suffers from careless handling. Many leaves with fine hairs
are robbed of half their beauty, or the hairs, perhaps, forced
into totally different shapes and groups; many insects lose
their scales, which constitute their chief value to the micro-
scopist ; even glass itself distinctly shows the marks of the
fingers if left uncleaned. Every object must aleo be
thoroughly dry, otherwise dampness will arise and become
condensed in small drops upon the inner surface of the thin
glass cover. This defect is frequently met with in slides
which have been mounted quickly; the objects not being
thoroughly dry when enclosed in the cell. Many cheap
slides are thus rendered worthless. Even with every care
it is not possible to get rid of this annoyance occasionally.
A good plan is to fix the covers on to the cells temporarily
by dropping on two sides of them a composition of equal
parts of wax and resin: this allows of the easy removal of
the cover at any time, while the object thoroughly dries
and is protected from dust and damage.

For the purpose of mounting opaque objects “dry”
discs were at one time very commonly used. These are
circular pieces of cork, leather, or other soft substance, from
one-quarter to half an inch in diameter, blackened with varnish
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means of a thick varnish ard camel-hair pencil, to form a
ring of the desired depth; but should the varnish not be of
sufficient substance to give such *“ walls” at onece, the first
application may be allowed to dry, and a second made upon
it. A number of these may be prepared at the same time,
and laid by for use, When liquids are used (see Chapter V.),
Dr. Carpenter recommends gold-size as a good varnish
for the purpose, and this may be used in dry mountings
also. I have used the asphaltun: and india-rubber (men-
tioned in Chapter IL), and found it to be everything I could
wish. The cells, however, must be thoroughly dry, and when
they will bear the heat they should be baked for an hour at
least in a tolerably cool oven, by which treatment the latter
becomes an excellent medium. All dry objects which will
not bear pressure must be firmly fastened to the slide,
otherwise the necessary movements often injure them,
by destroying the fine hairs, &c. For this purpose thin
varnishes are often used, and will serve well enough for
large objects, but many smuller ones are lost by adopting
this plan, as for a time, which may be deemed long enough
to harden the varnish, they exhibit no defect, but in a while
a “wall” of the plastic gum gathers around thém, which
refracts the light, and thus leads the student to false
conclusions. In all finer work, where it is necessary to
use any method of fixing them to the slide, a solution of
common gum, with the addition of a few drops of glycerine
(Chapter IL.), will be found to serve the purpose perfectly.
It must, however, be carefully filtered through blotting-
paper, otherwise the minute particles in the solution interfere
with the object, giving the slide a dusty appearance when -
under the microscope.

‘When mounting an object in any of these cells, the glass
must be thoroughly cleaned, which may be done with a
cambric handkerchief, after the washing mentioned in Chap-
ter II. If the object be large, the point of a fine camel-huir
pencil should be dipped into the gum solution, and a minute
quantity of the liquid deposited in the cell where the object
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other substance preferred (as mentioned in Chapter II.).
Cardboard is easily procured of almost any thickness; but
sometimes it is convenient to find a thinner substance even
than this. When thin glass is laid upon a drop of amy
liquid upon a slide, every one must have observed how
readily the liquid spreads betwixt the two: juet so whem
any thin varnish is used to surround an object of little sub-
stance, exceesive care is needed lest the varnish shounld
extend betwixt the cover and slide, and so render it worth-
less. The slightest wall, however, prevents this from taking
place, so that a ring of common paper may be used, and
serve a double purpose where the objects require no deeper -
cell than this forms.

Many objects, however, are of such tenuity—as the leaves
of many mosses, some of the Diatomacem, scales of insects,
&c.—that no cell is requisite excepting that which is neces-
sarily formed by the medium used to attach the thin glass
cover to the slide; and where the slide is covered by the
ornamental papers mentioned in Chapter IL., and pressure
does not injure the object, even this is omitted, the thin
glass being kept in position by the cover; but slides mounted
in this manner are frequently injured by dampness, which
soon condenses upon the inner surfaces and interferes both
with the object and the clearness of its appearance.

