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WITH THE MICROSCOPELE. I3

‘which have lately been made by many English makers have largely
contributed to diffuse a knowledge of minute structure. The annually
increasing sale of instruments of all classes shows how popular this
branch of enquiryis becoming; yet, it must be confessed that the
additions to scientific knowledge are by no means so great, as a con-
sideration of these circumstances would have led one to anticipate,
and although there are many instruments, I fear it must be confessed
that the ebservers are comparatively few. The opinion, that it is only
necessary to place an object in the field of the microscope in order
to make out its structure, seems far too prevalent. Much of the dis-
appointment, suffered by many who are provided with microscopes,
may be traced to this erroneous idea.

I am of opinion that it is more than ever needful we should’
teach as much as possible by the eye,—that in teaching any branch.
of natural science the demonstration should be combined with oral
description. The student should see whatis described ; and where it is
not possible for the teacher to exhibit illustrative specimens, good
models, drawings, and explanatory diagrams should be supplied. It°
is the duty of every teacher to study how to communicate knowledge
most easily and most clearly, and to save the student as much time as
possible, for it is not likely that the amount of work required
will be reduced, nor indeed is it desirable that it should be.
It 1s therefore incumbent upon teachers to facilitate the commu-
nication of knowledge in every possible way. A lecturer on
any branch of microscopic enquiry should show his pupils the struc-
tures he describes, and teach them how they may demonstrate
for themselves the facts observed in his specimens, and depicted in
his drawings. With the aid of the little microscopes referred to on
p- 14, I can pass round a class consisting of more than a hundred
from eight to twelve microscopical specimens in the course of an
hour. For some years past, I have exhibited and described at each
of my physiological lectures at King’s Callege, three or four specimens,
so that in the course of a session, each pupil has an opportunity of
examining more than three hundred preparations of the tissues and
organs of the body. As a teacher of physiology, morbid anatomy,
and clinical medicine in a large medical school and hospital, I
have naturally been led to direct my attention chiefly to those
branches of microscopical investigation which belong more particu-
larly to these departments, or which bear directly upon the investiga-
tion and treatment of disease ; but in this work I shall exclude every
thing of a strictly professional character, and shall allude only to those
processes applicable to general microscopical research, and to the
investigation of animal and vegetable tissues.
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WITH THE MICROSCOPE, 7

part of the field to another without altering its distance from the
object-glass. If the field is flat, the object will appear equally well-
defined in all parts, but if the glass is defective in this particular, an
object accurately focussed in the centre will be found to be blurred
and out of focus when it is moved to the circumference. Or a stage
micrometer, § 6o, ruled to hundredths and thousandths of an inch
may be brought into focus. If the lines are sharp and clear, and per-
fectly parallel with one another in every part of the field, the glass is
“a good one; but if some appear curved and thicker at the circum-
ference of the field than at its centre, the glass is defective.

It is not to be supposed that, even if the most minute directions
were given, the student just commencing work would be able to test
the object-glasses he was about to purchase, in all necessary par:'
ticulars. Generally he may trust the maker, but if he desires to
ascertain if his object-glass is good, perhaps the simplest plan is to
compare the images produced by the same object first placed under
his own power and then under a glass magnifying in the same
degree, but of known excellence.

9. Angle of Aperture.—For ordinary work it will be found in-
convenient if the object-glass, when in focus, comes too close to the
object. This is a defect 1n glasses having a high angle of aperture.
The angle of aperture is the angle made by two lines from opposite
sides of the aperture of the object- glass with the point of focus of the
lens. The angle BA B in fig. 8 is the angle of aperture. Glasses
with a high angle of aperture admit much light, and define many
structures of an exceedingly delicate nature, which look confused
when examined by ordinary powers, but for general work I recom-
mend glasses of medium angular aperture.

Mr. Ross has lately made glasses having an angle of 170 degrees
which are valuable for investigations upon many very delicate and
thin structures, such as the diatomacea ; but such powers are not
well adapted for ordinary work. The importance of arranging the
object very carefully and the necessity of paying great attention to
the adjustment and illumination, render these glasses inconvenient
for general observation. The penetrating power of glasses with a low
angle is much greater than in those of a high angle of aperture, 50
that exact adjustment is much more important in the latter than in
the former. .

The refraction produced by the passage of the light through the
thin glass covering the object varies according to its thickness, and
it has been found necessary to render the higher powers capable of
bmng adapted to this varying refraction. It is especially necessary
in glasses of high angle of aperture, and is usually effected by
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WITH THE MICROSCOPE. 9

with a more delicate motion for altering the focus when high
powers are employed. The details of the arrangement of the fine
adjustment are different in various instruments. The movement of
Mr. Ladd's chain is so regular and delicate as to supersede the
necessity of a fine adjustment.

12. The Body of the Microscope.— The instrument should be
perfectly steady, whether the body be inclined or arranged in a
vertical position ; and not the slightest lateral movement or vibration
should be communicated to the body of the microscope when the
focus is altered by turning either of the adjustment screws. The
base or foot should be sufficiently heavy to give steadiness, and
should touch the ground in three places only, or the body should be
fixed upon three feet.

The body ought to be provided with a joint by which it may be
inclined or placed in a horizontal position, which is required when
drawings are made with the camera, or when objects are measured
by the aid of the instrument. Another advantage gained by this
moveable joint is that the muscles of the observer’s neck do not
become so tired when the body of the microscope is inclined as
when the head has to be bent, for several hours at a time, over an
instrument standing upright. The larger the microscope may be,
the more necessary is this joint for the comfort of the observer ; and
as it in no way impairs the steadiness of the instrument, and only
adds a few shillings to the expense, I recommend every one, in
choosing a microscope, to select an instrument which may be placed
in a vertical, inclined, or horizontal position.

13. The Stage should be at least three inches in length by two
and a half in width, and there should be a distance of at least
an inch and a half from the centre of the opening in the stage over
which the slide is placed, to the upright pillar a, fig. 9, pl. I. The
stages of the microscopes of Nachet, Oberhiuser, and some other
foreign makers are too contracted for convenience.

14. Diaphragm.—Beneath the stage a circular diaphragm plate with
holes in it of several different sizes, should be so arranged that it can
be made to revolve without difficulty and any hole brought under the
object; a catch is of great advantage in placing the hole in the
centre of the field, fig. 9. Various arrangements have been adopted
for altering the size of the aperture in the diaphragm instead of
hzwing a rev-::lving plate with holes of different sizes. One of the
most ingenious is that devised by Mr. B. Kincaid (Mic. Journal,
July, 1866, p. 75). This is made of a short piece of thin India-rubber
*_cubc, the two ends of which, fixed to brass rings, are made to revolve
in opposite directions so that the central part becomes contracted.
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WITH THI MICROSCOPE. 13

has much improved and simplified that adjustment by the use
of a circular disc with two eccentric slots, which entirely super-
sedes the rack and pinion. The shallow eye-piece, or erector,
is made to slide in the eye-piece tube for the purpose of varying
the distance between the eye-lens and the prism placed over it,
according to the power of the objective in use.

In this new binocular we have a modification of the plan first
adopted by M. Nachet, which promises, however, to be far more
successful than that was. Mr. Ladd has undertaken the manufac-
ture of this form of binocular apparatus in England.

1S. Travelling Microseopes—Wr. Waringlon's Arrangement—
For travelling, and especially for sea-side work, it will be convenient to
be provided with a microscope which can be packed in a smaller
compass than the instruments already described. Mr. Warington,
some time since, designed a very simple microscope for travelling
purposes. The stand consists of two flat pieces of oak, fitted at right
angles to each other by means of pegs. The stage is inserted into
the longer one, to the top of which the body of the microscope is
adapted by means of a clamp. The horizontal bar carrying the body
can be moved backwards and forwards through a tube arranged to
receive it.  This instrument can be placed in an upright or inclined
position, and by means of the clamp the body can be attached to a
table, so that living objects in upright glasses can be subjected to
examination. In its present form, however, the instrument is not so
steady as could be wished. Several improved forms of instrument
arranged according to the same principle have been suggested.

19, Travelling, Dissecting, and Vivarvium Microscope.—Another
simple form of travelling microscope is described by me in the fourth
volume of the Transactions of the Microscopical Society, page 13.
This instrument was made entirely of tubes, and was very steady.
It could be used as a microscope for dissecting, for looking at objects
in a vivarium, and for all ordinary purposes. Focussing was effected
very rapidly by means of a knee lever, which was kindly made for
me by Mr. Becker, instead of a screw. The arrangement has, how-
ever, been superseded by cheaper instruments.

Mr. Highley has suggested a very cheap form of travelling micro-
scope which is also strong and useful. This is described in the Micro-
scopical Journal, vol. iv, page 278. A very ingenious little micro-
scope, which packs in a small leather case, has more recently been
introduced by Mr. Baker, of Holborn. The body of the last two
instruments can be readily adapted to the tube carrying the stage of
the microscope next to be described. Mr. King, Naturalist, of the
Portland Road, has devised a most convenient microscope for
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WITII THE MICROSCOPE. 15

the aperture, just above the object. But the most beautiful effects
result from the use of the Lieberkuhn, § 3¢, with direct light.

The slide, as has been stated, is kept in contact with the lower
part of the instrument, which I have called the stage, by a spring
which is therefore made to press on the back of the slide. On the other
side of the stage a little screw and clamp are placed so that the speci-
men may be fixed in any pesition that may be desired, figs. 21, 23,
and 27. :

In using this microscope, the slide with the object to be examined
is placed upon the stage, the thin glass being upwards towards the
object-glass, - while the spring i1s made to press upon the wnder
surface of the slide. The little screw is removed. The slide may
now be moved In every position, and any particular object to be
examined can readily be placed exactly under the object-glass.
Tube @ is withdrawn about two-thirds of its length. The tube ¢
being firmly held with the left hand, & is grasped with the right,
and with a screwing motion the object-glass is brought to its
proper focus. The specimen having been fixed with the little clamp,
and the tube fixed in its position by screwing down the ring
fitted on tube ¢ the instrument may be passed round a class.
This microscope seems to be well suited for field-work and especially
for botanical purposes. Itis not heavy, and, including thepowers
and an animalcule cage, will easily pack into a tube or case six and
a-half inches long and two inches in diameter. I constantly use it in
clinical teaching. Various deposits, specimens of sputum, &c., may be
examined by the patient’s bedside, and their characters demonstrated
to the class. The instrument is made by Messrs. Powell and Lealand,
by Mr. Highley, and other makers. Messrs. Murray and Heath
have carried out some improvements in fixing the object which have
been suggested by my friend Dr. Guy.

The Stand.—The arrangement of the stand will be at once under-
stood by reference to fig. 29, pl. VII. The structure of the lamp is
represented in fig. 26. Itis an ordinary oil lamp with a diaphragm,
just level with the wick, in order to cause a powerful current of
air round the flame. By this means all flickering is prevented, and
the instrument may be moved about without fear of the light being
blown out. The diaphragm is made of a plate of mica, and the
same substance 15 placed over the aperture in the chimney £ The
lamp is made to slide in the grooves marked &, g, fig. 29, pl. VII, and
it is fixed at a proper distance from the object by the screw /, fig, 26.
At first I used oil, but for some time past I have burnt paraffin which
is much cheaper and gives a far better lightt When required for
reflected light, the lamp is placed in the groove marked g, fig.29. A
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WITH THE MICRO5COPE. 17

holders are packed away. The instrument is furnished with three
lenses, and is to be purchased at a moderate price.

Lawson's Dissecting Binocular Microscope, as made by Collins,
pl. IX, fig. 41, though only constructed for slight magnifying power
is exceedingly compact and enables the observer to use both eyes.
Tt 15 furnished with two sets of stereoscopic lenticular prisms, dissect-
ing instruments, &c. It costs two guineas.

22, Apparatus necessary for the Student.— Every student's
microscope should be provided with a newtral tint glass reflector for
drawing and measuring E?ﬁff"fff.j' a digphragm, to the under part of
which is fitted a tube to receive an ackromatic condenser or polarizing
apparatus : a bull’s eye condenser, one shallow .-&:y.f piece, and two powers
—a low one, magnifying from 20 fo 4o diamelers, and a guariter, or a
Jourtenths of an inch which magnifies 180 diameters, a stage micro-
meter, § 60, a Maltwood's finder, or the plan adepted by ~Myr. Baker,
§ 68, and an animalcule cage, § 134.

These instruments should be conveniently packed in the case
with the microscope. The polanizing apparatus and the achromatic
condenser (se¢ page 25) are not absolutely necessary for a
beginner and can be purchased afterwards. The cost of the micro-
scope without these last instruments, but including the other
apparatus mentioned, in a well-made case, need not be more
than six pounds; and if the microscope be mounted on a
cast-iron foot instead of a brass one, it may be obtained for
about a pound less, without its practical utility being in any way
impaired.

The great number of different microscopes and the excellent
workmanship employed in their construction render it a difficult as
well as a delicate task for a teacher to recommend any special one
to his pupils. Although many of the instruments which I have used
are exceedingly good, I doubt not that there are others, which I
have never had the opportunity of testing, as good in every respect.
The names and addresses of the principal English and Foreign
microscope makers will be found at the end of this volume.

OF ILLUMINATING OBJECTS.

23. Reflected Light, Transmitied Light, and Polarised Light.—

If the internal structure as well as the external surface of an object

be examined in the microscope, the observer will form an idea of its

nature very different to that which he would have arrived at if he
C

'
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WITH THE MICROSCOPE. 23

33. The Parabolic Reflector of Mr. Wenham, Mr, Shadbolt’s
annular condenser, and the parabolic ilfuminalor of Messrs. Smith and
Beck are beautiful instruments for effecting the same purpose in a
more efficient manner, pl. XII, fig. 55. Another excellent plan has
lately been devised by Mr. Wenham, the simplicity of which recom-
mends it strongly to our attention. A small triangular prism is
placed beneath the object, so that one of its plane surfaces is in
contact with the under surface of the slide carrying the object. The
light is refracted so highly that none passes directly through the
object, but, being thrown at the proper angle upon the under surface
of the thin glass which covers it, is entirely reflected from thence
upon the object itself, which is thus highly illuminated.

Of examining the Internal Structure of Objects by Transmitted Light.

. 34. Transmitted Light.—In discussing the mode of illuminating
objects by transmitted light, I must briefly draw attention to two
or three beautiful instruments for condensing the light upon the
object. The microscope in pl. X, fig. 42, is arranged in the ordi-
nary position for examining transparent objects. The light may
be received upon the plane or concave mirror, according as a
moderate or brilliant light is required ; but, as a general rule, the
intensity of light should not be greater than necessary to make out
distinctly the structure of the object. Direct sunlight is not to be
employed, and a very strong light of any kind is hurtful to the eyes.
The best light during the day is to be obtained from a white cloud
upon which the sun is shining.

