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6 THE MICROSCOPE,

been truly marvellous. There is one point in the
history of the microscope which it would be well to
bear in mind, because it may show you how much
may be done by honest and persevering workers
with even inferior instruments. Those who are
acquainted with the researches of Leuwenhoek,
Grew, and Malpighi, all frequent writers in the early
volumes of the Philosophical Transactions, are struck
with astonishment at the discoveries they made with
instruments so much inferior to those in use at the
present day. Truly has an eminent living microscopist
and biologist observed with regard to the researches
of Leuwenhoek, ¢ That with such imperfect instru-
ments at his command, this accurate and painstaking
observer should have seen so muwueh and so well as to
make 1t dangerous for any one, even now, to an-
nounce a discovery without having first consulted his
works, in order to see whether some anticipation of it
may not be found there, must ever remain a marvel
to the microscopist.” Of the labours of Grew and
Malpight the same writer remarks—* Both were at-
tended with great success. The former laid the
foundation of our anatomical knowledge of the vege-
table tissues, and described their disposition in the
roots and stems of a great variety of plants, besides
making out many important facts in regard to their
physiological action; the latter did the same for the
animal body, and he seems to have been the first to
witness the marvellous spectacle of the movement of
blood in the capillary vessels of the frog’s foot, thus
verifying by ocular demonstration that doctrine of
the passage of blood from the smallest arteries to the
smallest veins, which had been propounded as a ra-
tional probability by the sagacious Harvey.”*

A simple microscope is familiar to everybody in the
* Carpenter on the Microscope, third edition, p. 2, Introduction.
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form of a reading-glass or hand-magnifier ; perhaps
the most useful form for the pocket consists of one
or more lenses, which shut up in a tortoiseshell or
horny frame, with an intervening perforated plate
to act as a diaphragm when the lenses are used alto-
gether. The microscopist should never be without
this little pocket-magnifier ; it will be very useful in
examining samples of water containing animalcule,
revealing to him the
presence or absence of
some particular kinds
he may be in search of,
or enabling him to gain
some clearer idea of the
structure of a fern, grass,
or flower, than the un-
aided eye can afford.
Simple microscopes,
properly so called, are
supported on stands.
That one known as the
Society of Arts Simple
Microscope, manufac-
tured by Mr. Field,
of Birmingham, is a
useful form of simple microscope. It has a tubular
pillar about five inches high, which screws into the
lid of the box which contains the instrument when
not in use; a concave mirror is fixed at the lower
end of the pillar, while the upper end carries the stage
and a short horizontal arm in which the lenses, three
in number, may be screwed. A condensing lens, for
opaque objects, can be fitted into any of the four holes
with which the stage is perforated. This instrument
has a range of powers from 5 to 40 diameters.

_What is the difference between a simple and a

A Simple Microscope.
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compound microscope? It is this: in the simple
microscope you look directly, through the lens, af
the object; in the compound microscope you do not
look directly at the
object, but az s
tmage, which has
been magnified by
anotherlens placed
between the ob-
ject and the lens,
or “eye-piece,”
through which you
are looking. Of
course, great mag-
nifying power is
thus obtained.
Here 1s a figure
of a microscope ;
it represents Na-
chet’s smaller com-
pound microscope.,
From a careful
study of this figure
you will soon be
able to learn the
—. parts of which it
— consists, and will
- gain a general idea
of what a com-
A Compound Microscope. pound micmsccpe
1s. It stands, as
you see, on a broad foot, @, out of which a pillar, &,
arises ; at the top of this is a joint, 4, supporting the
stage, ¢, and another pillar, &, which carries the body,
/> with which it is connected by a transverse arm, e.
The body slides up or down within the ring of the trans-
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verse arm, like a telescope ; this motion is for coarse
focussing. For fine adjustment it is moved by a milled
head, g, which acts upon a screw inside the pillar 4.
The joint at /4 enables the observer to place the instru-
ment at any angle he may require. The mirror, for
throwing light #4rough transparent objects, 1s seen at
% ; a condensing lens, for throwing light #pon opaque
objects, is seen at z So much for the mechanical
arrangement. But where are the most important parts
of the microscope—the lenses,upon the combination of
which the magnifying power of the instrument depends?
These lenses, which are known by the names of “ob-
ject-glasses” and eye-pieces” respectively, fit, the
former by a screw, into the bottom of the body, /; the
latter, m, by sliding into its top portion. I would
advise you to learn the names of these different parts
of a compound microscope. Of course, I need hardly
tell you that there is great difference in the forms of
compound microscopes, their mechanical arrange-
ments, and so on; but the above description will
serve to give you a fair idea of the general plan of a
compound microscope.

Let us now look a httle more closely into the struc-
ture of the lenses, on which the magnifying power of
the microscope depends. I have already told you that
these are known by the names of ‘eye-pieces” and
“ object-glasses,” or “objectives,” as they are some-
times termed. The names are easy to remember and
explain their respective uses, the former being looked
through by the e¢ye of the observer, the latter being
placed near the object you wish to examine. The ordi-
nary eye-piece consists of two plano-convex® glasses,
the plane surfaces of each being directed upwards.
That one near the eye 1s the “eye-glass,” the one at

* A plano-convex lens is one which has one of its surfaces plane
or flat, the other convex.
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the greater distance is called the “field-glass.” The
object-glasses consist of three lenses, one {}f which is
constructed to correct certain optical defects or
‘“aberrations.” Each of these three sets of lenses is
itself compound ; and upon the excellence of the lenses
especially the merits of a good microscope depend.
They ought to define objects with great clearness ;
there must be no haziness about the outlines of the
images, and plenty of light must be secured. If you
notice any coloured rings encircling any object you
are Inspecting, your object-glass must be discarded ;
it has not been corrected for this defect, which is
known as * chromatic aberration,” and will prove of no
value to you. The microscopist will find two object-
glasses quite sufficient to begin with ; perhaps the inch,
which will magnify, with No. 1 eye piece, 30 OT 40
diameters, and the quarter of an inch, which, with
the same eye-piece, will give a power of abrjut 200
diameters, will be found the most generally useful.