The thin glass, then, is to be united to the slide, 8o as to
form a perfect protection from dust, dampness, or other
injurious matter, and yet allow a thoroughly distinct view
of the object. This is to be done by applying to the glass
slide round the object some adhesive substance, and with the
forceps placing the thin glass cover (quite dry and clean)
upon it. A gentle pressure round the edge will then
ensure a perfect adhesion, and with ordinary care there will
be little or no danger of breakage. For this purpose gold-
size is frequently used. The asphalt and india-rubber
varnish also will be found both durable and serviceable.
Whatever cement may be used, it is well to allow it to
become in some measure fized and dried; baut where no














































































82 PREPARATION AND MOUNTING

of lines running from the base to the aperx, others reminding
us of network—bead-like spots only are seen in some—
indeed, almost endless changes are found amongst them.
These scales are not confined to batterflies and moths, nor
indeed to the wings of insects. The different gnats sapply
some most beautiful specimens, not only from the wings,
but also from the proboscis, &c.; whilst from still more
minate insects, as the podura, scales are taken which are
esteemed as a most delicate test. The gorgeous colours
which the diamond beetles show when under the microscope
are produced by light reflected from minute scales with
which the insects are covered.

In mounting these objects for the microscope it is well to
have the part of the insect from which the scales are usually
taken as a separate slide, so that the natural arrangement
of them may be seen. This is easily accomplished with the
wings of butterflies, gnats, &o.; as they require no extra-
ordinary care. In mounting the scales they may be placed
upon slides, by passing the wings over the surface, or by
gently scraping the wing upon the slide, when they must be
covered with the thin glass. Of course, the extreme tenuity
of these objects does away with the necessity of any cell
excepting that formed by the gold-size or other cement used
to attach the cover. The scales of the podura should be
placed upon the slide in a somewhat different manner. This
- insect is without wings, and is no longer than the common
flea. It is often found amongst the sawdust in wine-cellars,
continually leaping about by the aid of its tail, which is
bent underneath its body. Dr. Carpenter says:— Podurse
may be obtained by sprinkling a little oatmeal on a piece
of black paper near their haunts; and after leaving it there
for a few hours, removing it carefully to a large glazed basin,
8o that, when they leap from the paper (as they will when
brought to the light), they may fall into the basin, and may
thus separate themselves from the meal. The best way of
obtaining their scales, is to confine several of them together
beneath a wine-glass inverted upon a piece of fine smooth
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CHAPTER IV.

MOUNTING IN CANADA BALSAM.

THE nature and use of this substance has been before spoken
of, so that the method of working with it may be at once
described.

Perfect dryness of the objects is, if possible, more neces-
sary in this mode of mounting than any other, as dampness
remaining in the object will assuredly cause a cloudiness to
make its appearance in & short time after it is fixed. Where
pressure does not injure the specimens, they are most suc-
cessfully treated when first dried betwixt the leaves of a
book, or in any other way which may prove most convenient,
as noticed in Chapter III.

Before describing the methods of proceeding with par-
ticular objects, general rules may be given which should be
observed in order to succeed in this branch of mounting.

As the object is to be thoroughly immersed in the balsam,
it is evident that when it has once been covered, so it must
remain, unless we again free it by a process hereafter men-
tioned, which is very troublesome; and on this account there
must be nothing whatever in the balsam except the object.
The inexperienced may think this an unnecessary caution;
but the greatest difficulty he will meet with is to get rid of
minute bubbles of air, perhaps invisible to the naked eye,
which appear like small globules when under the microscope,
and render the slide unsightly, or even worthless. Balsam
dissolved in benzole will be found invaluable in mounting
without air-bubbles ; if a few are left in the specimen, by
the next morning they will have entirely disappeared. In
making this solution the balsam should be first boiled
gently till on dropping a small guantity into water it is
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remaining in the object will assuredly cause a cloudinesx
make its appearance in a short time after it is fixred. WI.
pressure does not injure the specimens, they are most -
cessfully treated when first dried betwixt the leaves ¢
book, or in any other way which may prove most conveni.
as noticed in Chapter III.
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penefiaiz, the suletance more than necessary. Sections of
teeth arz amongst these, bat they will be noticed in another
place, anl some insects (see Dr. Carpenter) when required
to how the ramirications of the trachez.

Harving freed the object, then, from these two enemies—
dampness and air—we now proceed to mount it.