35. Monochromatic Ilumination.—Professor Amici seems to have
been the first to have tried experiments with monochromatic light in
the examination of objects in the microscope. He employed the
rays of the solar spectrum, but I am not aware that any great advan-
tages have been obtained or new facts discovered by this process.
Yet it seems probable, now that we are enabled to examine objects so
much more minutely than heretofore, that something may be gained
by enquiries in this direction. Any ray from an ordinary prism may
be caused to pass through the object or condensed upon it with the
aid of the condenser. Count Castracane has since used mono-
chromatic light for microscopical observation and for taking micro-
scopical photographs (Microscopical Journal, October, 1865, p. 250),
and a similar plan has also been used in America by Mr. L. W. Ruther-
furd for the same purpose. Count Castracane used one of Dubosq's
Heliostats, a rather expensive instrument, by which the whole field
could be illuminated by any single ray desired, and by the move-
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WITH THE MICROSCOFLE, 31

hardened by being heated red hot and suddenly dipped in cold water,
inserted into a strong handle, may be used. I generally use an
etching needle ; the point requires to be sharpened from time to time
upon a hone. But a properly pointed diamond is far better. The dark
parts are shaded by lines placed very close together, or cross shading
may be adopted, or the tint may be given by dots, as in copper-plate
engravings. Generally it is better to try to obtain the appearance of
texture by copying, as nearly as possible, the character of the tints of
the object itself. The thickness of the line in the impression will
depend upon the width of the line on the stone, without any reference
to the depth to which it extends into it. It is desirable to make two
or three narrow lines near to each other, instead of one wide one,
when a thick line is required. After all the lines have been scratched

the stone is sent to the lithographic printer, who will obtain impres-
sions from it. The oily material which is applied adheres to the
rough scratches only, and subsequently when the stone is wetted, the
ink only attaches itself to the oily parts.

55. Lithographic Ink, Lithographic Stones—The ink may be
obtained in the fluid state, but it is better to use the solid ink, a little
of which is rubbed up with water when required. Lithographic
chalk may be obtained of different degrees of hardness,—it can
always be made much harder by melting it and rolling it into sticks.*

The stones are sold by the pound. It is desirable to obtain
stones large enough to hold four octavo pages of drawings, as the
expense of working a stone of this size is a but little more than one
large enough to contain only a single plate.

56. Of representing Peculiarities of Texture.—Success in draw-
ing microscopical specimens, depends mainly upon a careful study
of the different methods of shading, by which the idea of texture may
be given, as well as mere light and shade., It is most difficult to give
general directions on this matter, and much depends upon the method
of illustration determined upon. Various tints and textures would be
produced in a different manner according as the drawings are engraved
on copper, stone, or wood. I have no doubt that the most perfect
results can be qbtainecﬁl on steel, copper, or stone, but the expense of
these methods is a serious objection, and for some years past I have
abandoned them in favour of wood engraving which has many advan-

* The apparatus, ink, chalk, &c., alluded to, can he i
low, Messrs. Hughes and Kimber, Red Lion Ccur:htl'?;:::] g{rﬁgﬁr:nf :::;;
lithographers. It is only due to Messrs, Harrison, of St. Martin's f_,nne, that 1
should thank them for the kindness they have always displayed in assisting me in
carrying out this and many other Eians of producing drawings. Witlﬁ:ut the
important help they and their workmen have afforded me, on all occasions my
efforts would probably have failed, as T had no knowledge of practical ]ith-::gm}&hy.
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illustrations in my works could not have been published. Remem-
bering how much I needed at one time the little information given
here—I gladly communicate it, imperfect as it is, in case there may
be others in the same situation as I was.

The student must not, however, suppose that the task is an easy
one. It is quite as impossible to obtain a good representation of
any microscopic object without long and careful study, as it 15 to
produce a copy of any other object in nature ; and surely it is hard
to expect a draughtsman, who is engaged in copying various subjects
to spend hours in looking at specimens in a microscope, observing
things which he neither knows nor perhaps desires to know anything
about. Neither is it possible that any one man can make himself fully
conversant with all the beautiful minutize in every branch of microscopic
enquiry. It is true that Mr. Tuffen West, and one or two other gen-
tlemen, have taken up this kind of drawing and engraving, and have
produced most beautiful results. I believe Mr, West's success as an
engraver of microscopic objects to be due to the interest he takes
in the subject, and to his being himself a practical microscopical
observer. There are many drawings of microscepic objects which
ought to be published, and although these may be of little interest to
persons generally, are absolutely required by those who are working
at special subjects. However rich a man may be, it is doubtful if a
large sum of money should be spent in employing artists to do work
which, however well skilled they may be, they cannot do so truthfully
as the observer himself, unless they have devoted the same attention
to the subject. Few artists have time or inclination for this. There
15 not, however, the same difficulty as regards our own time. That
which 1s worth recording is worth an expenditure of time, is worth
doing well. Whatever is observed is worth copying, if it has not been
correctly copied before.

Very much yet remains to be done in representing microscopic
texture faithfully. Photography has advanced wonderfully, and will
doubtless, assist us more, but there are many structures the colour
of which alone renders it quite impossible to obtain photographs of
them, and there must always be many appearances which can only
be rendered by accurately copying them by hand. I cannot,
therefore, too strongly urge on all those who wish to work at the
microscope, to practise drawing as much as possible ; and from the
hirst.  All advance in our knowledge of structure, as well as of the
minute changes incessantly going on in living organisms, depends
I think, in great measure, upon accurate copies of the objects
being made, and in this way only is it likely that the work of the
present generation will be useful to that which succeeds it.

D
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“Test Objects,” by Dr. Carpenter, “The Microscope and its
Revelations,” pp. 141, et seq.

62. Simple Method of Measuring Objects.— The most simple and
efficacious manner of measuring objects 1s with the aid of the camera
lucida or neutral tint-glass reflector referred to before, § 44. In
the field of the microscope is placed an ordinary micrometer, with
the lines separated by thousandths of an inch. Care being taken
that the instrument is arranged at the proper distance from the
paper, the lines magnified by a quarter of an inch object-glass are
carefully traced. The micrometer is removed and replaced by the
object whose diameter is to be ascertained. In pl. XIII, fig. 64,
both micrometer lines and objects are shown magnified by the same
power. The object is traced over the lines, or upon another piece
of paper, and compared with the scale by the aid of compasses.
The lines may be engraved upon a slate, or upon pieces of ivory
or cardboard, and their value affixed, so that any object may be at
once measured. We require of course a different scale for each
power. Such scales may be made on pieces of gummed paper,
and one of them may be affixed to every microscopical drawing.
Fig. 63 shows several such scales magnified by different powers.
Thus the size of every object delineated may be at once ascertained,
and the trouble of making individual measurements saved, while at
the same time the inconvenience of a long description of the
dimensions of various objects is avoided, than which nothing can
be more tedious or less profitable to the reader.

In comparing the representation of the same object delineated
by different observers, it will be found that great confusion has been
produced in consequence of the magnifying power of the object-
glass not having been accurately ascertained, and an object said to
be magnified the same number of times by two authorities, is not
unfrequently represented much larger by one than by the other. This
discrepancy in most cases arises from the magnifying power of the
glasses not having been accurately ascertained in the first instance,
I cannot, therefore, too strongly recommend all microscopic
observers to ascertain for themselves the magnifying power of every
object-glass and to prepare, in the manner presently to be described,
a scale of measurement by which the dimensions of every object can be
at once ascerfained.  The plan of appending to every microscopical
drawing a scale magnified in the same degree as the object repre-
sented, supersedes the necessity of giving measurements in the text,
while it is free from any of the objections above referred to.

63, On Ascertaining the Magnifying Power of Object-glasses.—
I will now describe the method of ascertaining the magnifying
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in the sum, divide by 4, and shift the decimal point one place to the
left, thus—to 9%84 add *15 and the sum 6'999 + 4 = 2°498, and
shifting the decimal point ™"'2498 which does not differ sensibly
from ™25, the correct quantity.

A French line contains ‘0888 English inches. To convert lines
into thousandths of an inch, shift the decimal point one place to the
right, and multiply by g¢; if greater accuracy be required, subtract
1L from the second place of decimals for each of the nearest number
of units in the product. Thus o"""125 becomes 1°25 which x ¢ =
1125, from which subtract *14, and the value in thousandths is
found to be 1r*ro, which is correct.

To count thousandths into lines add 1l in the second place of
decimals for each of the nearest number of units in the sum, divide
by 9, and shift the decimal point one place to the left, thus—to
1110, add *14, the sum 11°25 divided by 9, and the decdmal point
shifted one place to the left gives o'""125 as before,

In most cases it will be unnecessary to apply the corrections
noticed above, but by remembering the short rules given, any one on
reading a foreign work may correct the measurements as he reads,
and insert them in the margin without delay or interfering with his
Progress.

Method of finding the same Spot in a Specimen.

67. Of marking the Position of an Object.—\Various plans have
been proposed from time to time for marking the exact position of a
minute object in a specimen, so that it can be placed in the field of
the microscope whenever required. A fine line of varnish or Bruns-
wick black may be drawn round it, or a small and very thin metal
tube (about the tenth of an inch in diameter) may be moistened with
the varnish and pressed upon the glass cover, so as to encircle the
particular object required with the line.

Mr. Bridgman, of Norwich, has designed an instrument for drawing
a circle upon the thin glass with a diamond point (Microscopical
Journal, vol. III, p. 237). This instrument is represented in pl. XIII,
fig. 67. Aisa brass cap fitting upon the end of the object-glass,
which it entirely covers up and protects from injury; B, a stem
soldered to the side of the cap with the upper end having two pro-
jecting sides to steady the ends of C, ¢ and f which are firmly
secured to it ; C, an elastic arm of hammered brass, which carries
at its lower end D, a lever of thin brass plate, having a fragment of
diamond inserted in its thinner end, and directly under the centre
of the cap A ; ¢ and f are two springs, pressing upon the shorter end
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=%, Double-bladed or Vilentin's Kn'fe— T'his instrument is of
the greatest value in making thin sections of soft tissues, but care is
required to keep it in good order. It is soon made blunt if used for
cutting dbrous or cartilaginous textures. By its aid very beautiful
sections of the kidney, liver, and other soft glandular organs may be
obtained with the greatest facility. The blades should always be
dipped in water or glycerine just before use, for, if wet, the operation
of cutting is much facilitated, and the section more easily removed
from between the blades. Immediately after use the blades should
be washed in water, and dried with a soft cloth, or piece of wash
leather. Ifa-drop of water gets into the upper part of the knife
where the blades meet, the screw must be taken out, and each blade
cleaned separately. With care in cleaning it, the knife may be kept
in use a long time.

There are two forms of Valentin's knife ; in one the blades are
sharp on both edges and of a lancet-shape, and in the other, which I
much prefer, they are sharp at the point and wide at the base, so that
the cutting edge slants downwards from the point, and they only cut on
one side, pl. XV, fig. 79. The best form of Valentin’s knife that I
have used is that which has lately been made by Mr. Matthews, fig. 78.
The blades of this knife can be completely separated from each other
and easily cleaned. The distance between the blades is regulated by
a little screw, which is a most convenient arrangement. This knife
has been further improved by Mr. Matthews, by the addition of two
screws, so that the perfect parallelism of the two blades is ensured.

%8. Razor.—A strong knife made like a razor is very valuable
for making sections of many tissues, pl. XV, fig. 81.

79. Scissars are uscful instruments for cutting small thin sections
of different tissues. The most convenient form for this purpose is
one in which the blades are curved as in pl. XV, fig. 83. When only
very small portions of a tissue are required for examination, they will
be more readily removed with the scissars than with any other instru-
ment. Several pairs of scissars are required for microscopical pur-
poses. Besides the ordinary form used for dissection, a small pair,
with curved blades, a pair of very delicate scissars with blunt points,
fig. 82, such as are employed for the dissection of insects, will be
found of use. Some time since, I devised a new form of spring
scissars, somewhat resembling the microtome. These are particularly
well adapted for dissecting the nervous systems of insects, for follow-
ing out the delicate ramifications of nerves and other minute dissec-
tions, pl. XV, fig. 84. .

80. Needles of various sizes are very useful instruments to the
microscopist. They are employed for making minute dissections; for
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on the grinding slab. The slides now in common use in this country
are three inches in length and one in breadth, and I cannot too
strongly recommend the observer to employ slides of this size only
for microscopical purposes. They should always be made of plate-
glass, and pieces as clear as possible should be selected.

S4. Thin Glass.—An object placed for examination upon a glass
slide is always protected with a piece of thin glass before it is placed
upon the stage of the microscope. Thin glass now used for micro-
scopical purposes is called cylinder glass, and is manufactured by
Messrs. Chance, of Birmingham. It may be obtained of different
degrees of thickness. Thin glass in sheets should be kept in fine
sawdust, and it is very readily broken, in consequence of being im-
perfectly annealed. When cut up in small pieces, it should be kept
in a little box, with a little powdered starch, which prevents the pieces
being broken. For cutting the thin glass an instrument termed a
writing diamond is employed, and this is also used by some observers
for writing the name of the preparation upon the glass slide. As a
general rule, however, I think it better to write the name of the speci-
men upon a small label which can be gummed to the glass.

Glass Cells are described in §§ 124 to 135. Ordinary thin glass of
various degrees of thickness, and already cut into squares and circles,
may be obtained of Messrs. Claudet and Houghton, High Holborn.
For the very high powers the thinnest pieces must be selected from a
considerable quantity. Messrs. Powell and Lealand supply the thin
class for use with their twenty-fifth. See part V.

Tin cells are referred to in § 118,

8% Watch-Glasses of various sizes should be kept by every
observer, as they are convenient for many purposes. They cost about
a shilling per dozen, and may be obtained of the watch-makers. The
~ lunette glasses are useful for examining substances in fluids with low
powers, as in these we are enabled to obtain a considerable extent
of fluid of nearly uniform depth.

The little porcelain moulds in which moist colours are kept, and
the little circular and oval shallow dishes, are most useful for soaking
microscopical specimens in various solutions prior to examination or
mounting. They may be covered by circular pieces of glass.

86. Glass Shades.—Every microscopist should be provided with
from six to twelve small glass shades from two to four or five inches
in diameter, to protect objects which are being mounted from the
dust. The cheap slightly green propagating glasses, now commonly
sold at all the glass shade shops, are most convenient for this purpose.
They cost from 24. to 55. These shades are figured in pl. XVI, fig. 87.