I need hardly tell you that a microscope should be
perfectly steady, whether the body be inclined at any
angle or stand in a vertical position; no vibration
should be communicated to the body when the ad-
justment screws are turned for the purpose of focus-
sing. Every microscope should be capable of being
used in three different positions—vertical, inclined,
and horizontal. Nachet's microscopes formerly could
be used only with the body in a vertical position—one
which is very trying to the muscles of the neck of the
observer if he is working for some hours at a time;
they are now made to assume the three positions.
Then, again, the stage is a very important part of the
instrument ; it should be three inches long, by two
and a half broad. Nachet’s instruments are too small
for working conveniently. Underneath the stage of
every microscope there should be a revolving circular
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plate, called a diap/iragm, in which there are holes of
various sizes for the regulation of the required hight
for transparent illumination ; the observer, however,
will often find he can obtain just the quantity and
quality of light required without a diaphragm, by in-
clining the mirror at various angles, or by shading it
occasionally with the hand. A beginner will often
find difficulty in getting the focus. Many instruments
are provided with two adjustments for altering the
focus; these are the coarse adjustment, which 1s
effected by rack-and-pinion motion ; and the fine ad-
jistment with very delicate motion. In some micro-
scopes the coarse adjustment is obtained by moving
the body of the instrument with the hand, as in the
figure represented ; but that effected by the rack and
pinion is far more pleasant to use.

For the illumination of opaque objects, the con-
densing lens attached to the instrument will be found
useful, but, in addition to this, it 1s very desirable to
employ another condensing lens, mounted on a sepa-
rate stand, and readily moved in any direction. That
known as the du//s-eye condenser is very convenient
and useful ; the lens 1s a plano-convex one, about
three inches in diameter, having a short focus. This
lens must be turned with its plane surface to the light
or lamp, and its convex side towards the object on
the stage of the microscope—experience will determine
the requisite distance : the rays of light passing through
the bull’s-eye will form a bright luminous spot upon
the object. There are various other contrivances for
illuminating opaque objects, but the beginner need
not trouble himself with them ; the more simple and
the fewer the appliances, the more progress the stu-
dent will at first make. I have enumerated, I think,
nearly all the apparatus you will find zecessary, unless
I mention a camera lucida, or a neutral tint glass
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reflector, for drawing the outlines of the magnified
images, or for measuring the objects. The camera
lucida 1s a four-sided glass prism, set in a brass frame
with a short tube. It is used in this way: you must
take off the cap of the eye-piece, and slip the tube of
the camera upon the top of the E}re-plece arrange the
microscope in a horizontal position, and look through
the camera at a sheet of paper on the table on
which you are working ; the magnified image of the
object on the stage of the microscope will appear as
if it were on the paper below. With a finely-pointed
pencil you then proceed to take its outline; do not
be disappointed if you cannot see both the image and
the pencil; persevere, and in a short time you will
succeed in making your drawing. The neutral tint
glass reflector, which is cheaper than the camera lucida,
consists of a small piece of slightly coloured glass
which fits on the top of the eye-piece; the micro-
scope must be inclined, as before. With a little
practice the draughtsman will be able to draw the out-
lines on the paper.

The polarising apparatus, by means of which
various splendid colours are made to appear,is a
luxury which the beginner may readily dispense with;
though the effects produced, especially when a thin
plate of selenite is interposed between the analyser
and polariser, are often extremely beautiful ; and
though no doubt in some cases the internal structure
of transparent objects is rendered very evident, yet
for general microscopic work the polarising apparatus
1S not necessary.

Various lamps have been suggested as convenient
forms for illumination. I do not think you need
trouble yourself about a choice; a moderator or
paraffin will serve your purpose well ; only take care to
use a lamp, and not candles, the cnnstant flickering
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of which is trying to the eyes and irritating to the
temper. You should provide yourself with the fol-
lowing necessary accessories to the microscope. (1)
A number of plate-glass slides, three inches in length
and one in breadth; they can be bought with the
edges ground at about six shillings a gross. On these
slides are to be placed the objects you may wish to
examine, or to mount for preservation. (2) A quan-
tity of thin glass of various degrees of thickness, cut
in either square or circular pieces of different sizes.
Thin sheets of this glass, called “cylinder glass,” are
manufactured by the well-known firm of Messrs.
Chance, of Birmingham, but they can be procured
at any optician’s. The pieces should be kept in
a box with bran or sawdust to prevent them break-
ing, for they are extremely brittlee. When an object
is placed on a glass slide for examination it should
always be covered with a piece of this thin glass, in
order to protect the object-glass from injury; whilst
examining drops of water this is especially necessary.

It would not be easy to do much work satisfactorily
without dissecting-needles and a pair of forceps. The
dissecting-needles are extremely useful instruments for
unravelling entangled objects and various tissues; they
can be readily improvised by the student taking some
well-tempered needles, nipping off a portion of the
heads, and inserting the upper part of the remainder
in wooden handles. The forceps may be used inde-
pendently, or be attached to the stage, for the pur-
pose of holding minute objects under the microscope ;
its form will suggest to you various uses to which it
may be applied.

A few watch-glasses will be found convenient for
several purposes, and some small glass shades, about
five inches in diameter, are useful for protecting from
the dust objects you may be “mounting.” 1 will



4 THE MICROSCOPE,

make a few remarks on the “mounting” of micro-
scopic objects in another chapter.

The microscope depicted in the adjoining woodcut
represents one of Nachet's stereoscopic binoculars.
The stereoscopic
effect 1s produced by
a peculiar arrange-
ment of prisms. The
binocularmicroscope,
though it can hardly
be regarded as ne-
cessary for the stu-
dent, 1s wvery useful
in the examination
of opaque objects of
solid form, and also
of transparent ob-
jects, when we wish
to ascertain the dis-
tinction between
their nearer and more
distant surfaces. The
prolonged use of a
binocular 1s attended
~ with less fatigue than

that of the monocular,
= o and should you de-

A Bimocular Microscope. sire to procure onc,
Messrs. Beck and
Beck, or Mr. Crouch, or Mr. Collins, or any other
well-known maker, will supply you with an excellent
one at the cost of about ten or twelve pounds. An
ordinary monocular microscope can be converted into
a stereoscopic binocular, should you desire it. The
woodcut in page 15 represents three observers using
one of the triple bodied microscopes of M. Nachet,




INTRODUCTORY. 15

I will now give you a few short instructions in your
use of the instrument. Let it be inclined at a con-
venient angle, screw on your low-power objective, and
slide the eye-piece into the tube at the top of the
body, having previously taken care to see the lenses