The slide must first be cleaned; then on the centre a
quantity of balsam must be placed with a bluntly-pointed
glass rod, according to the size of the object about to be
mounted. To this a slight heat must be applied, which
will cause any bubbles to rise from the surface of the slide,
#o that they may be readily removed with a needle. The
object having been freed from all air by steeping in turpen-
tine, as before described, and then from superfluous liquid
by a short drainage, or touch npon blotting-paper, is to be
carefully laid upon, or where it is practicable thrust info,
the balsam just prepared on the slide. In the former .
case, or where the balsam has not totally covered the object,
a small quantity must be taken, warmed, and dropped upon
it, and any bubbles removed by the needle as before. To
cover this, the thin glass must be warmed, and beginning
at one side, allowed to fall upon the balsam, driving a .
small “wave” before it, and thus expelling any bubbles
which may remain. This is quite as safely performed (if
not more so) by making a solution of balsam in tarpentine
of the consistency of thick varnish or by the use of chloroform
and balsam, as mentioned in Chapter II. The thin glass cover
may bo_slightly coated with this, and will then be much
less liable to imprison any air, which frequently happens
when the cover is dry. Bubbles, however, will sometimes
munke their appearance in spite of all care; but when the
object is comparatively strong, they may be removed by
keeping the slide rather warm, and working the cover a
little, so as to press them to one side, when they should be
immedintely removed with a needle point, otherwise they
are again drawn under.

Where the slide requires keeping warm for any length of
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These scales are much more abandant than was formerly
snpposed, and new specimens are discovered daily; so that
the student should always be on the look-out for them in
his researches in the vegetable world.

Most classes of objects, and the treatment they require
when mounting them in balsam, have now been considered.
The next chapter will be devoted to preservative liquids,
and the best method of using them,
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are often made; perhaps each of them good for certain
objects. : )

GLYCERINE.—Some affirm this to be one of the best pre-
servative liquids, especially for vegetable objects; but others
think that it is much better when diluted with two parts of
campbor-water, prepared as above.* Mr. A. E. Verrill, of
Yale College, U.S., says glycerine preserves the natural
colours of marine animals; and the only precaution to be
taken is to use very heavy glycerine, and to keep up the
strength by transferring the specimens to new as soon as
they have given out water enough to weaken it much, re-
peating the transfer till all the water is removed before
finally mounting on the slide.

GLYCERINE AND GuM.—This is also believed to be a very
good liquid for vegetable tissues, and is thus prepared :—

Pure gum-arabic... 1 oz

Glycerine ... ... 1 ,,

Water (distilled)... 1

Arsenious acid ... 1} graio.
Dissolve the arsenious acid in the cold water, then the gum,
add the glycerine, and mix without bubbles.

Dr. Carpenter states that the proportions used ultimately
by the late Mr. Farrants are:—

Picked gum-arabic ... 4 parts by weight.
Distilled water (cold).. 4 ,, »
Glycerine... ... ...2 ”

Thus he now omits the arsenious acid, but places in the
solution (which should be kept in a bottle with glass stop-

* Dr. Carpenter says:—*‘Glycerine has a solvent power for carbo-
nate of lime, and should not be employed when the object contains
any calcareous structure. In ignorance of this fact, the author (Dr.
C.) employed glycerine to preserve a number of remarkably fine speci-
mens of the pentacrinoid larva of the Comatula, whose colours he was
anxious to retain ; and was extremely vexed to find, when about to
mount them, that their calcareous skeletons had so entirely disap-
peared, that the specimens were completely ruined.”
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part of alcohol should be added to the water. If it be
desired to exhibit the stipitate forms in their natural para-
sitism upon other aquatic plants, the entire mass may be
mounted in Deane’s gelatine in a deeper cell; and such &
preparation is & very beautiful object for black-ground
illumination. If, on the other hand, the minunte structure of
the gilicions envelopes is the feature to be brought into
view, the fresh diatoms must be boiled in nitric or hydro-
chloric acid ” (which process is fully described in Chapter
IIL). It is very convenient to have many of these objects
mounted by two or more of the above methods ; and if they
are to be studied, this is indispensable. ~Mr. Hepworth
once showed me about one hundred slides which he had
mounted in various ways, for no other purpose than the
study of the fly’s foot.