Glass slides, thin glass and watch-glasses are included in many of
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any oil-shop, and forms a most useful cement, both for making very
thin cells, and also for fixing on the thin glass covers. If a little solu-
tion of India-rubber in mineral naphtha be added to it, there is no
danger of the cement cracking when dry. For this hint I have to
thank my friend, Mr. Brooke. I have many preparations which
have been cemented with Brunswick black which have been kept
for upwards of ten years. Itis always desirable, however, to paint
on a new layer from time to time, perhaps once in twelve months.

Common Brunswick black is made by melting one pound of
asphaltum, and then adding half a pound of linseed oil, and a quart
of oil of turpentine. The best Brunswick black is prepared by boiling
together a quarter ¢of a pound of foreign asphaltum, and four and a
quarter ounces of linseed oil, which has been previously boiled with
half an ounce of litharge until quite stringy ; the mass is then mixed
with half a pint of oil of turpentine, or as much-as may be required to
make it of a proper consistence. It is often improved by being
thickened with lamp black. It must be remembered that this cement
is soluble in oil of turpentine.

Dr. Eulenstein, of Stuttgart, inds that equal parts of Brunswick
black and gold size with a very little Canada balsam form a very
lasting cement. :

92. Marine Glue.—This substance was, I believe, first used for
microscopical purposes by Dr. Goadby, of Philadelphia. It is pre-
pared by dissolving, separately, equal parts of shell-lac and India-
rubber, in coal or mineral naphtha, and afterwards mixing the solu-
tions thoroughly with the application of heat. It may be rendered
thinner by the addition of more naphtha, Marine glue is readily dis-
solved by naphtha, ether, or solution of potash. It is preserved well
in a tin box. I shall describe the manner of using marine glue and
the different cements I have alluded to in §§ 116, 123.

93. Cement for attaching Gutia Percha or India-rubler to the
Glass Slides.—A cement for attaching cells of gutta percha or India-
rubber to the glass slide may be made as follows:—According to
Harting, gutta percha is to be cut into very small pieces and stirred,
at a gentle heat, with fifteen parts of oil of turpentine ; the gritty, in-
soluble matter, which the gutta percha always contains, is to be
separated by straining through linen cloth, and then one part of shell-
lac 1s to be added to the solution, kept at a gentle heat, and occa-
sionally stired. The mixture is to be kept hot until a drop, when
allowed to fall upon a cool surface, becomes tolerably hard. When
required for use, the mixture is to be heated, and a small quantity

placed upon the slide upon which the cell is to be fixed ; the slide
itself is then to be heated.

E
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the mixture run freely. The balsam becomes more viscid and
gradually gets hard as the chloroform evaporates. Solutions of
Canada balsam in chloroform are now much used for mounting
insects, tissues, and various objects.

Mr. Hepworth, of Croft's Bank, was among the first to use a
solution of Canada balsam in chloroform for mounting objects.
Mr. W. H. Heys (Trans. Mic. Soc., Jan. 1865, p. 19) prepares the
solution as follows. Old balsam is mixed with sufficient chloroform
to make it quite fluid so that it will drop easily from the lip of the
vessel containing it. The prepared balsam is then poured mto long
thin halfounce phials, corked up, and set aside for at least a month.
The balsam thus prepared is clearer and sets much quicker than it
mixed with the chloroform at the time it is required for use.

96. Arrangements for pressing down the Thin Glass Cover while
the Balsam or Cement is becoming hard —Some elastic specimens
mmmersed in Canada balsam, gelatin, and cthex media require firm
pressure to be kept up until the balsam or the cement which attaches
them to the shide, hardens. Many substances immersed 1n fluids may
be rendered thinner and more transparent if subjected to moderate,
but sustained pressure, while the cement which fixes down the thin
glass cover 15 becoming dry and hard. Others require very firm
pressure while the process of drying is proceeding. Several methods
have been devised for producing pressure. A very simple plan is to
place a small piece of wood, about an inch in height, upon the
cover. This may be fixed in its place by passing a piece of
thread over it, and tying it at the back of the slide ; or the wood
may be kept in its place by a wvulcanized India-rubber ring.
Ordinary weights may be used, or springs arranged as in
the ingenious apparatus devised by Mr. Gorham. My friend
Mr. White has also suggested a very simple and effective apparatus
for the same purpose. It consists of a bent lever, which,
by acting upon a screw, can be forced down upon the thin glass
with the amount of pressure required. Another form of instru-
ment, with a graduated spring, was designed by the Rev. G. Isbell,
pl. XX, fig. 128. The compressorium may also be employed for
the same purpose, if a small piece of cork be inserted between
the thin glass to which the pressure is to be applied, and the
glass of the compressorium itself.

Mr. Hoblyn, of Bath (Archives of Medicine, vol. III, p. 140),
has also invented an ingenious arrangement. In this instrument, a
number of slides may be placed at the same time, and a graduated
pressure exerted upon them, pl. XVI, fig. ¢6.

The above pieces of apparatus have however been superseded

E 2







L% -] 1 -
v 15 .
5 . i . . - 1 1 o g
ek TS i - ] JLTRELL? [ - TLLERC
' ¥ TR
TOeSSE i L i i 1IN T
cement EMOver 10 )] YATE, SO 1 & Tiun ayv escane as
1 . I P -
| [ = DTressed] [ M Een 1L CEeIment T
MUusLt e F FLEAY i L 1 L x 1 i iy LI i
;o= ! ) .
s 1 L 11 )] 11 1 | I 1 =l | ]
1. . ] - "
] A0 1T] Iy « 1 L : il | 1 L] | | & -
| - J &
! i i} 3 e « B . | 3 il | [ | 2 |
= Fa T + ] e - . 111 - ¥ : T
1 h ] F 1
| - C | | Fli=s5 [ el F = E d L1 Y - I [ ] [ 1 |-
Ll L GLIL . LN L < ol - | i 110
| 1 VY AT | +11 Tel ] 1§ & £ . c ¥ il 3 :
i | ) | Wy LR [ Fle 0 JH B < 1l <
] re I 1 \ 1 3







=
] -













WITH THE MICROSCOPE, 50

little camphor), corrosive sublimate, persulphiate of iron, sulphate of zine,
and solutions of several other salts, have been recommended as pre-
servative solutions, but although adapted for the preservation of
animal substances, they cannot be employed for microscopical
specimens, in consequence of their tendency to render the textures
very opaque and granular. Mr. A. E. Verrill (Siliman’s Journal,
March 1865) recommends a solution made with nitre, rock salt, and
arseniate of potassa. My own experience, however, has led me to
discard all solutions containing salts for microscopical purposes.

112. Arsenious Acia has been much recommended, and
Dr. Andrew Clarke has preserved many specimens of lung tissue
and other structures in an aqueous solution of this substance.

113. Arseniuretted hydrogem gas has also been recommended
for the preservation of animal substances, but it is not adapted for
microscopical preparations. Dr. Richardson has lately kept animal
substances from decomposition by immersing them in an atmosphere
of witrogen, which is prepared by placing a piece of phosphorus in
a stone jar containing common air, and provided with an air-tight
cover. The oxygen is seon exhausted, and no decomposition can
take place.

Most of the preservative solutions which I have referred to may
be obtained of Mr. Highley, Green Street, Leicester Square. The
mode of using them will be described further on. Every micro-
scopist engaged in any special enquiry will of course alter the com-
position of these solutions in any way experiment may show to be
advisable. Great improvements doubtless may yet be made in many
preservative solutions. A series of exact experiments of the effects
of the different fluids upon the same textures is much to be desired,
and this i1s one of the questions upon which amateurs might con-
tribute most valuable information.

CELLS FOR PRESERVING MICROSCOPICAL SPECIMENS.

All objects intended for microscopical observation should be pro-
tected with a cover of thin glass. This cover prevents the entrance
of dust, and protects the object from exposure to the atmosphere.
The fluid in which many objects are placed for examination would
rise in vapour which would eondense upon the object-glass, and give
rise to great inconvenience were it not prevented from evaporating
by a thin glass cover. If the thin glass, however, should press upon the
object placed upon the glass slide, its distinctness would in many
cases be impaired, or the structure might be entirely destroyed—an
inconvenience which may be prevented by placing some insoluble sub-
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ness. It consists of two rectangular glass plates 3 X 2 in and about 5%
of an inch thick, separated by thin strips of glass of the same thickness,
cemented to the interior opposed faces. The upper plate has a small
hole drilled through it. One corner of the upper glass is removed,
and a small strip of glass, which is cemented to it in the proper place,
prevents the thin glass cover placed over the edge from sliding off,
To use the slide, fill the space between the two plates with clean
water introduced by means of a pipette, and also place a drop in the
hole to remove the air. The object being put on the top of the slide,
and wetted, is now to be covered with a large square of thin glass, at
the same time covering the hole. The slide can now be placed
upright, or in any position, as no water can escape. It is, in fact,
only a new application of the old principle of the bird-fountain, As
the water evaporates from under the cover, more is supplied through
the hole, and from time to time an air bubble enters. Thus a con-
stant circulation is maintained.

Mr. Richard Beck has made one or two alterations in the growing
cell of Professor Smith (Quarterly Journal of Miecroscopical Science,
April, 1856). The annoyance caused by the water line obscuring the
view, as sometimes happens in Professor Smith’s growing cell, has
been entirely obviated, and one or two other improvements have been
effected.

Dr. John Barker, of Dublin, has contrived a very convenient,
efficient, and cheap growing stage, which has the advantage of allow-
ing the use of the ordinary glass slides. A full description of this
will be found in the Quarterly Journal of Microscopical Science,
January, 1867. Any one can make this growing stage for himself with
very little trouble. A segment of a largish circle is cut in a plate of
stout glass to form the stage. To one end of this is attached by
means of marine glue, a small flat glass bottle in which two little
holes have been drlled. These bottles may be obtained of
Mr. Baker, of Holborn. When water is put into the bottle, it is
conveyed from one of these holes to the thin glass cover under which
the object is to be kept moist, by means of a narrow strip of talc
which acts as a conductor for it. By this arrangement, any object
under observation may be kept moist for the space of a week, if
desirable. Dr. Barker'’s growing slide is represented in pl. XVIII,
fig. 111,

For some time past I have been in the habit of employing an
arrangement which is simpler than either of those above referred to,
and, in my hands at least, it has proved very efficient. A small piece
of glass tube is fixed with the aid of marine glue to one end of an
ordinary glass slide a, fig. 111*, pl. XVIIL This is the reservoir for the
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12. Subject pieces of moist tea leaves, very thin sections of
potato and the peel of the potato, the skin or mterior of an orange,
lemon or other fruit, a piece of rhubarb, cabbage, or other vegetable,
taking care that in all cases the pieces are small enough. ‘They can
easily be subdivided with a sharp penknife.

I strongly recommend the beginner to examine various specimens
of jam and preserved fruits. As these vegetable tissues have long
soaked in syrup, they have become exceedingly transparent, and are
admirably fitted for microscopical demonstration. The spiral vessels,
woody, and cellular tissues, can be obtained without any trouble, and
the minute structure of the different vegetable tissues can be most
clearly demonstrated.

The thinnest possible sections can be cut with a sharp thin knife,
p. 45, from the firmest of these preserved fruits. The specimen
may be placed in a little syrup for examination.

The action of syrup and glycerine will be more fully discussed
in part V.

139. Precautions to be observed in working.—And now I must
give a few words of advice to the young observer not to work too
long at a time or with high powers, or to have the object illuminated
more intensely than is necessary to enable him to see it clearly. To
avoid strain, the habit of keeping both eyes open during observation
should be acquired as soon as possible, and the observer should
observe sometimes with one eye and sometimes with the other.
Although the eye improves very much by practice, it may be seriously
damaged by straining it injudiciously. At first the observer should
work for half an hour only at a stretch, and if he finds that he is
not fatigued and external objects are seen quite distinctly, as to
form and colour, immediately the eye is removed from the micro-
scope, the penod of observation may be gradually increased until it
reaches two or three hours a-day, but I think it unwise to work unin-
terruptedly for a longer time, and it 15 a good plan not to work
regularly every day, at least for the first year or two. With care
an eye which was at first weak may be inured to prolonged exertion
and employed for the greater part of life without damage,

It is remarkable how little some persons suffer from microscopic
or telescopic observation, but it is quite certain that many cannot
work for long without great risk of seriously injuring their sight.
No general rules, therefore, can be given which should apply to all.
I have myself often worked with very high powers and with a very
brightly illuminated field, straining the eye to the utmost in the hope
of seeing more than was at first observable, and have kept this up
for some hours at a time, so far, I am happy to say, without any
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appreciable impairment of sight, but I would not recommend any
one to subject himself to the same risk unless he passed through the
same gradual process, using first only low powers, moderate light,
and working only for a short time, slowly increasing the magnifying
power, the illumination, and the period of stady as he felt he was
able to stand it.

140. General Considerations with reference to the Nature of the
Medium in which Tissues should be placed for Examination.—If the
structure be dry and very thin, orif it is required only to make out
any general points with reference to its outline, or the character ‘of
its surface, it may be examined in air. So also many structures sub-
jected to examination by low powers, and by reflected light, exhibit
the general arrangement of their component parts very satisfactorily
when mounted perfectly dry.

If, however, the texture be delicate and moist, and readily
destroyed by careless manipulation, it is generally desirable to examine
it in some aqueous fluid when quite fresh. The character of the
fluid must differ in different cases. Water answers well in many
instances, but the microscopical character of some textures are com-
pletely altered by water, or even altogether destroyed by it. Other
tissues are so dark and opaque that they are not well displayed in
water. Soft and celllike structures become distended by it, but it
does not follow that when this happens it depends upon a “cell,”
or bladder closed at all points, being distended. It does not prove
that the cell has a membranous wall, for a mass of jelly may be made
to swell out just like a “cell.” If the jelly be made with a dense
fluid, the more limpid water will pass in and mix with it. The
“cell” thus becomes distended by this flowing in or osmosis,
and often to such a degree that it is invisible. To prevent this
result, it is necessary to immerse the structure in some fluid approach-
ing to that in its substance, or in its interior, in density. A little
white sugar may be dissolved in the water. Saliva, the vitreous
humour, serum, or white of egg, from their viscidity do not permeate
readily, and are advantageous media. But of all substances snIu!}le
in water, glycerine is one of the most useful to the microscopist.
With glycerine he may obtain a fluid of any density, and of various
degrees of refracting power. Moderately strong solutions of glycerine
preserve animal and vegetable structures for any length of time. Glyce-
rine is to moist tissues what Canada balsam is to textures which are
capable of being dried, withont their structure being impaired. The
most dense, opaque, and ill-defined structures, immersed in glycen_ne
become clear and transparent ; and anatomical peculiarities which
were before indistinct, or not observable, become demonstrable
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without difficulty. Another advantage is, that by the addition of a
little water all the original characters of the tissues are restored.