N
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Triple-bodied Microscope.

are free from dust; place the object you wish to
examine on a glass slide, and transfer it to the stage
of the microscope ; you will soon learn to obtain the
proper focus. If your object is a transparent one,
you must turn the mirror under the stage until a clear
circular light illumines the field of view; if your
object 1s opaque, you must use the condensing lens or
the bull's-eye condenser, and throw the light #pon the
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object. I should recommend you to practise yourself
with the examination of objects that require low
powers for some time before you try your hand on
such as require high powers and very accurate and
fine focussing. You will at first mistake small particles
of dust, perhaps, for something connected with the
object you are examining. In the examination of
drops of water, numerous bubbles of air will present
themselves in questionable shapes, and you will won-
der what they are. In placing the thin glass over the
drop of water, be careful to let its edge first touch the
water, and then let it s/zedy fall on it. The surplus
water should be wiped off, and care must be taken
that the upper surface of the cover does not get wet,
otherwise, if you are using a high power, you will get
a misty view, Carelessly dropping or Aopping the
cover upon the drop of water is sure to produce air-
bubbles, which may sometimes interfere most inop-
pnrtunely and inconveniently with your getting a good
view of the organ of some restless little animalcule.
Never interfere with the lenses of the object-glasses ;
all that is necessary is to wipe the lower surface with
a clean bit of wash-leather. Never leave the object-
glasses uncovered when not in use, and never examine
a drop of water without a thin glass cover over it.
Do not touch the lenses of the object-glasses, or you
will make them dim and misty. Attention to these
instructions will repay you for your trouble, and save
disappointment and probably expense.




' CHAPTER IL
USE OF THE MICROSCOPE IN BOTANY.

Tt is almost impossible to exaggerate the value of the
nmicroscope in vegetable physiology, and the amount
of information regarding the minute structure of plants
which has been obtained by this instrument. You
cannot, I think, do better than begin your microscopic
studies with some of the various forms of plant-life
that occur abundantly in our ponds, rivers, and
ditches. Many of these are of very simple construc-
tion, and' you may proceed from the investigation of a
plant which has a separate existence as a single cell,
to that of such complex and highly differentiated
forms as the oak, the ash, and other mighty trees of
the field or forest. Now the microscope will reveal
to you the interesting fact that the origin of every
plant is a single cell. Dr. Carpenter has well said,
“The plan of organisation throughout the vegetable
kingdom presents this remarkable feature of uni-
formity—that the fabric of the highest and most
complicated plants consists of nothing else than an
aggregation of the bodies termed cells, every one of
which, among the lowest and simplest forms of vege-
tation, may maintain an independent existence, and
may multiply itself almost indefinitely, so as to form
vast assemblages of similar bodies. And the essen-
tial difference between the plans of structure in the
two cases, lies in this : that the cells produced by the
self-multiplication of the primordial cell of the proto-
phyte, are all mere repetitions of it; and of one
another, each living &y and for itself; whilst those
B
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produced by the like self-multiplication of the pri-
mordial cell in the oak or palm, not only remain in
mutual connection, but undergo a progressive ¢dif-
ferentiation;’ a cc:»mpclsite fabric being thereby de-
veloped, which is made up of a number of distinct
organs (stems, leaves, roots, flowers, &c.), each of
them characterised by specialities, not merely of ex-
ternal form, but of intimate structure (the ordinary
type of the cell undergoing various modifications), and
each performing actions peculiar to itself which con-
tribute to the life of the plant as @ w/hole. Hence,
as was first definitely stated by Schleiden, it is in Zke
life-hustory of the individual cell that we find the true
basis of vegetable life in general.”* What a marvel
for contemplation, this vegetable cell, this living atom,
endowed with such extraordinary and diversified power
of reproduction !

The cells, as Pouchet observes, “represent little
microscopic vesicles, at first glﬂbuhr, but which by
increase and mutual cmnpressif}n become many-sided.
And these elements, which conceal themselves from
our eyes, animated by an inconceivable plastic force,
and multiplying at a prodigious rate, cause new worlds
to arise. ‘Give me a lever and a fulcrum,’ said
Archimedes, ‘and I will lift the globe.” M. Raspail,
almost paraphrasing the geometer of Syracuse, was
able to say, ‘Give me a living cellule, and I will re-
produce all creation.’”

You can readily make yourself acquainted with the
form of a simple cell and its growth, by placing a very
small quantity of fresh yeast under the microscope,
with a power of 400 diameters. The whole substance
seems to be nothing but an aggregation of these
minute cells. Look at them; each is+like a little

* ¢ The Microscope,” p. 241. Fourth Edition,
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globe, and—like most vegetable cells—consists of a
membranous bag with some fluid contents. The
vegetable cell-wall is generally composed of two layers
having different properties and composition. They
are excessively thin, and difficult of detection, unless
you add iodine or other colouring matter. The mner
layer, which can only be separated from the outer onc
“by developmental changes, or by the influence of
re-agents which cause it to contract by drawing forth
part of its contents,” is called the primordial utricle,
as “being first formed and most essential to the
existence of the cell.” The outer cell is supposed to
be merely a protective covering ; the contents of the
cell consist of colourless protoplasm (organisable
fluid), containing albuminous matter in combination
with starch, gum, sap, and a green, oily substance
called cAlorop/yl. But let us return to the yeast cells.
They are still of the same form as when we looked at
them before, and independent of each other. I will
add a little newly-made beer, or some albuminous
matter mixed with sugar, and what do we see after the
interval of a few hours? No longer single uncon-
nected globules, but a number together forming
chains. FEach cell has budded out one or two lttle
projections, which have developed themselves into
complete cells, in their turn giving origin to fresh ones,
and so on continuously as long as the fermenting pro-
cess continues. When this is stopped, the yeast-plant
—it 1s a fungus called Zorwla cergvisie—returns to its
1solated condition once more. In quoting an extract
from Dr. Carpenter, I mentioned the term profophyte ®
The yeast fungus 1s a good example of organisms
designated by this word, which, as its derivation
shows, is intended to define the most simple, primi-

* From wpiros, '’ ﬁ!’Et," and puroy, ‘'a p]ﬂi"lt.“
B 2
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tive, and elementary forms of vegetation. Vegetable
cells are of various shapes and EiEES; thE}F may be
globular (Fig. 1), or square, hexagonal (Fig. 2), cy-
drical (Fig. 3), spindle-shaped,
&c. &c.  Sometimes the cell-
walls grow unequally at different
points, so as to produce angular
projections by which the cells
cohere ; or they grow out into
long arms, thus producing stel-
late cells, as in the pith of the