" My friend, Mr. Rylands, successfully mounts the diatoms
in the state in which he finds them, and gave me the follow-
ing method as that which he ulways employs. He says that
he has had no failures, and hitherto has found his specimens
unchanged. Take a shallow ring cell of asphalt or black
varnish (which must be at least three weeks old), and on the
cell, whilst revolving, add a ring of benzole and gold-size
mixed in equal proportions. In a minute or two pure
distilled water is put in the cell until the surface is slightly
convex. The object having been already floated on to the
cover (the vessel used for this purpose being an ordinary
indian-ink pallet), is now inverted and laid carefully upon
the water in the cell. By these means the object may be
laid down without being removed. The superfluous moistare
must not be ejected by pressure, but a wetted camel-hair
pencil, the size made in an ordinary qnill, being partially
dried by drawing through the lips, must be used repeatedly
to absorb it, which the pencil will draw by capillary
attraction as it is very slowly turned round. When the
cover comes in contact with the benzole and gold-size ring,
there is no longer any fear of the object being removed, and
a slight pressure with the end of the cedar stick of the
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Some insects, such as May-flies, &c., are, however, often
preserved by immersion in a solution of one part of chloride
of calcium in three or four parts of water; but this has not
been recommended amongst the preservative liquids, as the
eslour, which is often an attractive quality of this class of
objects, is thereby destroyed.

We have now noticed the treatment which must be ap-
plied to those objects which are to be preserved in liquids
and cells, We may here state that all slides of this kind
should be examined at short intervals, as they will be found
now and then to require another coating of varnish round
tho edge of the thin glass cover to prevent all danger of
lonkage. The use of the air-pump, in the first instance
(nw bofore recommended), and this precaution as to the
varnish, will render the slides less liable to leakage and-air-
bubbles, which so very frequently render them almost
worthless,
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and £x them on another with Canada balsam. I prefer,
where it is practicable, to mount them in balsam under a
thin eover in the usual way, as I am satisfied that the
structure is better brought out.

In flint there are often found remains of sponges, shells,
Diatomacez, &c.; but to show these well, sections must be
cut and polished by the lathe and wheel of the lapidary,
which the microscopic student seldom possesses. Thin chip-
pings may, however, be made, which when steeped in turpen-
tine and mounted in balsam, will frequently show these
remains very well,

Tecth are very interesting objects to all microscopists,
more especially to those who give much study to them; as
the class of animal may very frequently be known from one
solitary remaining tooth. To examine them thoroughly, it
in ncoessary to cut sections of them ; but this is rather diffi-
oult to perform well, and needs some experience. Some
inntructions, however, will at least lessen 'these difficulties,
and wo will now endeavour to give them.

Nootiona of teeth and boue may be successfully made by
rubbing alicos out with a saw belween two plates of ground
glane, with water and a little powdered pumice-stone, the
old and partinlly worn glass being kept for the final
polivhing of thoe sections.
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place it in a vessel of water. Hold it down firmly with a
pair of tweezers, and with the back of a dissecting knife
draw the head steadily from the body. The head brings
with it the stomach, gizzard, and chief portion of the digestive
tabes. Place all these under a dissecting microscope, when
the gizzard, being just below the stomach and darker in
colour, is easily distinguished, and may be separated by two
cuts with the knife. It themn forms a short tube, the teeth
being inside. The opening-out of this tube, especially if it
be small, requires delicate handling : if the point of a fine
knife can be fairly inserted, then one firm cut downward
upon the glass will lay open the gizzard. Here great care
is needed ; and sometimes it is well to put a fine needle up
the tube, and cut down upon the needle. Among the
small weevils the membrane is delicate, so that great care
is necessary.

We have now considered most of those objects which
requu‘e any pecuhar treatment in sectlon-cuttmg, &e.; but
in no branch of mxcroscoplc ma,mpnlatlon is experience more