Further observations upon rendering tissues which are more or
less opaque, transparent, will be found in part I1L

141. Of Examining and Preserving Specimens in the Dry Way.—
Any specimen examined, or preserved permanently, as a dry object
in air, must be protected from dust by being covered with thin glass,
and the pressure of the latter upon the specimen must be prevented
by the interposition of small pieces of cardboard at the edges of the
thin glass, slightly thicker than the specimen itself. Objects may be
mounted in the dry way in many of the cells described in §§ 114—131;
but a simple cell made of wood or cardboard is sufficient for all prae-
tical purposes. The round vulcanised India-rubber rings cemented
to the glass slides make capital cells for mounting such preparations.

The thin glass cover must be attached by a little very thick gum
or by a paste made of gum and flour or chalk.

Among unorganised substances, there are many objects which
may be mounted or preserved with advantage in air. Many crystal-
line bodies found native, and some crystals derived from the organic
and inorganic kingdoms artificially prepared, may be examined or
preserved permanently i air. Many of these present very beautiful,
appearances. Arsenious acid, common salt, benzoic acid, uric acid,
crystals of the vegetable alkaloids, such as salicine and many erystal-
line salts, bone, teeth, hair, horn, the scales of butterflies and other
insects, are examples of structures which may be examined in
air and mounted dry. The general structure of many vegetable
preparations may be shown in this simple manner. The petals of
many flowers, different forms of vegetable cellular and vascular
tissue, the epidermis, hairs, and other parts of plants, the seeds and
seed vessels, spiral fibres, the stones of fruits, sections of wood, of
the pith from the stem of various plants, pollen, the spores of ferns,
mosses, and fungi, are examples of vegetable preparations which may
be examined and preserved in air.

Thick objects preserved in the dry way are examined by reflected
light only, but very thin dry tissues, like the epidermis from different
parts of plants, may be examined by reflected or by transmitted light.

142. Examination of Substances in Fluids.—In choosing a fluid in
which the specimen is to be immersed, its chemical composition, its
transparency and its refractive power must be considered. The dif-
ferent preservative solutions described in pp. s 3—59, may be used for
the preservation of a variety of objects in fluid. If we wish for a fluid
C]GS-EI:I]F resembling water, but possessing the property of preserving the
specimen, we may use the solution of naphtha and creosote, § 102, or
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needles, or small knives, and forceps. If the preparation has been
preserved in spirit or other solution, it must be dissected in the same

fluid, but in ordinary cases clear water may be used. The micro-
scopist should be provided with a few small dishes, varying in size,

and about an inch or more in depth. The large built cells, pl. XVIII,
figs. 109, rro, make very good troughs for dissecting in, but small
circular vessels are made on purpose.

145. Loaded Corks.—The object to be dissected is attached to a
loaded cork by small pins, pl. XXI, fig. 134. We may take a piece
of flat cork rather smaller than the cell, and then cut a piece of
sheet lead somewhat larger than the cork., The edges of the lead
are then folded over the cork and beaten down slightly with a
hammer, and may afterwards be filed with a rough file.

The object being fixed upon the cork and placed in the cell, fluid
is poured in until it just covers the surface, pl. XXI, fig. 133. A
strong light is then condensed upon it by means of a large bull's-eye
condenser, or by a large globe full of water. I have always found
that delicate dissections could be made with the greatest facility
without the aid of a dissecting microscope, provided a strong light
was condensed upon the object. Occasional examination of the
dissection with a lens of low power is advantageous; but if a lens
be employed during the dissection there is great danger of acciden-
tally injuring the specimen, as it 1s impossible to judge of the distance
which the needle point may be beneath the surface of the fluid.
Minute branches of nerves or vessels may in this way be followed
out, and small pieces of the different tissues into which they can be
traced may be removed for microscopical examination with a pair of
fine scissars, pl. XV, fiz. 82. Membranes may be dissected from the
structures upon which they lie in a similar manner. By this plan the
nervous system of the smallest insects can be readily dissected. The
mode of proceeding is represented in fig. 133.

146G. Tahlets upon which Dissections may be Pinned ont.—Many
preparations require to be arranged in a particular position previous
to being mounted as permanent objects. Slabs of wax are usually
employed by anatomists for this purpose, but when transparency is
required the dissections may be attached by threads to thin plates of
FA T

I have found that the best slabs may be made of a mixture of
wax and gutta percha, in the proportion of one part of the former to
two of the latter. The ingredients are to be melted in an iron pot,
over a clear fire, and well stirred. When quite fluid, the mass may
be poured upon a flat slab and allowed to cool. Thin cakes of
about the eighth of an inch in thickness are thus obtained, and they
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ment, which I have not yet seen, is made by Beckmann, of Kiel, and
costs seven thalers, or about a guinea.

Mechanical finger.—Professor Smith has made an instrument which
he terms a mechanical finger, of some value for some kinds of micro-
scopical work (Silliman’s Journal, No. 123). By an arrangement of
springs and levers a small bristle can be caused to move or take up
any minute object while it is being examined under the object-glass.
An object may be selected, raised from the slide, and held while a
clean slide is placed in position to receive it. This instrument has
been made by Mr. Baker, of Holborn. Dr. Maddox has suggested
a slight modification, which simplifies the nstrument somewhat.
Although the mechanical finger may be of value in special investiga-
tions, the general observer will not require it, and the ‘thorough
student will probably acquire such dexterity in handling specimens
while they are in the field of the microscope that he will not feel
the want of any mechanical apparatus.

149, Dissecting Tissues under the Mieroscope with the aid of the
Compressorium.—In many cases the observer may desire to dissect an
extremely delicate structure wnder the microscope, for in this way much
information can often be acquir;d with reference to the exact relation
existing between the structural elements of the tissue. This object
may be gained by means of a little instrument termed a compressorium,
which consists simply of a convenient arrangement by which pressure
can be applied to an object while under examination, pl. XXI, figs.
135, 136. This pressure being applied gradually, the texture becomes
frayed out as it were, and particular structures can often be teazed
out from a tissue, and demonstrated more distinctly than by any other
method.

The structure of the compressorium is very simple. Many dif-
ferent forms have been recommended, one of the simplest consisting
of a thick brass plate with a hole in the centre to admit the light.
On one side of this is the fulcrum of a lever, the short end of
which acts upon a circular ring carrying the thin glass to cover the
preparation, while to the longer arm is attached a screw, which by
being turned causes the thin glass to be pressed tightly upen the
object placed upon a piece of plate glass placed over the hole in
the plate of the compressorium. A more perfect form of instrument
has been arranged by Mr. Highley. It is represented in pl. XXI,
fig. 1306.

The plate glass is usually fixed in the hole in the brass plate, but
it is more convenient to have a ledge attached to one side, so that
an ordinary plate-glass slide may rest upon it. With such an arrange-
ment, the tissue to be examined can be placed as may be thought

G
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cork, or lastly, it may be rubbed between two hones, a proceeding
which saves much time.

It is to be ground down with the aid of a little water, and when
sufficiently thin it may be subjected to examination in the micro-
scope. It will, however, be found, that the beauty of the tissue is
completely obscured, owing to the number of scratches upon its
surface. These may be removed by rubbing the section first upon a
very smooth dry hone, and afterwards upon a piece of plate glass.
After the piece of bone has been properly polished, no lines will be
seen upon it, when it is examined in the microscope.

153. Teeth.—Sections of dry teeth cannot be advantageously
prepared in the manner just described, owing to the very brittle
nature of the enamel. The better way is to grind the tooth down at
a dentist’s lathe until a section sufficiently thin be obtained.

Sections of fresh bone and teeth may be prepared moist so as to
show many more important points in their structure and mode of
growth, according to the plan described in part V. After they
have been soaked for some time in glycerine and acetic acid, very
thin shavings even of enamel may be obtained with a strong sharp
knife. The calcareous matter may be dissolved out from specimens
by dilute hydrochloric acid, and sections of the decalcified matrix
easily cut with a sharp knife.

154. Sections of Shells of many of. the lower animals, and the
hard shells and stones of fruit may be made in a similar manner,
but very hard textures such as fossil wood must be obtained of the

*lapidary. .Sec also “Of examining minerals and fossils,” further on.

155. Horn and Hair.—Thin sections of horn and textures of
this description may be cut without difficulty with a sharp strong
knife, pl. XV, fig. 81.

Hair—There are many ways of obtaining thin transverse
sections of hair. Thus a number of hairs may be united together
with a little gum, so as to form, when dry, a firm hard mass.
Thin sections of this can readily be made, with a sharp knife,
and the individual pieces may be separated from each other, by
the application of a drop of water. These may be mounted in
fluid, or dried and preserved in Canada balsam, § 143.

Or the hairs may be placed between two pieces of cardboard,
or between two flat pieces of cork, and when tightly pressed in a
vice, thin sections of the hair, including the cardboard and cork,
can be obtained with a sharp knife. For cutting thin transverse
sections of hair, my friend, Professor Weber, of Leipzig, recommends
a very simple expedient. He suggests that the beard should be
shorn very closely, and then afier a few hours shorn again, In

2
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this way excessively thin sections of hair in great numbers may be
obtained, and can be easily removed from the lather, well washed
in distilled water and dried at the ordinary temperature.

156G, On cutting Sections of Wood and Texiures of that Character,
—Thin sections of various woods and other vegetable textures
of a certain degree of firmness may be cut with the aid of the
instrument representedin pl. XXI, fig. 137. A piece of wood, after
having been allowed to soak for some time in water, is placed in
the hole, and kept in its position by the side screw. Upon turning
the lower screw the wood is forced above the brass plate. A clean
section is now made with a sharp strong knife or razor. By turning
the screw beneath, very slightly, the wood is forced above the surface
of the brass plate, and thus a section of any required thickness
may be obtained.

ON THE SEPARATION OF DEPOSITS FROM FLUIDS.

Before we can ascertain the nature of a deposit suspended in a
fluid, it 1s necessary to separate it as much as possible, and
collect it into a small space. Diffused as the deposit often is
through a large bulk of fluid, the observer would scarcely be sur-
prised if he failed to distinguish it, when a drop was placed under
the microscope.

The ordinary method of separating deposits from fluids is by
filtration. The arrangement of the funnel and the mode of fold-
ing the paper, for filtering, are shown in pl. XXII, figs. 139 and
147. Filtration, however, will not answer for microscopical purposes,
when a mere trace of deposit has to be collected from a large quantity
of fluid. Moreover, particles from the filtering paper often become
mixed with the deposit and lead to confusion. Hence other modes
of proceeding must be resorted to.

153. Conleal Glasses.—In order to collect the deposit for micro-
scopical examination, the fluid containing it is placed in a conical
glass, the lower portion of which is narrow, not, however, termi-
nating in a point but in a slightly rounded extremity. After
standing for some hours, the deposit falls to the narrow portion
of the glass, and may be removed with the pipette. A useful form
of conical glass is represented in pl. XXII, fig. 141.

158, The Pipette consists of a glass tube, about ten inches in
length, the upper extremity being slightly enlarged, so that the finger
may be conveniently applied to it, and the lower orifice contracted,
so as to be about one tenth of an inch in diameter. It is convenient
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to have a ridge around the glass tube, about three inches from its
upper extremity, pl. XXII, fig. r4o.

159, Removing the Deposit with the Pipette.—The removal of
the deposit is easily effected. The pipette is held by the middle
finger and thumb, while the index finger is firmly applied to its
upper extremity. The point is next plunged beneath the surface of the
fluid and carried down to the deposit, a portion of which will rush
up the tube if the pressure of the finger upon the upper extremity be
slightly diminished. The deposit having entered the tube, the pres-
sure is re-applied, and the deposit contained in the pipette can be
removed from the fluid, fig. 141.

160. On Separating the Coarse from the Finer Particles of a
peposit.—Many deposits, by being diffused through a large quantity
of water, may be divided into several portions, The fluid, with sub-
stances suspended in it, is well stirred, and, after being allowed to
stand for a very short time, all but the deposit is poured off into
another vessel. In this the fluid is again allowed to stand for a short
time, and again poured off. This process may be repeated several
times. In the first glass, only the coarser particles will be found ;
in the second, slightly finer particles; in the third, still finer ones,
and so on ; a longer period being allowed for the subsidence in each
successive case.

The coarse particles may also often be separated from finer ones
by straining the deposit through muslin. Various preservative solu-
tions, which I have already described, are applicable for preserving
deposits from fluids. Many, again, may be mounted in Canada
balsam. Ly

16G1. Separation of Deposit when very small in qunnuty.—-fWhere
the deposit is exceedingly small in quantity, and diffused through a
great bulk of fluid, a slight modification of the above plan must be
resorted to. The pipette, containing as much of the deposit as can
be obtained, is removed from the glass vessel containing the fluid.
Its contents are prevented from escaping by the application of the
finger to its lower orifice. The upper extremity is then occluded
with a small cork. Upon now removing the finger from the lower
orifice, of course no fluid will escape. The pipette is allowed to
stand with its mouth downwards upon the glass slide, in which
position it may be permitted to remain some hours, either being
suspended with a string or allowed to lean against some upright
object. It is obvious that under these circumstances the most
minute deposit contained in the fluid will gravitate to its lower part,
and be received upon the slide, without the escape of much of the
fluid, fig. 145, pl. XXII. Or the sediment, having been allowed to
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firm jelly on cooling. If gelatine is employed it must be soaked for
some hours in cold water before it is warmed. About an ounce of
gelatine to a pint of water will be sufficiently strong, but in very hot
weather it is necessary to add a little more gelatine. It must
be soaked in part of the cold water until it swells up and becomes
soft, when the rest of the water, made hot, is to be added. Good
gelatine for injecting purposes may be obtained for two shillings a
pound.

16S. Colouring Matters.— The colouring matters usually employed
in making opaque injections are the following : — Fermifion, Clromate
of Lead, and White Lead. Of these, vermilion affords the most
beautiful preparations, but chromate of lead properly prepared is
much cheaper, and it may be obtained in a state of more minute
division. White lead forms a good colouring mtter, but its density,
and its tendency to become brown and black when exposed to the
action of sulphuretted hydrogen, formed in the decomposition of
the tissues, are objections to its use.

169. Vermillon of sufficiently good quality can be purchased of
all artists’ colourmen for six or eight shillings a-pound. If upon micro-
scopical examination a number of very coarse particles be found in
the vermilion, it will be necessary to separate these by washing in
water in the manner described in § 160.