Fig. .—Globular Cells, rush, a thin section of which,
_ . when viewed by reflected light, -
1S a very pretty microscopic object. Thin sections of
any soft vegetable tissues are readily made with a
razor or very sharp knife. Starch is found abun-

Fig. 2.—Hexagonal Cells. Fig. 3.—Cylindrical Cells.

dantly in the cells of a great many vegetables. The
granules vary much in form and size, and are gene-
rally so characteristic of the plants, that it is an easy
matter to detect, by means of the microscope, adul-
terations in food. Fig. 4 represents a thin section of
a potato, showing the cells and starch-granules con-
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tained therein. Starch is the most generally diffused
substance, except protoplasm,* met with in vegetable
cells ; it occurs in all classes of plants, except funguses.
It can always be detected by the application of 1odine,
which immediately turns the granules blue. I should
recommend you to make yourself acquainted with

Fig. 4—Section of Potato, showing Cells and Starch Granules.

various forms of starch-granules of several common
plants, such as wheat, rice, Indian corn, and arrow-
root. It is supposed by some microscopists that the
structure of a starch-granule is composed of a series
of concentric shells or layers, which are firm as they
approach the outside wall, but are less dense and
more full of water as they approach the centre or
nucleus. The granules may be isolated from the
cells by macerating slices in water for a few days.

* The name is applied to the nearly colourless granular viscid
substance, nitrogenous in nature, which constitutes the formative
matter in the cells, From wparor and mAdoua, ** form.”
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One of the largest forms of starch-granules is that of
tous-les-mois (Canna).

The circulating movement of particles in the cells
of certain plants 1s an extremely interesting sight, and
in some can be observed without much difficulty.
Those generally selected for exhibiting this phenome-
non are Chara nitelle and the American weed Ana-
charis alsinastrum. The long ribbon-like leaves of
Vallisneria spiralis—a plant not indigenous in this
country, but which may be purchased in Covent
Garden and elsewhere—show this cyelosis, or circu-
latory movement, of chlorophyl particles admirably.
You must take a very thin strip or layer from the
surface of a young leaf, using a sharp knife ; place
this upon a glass slide with a drop of water, and cover
it with very thin glass, using a power of 300 or 400
diameters. The circulating corpuscles will be seen to
traverse the cell-walls round and round. Should the
circulation stop, you should submit the strip to gentle
heat, when it will go on again. The hairs of certain
plants exhibit the same phenomenon, such as those
of Zradescantia Virginica, the Virginian spider-wort;
Anchusa paniculata, one of the borage family; the
young hairs of the nettle show the same rotation
under a very high power. Crystals, or raphides as
they are térmed, are found in many plants, and are 1n-
teresting microscopic objects. The name ‘“raphides,”
from the Greek word raphis, “a needle,” was first
applied to crystals having a needlelike form; but it
i1s now used in a general sense to express any Crys-
talline formation. These bodies are found usually
within the cells in almost any part of the plant—
in the stem, leaves, bark, or pith. In the bulbs of
the lily tribe they occur extenswel}r You can readily
see them in the cuticle of the common onion ; strip
off a small piece, and view it with a power of
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about 200 diameters, and you will notice some very
pretty groups of octohedral or prismatic crystals.
They are generally composed of oxalate of lime, or
of carbonate, sulphate, and phosphate of hme. Dr.
Carpenter says that “certain plants of the cacfus
tribe, when aged, have their tissue so loaded with
raphides as to become quite brittle, so that when some
large specimens of C. senilis, said to be a thousand
years old, were sent to the Kew Gardens from South
America, some years since, it was found necessary for
their preservation during transport to pack them in
cotton like jewellery.”® What office these crystalline
bodies fulfil, or whether they fulfil any at all, is not
known. Raphides have been artificially produced
within the cells of rice-paper. Mr. Quekett filled the
cells with lime-water by means of an air-pump, and
placed the paper in weak solutions of oxalic and phos-
phoric acids. “ The artificial raphides of phosphate
of lime were rhombohedral ; while those of oxalate
of lime were stellate, exactly resembling the natural
raphides of the rhubarb.”

The spiral vessels of plants will amply repay you for
investigation by their extreme beauty : they are easily
seen by macerating the stems or leaves in water, or
by boiling them. These spiral vessels are cylindrical
tubes with cone-like ends, within which fibres wind in
a corkscrew fashion. In some cases the tube contains
only one spiral fibre; in others as many as twenty
have been counted (Fig. 5). These vessels are found
in all parts of plants excepting the roots. They are
very beautiful in the seeds of certain plants, as in the
strawberry and hazel-nut. Every one is familiar with
the brown coating that surrounds the common nut ;
scrape a portion of this membrane off the kernel, and

* '“The Microscope," p. 400.
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soak it in water for a time; tear it in pieces with a
pair of needles, and examine under the microscope
with reflected light, you will see a great number of
glistening fibres. It seems probable that the use of
these spiral vessels is to convey air to the plants, thus
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Fig. 5.—Spiral Vessels. Fig. 6.

forming a system of internal respiration, which at once
suggests an analogy to that of insects, the trachez of
which very closely resemble the spiral vessels in the
vegetable kingdom. Spiral vessels, however, are some-
times found to convey fluid. The various kinds of
ducts, or the canals through which fluids are carried
to different parts of plants, will form objects for study ;
spiral, annular, dotted, scalariform, and reticulated
ducts are interesting varieties of form,

Among other important organs, the sfomata, or little
openings by which almost all leaves with distinct
cuticles are perforated, must be mentioned. These
organs are really mouths through which respiration
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and exhalation are carried on in plants; they lead
into cavities beneath the epidermis. The usual form
of the stomata consists of a number of rounded cells,
bordering the opening, with a couple of kidney-shaped
cells of a large size in the centre ; between these 1s a
narrow slit when the mouth is open, and a raised seam
when it is shut. In some plants the stomata do not
open on the surface of the leaf, but lie in depressions
in it ; these are lined and guarded with a number of
hairs, as in the oleander (see Fig. 6). You would do
well to make yourself acquainted not only with the
function, but the various forms of the stomata. The
examination of their structure is easy. Take a leaf
or flower of almost any plant, tear a thin slice off its
under surface, put it in a glass slide with a drop of
water, cover it with thin glass, and use a power of
about zoo diameters. Examine the outer surface of
the object first; then you will see the cells and slit
of which I spoke. Now examine the other side, and
notice the cavity into which the slit is directed.
Stomata are usually more abundant on the lower sur-
face of leaves ; but in plants whose leaves float on the
water they are found only on the upper surface, as in
the water-lilies; in plants whose leaves are always
submerged there are no stomata ; in grasses and such
plants as grow in an erect form they are found on both
surfaces equally distributed. As many as 160,000 of
these little mouths have been counted on each square
inch of surface on leaves of some plants. In the
liverworts, as in Marchantia polymorpha, the stomata
are of very complex structure. These organs are not
found in the roots of plants, nor in the ribs of the
leaves ; and they are absent from fungi, lichens, and
sea-weeds.