necessary than in this.
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the microscopic world in the fifth volume of their Journal,
where the illustrations are beautifully printed. We took
about 1,000 slides from this leg, but could easily have taken
a specimen for every microscopist in the country. What
few slides I now have are mostly mounted in balsam, and
are quite as good in colour and every way as beautiful as
on the day they were mounted.
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that, when practicable, it is a good thing to mount each
object by two or more different methods, as very frequently
one feature is best shown dry, another in liquid, and a third
in balsam. Secondly, let no failares discourage you in
following up what will assuredly one day become a source of
great pleasare, and render your daily constitutional walk,
which is often dull in the extreme, very delightful, as it will
afford you some new wonder in' every hedge-row. And,
lastly, let the mounting be studied thoroughly, scarcely any
part of microscopie science being more worthy of thought
than this, since it will so far contribute to the enjoyment
or instruction of others, as to preserve for their examination,
objects which have already ministered to your own, but
which may yet be so perishable as to be speedily lost unless
some one of the many processes described in this manual be
employed for their preservation,
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ACARIDA .......oovvevnivennnan. 110 | Barsam and Chloroform
Acid, acetic ..................... 5 | Balsam, Canada ........
Acid, carbolic .................. 127 WAter ...
Acid, chlorhyd .. .. 5 | Bath for injections
Acld hippuric ..... . 114 | Bath, hot-water, cheap ..... 93
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Acld hyperosmic ............ 9 | Benzole ...... .....
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of potas ..................... Blights ......
Acid, oxalic ..... Blood-discs
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Acid, tannic ...........coc.c...l 5 | Boiling ..................
Agents, “differentiating”... 5 Bone, chips of, stained ......
Agents, hardening ........ . 9 | Bone, sectionsof...............
Agents, softening .. .. 13 | Bones, fossil, sections of ... 150
Agents, staining .. 7 | Bones, softened ... .15
Air-bubbles ........... 42 | Bottle-washing 76
Air-bubbles, to expel . 91 Brain and spinal cord,
Albumin..........oovvernnnnnnnnnn. tions of .........ccooiiiiiine 166
Alcohol .................. 56,9, 17 -cage for podursm,
Algm and desmids, to pre- Mclntyre's..........coceevenee
BOIVO .....c.coocernrrinnniennns 1
Algem, to preserve .
Ammonia ..........cccceneeeenns 5 C.
Ammonia, molybdate of...... 7
Ammeonia, oxalurate of ...... 112 | CALCAREOUS matter, sol-
Ammonism, liquor............ 14, 67
Anatomical specimens, Bru-
netti’s mode of preparing 164
Aniline colours...................

Canada balsam and benzole 90
Carmine solution ............... 7
in ...
Cassia, oil of .
Castor oil .......cveenininnan
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Cnstor oil, to mount crystals . Crystallization, compound... 115
................................. 113 | Crystals, sections of 1
Cells, built up .. . 129 | Cuticles, siliceous .....
Cells, brass .. . 81 R
Cells, of card..... 29
Cells, epithelial ............... 7 D
Cells, how to fill with balsam 95 .
Cells for test objects ......... 32
Cells, ivory .......cccceeeerenen 81 | DAMMAR........ceeeverumineennenas 44
Cells, leather .................. 30 | .Dammar and benzole .. 20
Cells, paper ..... .. 86 | Dammar cement ..... . 45
Cells, pill-box .. 81 | Deane’s compound .. . 125
Cells, Piper's..... .. 31 | Decalcifying process 141
Cells, tin, zinc .. .. 8l | Diamond beetle ............... 88
Cells to fill........ .. 132 | Diatomaces .................. 58, 60
Cells, wooden . .. 29 | Diatomaces, cleansing of ... 61
Cellulose in coal ............... 144 | Diatomacess, collection of ... 59
Cement cells ............ . 54,128 | Diatoms, cleansing of by Mr.
Cement, Dr. Bastian’s ...... 129 Rylnnds ........................ 63
Cement, electrical .... . 46 | Diatoms in situ, to mount by
Cement, Marion .... 47 Rylands’ method ........,... 136
Cements............. .. 43 | Diatoms, to bleach .
Cerebral tissue....... .. 13 | Diatoms, to mount...... 63, 67, 69
Chalk, organisms in. .. 98 Dlat.oms, to mount in Canada
Chamber, moist . 22 balsam ..........cccceveennn.. 97
Chondrin ....... 17 | Differentiation, chemical . 5
Chromlc a.cx ............. 9 Differentiation, mochp.mca.l 5 7
Digester, Papm 8.
Vallisneria..........cc.cuueeeee 199 | Disc revolver, Beck's
Circulationin footand tongue Dissection
of frog, to see ............... 196 | Drying ......ccooevvevnevnnnnnnnn,
Cireculation in insects ......... Drying tissues, Mr. Suffolk’s
Circulation in tadpoles * Process ..........ccoeereereenne 159
Clips, spring ............. Dyticus, foot of .......
Cloves, oil of... Dyticus, spiracles of .
Coal, cannel .... Dyticus, wings of ............