170. The Chromate of Lead 15 prepared by mixing cold saturated
solutions of acetate of lead and bichromate of potash. The yellow
precipitate is allowed to settle, and after pouring off the clear solution
of acetate of potash resulting from the decomposition, it is shaken up
with water, again permitted to settle and mixed with strong size or
gelatine. After being strained through muslin the mixture may be
injected into the vessels.

171. The Carbonate of Lead or White Lead is prepared by
. mixing saturated solutions of acetate of lead and carbonate of
soda. The precipitate is to be treated as the former one and mixed
with size.

In preparing opaque injections, the observer should bear in mind
that the colouring matter should be well mixed with the size, otherwise
the vessels will not be uniformly filled, and it is better to employ a
small syringe rather than a large one, as there is not so much chance
of the colouring matter separating from the size before the mixture is
forced into the vessels. In all cases the mixture may be made in a
mortar, poured irto one of the injection cans, fig. 151 @, and strained
into another through muslin just before it is injected into the vessels
of the animal.












WITH THE MICROSCOPE. gl

4. Tissues prepared by this process can be subjected to examina-
tion, by powers magnifying more than 5,000 diameters. See part V.

5. All tissues may be mounted in aqueous preservative solutions,
and the most delicate structures are retained in their integrity.

6. By this process of injection alone can the alteration of the
most delicate tissues, which occurs very soon after death, be pre-
vented. ;

It will be seen that several important principles are involved in
this new process, which will be more fully enunciated in part V.

Of late years carmine fluid has been much used for transparent
injections, especially in Germany ; but although many of these speci-
mens are very beautiful, I am not aware that new facts have been
revealed by the process. As the specimens are mounted in balsam,
the structure of the tissues external to the vessels 1s completely lost.
Moreover, the vessels with the contained injection have become
much reduced in diameter by the process of drying, and generally the
appearances seen cannot be regarded as natural.

“All that is to be learnt by such modes of preparation, has been
already learnt. For more minute investigation it is absolutely neces-
sary that the tissue be prevented from undergoing post-mortem
change, and that it be preserved in some viseid agueons fluid. By drying
the tissue its structure is often destroyed. The only mode of prepa-
ration by which injected textures can be subjected to examination
by the highest powers, and which permits of all the several structures
entering into their composition being displayed in the same specimen,
is that which I am advocating in conjunction with the staining process
described in part V.

In order to inject the vessels for examination by transmitted light
several different substances may, however, be used as injecting fluids ;
but if it is desired to study the tissues as well as the arrangement of
" the vessels, the points just adverted to must be borne in mind.

155. Injection with Plain Size—A tissue which has been
injected with plain size, when cold is of a good consistence for
obtaining thin sections, and many important points ;na:," be learnt
from a specimen prepared in this manner which would not be
detected by other modes of preparation. A mixture of equal parts
of gelatine and glycerine is, however, much to be preferred for this
purpose, and the specimen thus prepared is sure to keep well. Very
thin sections of spongy tissues like the lung may be most successfully
made after injection with strong gelatine or gelatine and glycerine.

176. Colouring Matters for Transparent Injections.— The chief
colouring matters used for making transparent injections are carmine
and Prussian bluwe. The former may be prepared by adding a little
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solution of ammonia (liquor ammoniw) to the carmine, and diluting
the mixture until the proper colour is obtained, or it may be diluted
with size. The latter by adding a persalt of iron to a solution of
ferrocyanide of potassium.

177. Advantages ot Employing Prussian Blue—In order to inject
satisfactorily the most minute vessels of a tissue, and at the same
time to demonstrate their relation to adjacent structures, we must be
provided with an injecting medium which possesses the following
properties :—The fluid should be of such a consistence that it will
run readily through the smallest vessel. It must contain a certain
amount of colouring matter to render the arrangement of the vessels
distinct, but must be sufficiently transparent to admit of the examina-
tion of the specimen by transmitted light. The colouring matter
must not be so/uble, for in this case it would permeate the tissues
indiscriminately, and would thus prevent the vessels from being dis-
tinguished from other textures. Though insoluble, the particles of
which the colouring matter is composed should be so minute as not
to exhibit distinct granules when examined with the highest powers,
for if this were so, the specimen would have a confused appearance.
The fluid in which the colouring matter is suspended, must be capable
of permeating the walls of the vessels with tolerable facility. It
must possess a certain refractive power, and a density approaching
to that of the fluid which surrounds the tissues in the natural con-
dition. It must be of such composition that it may be employed
without the application of heat. :

The 1njecting fluid must not escape too readily from the numerous
open vessels necessarily exposed in cutting a thin section of the tissue
for examination, and particles accidentally escaping ought not to
adhere intimately to the surface of the section, for this would render
the specimen confused and indistinct, when subjected to examination,
especially if high magnifying powers are required. The fluid employed
must not interfere with the preservation of the specimen. The inject-
ing fluid ought not to undergo any alteration by being kept for some
time, and it should be cheap and capable of being readily prepared.

The Prussian blue fluid which consists of an insoluble precipitate,
so minutely divided, that it appears like a solution to the eye,
fulfils all these requisitions. The particles of freshly prepared
Prussian blue are very much smaller than those of any of the
colouring matters employed for making opaque injections. For many
years I have employed Prussian blue as the injecting fluid, and
according to my experience it possesses advantages over every other
colouring matter. It is inexpensive. It may beinjected cold. The
preparation does not require to be warmed. No size is necessary.
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The injection penetrates the capillaries without the necessity of
applying much force. It does not run out when a section is made
for examination, neither do any particles which may escape from the
larger vessels divided in making the section, adhere to it and thus
render the section obscure. A structure may be well injected with
it in the course of a few minutes.

Specimens prepared in this manner may be preserved in any of
the ordinary preservative solutions, or may be dried and mounted in
Canada balsam (but I give the preference to glycerine, § 100, or
glycerine jelly, § 106), and they may be examined with the highest
magnifying powers. After having tried very many methods of
making this preparation I have found the following one to succeed
well. For very fine injections the mixture may be diluted by adding
three ounces of glycerine. See also part V.

178, Prussian Blue Fluid.—Composition of the wswal Prussian
blue fuid for making transparent injections,

Common glycerine ... i+ I OUDCE
Spirits of wine e GV e (i
Ferrocyanide of potassium... ... 1z grains.
Tincture or solution of perchloride of iron* 1 drachm.
Water ... 4 Ounces.

The ferrocyanide of potassium is to be dissolved in one ounce of
the water and glycerine, and the tincture of sesquichloride of iron added
to another ounce. These solutions should be mixed together wery
gradually and well shaken in a bottle. The iron being added to the
solution of the ferrocyanide of potassium. When thoroughly mixed,
the solutions should produce a dark blue mixture, in which no
precipitate or flocculi are observable. Next, the spirit and the water
.are to be added very gradually, the mixture being constantly shaken
in a large stoppered bottle. The tincture of perchloride of iron is
recommended because it can always be obtained of nearly uniform
strength. It 15 generally called the muriated tincture of ron, and
may be purchased of the druggists. In cases in which a very fine
injection is to be made for examination with the highest powers,
half the quantity of iron and ferrocyanide of potassium may be used.

It has been remarked that as the colour of Zurnbull's blue is
brighter and is not liable to fade, it is to be preferred to the Prussian
blue. The latter does not, however, lose its colour if a little free

* The Tinctura Ferri Perchloridi and the Liquor Ferri Perchloridi of the British
Pharmacopeein, of 1867, are of the same strength and consist of one part of the
strong Liquor Ferri Perchlor. to three parts, by measure, of spirit or water.
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transudes through the walls of the vessels, and tinges all the neigh-
houring tissues indiscriminately. The fluid 1s much improved, and
its tendency to transude diminished, by the addition of glycerine
and a little alcohol.

Professor Gerlach was the first who used a carmine injecting fluid.
The beautiful carmine injections now made in Germany are prepared
with this fluid, or a slight modification of it. I take the receipt from
the excellent work of Dr. Frey (Das Mikroskop, 1863).

Carmine... st MR OTAINES
WViaters =t ... 7o grains.
Liquor ammonias ... 8 drops.

The carmine is to be dissolved in the ammonia and water, and
the solution left for some days exposed to the air, and then mixed
with pure gelatine, made by dissolving a drachm and a-half of good
gelatine in a drachm and three quarters of water. Lastly, a few
drops of acetic acid are added to the mixture, which is injected
warm.

181. Acid Carmine Fluld.—After trying a great many different
combinations, I arrived at the following, which answers the purpose
exceedingly well :—

Carmine ... iis Bigrains;
Glycerine, with eight or ten drops of

acetic or hydrochloric acid } oe
Glycerine ... R L
Alcohol ..+ 2 drachms,

EE

Water i
Ammonia, a few drops. -

Mix the carmine with a few drops of water and, when well incor-
porated, add about five drops of liguor ammonie, ‘To this dark red
solution, about half an ounce of the glycerine is to be added, and the
whole well shaken in a bottle. Next, very gradually, pour in the
acid glycerine, frequently shaking the bottle during admixture. Test
the mixture with blue litmus paper, and if not of a very decidedly
acid reaction, a few drops more acid may be added to the remainder
of the glycerine, and mixed as before. Lastly, mix the alcohol and
water very gradually, shaking the bottle thoroughly after adding each
successive portion, till the whole is mixed. This fluid, like the

Prussian blue, may be kept ready prepared, and injections may be
made with it very rapidly.
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A.—A solution of bichromate of potash is made, in the propor-
tion of one part of salt to two of water. -
B.—A solution of nitrate of lead of the same strength,

One part of solution A is placed in a small basin and mixed
with 4 parts of a concentrated solution of gelatine. Two parts of
solution B are placed in another basin and mixed with four parts
of jelly.

These are to be slowly and thoroughly mixed together at a tem-
perature of from 75° to 9o, and then heated in a water-bath at a
temperature of about 212° for half an hour or more. The mixture
is then to be carefully filtered through flannel.

183, Of Injecting Different Systems of Vessels with Transparent
Injections, —The transparent injecting fluids which may be used for
double injections, must have the same reaction. Thus the Prussian blue
fluid, and the carmine solution without gelatine, p. 95, may be used for
this purpose ; but I have not yet been able to obtain other colours
which answer so well as these. Good transparent yellow and green
acid injecting fluids which might be used for double injections in
cases in which the Prussian blue fluid was employed, are much to be
desired.

184. New Form of Soluble Prussian Blue.— Briicke recommends
the following :—

Ferrocyanide of potassium, 217 grammes, dissolved in 1 litre of
distilled water.

Perchloride of iron, 10 grammes in 1 litre of distilled water.

Sulphate of soda, a cold saturated solution.

One volume of each of the two first solutions is to be mixed with
one volume of the soda solution. The iron and soda solution is then
to be mixed gradually with the ferrocyanide and soda solution with
constant stirring. The mixture is to stand for some hours, and the
deposit collected on a filter. The deposit is then washed with small
quantities of distilled water, until the filtrate runs through quite blue.
The blue powder thus prepared is quite soluble (?) in distilled water.
Briicke recommends that this be made into an injection with sufficient
gelatine to ensure it setting into a jelly. After injection the prepa-
ration is to be thrown into spirit, and then hardened in go per cent.
of alecohol !l—a process which it may be remarked will effectually
destrcy many delicate structures, and entirely alter all. Briicke states
that the fluid bears chromic acid and bichromate of potash well, but
says that all fluids containing glycerine must be carefully avoided !

H
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The student may inject with this mixture, and then try the Prussian
blue fluid recommended in p. 93, and compare the results.

185. Mercurial Injections are not much used for microscopical
purposes, although mercury was much employed formerly for injecting
lymphatic vessels and the ducts of glandular organs. The pressure
of a column of mercury a few inches in height is alone sufficient to
force some into the vessels. The mercurial injecting apparatus
consists of a glass tube, about half an inch in diameter and twelve
inches in length, to one end of which has been fitted a steel screw
to which a steel injecting pipe may be attached. The pipes and
stopcocks must be made of steel, for otherwise they would be de-
stroyed by the action of the mercury.

Of Injecting the Vessels of the Higher Animals.

186. Of the Practical Operation of Injecting.— It is generally
stated that a successful injection cannot be made until the muscular
rigidity which comes on shortly after death, and which affects the
muscular fibres of the arteries as well as those of the muscles them-
selves, has passed off ; but I have found that most perfect injections
may be made before the muscles begin to contract, that is, within a
few minutes after the death of the animal. All my fine injections
have been made less than five minutes after death.

The student will find that the process of injecting will be learnt
after a few trials, and although he may quite fail in the first attempts
he makes, I earnestly recommend him not to give up, for this mode of
investigation is of the greatest advantage, and by it we learn facts of
great anatomical importance. Every one engaged in the investiga-
tion of the anatomy of tissues in health and disease, should be able
to inject well, and by employing the fluids recommended, it will be
found that injections can be made without much sacrifice of time.

The steps of the process of transparent injection are very similar
to those taken in making the opaque injections, except that when
size is employed, the specimen must be placed in warm water until
warm through, otherwise the size will solidify in the smaller vessels
and the further flow of the injecting fluid will be prevented. Soaking
for many hours is sometimes necessary for warming a large prepara-
tion through, and it is desirable to change the warm water frequently.
The size must also be kept warm, strained immediately before use,
and well stirred up each time the syringe is filled.

In the first place the following instruments must be conveniently
! . The syringe thoroughly clean and in working order, with pipes,

1
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stop-cocks, and corks. One or two scalpels. Two or three pairs of
sharp scissars. Dissecting forceps. Bull's nose forceps. Curved needle
threaded with silk or thread, the thickness of the latter depending
upon the size of the vessel to be tied. Wash-bottle. Injecting fluid
in a small vessel. Plenty of warm water if the injection is to be
made with fluid containing size or gelatin.

The student is recommended to practise the process by injecting
the organs and animals in the order in which they are enumerated,
and not to attempt the second until he has succeeded with the first.
In all cases the operation is to be conducted patiently, and very
slight pressure on the piston is to be exerted.

1. Kidneys of sheep or pig.—Aréery.

2. Eye of ox.—Artery.—Two or three minutes will be time enough
to make a complete injection. If the globe becomes very much
distended by the injecting process, an opening must be made in the
cornea which will permit the humours of the eye to escape, and
thus space will be left for the injection, and the vessels may be com-
pletely distended.

3. Rat, mouse, frog.— fnjected from the aorta.

4. Portion of intestine.— Branch of arfery. All divided vessels
being tied before commencing to inject, pl. XXV, fig. 164.