The study of hairs, which are so abundant on many
plants, will afford you much pleasure and instruction,
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so variously formed and beautifully constructed as the
microscope shows them to be; they are generally
attached to the cuticle by one end, having the other
one free. To the naked eye the hair of the Zrades-
cantia Virginica, for instance, looks like a single thread-
like process; under the microscope it is found to
consist of three or four successive cells. I ought to
say that vegetable hairs are always of a cellular cha-
racter. Some

J"??r-/\ hairs appear to

T T\ be attached to

/ the epidermis by
b@f’ ;\g their centre por-
\ A~ 7 tion, and assume

/. -\ very pretty stel-
: U, late or starlike

forms. Suchcases

are, no doubt,
: ")ﬂf | merely clusters

¢ ? of hairs each

Fig. 7.—Starlike hairs of Deutzia scabra.

~ attached by its
lower extremty.
Fig. 7 represents
the sinuous cells and starlike hairs of the leaf of the
Deutzia scabra, a very beautiful and favourite micro-
scopic object. These hairs are covered with a siliceous
coating, and when viewed by reflected light shine with
great bnlliancy. Hairs may consist of single cells, or of
numerous ones arranged one above the other, or they
may be branched, or toothed, or plumose ; indeed
their forms are almost unlimited. In some hairs you
may see a single cell which contains an elastic coiled-
up spiral fibre, Hairs may be, as we all know by ex-
perience, either harmless to touch, or hurtful. The hair
of the common nettle contains at the base a poison-
ous fluid, which is conveyed into the wound through a
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duct ending at its finely-pointed extremity. We are
here reminded of the analogous case of a viper's
tooth in the animal kingdom. The phenomenon of
cyclosis, of which I have already spoken, takes place
probably in all kinds of hairs. Mr. Wenham says,
“ The difficulty is to find exceptions, for hairs taken
alike from the loftiest elm of the forest, to the humblest
weed that we trample beneath our feet, plainly exhibit
this circulation.” To witness it, however, very high
powers of the microscope and great care are neces-
sary. In your examination of hairs, remember to tear
off a part of the cuticle from which they grow. If you
take hold of the hair itself, it will be almost sure to
break ; place the piece in a drop of water, with a thin
glass covering, and the forms of the various kinds will
reveal themselves.

CHAPTER 11l
USE OF THE MICROSCOPE IN BOTANY—/(continued).

You will, no doubt, be much interested in examining
the structure of the hard portions of plants, such as
the stems, roots, seeds, &c. In many cases you will
find a sharp knife or razor sufficient for making sec-
tions of the parts you wish to study ; such substances
as the stony fruits of varlous trees require a more
expensive apparatus in order to prepare them for
investigation. I shall therefore take no notice of
these hard substances at present. You must take care
to prepare the stems or roots before you make your
sections ; if the wood be green, you must soak it for
some da}rs in strong spirit, in order to get rid of any
resinous matter it may contain. After this, let the
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specimen be macerated in water for a few days; this
will remove the gum. If the portion of wood you
wish to study be dry, you must moisten it in water for
some time to soften it, then treat it as you would
green wood. It may be necessary in some cases to
use boiling water to render the stems sufficiently soft
for making sections. Wet the surface of the wood,
and cut off as thin a transverse section as possible.
Instruments called *section mstruments” are sold for
this purpose, and very handy and useful some of them
are ; you can add one to your microscopic apparatus
after you have had more experience ; but you will
find that, with care and perseverance, you will succeed
in making very thin sections of stems, which will show
their different parts, such as the pith, medullary rays,
bundles of wood and bark, quite satisfactorily. In
the examination of the reproductive organs of plants,
you will find exhaustless matter for study and contem-
plation. Every one is familiar with the dusty particles
contained within the stamens of different plants, called
pollen (Fig. 8). Various and very
beautiful are these pollen forms, and
easy enough to examine, so far as
the external appearance goes. Per-
haps their most common form 1is
spherical or elliptical; but many
beautiful geometrical forms are met
with, such as cubic, tetrahedral, poly-
gonal, &c. In structure, the pollen grain generally
consists of an internal cell membrane, with one
or more outer layers of firmer texture. In some
instances, as in the Zosfera marina, there 1is
only an inner membrane. The outer covering may
be smooth, or rough with numerous spiny pro-
jections, or reticulated, or divided into several seg-
ments or bands, or beset with numerous pores

Fig. 8.—Pollen Grain.
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regularly or irregularly scattered. Pollen grains are
developed in the stamens (Figs. 10 and 11), which are
the pollen-cases ; when they have arrived at maturity,
that stage at which they are fitted for the purpose of
fertilisation, the pollen-cases burst, and clouds of
pollen are shot forth like dust. Have you not often
dusted your nose with the yellow pollen of the garden
Eschscholtzia? You have also, I dare say, been often

Fig. r1.—Four-celled
Fig. g —Pollen mass of Fig. 10.—Stamens of Anther of Persian
Orchis Maculata. Iris. Laurel,

struck with the astonishing quantity of pollen some-
times found on a single stamen. A very little is
absolutely required for the fertilisation of the pistil:
why, therefore, this extraordinary abundance ? A great
deal of pollen, as you may suppose, runs to waste.
Such is the structure and position of the pistils of many
plants, that contact of the pollengrains with the
ovule 1s often impossible except for the agency of the
winds, or of various birds and insects. The internal
cell contains a fluid (fevilda) which is supposed to
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be the fructifying substance. The development of
the pollen-grain after it has touched the soft viscid
tissue of the pistil is very remarkable ; one or more
little processes bud
out of the grain (Fig.
13); In time this tube
or process becomes
much elongated (Fig.
I4); it insinuates itself
between the cells of
the stigma, until, con-
tinually elongating it-
self, it arrives at the
ovule at the bottom
of the ovaries which
are thus fertilised by it.
s > The illustrations here
1. 12.—=tamen . .