Coal sections..........
Colours for injections .
Condenser, cheap ....
Coniferous wood ....

Corallines ..........
Coral sections ....
Cornea, nerves of....

Covers, glass, to cut .........

Covers, ornamental paper ... 57
Covers, glass, to clean ...... 28
Covers, to gauge , 28
Creosote 7

Crystallization .

E.

EARTH, Bermuda............... 72
Echini, spines of ............... 142
Eggs of insects, to presarve 137
Equiseta, spores of ............

Equisetum, cuticle of . . 120
Electricity .. 21
Elutriation..... 66

Entomostraca ..
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Injections, to mount .........
Injections, transparent ......
Injections, twofold ....
Injections, various ............
Tnsects, bleaching of .........

Insects, examination of, by

poln.nzed light
Insects, eyes of...

Inseots internal organs of... 17

Insects, legs and

Insects, muscles of

Insects, scales of

Insects to mount in balsam 184

feet of

2

50

5
J.

JAPANblack .......ccuvunnenne 46
K.

KERATIN ..ocoovviniienrnieenenns 17

cord...............
Kidney, injected

Khnives, dissecting ...

" L.
LABELLING on glass ......... 19
Labels........ccceveenrennnnn. .. 49
Lamins, thin . 15
Lamp, Bunsen’s . 42
Lamp, spirit .... 42
Larvee, skins of.................. 84

Lathe ‘for sections, Butter-

worth’s ...
Leaves, cuticle of
Leaves, hairy..................
Leaves, parenchyma of ...... 17
Leaves, sections of ............ 154
Lenses, immersion ... .. 23
Lieberkiihn ......... 89
Light, polarized ............... 20

M.,
MACERATION ......... 13, 15, 162
Mayflies ee.. 138
Mercury bic! 9, 11
Mercury nitrate ............... 17

Metal capsules for Canada
balsam ...
Microscope, dissecti
Microscope, Gairdner s .
Microscope, inverted .
Mosses and Alge .........
Mosses, fructification of
Mosses, to
Mounting,
Mounting in
Mouth of insects ...............

N.
NaIs, softened ............... 15

Needles, curved ....
Needles, dissecting.

Needles, use of.

Nerve-tissue.....

Neutral media . 2
Neutral tints.. 20
Nitric acid..... 80
Nummulites ...........ceeeunnnen 17

0.
OATMEAL, parched ............ n

Objectives of wide angle ... 4
Objects small, to take up... 36

Qils, essential .................. 19

Oily and fatty matters ...... 19

Oily and fatty matters, sol-
vent8 of ...........ovueiennnenn 19

Onion, raphides of ............ 120
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Starches..........ccccevvvniiininin 119 | Turpentine .....................
Star-fish................ ... 78 | Turpentine, spurious .........
Stomach of moliuscs . . 170
Sublimate, corrosive 17
Sugar .. 7 v.
Syringe . 175
Synnge for balsam . 93 | VALENTIN'S knife.........
Syriuge, glass ... ... 162 | Varnish, black ..................
SYTUP v 14 | Varnish, caoutchoue ........
Varnish, sealing-wax
Vegetable txssues, dissection
T. (1) S PPN 1
TABLE, brass............ccceee.ne 42
Tannic acid, or Tannin ...... W.
Tannin ............oeeeee. 9, 11, 17
Teasing by needles ............ ‘WATCH-GLASSES ...............
Teeth, sections of .. . 92,146 | Water-bath .............
Teeth, softened ............... 15 ‘Wine-glasses, broken .
Tendon .......... 17 | Whalebone ...............
Testee ............. 18 | Whalebone, sections of ......
Thwaite's liquid .... . 128 | Wood, fossil ..........cc.uuueenn
Tin tubes, collapsible ......... 44 ood, sections of...............
Tongues of molluses ......... 169
Tongues or palates of mol-
lusea i Z.
Traches of insects
Trough, dissecting 162 | ZiNo, chloride of ...............
Tubes, dipping.................. 87 | Zoophytes ............... .
Tarntable, Mr. Hislop’s...... 33 | Zoophytes, to mount

Turntable, Dr. Matthews’... 34
Turntable, Mr. Shadbolt’s... 33

Zoophytes, to preserve, by
Dr. Bird's method ......... 101

ROBERT HARDWICKE, PRINTER, 192, PICCADILLY.













