5. Liver. Inone part a dranch of duct; in a second, a branch of
artery ; in a third, perfal wveiri; and in a fourth, Aepatic wein. The
portal and hepatic vein, the artery and portal or hepatic vein, or the
duct and portal vein may be injected with injections of different
colours in one piece of liver.

Suppose the student is about to inject a frog. An incision is
made through the skin, and the sternum divided in the middle line
with a pair of strong scissars ; the two sides may easily be separated,
and the heart is exposed. Next the sac in which the heart is
contained (pericardium) is opened with scissars, and the fleshy
part of the heart seized with the forceps; a small opening is made
near its lower part, and a considerable quantity of blood escapes
from the wound—this is washed away carefully by the wash-bottle
p- 86. Into the opening—the tip of the heart being still held firmly
by the forceps,—a pipe is inserted and directed upwards towards
the base of the heart to the point where the artery is seen to be
connected with the muscular substance. Before the pipe is introduced,
however, a lifile of the injecting fluid is drawn up so as to fill it, for if
this were not done, the air contained in the pipe would necessarily be
forced into vessels, and the injection would fail. The point of the
pipe can with very little difficulty be made to enter the artery. The
needle with the thread is next carried round the vessel, and the
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thread seized with forceps, the needle unthreaded and withdrawn, or
one end of the thread may be held firmly, while the needle is with-
drawn over it in the opposite direction. The thread is now tied
over the vessel, so as to include the g of the pipe only, for if the
pipe be tied too far up, there is great danger of its point passing
through the delicate coats of the vessel,

The syringe having been well washed in warm water before com-
mencing, its nozzle is plunged beneath the surface of the injecting
fluid, the piston moved up and down two or three times, so as to
force out the air completely, and the syringe filled with fluid. It is
then connected with the pipe,—which is firmly held by the finger
and thumb of the left hand,—with a screwing movement. A little
of the injection is, hewever, first forced into the wide part of the
pipe so as to prevent the possibility of any air being included.

The pipe and syringe being still held by the left hand, the piston
is slowly and gently forced down with a slightly screwing movement
with the right, care being itaken not to distend the vessel so as to
endanger rupture of its coats. The handle of the syringe is to be
kept uppermost, and the syringe should never be completely emptied,
in case of a little air remaining, which would thus be forced into the
vessel, fig. 154, pl. XXIIL. The injection is now observed running
into the smaller vessels in different parts of the organism.

187, Of the Pressure required for Successful Injection.—The
requisite amount of pressure for forcing the injection into the finest
capillaries may be obtained without using the syringe. 1. By employ-
ing a long tube, to one end of which is attached a small piece of India-
rubber tube furnished with a stop-cock which fits into the injecting
pipe. 2. By placing the injecting fluid in a vessel three or four feet
above the table and immersing a syphon tube which may be entirely
composed of India-rubber or partly of glass. 3. By arranging a glass
vessel upon the principle of the wash-bottle, p. 86, pl. XXI1I, fig. 153,
pressure upon the surface of the liquid being produced by the aid of
an India-rubber bottle compressed by a weight or spring, or by
pouring mercury into the tube which reaches nearly to the bottom
of the flask. The other tube must of course also dip below the
surface of the injecting fluid while to its upper free end a piece of
India-rubber tubing provided with a stop-cock at its extremity, must
be adapted. Other arrangements have also been proposed, but after
having tried many different plans, I find that upon the whole, the
ordinary injecting syringe is the most successful as well as the cheapest,
the most convenient, and the most simple instrument, and it is most
easily kept in perfect order. It need scarcely be said that by no
mechanical means can such varieties of pressure be obtained as by
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the aid of the muscles of the hand and arm, and the pressure can be
modified instantly, according to the judgment of the operator.

188, Of Injecting the Ducts of Glands.— he modes of Injecting
which have just been considered, although applicable to the injection
of vessels, are not adapted for injecting the ducts and glandular
structure of glands ; for as the ducts usually contain a quantity of
the secretion, and are always lined with epithelium, it happens that
when we attempt to force fluid into the duct, the epithelium and
secretion are driven towards the secreting structure of the gland, which
is thus effectually plugged up with a material which is colourless.
There is therefore no hope of making out the origin of the ducts and.
their relation to the secreting structure. It 15 obviously useless to
introduce an injecting fluid, for the greatest force which could be
employed would be insufficient to drive the contents of the follicles
and ducts through the basement membrane, and the only possible.
result of such an attempt would be rupture of the thin walls of the
secreting structure and extravasation of the contents. As I have
before mentioned, partial success has been obtained by employing
mercury, but the preparations thus made are not adapted for micro-
scopical observation.

I had long felt very anxious to inject the ducts of the liver in.
order to ascertain the manner in which they commenced in the lobule,
and the precise relation which they bore to the liver cells. This has
long been a point of dispute among microscopical observers, and
many different and incompatible conclusions have been arrived at by
different authorities. In order to prove the point satisfactorily it was
obviously necessary to inject the ducts to their minute ramifications,.
which nc one, as far as I was able to ascertain, had succeeded in
doing satisfactorily. After death the minute ducts of the liver always
contain a little bile. No force which can be employed is sufficient.
to force this bile through the basement membrane, for it will not
permeate it in this direction. When any attempt is made to inject’
the ducts, the epithelium and mucus, in their interior, form with the.
bile an insurmountable barrier to the onward course of the injection.
Hence it was obviously necessary to remove the bile from the ducts.
before one could hope to make a successful injection. It occurred
to me, that any accumulation of fluid in the smallest branches of the.
portal vein or in the capillaries, must necessarily compress the ducts.
and the secreting structure of the liver which fill up the intervals
between them. The result of such a pressure would be to drive the
bile towards the large ducts and to promote its escape. = Tepid water.
was, therefore, injected into the portal vein. The liver became.
greatly distended, and bile, with much ductal epithelium, flowed by
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Some observers think they have succeeded in injecting very minute
lymphatic vessels and demonstrating that these are continuous with
the capillaries. Such lymphatics are considered to ramify in the
intervals between epithelial cells. It is, however, doubtful if the facts
observed have been correctly interpreted.

OF INJECTING THE LOWER ANIMALS.

190. Insects.—Injections of insects may be made by forcing the
injection into the general abdominal cavity, whence it passes into the
dorsal vessel and is afterwards distributed to the system. The
superfluous injection is then washed away, and such parts of the
body as may be required, removed for examination. Insects
shounld be injected very soon after they have emerged from the
pupa.

The water vascular apparatus, the vessels, and the digestive
tube may be injected in many of the lower animals. In some cases
the best results will be obtained with size coloured with transparent
colouring matter ; in others it will be found better to employ the
Prussian blue or carmine injecting fluid made with glycerine,
p- 95. In injecting the digestive apparatus of some entozoa as the
liver-fluke, the pipe may be tied in, but as a general rule it is only
necessary to make an opening into the vessel and insert the pipe
which must be held steadily while the injection is carefully forced
from the orifice. In many fine injections a pipe of the form repre-
sented in pl. XXTII, fig. 157, with a blunt point and a lateral open-
ing will be found of great advantage. Coloured fluids will rise in the
vessels of most plants by capillary attraction, and. occasionally the
vessels of some of the tissues of animals may be partially injected
in the same way.

19L Mollusca. (Slug, snail, oyster, &c.)—The tenuity of the
vessels of many mollusca renders it undesirable to tie the pipe in them.
The capillaries are, however, usually very large, so that the injection
runs readily. In different parts of the bodies of these animals are
numerous lacunz or spaces, which communicate directly with the
vessels. If an opening be made through the integument of the
muscular foot of the snail, a pipe may be inserted, and thus the
vessels may be injected from these lacung with comparative facility.
The large vessels of the branchiz may be readily injected with the
aid of a pipe of the form represented in pl. XXIII, fig. 157.

Milne Edwards injected the snail by passing the pipe through an
opening made with a sharp instrument at the base of the tentacle.
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In this case the injecting fluid passes into lacuna or spaces and fills
the venous system, but as has been shown by Mr. Robertson, of
Oxford, the arteries are not injected by this method (On the Organs
of Circulation of the Roman Snail, Helix Pomatia. Annals and
Magazine of Natural History, January, 1867).

192, Mr. Robertson’s Plan of Injecting the Snail.—This skilful
anatomist recommends another plan of proceeding. The snails are
to be killed by drowning them in a jar quite filled with cold water,
the mouth being closed with a piece of plate glass.

The vascular system is to be injected from the ventricle of the
heart with size and carmine. The heart of the snail is easily found.
It is enclosed in a sac which is situated at the posterior extremity of
the pulmonary chamber on the left side. The position of the organs
of the snail has been fully described by Dr. Lawson, in a paper
published in the Mic. Journal for January, 1863. The injection
introduced into the heart passes right round the body and returns to
the pulmonary chamber. By this plan the arterial branches may
be traced into the foot and to many other parts which were con-
sidered to be destitute of arteries. Mr. Robertson has arrived at
the conclusion that in snails there exists a dosed capillary system
communicating directly with the arteries on the one land and the veins
on the other as in the higher animals ; and he has completely failed to
demonstrate the existence of any direct communication between the
spaces or lacun® in the various tissues and the vascular system. It
1s probable that in the mollusca the capillaries are arranged as in the
higher animals, but they are wider, and their walls being so very thin
it requires great skill to inject them without extravasation.

193. Injecting Fishes—The vessels of fishes are exceedingly
tender, and great caution is required in filling them. It is often
difficult or quite impossible to tie the pipe in the vessel of a small
fish, If we attempt to inject from the heart, the injection passes to
the gills, but it is seldom that it runs through these and penetrates
the systemic vessels. It is usual therefore to proceed thus,—the tail
of the fish is to be cut off, and the pipe introduced into the divided
vessel which lies immediately beneath the spinal column, In this
simple manner beautiful injections of a fish may sometimes be made.
In small fishes in which the vessels are too delicate to be tied, a
good injection may be made by simply placing the pipe in the vessel.
As the fluid 1s so cheap, a considerable loss is of no importance.

194, Of Preparing Portions of Injected Preparations for Micro-
scopleal Examination. — Preparations made by injecting colouring
matters suspended in water or gelatine may be mounted in various
preservative fluids, or dried and placed in balsam. When thin

1.
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tissues, such as the mucous membrane of the intestines or other parts,
have been injected, it is necessary to lay them perfectly flat, and wash
the mucus and epithelium from the free surface, either by forcing a cur-
rent of water from the wash-bottle, or by placing them in water and
brushing the surface gently with a camel’s hair brush. Pieces of a con-
venient size may then be removed and mounted in solution of naphtha
and creosote, in dilute alcohol, in glycerine, or in gelatine and glyce-
rine. The most important points in ordinary injections may be shown
if the preparation be dried and mounted in Canada balsam. The
specimen must, in the first place, be well washed and floated upon a
glass slide with a considerable quantity of water, which must be
allowed to flow off the slide very gradually. It may then be allowed
to dry under a glass shade, in order that it may be protected from
dust. The drying should be effected at the ordinary temperature of
the air, but it is much expedited if a shallow basin filled with sulphumnc
acid be placed with it under the same bell-jar, p. 76, pl. XX, fig. 131.

Of solid organs, such as the liver and kidney, thin sections from
the interior made in different directions, as well as portions from the
surface should be preserved. Thin sections may be made with the
ordinary scalpel or with Valentin's knife, if an extensive one be
required. The surfaces of the section should be well washed, and it
may then be mounted in one of the methods previously described.

Specimens which have been injected with Prussian blue or car-
mine injecting fluids, the composition of which is given in pp. 93, 95,
must be preserved in glycerine containing a trace of free acetic acid
(5 to 15 drops to the ounce). The advantage of this plan is that it
enables us not only to observe the arrangement of the vessels, but
also to study all the other structures entering into the composition of
the tissue or organ.

fnjections as Moist Specimens and Mownted tn Canada Balsam.

The observer will be surprised at the great differences observed
in the same texture according to the method in which it is pre-
pared. I have already adverted to the objections of mounting moist
tissues in balsam. Although most observers in Germany still pursue
this plan for preserving their injections, it will be condemned as
unsatisfactory by any one who has tried the method of mounting-
the specimen moist in strong glycerine. Not only are the nuclei of
the vessels for the most part destroyed by the process of mounting
in balsam, but many very important elements of the tissue, and espe-
cially nerve fibres, are so changed that they cannot be recognised,
or are completely obliterated. The capillaries themselves are so
shrunk and changed that very wrong conclusions would be arrived
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at if balsam specimens only are submitted to examination. In
figs. 165 and 166, pl. XXV, specimens of the very same tissue
are represented prepared according to the different plans referred
to, but magnified by the same powers. Let the reader observe the
different diameter of the vessels and note how many points are dis-
played in the moist preparation which are not to be demonstrated in
the one preserved in balsam. I feel, therefore, compelled to reject
inferences arrived at from the examination of balsam specimens, and
strongly advise the student not to be misled by their mere sharpness
and bright colour. Such preparations undoubtedly enable us to form
a general idea of the arrangement and number of the capillaries in
different textures, and in this respect are of value, but they are use-
less if we wish to learn facts concerning the relation of the capillaries
to the texture lying in their meshes, the structure of the vessels them-
selves, or that of the tissues in which they ramify.

195. Of the best Mode of Desiroying the Life of Animals intended
for Injection.—I have tried various plans of destroying animals in-
tended for minute injection, and have found that in death by sudden
shock the vessels remain in a relaxed state for a sufficient time after
death to enable us to complete the injection. In some cases a good
result is gained by destroying life in an atmosphere of carbonic acid,
but I find that the very sudden death produced by a fall from a
height, dashing on the ground, &c., is the most advantageous. Any
small animal may be wrapped up in a cloth and thrown suddenly
and with some force upon the ground. In order to avoid rupturing
any of the tissues the animal must be protected by several folds of
the cloth. Swinging very rapidly through the air also destroys life
very suddenly, without causing that sudden contraction of the muscles,
which seriously interferes with successful injection.

Good injections may be made after the #igor miortis has entirely
passed off, and formerly no attempt was made to inject before this
period. But when the muscles have again become relaxed the finer
branches of the nerves will be found softened or entirely destroyed,
and many delicate structures so much altered that it would not be
possible for any one who was acquainted with their natural appear-
ance to recognise them. Hence it is useless to put off the operation
of injection if we desire to demonstrate in the specimens more than
the arrangement of the capillaries only.
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OF STAINING TISSUES.

The plan of staining tissues artificially, is one from which the
greatest advantages have been derived already, and it 1s quite certain
that, by modifications of the processes now employed, many new
and most important facts will be discovered. It 1is, however, impor-
tant that the stndent should bear in mind that the process of staining
may be employed for two very different purposes.