ejecting its  glven will show these
Pollen-grains.  changes in the pollen-
grain which we have
been considering. “In
tracing the origin and
early history of the
ovule, very thin sec-
tions should be made
through the flower-
bud, both vertically
and transversely ; but
when the ovule 1s large and distinct enough to
be separately examined, it should be placed on the
thumb-nail of the left hand, and very thin sec-
tions made with a sharp razor ; the ovule should
not be allowed to dry up, and the section should
be removed from the blade of the razor by a wetted
camel-hair pencil.  The tracing downwards the
pollen tubes through the tissue of the style may be

Fig. 14. Fig. 13.
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accomplished by sections (which, however, will seldom
follow one tube continuously for any great part of 1ts
length), or, in some instances, by careful dissection
with needles. Plants of the orchis tribe are the most
favourable subjects for this kind of investigation,
which is best carried on by artificially applying the
pollen to the stigma of several flowers, and then
examining one or more of the styles daily. *‘If the
style of flower of an Epipactis (says Schacht), to which
the pollen has been applied about eight days pre-
viously, be examined in the manner above mentioned,
the observer will be surprised at the extraordinary
number of pollen-tubes, and he will easily be able to
trace them in large strings, even ‘as far as the ovules.
Viola tricolor (heart's-ease) and Ribes nigrum and
rubrum (black and red currant) are also good plants
for the purpose; in the case of the former plant,
withered flowers may be taken, and branched pollen-
tubes will not unfrequently be met with.” The en-
trance of the pollen-tube into the micropyle® may
be most easily observed in erchidious plants and m
Euphrasia; it being only necessary to tear open
with a needle the ovary of a flower which is just
withering, and to detach from the placenta the ovules,
almost every one of which will be found to have a
pollen-tube sticking mn its micropyle. These ovules,
however, are too small to allow of sections being
made, whereby the origin of the embryo may be dis-
cerned ; and for this purpose, (Znothera (evening
primrose) has been had recourse to by Hoffmeister,
whilst Schacht recommends LZLathrea squamaria,

Fedicularis  palustris, and vparticularly Fedicularis
sylvatica.”’+

* From pupée, *‘small,” and xéAn, **a gate,” the minute perfora-
tion through the skin of a seed.

T Dr, Carpenter on the Microscope, p. 430.
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You will find much to attract your attention and
excite your admiration in some of the lowest forms of
vegetation. The lichens, mosses, sea-weeds, fungi,
will all demand your notice, and none will fail to
repay you for the pains of a careful investigation.
Some of the fresh-water alge are extremely beautiful
and readily procurable, whilst, should you pay a visit

Fig. 15.—Receptacle of Fucus, containing Sporangia ““ germ-cclls."

to the sea-side, the “flowers of the sea” when gathered,
in some form or other, on every shore, will supply
a wide field for investigation. The common Fucus
vesiculosus, whose ovoid capsules you explode at
almost every tread of the foot; or the nearly equally
common . platycarpus will amply repay you for
careful research. You will notice the receptacles at
the extremity of the fronds ; in the group of Fuci there
is no doubt about a true sexual mode of fructification
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it not for the small particles of dirt which have
attached themselves to it, the animal is seen as a
round mass. By-and-by it slowly extends itself till it
reaches the open mouth of the tube; then the an-
terior orifice expands, the circlet of cilia is put in
active motion, currents of food-producing water are
brought within the action of the cilia, and, all of a
sudden—quick as lightning—the little creature, by
contraction of its
muscular tissues,
subsides into the
form of a ball, as
before. ' From
their habit of living
In a sheath these
creatures are
called Vaginicole.
The wheel-ani-
malcules (Rotifera)
will afford you un-
limited amusement
and instruction.
You will recognise
Fig. 19.—Wheel-animalculz. thEir fE}I"Hl from

the accompanying

figure. We advance a step most decidedly here. The
animals that have hitherto come before our notice
are of low organisation compared with the Rofifera.
How shall we describe the structure of a Stenfor
or an Ophrydium? Imagine an animated mass hol-
lowed out into one large general cavity. There
is a mouth, with its circlet or circlets of cilia,
and a stomAch—some animal organisms, such as
amzba and sponge, have not got so much even as
this—a contractile vesicle, apparently the rudiments
of a circulating system, and two zuclez, which represent
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these also that in the larva of the Zplemera marginata
the smaller currents diverge into the gill-like append-
ages with which the body is furnished.”

The various organs of insects will supply you with
inexhaustible subjects for study and interest. A com-
mon fly from your window pane will furnish you with

Evye of Fly magnified.

matter for examination for some time; and I would
recommend the common fly as a sample of insect
structure. Under a simple lens you will observe the
numerous facets of the eyes, the number and position
of the nervures on the wings; you may then select its
various members for examination. Cut off the head,
and view it as an opaque object by reflected light;
you will notice that each eye 1s made up of numerous
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Mouth of Bee.

(¢) is a long, tapering, muscular organ, marked by an
immense number of short annular divisions, and
densely covered over its whole length with long hairs.
It is not tubular, as some have stated, but 1s sohd ;













magnified ).
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wasps, dragon-flies, two-winged flies, are made up of
a double layer of membrane, with a number of veins
or “nervures,” within which there are generally found
air-vessels, or trachex. These nervures, by their

Common Fly.

subdivision and reunion, form in some cases an ex-
ceedingly beautiful network ; this is especially ob-
servable in some of the smaller Newroptera. Besides
spiral vessels, or trachez, the nervures contain a fluid
supplied from the body, so that both air and blood
circulate in them ; the membrane of the wing often pre-
sents an appearance of cellular areolation, as you will
see 1n the above figure of the common fly. Although
to the unassisted eye the membrane appears to be
clear, transparent, and homogeneous, under the micro-
scope you will see it is covered with short stiff hairs ;
in the fly there is a single hair in each areola, of the
form of a curved spine. In the wings of the Hy-
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been a question how the fly and other insects can
maintain their position in an inverted attitude. The
foot, or farsus, of the fly consists of five pieces, “the
first of which contains a pair of muscles which move
the second upon 1t, but the remaining four contain
none.” The last joint has a pair of pads (puleilli),
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bruised laurel leaves (the effect of the fumes of Prussic

acid on bees is very rapid), I
cut off its hind-legs, and with
a camel’s-hair brush and water
wash away that pollen mass.
At the juncture of the femur
and tibia I notice a deep nick
or cavity, and on submitting
this to microscopic investiga-
tion, I find a number of red-
dish-coloured spines arranged
around the cavity of the femur;
the upper part of the tibia 1s
also hollowed outinto a cavity ;
* the remaining part of the tibia
contains a number of brushes
or hairs, by means of which the
pollen is taken from the flowers
of various plants. But how
does the pollen get from the
brushes into the pocket? It
is evident this cannot be done
from the same leg. The bee
rubs the pollen-grains off one
leg into the pocket of the other,
and the seres of strong comb-
like spines render material aid
in their deposition there. When
the bee is loaded, off she flies
to the hive, where the pollen
mass 1s mixed with honey, de-
posited in cells, forming the
“bee-bread” with which the
young bee-grubs are fed.
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Hind Foot of Bee.

The stings and ovipositors of insects are very inte-
resting objects to study. The Hymenoptera will afford
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were so numerous that they committed serious damage
on the crops in many parts of England. From the
eggs are produced small larve, which at once bore a
hole in the leaves, and tunnel between the cuticles

x

Egg of Mangold-Worzel Fly magnified.

whole fields soon present an appearance as if the
leaves of the plants had suffered from some scorching
mnfluence. The larve, when full grown, drop out of
the leaves and turn to pupz in the earth. The eggs
of the common gnat
(Culex pipiens) are de-
posited, by the aid of
the 1nsect’s hind-legs,
in a small boat-shaped
mass, which floats upon
the surface of the water,
They are of a longish
oval form with a small
knot at the top, and all
are packed closely to-
gether. The larva, whose peculiar twistings and
jerkings must be familiar to everybody who has ever
looked into a rain-tub, are very active little creatures,
and interesting objects for microscopic study.

The hairs and scales which beset the surface of
many insects will long afford you delight. The dust
which so readily comes off the wings of butterflies and
moths will be found to exhibit, under the microscope,
very beautiful forms.. These scales are deposited In
regular layers upon each side of the membranous

Tne Boat, Eggs, and Egg of a Gnat.
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wings—for if you rub the dust off the wings, you will
see they are membranes—Tlike the tiles on the roof of
a house. It is the scales that give the brilliant hues
to the wings; one patch being red, another green,
another brown or yellow. There is great variety of
form in the scales even of the same insect; those on

the wings are generally broad, those on the legs long
and slender. Now examine carefully the form of a
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The Gnat and her Boat of Eggs.

single scale ; you will see that each one is furnished
with a short pedicel or foot-stalk ; carefully wash
away all the dust off the wing you are examining, and
attend to the membrane only. You will see regular
rows of small sockets; into these sockets the foot-
stalks of the scales are fitted. The foot-stalks of the
scales vary according to the species. The little azure
blue butterfly (Polyommatus Alexis), so common in the
summer months, will supply you with 2 form of scale
termed ¢ battledore scale,” the footstalk of which
forms quite a long handle. These scales are marked
by longitudinal ribs, which swell into round elevations
F 2
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cealed within the skin; they are oblong in shape,
and seem to be composed principally of round cal-
careous bodies, arranged in many regular concentric
series. ‘The scale of the eel is a beautiful object for
the polariscope. .

If you will pluck a hair out of your head, and hold
it between your forefinger and thumb, with the root of
the hair upwards, and then move your finger and
thumb up and down, you will notice the hair to
ascend ; now do the same with the root downwards,
and the hair descends. How is this? Let us examine
1ts structure under the microscope. Under a magni-
fying power of about 460 diameters, you will notice
that the outer surface of the hair is marked by irregular
lines, the indications, as Dr. Carpenter remarks, of
the imbricated arrangement of the flattened cells or
scales which form the cuticle layer, for all hairs
essentially consist of two elementary parts, a cuficle, or
investing substance, of a dense horny structure, and a
medullary, or pith-like substance, usually of a much
softer texture, occupying the interior. The cuticle
part consists of flattened scales arranged in an imbri-
cated manner ; the medullary substance i1s composed
of large spheroidal cells. In human hair the cuticle
layer is very thin ; the medullary portion, which is of
a fibrous nature, constitutes the principal part of the
shaft of the hair. These fibres may be separated from
each other if the specimen be macerated in sulphuric
acid for a time, and then crushed between two pieces
of glass. FEach fibre is a long spindle-shaped cell.
The imbricated scales of the cuticle layer may be
isolated if the specimen be treated with an acid or an
alkali. It is in consequence of the position of these
imbricated scales that the upward or downward motion
of the hair, when moved between the finger and
thumb, takes place, the edges of the scales being
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central cavity, and like it are filled with marrow. By
examining a transverse section of a long bone you
will see that the small orifices of the canals are in the
centre of the layer forming the bone, which is arranged
round them 1n concentric rings ; between these layers
are small open spaces called /acune. They are cavi-
ties from which the canaliculi— extremely minute
spider-like tubules, which perforate the bony layers and
communicate with the central Haversian canal—pro-
ceed. Blood-vessels, from the membrane surrounding
the bone termed the periosteum, are traceable into the
Haversian canals. The canaliculi are too small to
allow the admission of blood-corpuscles. I miay here
mention the effect of madder, when given to an animal
in its food, upon the osseous system. The bones
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Section of Humerus of Turtle,

become coloured with a
deep red tinge. The bones
of a pigeon were rendered
red in about twenty-four
hours ; it took three weeks
to colour the bones of a
young pig. Both the external
and internal laminz of the
bone are found to be affected
by the colouring matter,
proving thereby that the
action takes place on those
parts which lie in contact
with blood-vessels.