1. For colouring the Jiwing or germinal matier of the cell or
texture.

2. For demonstrating peculiarities in the build of the formed
matertal, cell wall, intercellular substance or #sswe, and for
ascertaining the order in which the several parts of which it
15 composed have been laid down.

196. Of Colouring the Germinal or Living Matter.— This living
matter is in all cases perfectly clear and transparent. It never exhi-
bits structure, and is invariably colourless. It possesses an acid
reaction, or, to speak more correctly,—an acid reaction is always
developed immediately after its death. Hence if an alkaline solu-
tion of colouring matter from which the colour may be precipitated
or fixed by an acid, be caused to pass into germinal matter which
has recently died but has not yet undergone decomposition, the
alkali is neutralised by the acid present, and the colour is retained.
It is probably precipitated in a state of very minute subdivision, or
combined with some of the constituents of the germinal matter to
form a compound insoluble in weak acids.

The tissue itself or formed material being ordinarily bathed with
an alkaline fluid does not take the colour, and hence by carrying out
the process with due care the germinalor living matter may always
be coloured while the formed material or tissue remains perfectly
colouriess.  Any ome can satisfy himself of this fact by placing upon
a glass slide a few liver cells from any animal immediately after its
death. If a drop or two of the solution of carmine in ammonia
be allowed to flow over the cells, the nucleus or mass of germinal
matter of each cell will be tinted in the course of a few seconds,
while the outer part of the cell will not be affected.

Staining the germinal matter may be carried out long after the
death of the animal if the development of an alkali by decomposi-
tion be prevented by alcohol or some other preservative fluid.
Specimens should be immersed in a preservative fluid immediately
after death. In practice, however, it is always better to carry out
the staining process at once, -

It must not be inferred that animal matter can be stained by
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alkaline colouring fluids only. Solutions of an acid reaction may be
employed if the germinal matter be rendered alkaline in the first
instance by soaking the texture in a weak solution of ammonia. I
have prepared some beautiful specimens as follows :—An alkaline
solution was injected into the vessels, and after allowing twelve hours
or more for the tissues to become thoroughly permeated, the finest
Prussian blue fluid, see part V, was introduced. The latter passed
into the very substance of the germinal matter; which was tinged
much more deeply than the surrounding substance. The liver cell
may be thus impregnated with the blue in every part. It seems pro-
bable that by prosecuting more detailed enquiries in this direction,
we may learn something concerning the physical arrangement of the
matter constituting the formed material. Specimens prepared in this
way enable us to prove the unsoundness of the old notion concern-
ing the supposed cell wall and cell contents; but in endeavouring to
draw correct inferences regarding the natural arrangement of the
parts prepared in this way, it must not be forgotten that the alkaline
ammonia may have effected alterations in the formed material, and
modified its structure in an important manner.

197, Process of Staining followed by the Rev. Lord 8, . Oshorne.
—Welcker was, I believe, one of the first observers to employ a
solution of carmine for the purpose of staining the nuclei of tissues,
and- Gerlach was an: early and most successful advocate of this plan.
It has been, but I think wrongly, stated, that Gerlach was the first
who employed this process. The date of Gerlach's work is 1858
(Mikroskopische Studien aus dem Gebiete der Menschlichen Morpho-
logie. Erlangen). But in June, 1856, the Rev. Lord S. G. Osborne
showed that nuclei were more deeply tinged by carmine than other
parts of the cell. (Vegetable Cell Structure and its Formation, as
seen in the early stages of the Growth of the Wheat Plant), Se also
the plate accompanying this paper (Trans. Mic. Soc., vol. V, pl. IV,
1856). Lord Osborne allowed the plants to grow in the carmine
solution. The growing parts were stained most successfully.

198. Gerlach’s Method of Staining.—Gerlach used first a con-
centrated solution of carmine in ammonia, and placed the sections
of brain and spinal cord previously hardened by chromic acid, in the
carmine fluid for from ten to fifteen minutes. They were then well
washed in water for some hours, and treated with acetic acid. The
water and acid were removed by immersion in alcohol. The sections
were a’terwards mounted in Canada balsam. Gerlach found that
dilute solutions (two or three drops of the ammoniacal solution of
carmine to an ounce of water), and maceration for fwe or three days,
afforded better results.
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199, The Author's Carmine Fluld for staining the germinal matter

is made as follows :(—
Carmine, 10 grains.
Strong liquor ammonige, 4 drachm.
Price’s glycerine, 2 ounces.
Distilled water, 2 ounces.
Aleohol, 4 ounce.

The carmine in small fragments 1s to be placed in a test tube, and
the ammonia added to it. By agitation, and with the aid of the heat
of a spirit-lamp, the carmine is soon dissolved. The ammoniacal
solution is to be hoiled for a few seconds and then allowed to cool.
After the lapse of an hour, much of the excess of ammonia will have
escaped. The glycerine and water may then be added and the
whole passed through a filter or allowed to stand for some time, and
the perfectly clear supernatant fluid poured off and kept for use.
This solution will keep for months, but sometimes a little carmine is
deposited, owing to the escape of ammonia, in which case one or two
drops of liquor ammonizz may be added to the four ounces of
carmine solution.

The rapidity with which the colouring of a tissue immersed in this
fluid takes place, depends partly upon the character of the tissue and
partly upon the excess of ammonia present in the solution. If the
solution be very alkaline the colouring will be too intense, and much
of the soft #sswe or imperfectly developed formed material around
the germinal matter, is destroyed by the action of the alkali. If, on
the other hand, the reaction of the solution be neutral, the uniform
staining of tissue and germinal matter may result, and the appear-
ances from which so much may be learnt are not always produced.
When the vessels are injected with the Prussian blue fluid the
carmine fluid requires to be sufficiently alkaline to neutralise the free
acid present. The permeating power of the solution is easily
increased by the addition of a little more water and alcohol. In
some cases the fluid must be diluted with water, alcohol, or glycerine,
and the observer must not hastily condemn the process, or conclude as
some have, that a particular form of germinal matter is notto be coloured
until they have given the plan a fair trial and tried a few experiments.

Notwithstanding the advantages of the above plan and its success
in the hands of many observers, objections have been urged against
it by some who, I venture to think, have not made themselves
familiar with the details of the method. Tt has been said that the
formed material may be stained as well as the germinal matter. As
every one must know, almost any tissue may be stained. Hair, horn,
wool, paper, &c., may be deeply dyed, even after they have been
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alcohol. A grain of the colour, ten or fifteen drops of alcohol, and
an ounce of distilled water, make a dark red solution ; or the colour
may be boiled in water, allowed to cool, and then filtered. This
fluid colours tissues very readily. Many exceedingly delicate and
perfectly transparent textures, which are almost invisible in the
natural state, can be most satisfactorily demonstrated by the use of
this coloured fluid. The cilia of ciliated epithelium may be tinted
while they continue to vibrate. As the substance of the cell becomes
coloured, however, the action of the cilia ceases. Every kind of
cell wall, delicate membrane, and transparent tissue may be tinted
with these colours.

Magenta has been recommended by Dr. Roberts for showing a
minute spot cennected with the red blood corpuscles of man. (*On
peculiar appearances exhibited by blood corpuscles under the influ-
ence of solutions of magenta and tannin " — Proceedings of the Royal
Society, vol. XII, p. 481, No. 55, April, 1863). The peculiar action
exerted by magenta and tannin upon the red blood corpuscles has
not yet been satisfactorily explained, but my friend, Dr. Hughes
Bennett, of Edinburgh, tells me that, with the aid of very high powers,
he has been able to demonstrate that the minute spot appeanng after
the blood corpuscles have been soaked in magenta exhibits angles, and
he cunsiders that it is in fact a minute crystal which has formed upon
the corpuscle.

203. Blue Colours for Staining.—Thiersch recommends the fol-
lowing fluid, the composition of which I take from Frey :—

Oxalic acid, 1 part.
Distilled water, 22 parts. :
Indigo carmine, as much as the solution will take up.

Another solution of oxalic acid and water in the same propor-
tion is required. One volume of the first solution is mixed with two
volumes of the last and nine of absolute alcohol. The mixture is
then filtered, and is ready for use.

An anilin blue fluid may be made as follows :—

Soluble anilin blue, £ grain.
Distilled water, 1 ounce,
Alcohol, 25 drops.

This fluid is not acted upon by acids or alkalies. Frey strongly
recommends a fluid of this description as very useful for colouring
many tissues. .
204, Tannin.—Although tannin does not colour animal membrine,
it alters its character to such an extent as to enable us to see many
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peculiar points of structure or arrangement not visible before, or it
produces a chemical change upon the substance, from which we
gain important information. Solutions of magenta and solutions of
tannin have been much used in investigations upon the blood cor-
puscles. The action of tannin upon the red blood corpuscle is very
peculiar ; it has been specially studied by Dr. Roberts, of Manchester
(* On peculiar appearances exhibited by blood corpuscles under the
influence of solutions of Magenta and Tannin "— Proceedings of the
Royal Society, vol. X11, p. 481, No. 55, April, 1863). The solution
is made by dissolving 3 grains of tannin in an ounce of distilled
water. One drop of bloed may be mixed with four or five drops
of the tannin solution and a portion of the mixture examined under
the microscope.

205. Solutions of Nitrate of Silver.—Of late years nitrate of silver
has been used for staining tissues. Recklinghausen and His have
employed this plan with great success. A weak solution may be
imbibed by delicate tubes, and part being precipitated in the tube,
perhaps as a chloride or in combination with some albuminous ma-
terial, subsequently becomes decomposed by the action of light, and
a very dark line results, and thus the position of a previously per-
fectly invisible channel is clearly demonstrated. The outlines of
epithelial cells and the /w/erzals between them may be demonstrated
by this process. Transparent connective tissue and the owler part
of ¢ells can thus be coloured, the nwclei remaining perfectly colourless
and transparent. The nuclei by longer immersion will also be
coloured.* The appearances may be made to vary very much by
modifying the mode of procedure and the time which the preparation
is allowed to remain in the solution. After soaking in the nitrate of
silver solution for some time the specimen must be placed in dis-
tilled water, or in a weak solution ©f common salt, in order to wash
away the nitrate which adheres to the surface or occupies the intervals
between the cells. When this has been effected the specimen is
exposed to daylight or sunlight until the requisite degree of blacken-
ing has been obtained. The strength of the solution employed may
be varied according to circumstances. Recklinghausen uses a very
dilute solution, consisting of 1 part of nitrate of silver to 400—8o0
of distilled water.

The structure of the cornea has been recently investigated by His,
after the tissue had been prepared according to this plan. The so-
called “intercellular substance’ (formed material) only may be coloured,
or, after the whole structure has been thoroughly impregnated with

* The nuclei (germinal or living matter) as long as they are alive resist the
action of the fluid, but when they die it is imbibed by them.
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the solution, it may be soaked out of the formed material,
while that taken up by the nucleir (masses of germinal matter) is
retained, and may be decomposed by being exposed to light. In
this case the nuclei appear very dark and surrounded by a pale
brown formed material. His thinks that when the nuclei are
coloured, the precipitate of chloride of silver in the formed ma-
terial is re-dissolved and absorbed by the nucley, v which it is
afterwards reduced by the action of the light.

206. Solutions of Chloride of Gola.—Weak solutions of per-
chloride of gold have been much used of late years for colouring
nerve fibres, which after exposure: to light exhibit a blue or violet
tinge. A solution containing from "z to & per cent. in distilled water
should be made. The tissue after having been soaked till it becomes
straw-coloured is to be washed, and then placed in very dilute acetic
acid containing 1 per cent. orless. The nerves become coloured in
the course of a few hours. By this plan Cohnheim professes to have
made out very fine nerve fibres, which, he says, pass from the plexuses
in the cornea to intervals between the cells of the conjunctival epithe-
linm, and after reaching the surface of the structure end in terminal
free extremities. I think, however, we should receive such statements
with the utmost caution, and although Professor Kolliker has accepted
the view, I cannot adopt it without much stronger evidence than has
yet been advanced in its. favour. Many considerations make me
think it will turn out to be incorrect. Cohnheim’s drawings alone
excite doubt in my mind concerning the accuracy of his observations,
and, at least in my hands, the mode of preparation: recommended
has not afforded results nearly so satisfactory as I have obtained by
other methods of investigation.

20%. Solution of Osmic Acid (Os. O,) has been strongly recom-
mended for demonstrating delicate nerve structures by MM. Schultze
and Roudneff, because it tinges the white substance of Schwann and
Myelin entering into the formation of various kinds of nerve fibres, of a
very dark colour or almost black. Other textures are neither coloured
so quickly nor so intensely, and often exhibit only a brownish tint,
So that by this substance nerve fibres ramifying in various textures
may be stained and thus distinguished from other elements of the
tissue. Solutions of various strengths may be employed, but one
part of osmic acid in 1oo of water is stated to be strong enough to
produce the desired effect. These processes are capable of almost
endless modification.

I have also tried this plan, but have gained nothing by its use.
I can show finer nerves clearly by other methods, which I could not
demonstrate either by the gold or osmic acid solutions.
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the supply of the tissue with its proper nutritive elements. In the fifth
place we find nerve-fibres running in the same position as the vessels,
and lastly, at least in relation with some of the fibres, are lymphatic
vessels. The student may refer to plates XXVII and XXVIIL.

Thus, muscle is composed of several elementary structures, each
having special anatomical peculiarities, and differing from the others
in physical characters and chemical properties. Some of these
structures refract light very highly ; others, only in a very slight
degree. One may be greatly altered or even destroyed within
a very short time after the muscle has been removed from the
body, or by the action of plain water, while others resist decompo-
sition for a great length of time. The characters of one may be
demonstrated when the muscle is examined in water ; a second, when
it is immersed in syrup or glycerine ; a third, when the specimen is
mounted in Canada balsam ; while the arrangement of the delicate,
transparent, capillary vessels cannot be satisfactorily made out unless
a particular plan of preparation be adopted, as described in page go.

The chemist can detect a number of other compounds the presence
of which the microscopical observer might ever remain vnconscious
of, for they are dissolved in the juices of the muscle, and therefore
incapable of being detected by the eye alone.