You will be interested to
hear that an intimate know-

ledge of the structure of bone, as acquired by
the aid of the microscope, has proved of immense
value in determining the tribe of animals to which
bones belonged. I shall quote Dr. Carpenter’s graphic
words: “From the average size and form of the
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these remains consist for the most part of the siliceous
shells of the Diatomacea, at one time supposed to be
of animal origin, but now of undoubted vegetable
nature ; in other cases, enormous deposits are found
to consist principally of the shells of the Foraminifera,
minute animals of low organisation. Chalk hills are

Forms of Iiatomaces,

formed almost entirely of the remains of these little
creatures, whose shells are often of most exquisite
forms. Ehrenberg has computed that a cubic inch
of chalk may contain the remains of a million
of these creatures. *The Paris basin, 180 miles
long and averaging 9o in breadth, abounds in iIn-
fusoria and other siliceous remains. Ehrenberg, on
examining the immense deposit of mud at the har-
bour of Wismar, Mecklenburg-Schwerin, found one-
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identity of the Keuper Sandstein of Wirtemburg, with
the New Red Sandstone of Warwickshire, has been
satisfactorily demonstrated by means of the micro-
scope. Some years ago, Professor Jaeger found in
the German Keuper formation some remarkable fossil
teeth, which were of great size, conical or canine in
form, and distinctly striated. In 1840 Professor
Owen found similar teeth in the New Red Sandstone
of Coton End quarry, Warwickshire. What was the
nature of the animal to which these teeth belonged ?
From external characters 1t had at first been inferred
that the teeth were those of some Saurian reptile ; but
the results of a microscopic examination of the teeth,
both from the German Keuper and the New Red Sand-
stone of Warwickshire, revealed a very remarkable
and complicated structure; hence, provisionally, the
creature to which the teeth were supposed to belong
was named ZLabyrinthodon, by Professor Owen ; but
this peculiar internal structure of the tooth—a structure
formed by “the convergence of numerous inflected
folds of the extermal layer of cement towards the
pulp cavity”—is typically presented also in the teeth
of fish-lizards and lizard-like fish ; hence 1t might be
reasonably inferred that the labyrinthodon would
combine with its reptilian characters an affinity with
fish. The subsequent discovery of some of the bones
of the labyrinthodon, as the vertebrz, jaws, hume-
rus, femur, and toes, &c., have gone far to establish
this inference ; and there is much reason to believe
that that strange creature, the labyrinthodon, was a
gigantic frog-like animal five or six feet long, with a
mixture of fish and crocodilian characters, and that in
all probability it was identical with the animal whose
footprints have been discovered in the quarries of the
grey quartzose and red sandstone of Saxony, and in
the sandstone quarries of Stourton, in Cheshire.
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structures, Foraminifera, &c., may be thus treated;
the oil of turpentine entering into the cavities or
tissues, excludes the air.

Spirit and distilled water form an excellent medium
for preserving animal tissues; one part of alcohol,
6o over proof, to five parts of distilled water, will
be found of sufficient strength for preserving many
substances. Methylated alcohol, which pays no duty,
answers very well, and it may be obtained at the
price of five shillings and sixpence per gallon. A drop
of this dilute alcohol is to be placed, by means of a
glass rod, on the glass slide, the tissue is to be sunk
into it, and covered with thin glass; care must be
taken to exclude air-bubbles, the superfluous fluid
drained off, and the edge of the glass cover and ad-
jacent portion of the slide wiped quite dry. A ring
of cement—gold size may be especially recommended
—is to be laid round the edge of the thin glass, so as
to fix the cover on the slide. After this coating has
hardened, apply a second and a third.

A solution of glycerine with camphor-water is another
valuable fluid for preserving structures. Price’s gly-
cerine 1s superior to any other for microscopic pur-
poses. The proportion of glycerine and camphor-
water will depend on the nature of the object to be
mounted ; for general purposes, one part of glycerine
to two parts of camphor-water will be found useful
There are various other preservative fluids and cements
which are very useful in microscopic work, but those
I have named will be sufficient for most practical
purposes. _

Test-liquids are of immense use to the microscopist ;
they are employed to remove certain substances which
he wishes to get rid of, or to detect the presence of
particular substances in the object under examination.
For instance, suppose I wish to obtain the animal
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Mv First Cruise. H;,iw.ﬂ.
Kingston. And other Tales
The Boat Club. By OLivEr

OrTic. And other Tales.

The Delft Jug. By SILVER-
PEN. And other Tales.

The Elchester College
Boys. By Mrs. HENRY
Woobp. And other Tales.

The Little Peacemaker,
B Mary Howitr. And
other Tales.

Jonas on a Farm. By Jacos
AppoTtT. And other Tales.

In demy 4to, stiff covers. With full-page Illus=

trations printed in Colours by KrRoONHEIM,

1. How Cock Sparrow
Spent his Christmas.

2. The Adventures of Ro-
binson Crusoe.

Shilling Reading Books.

Evenings at Home. In
Words of One Syllable. Cloth
limp, 1s.

3. Queer Creatures

rawn by One 01!'
Themselves.

4, Alsop’s Fables. (21 Plates.)

ZAisop’s Fables.
of Une Syllable.
1S.

In Words
Cloth limp,

Eighteenpenny Serles of New and Original Works. Bound in best

cloth, gilt edges, with Four Coloured Plates by KronNHEIM in each

Book. 128 pp., fcap. 8vo.

Little Blackecap. And other |

Stories.

Tommy and his Broom.
And other Stories.
And

Little Red 8Shoes.
other Stories.

Charlie’s TLessons about |

Animals. :

The Broken Promise. And
other Stories. By the Hon.
Mrs. GREENE.

The Holidays at Llan-
dudno.

The Hop Garden: A Story
of Town and Country Life.

Two Shilling Series of New and Original Works.

Algy’s Lesson. By S.E.Dx
MoRrGaN.

Hid in a Cave; or, The Lost
Child.

Ashfield Farm: or, Ellen
and Robert's First juurncy from
Home.

Grandmamma’s Speec-
tacles. By the Authorof A
Trap to Catch a Sunbeam.”

Little Fables for Little

Folks.
Flora Selwyn: A Story for
Girls. .

Bound in clot

gilt, gilt edges, with Illustrations printed in Colours, 160 pp., fcap. 8vo.

Dr. Savory’s Tongs.
Two SISTERS.
Tgﬁ Golden Gate.

By H.
. B. HunT.

By | Love and Duty.

By AnNA
J. BuckLAND.

Brave Lisette. And other
Stories. By Miss CARLESS.

LCNDON, PARIS, AND NEW YORK.

























