The vast difference in the properties of the several textures above
enumerated renders it very difficult to demonstrate zll in one single
specimen, for the circumstances which favour the exhibition of
one structure will often render another quite invisible. Hence,
before we can hope to demonstrate satisfactorily the anatomical
peculiarities of any one of these different textures we must
become acquainted with its general properties, and must consider
the mode of examination likely to be most efficient in rendering these
distinct

The walls of the smallest vessels are so thin and transparent
that it is necessary to fill them with some coloured fluid or material
more or less opaque, if we wish to see the mode of arrangement of
the vascular network, while this same process, as ordinarily followed
out, precludes the possibility of tracing the finer ramifications of the
nerves ; moreover other elementary tissues are hidden and compressed
by the distended vessels. To demonstrate the nerves, all the other
structures must be rendered as transparent as possible, by the applica
tion of a chemical agent, or by immersing the specimen in a highly
refracting fluid. In order to show the membrane in which the con-
tractile sareous lissue is contained, the latter must be ruptured within
it in a perfectly fresh specimen, or it must be separated from it
by pressure. By one plan of proceeding it may be shown that the

1 2
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clementary fibre of muscle may be divided longitudinally into a
number of minute fibrille, arranged parallel to each other; while
under other circumstances it can be separated transversely into a
pile of small disks, or into a number of small elementary particles of
definite form and size, by the connection of which to the contiguous
particles, fibrille or disks are produced, according as the particles
adhere to each other most intimately by their sides or by their ends.
I might adduce many other instances of the necessity of studying
the general character of tissues before any minute examination of the
individual structures is attempted, but this is sufficient.

Z11. On Demonstrating the Anatomical Peculiarities of Tissues,
—Now, some observers who have not sufficiently considered the
different characters of the elementary structures of which most of
the {}{EHHS of the body are composed, have strongly objected to
what they term methods of preparation, asserting that by these pro-
cesses, structures are even jformed artificially which have no real
existence in the natural state of the part. For this view there is
some reason. Doubtless, from the examination of a dead tissue we
can form but an imperfect conception of the beauty of its elementary
parts, and their wonderful adaptation to the office they are designed
to perform in the animal economy ; neither can we form an idea of
the changes taking place during life; and we must remember that
there is no known fluid in which we can immerse a specimen for ex-
amination, which possesses the precise characters of that which
bathes the tissue during its lifetime. Serum may, perhaps, be the
nearest approach to such a fluid, but there is reason to believe that
this differs from the fluid surrounding the primitive particles almost
as much as some artificial media which have been proved by
experience to give very satisfactory results. On the other hand it
is, however, to be remarked that those who raise objections to
the preparation of tissues have not satisfactorily demonstrated
that by the plan they follow, many of the structures which we
see after death in water, serum, and other simple fluids really
have a precisely similar appearance during life, and it is more
than probable that many of the more delicate tissues have never
been seen by any one in the condition in which they exist during
life. I believe that the amount of opacity which is absolutely neces-
sary for seeing some of these is quite inconsistent with their natural
condition, and is the result of a change which has never been fully
appreciated, though, perhaps, some idea of its nature may be formed
by considering the characters of fibrin in the circulating blood, and
fibrin removed from the organism and coagulated, or those of albu-
men dissolved in the serum, coagulated but transparent in many of
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the tissues, coagulated and opaque after the addition of different
reagents.

It is, however, a fact that in many textures nothing is to be
seen if the ordinary methods of examination are pursued, while
by special processes wonderful nerve plexuses and other things
most definite may be demonstrated. Some objectors will perhaps
assert that the processes have formed these things!

From what has been just observed it must be evident, that the
clear demonstration of the structure of any individual organ of the
body is a somewhat difficult matter, and requires a considerable
amount of knowledge of the chemical and physical characters of
the tissues, as well as patient investigation and earnest study.

o12. General Directions for the Examination and Preservation of
a Soft Tissue.—Suppose a portion of muscular fibre is to be examined
under the microscope. A small piece may be removed with a pair
of very fine scissars, and placed carefully upon the glass slide. With
the aid of two needles it may be torn into very small shreds, and it
is then moistened with a little water dropped upon it from the finger,
or from a pipette, or from the wash-bottle; or instead of water, a
drop of serum, of syrup, or of glycerine may be added to it, but in
this case it should be allowed to remain in the syrup or glycerine for
some time, so that it may be thoroughly permeated by the more
dense solution. Next a square or circular piece of thin glass held
in a pair of fine forceps is gently breathed upon and applied to the
surface of the liquid, being brought into contact with it, first on one
side, and then allowed to fall down very gradually with the aid of a
needle or piece of fine wire placed underneath one edge, until it is
completely wetted, pl. XXII, fig. 142. Lastly, any superfluous fluid
is to be absorbed by a cloth, or a small piece of fine sponge or
blotting paper, and the slide placed in the field of the microscope
for examination.

It is important to prevent the entrance of air bubbles, pl. XIX,
fig. 122, during the application of the thin glass cover, and if any are
visible in the tissue or surrounding fluid before it 1s applied, it will be
better to wait a few minutes until they rise to the surface of the liquid
and burst, before allowing the thin glass cover to fall in its place.
While time is allowed for this to take place, the specimen should be
covered with a small glass shade to prevent dust falling upon it,
pl. XVI, fig. 87, p. 47.

It is advisable not to remove too much of the fluid, for fear the
thin glass should press so heavily upon the preparation, as to cause
the several structures of which it js composed to be squeezed to-
gether and the specimen rendered confused, The observer will find






WITH THE MICROSCOPE. [ I)

beautiful manner, It consists of two elementary tissues—the zu/ite
Jibrous tissue and the yellow fibrous or elastic tissue; but it is often
associated with adipose tissue, and in it vessels, nerves, and frequently
lymphatics ramify.

The structure of areolar or connective tissue may be well studied
in pieces removed from beneath the mucous membrane of the back
of the tongue or throat, or in that which connects the mucous mem-
brane of the stomach and intestine with the muscular coat. By
staining carefully, the germinal matter (nuclei) of the white fibrous
tissue, of the yellow elastic tissue, of capillaries, and nerve fibres may
be distinguished. It is, however, better to prepare it according to
the plan given in detail in part V.

214. White Fibrous Tissue can be readily obtained free from the
yellow element in tendons and many fascize. In the former, its fibres
are slightly wavy, but parallel to each other. It can be split up in-
definitely, and does not appear to be composed of minute fibres. This
fibrous appearance is destroyed by the action of acetic acid and
alkalies, and is rendered less distinct if the tissue be soaked in glyce-
rine. Upon the addition of water, the tissue resumes its ordinary
appearance. White fibrous tissue is very opaque, and in order to
demonstrate its characters well, it is desirable to cut a very thin
section, unravel it with needles, and subject it to moderate pressure
under the thin glass. In pl. XXVI, fig. 169, a portion of tendon is
represented without its nuclei.

215. Yellow Fibrous Tissue may be obtained, perfectly free from
the white fibrous element, from the Zgamentum nuche, a firm yellow
cord at the back of the neck, of any animal, from arteries, or from
the elastic ligament to which the retraction of the claw in the cat
and other feline animals is due. It consists of circular fibres dis-
posed to curl up very much, and not easily broken or destroyed by
the action of reagents. In areolar tissue the fibres are very long and
branching, after the manner of a network ; in the ligamentum nucha
they are parallel to each other, pl. XXVI, fig. 170: in the Jongitn-
dinal fibrous coat of the arteries they are parallel and extremely
delicate ; in the cirewlar coat they are coarse, and the material is
often disposed in ragged laminaz rather than in distinct fibres.

The germinal matter (nuclei) of both white and yellow fibrous
tissue may be demonstrated according to the method of investiga-
tion deseribed in part V. Notice also figs. 167, 168, pl. XXVI.

216. Adipose Tissue.—Adipose tissue may be examined by cutting
off a thin section, and placing it with a little water between two
pieces of glass, care being taken not to allow the thin glass cover to
press upon it, The surface of one of the smallest collections of fat
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cellular substance of cartilage, and of its relation to the so-called
cells ; with observations upon the process of ossification.” (Micro-
scopical Journal, 1863.)

218. Bone.—Sections of bone are obtained in the manner alluded
to in p. 82. It is desirable to make sections of the whole extent of the
compact tissue. The observer will notice in thin sections, even of
young bones, spaces of very different sizes, resulting from the division
of a number of tubes (Haversian canals) in which the vessels, which
are distributed to the compact tissue, run. Now it appears from the
heautiful researches of Tomes and De Morgan, that this solid, hard,
compact tissue is perpetually undergoing removal and repair. An
Haversian canal increases in diameter by the gradual absorption of
the concentric lamellz of bone which surround it, and after a time,
a large space is formed (Haversian space). When this space has
reached a certain size, new bone is deposited, commencing at the
circumference and gradually proceeding towards the centre, until the
space has regained its small size and is again converted into a narrow
canal.  The duferstitial lamine upon this view are very readily
accounted for. They are, doubtless, the remains of old Haversian
systems only partially absorbed. (Phil. Trans., 1853).

The growth of bone is investigated in young animals by mixing
madder with their food. In a very short time (even a few days) the
madder, which has an affinity for phosphate of lime, 15 deposited in
those parts of the bone nearest to the vascular surface. Young pigs
are the best animals for experiments of this kind.

The arrangement of the vessels may be investigated in the bones
of an animal which has been injected with Prussian blue fluid. It is
well to add an excess of hydrochloric acid to the solution. After
the injection is complete, the bone may be soaked in dilute hydro-
chloric acid (one of acid to five of water), to dissolve out the earthy
matter, when the soft tissue which remains can be readily cut into
thin sections in various directions with a thin sharp knife.

Not unfrequently the vessels of bone are found distended with
blood, thus producing a natural injection. Tt is difficult to cut and
grind the section thin enough for examination without altering the
masses of dried blood, but with care this may be effected. My
friend Mr. White has given me some beautiful sections of the antler
of the stag, in which all the vessels of the Haversian canals still
retain blood.

Sections of bone may be preserved dry, in aqueous fluids, or in
Canada balsam. The dark appearance of the lacunz in sections of
dried bone is entirely due to their containing air. Their apparent
solidity led Purkinje, their discoverer, to call them done corpuscies.
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muscles 1s well shown in a transverse section of the pectoral muscle
of a teal (Querguedula crecea), which has been put upon the stretch,
and allowed to become perfectly dry. A section cut as thin as pos-
sible, may be re-moistened with water, and examined m the usual
manner. The position of the vessels, their relation to the fibres, and
the character of capillary network are easily demonstrated in speci-
mens which have been injected with transparent Prussian blue or
carmine injection.

220. Sarcolemma.— Lhe fibre of the skate, as Mr. Bowman has
shown, is remarkably well adapted for showing the sarcolemma, as
the sarcous matter may be ruptured while the investing membrane
remains entire, and may be thus easily demonstrated. A few of the
long fibres from the fin may be spread out upon a piece of glass with
the aid of needles, and in this operation it will be found that the
rupture of the sarcous matter in the interior has taken place. Sar-
colemma 1s well seen in pl. XXVIII, fig. 184. This membranous tube
may be also beautifully shown in the muscular fibres of a water-
beetle, particularly in those of the large dytiscus.

221 Branched Muscular Fibres.—Several modifications of striped
muscle have been described of late years, and it i1s desirable to con-
sider the best methods of demonstrating a few of the most impor-
tant of these. Branched muscular fibres have been found in the
heart, but the finest are not very easily demonstrated. Fibres of this
nature may, however, be shown to exist in great abundance in the
tongue of the frog (as was pointed out by Kélliker), from which
organ they may generally be obtained as follows: the tongue is to
be separated from the animal, and boiled for a few moments in water ;
the mucous membrane is cautiously dissected off from a small por-
tion, and a few minute pieces are to be carefully snipped off with
scissars, from the edge of the tongue, just beneath the mucous mem-
brane. These are to be torn with very delicate needles, and then
examined with a quarter of an inch object-glass. In this manner
very perfect fibres may generally be found ; but care must be taken
not to boil the tongue for too long a time, in which case the fibres
become too brittle to admit of separation. These branched fibres
are very beautiful objects. In good specimens they are seen to
Tamif}r after the manner of the branches of a tree, gradually becom-
ing thinner, until each terminates in a delicate extremity, which is of
a tendinous nature, and is incorporated with the sub-mucous areolar
tissue or corium. The transverse striz may be observed in the
thinnest branches, but cease some distance from the terminal
extremity of the fibre. Branched fibres also exist in the upper lip of
the rat, and in other situations.  Beautifully delicate branched
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muscular fibres are to be seen in fungiform papille of the frog’s
tongue. See drawings accompanying my paper in the Phil. Trans.
for 1864.

ZZZ. Preparation of Muscular Fibre for Microscopical Examina-
tion.—The transverse striz may usually be demonstrated upon a
piece of fresh muscular fibre, and are often seen very distinctly in a
portion of ordinary voluntary muscle that has been boiled. The
ultimate fibrille are well displayed in the muscles of many of the
lower cartilaginous fishes, especially the lamprey. The mode of
cleavage can be very satisfactorily determined, and the *ultimate
sarcous particles” separated from each other. T have often obtained
most beautiful specimens of muscular fibre from the back of the
tongue, a few hours after a meal, of which meat has formed a portion.
The fibrille often separate readily from each other in a portion of
muscle which has been macerated in a solution of chromic acid.

The “fibrille” present different appearances according to the
degree of contraction at the time of death and other circumstances.
Some of them are represented in pl. XXVIII, fig. 185, after some
drawings by Dr. Martyn.

Amongst vomited matters or in the contents of the stomach of
an animal killed two or three hours after a meal, beautiful specimens
of striped muscular fibre may often be found. In the stomach, the
fibres sometimes break up into the disks described by Bowman, and 1
have obtained these disks by macerating the muscles of young ani-
mals for some timé in strong acetic acid.

The thin, narrow, muscular bands, immediately under the skin of
frogs and other small animals, will be found to exhibit well the
general anatomy of voluntary muscle. The muscular fibre of the eel
splits up readily into its ultimate particles; and beautiful prepara-
tions exhibiting the fibrillze, have been obtained by Mr. Lealand
from the pig. Transverse, longitudinal, or oblique sections of muscle
may be made in the case of muscles which have been boiled, or
hardened in spirit, bichloride of mercury, or chromic acid. The re-
agents of the greatest use in investigating the structure of muscular
fibre, are a dilute solution of caustic soda, and acetic acid, which are
employed more particularly in investigating the arrangement of the
nuclei. Preparations of muscular ibre may be preserved moist in glyce-
rine, glycerine jelly, chromic acid, or solution of creosote, pp. 56, 57,
or they may be dried and mounted in Canada balsam.

The movements of muscle during contraction cannot be studied
in the higher animals and man but may be observed in many of the
lower animals, see § 256.

223, Examination of Unstripea Muscle.— Involuntary, smooth,
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or non-striated muscular fibre may be obtained from various situa
tions, both in man and also in the lower animals. These fibres are
most abundant in the alimentary canal, the uterus, the bladder, the
ducts of glands generally, and large vessels, but they are also found
dispersed amongst fibrous tissue in certain situations, particularly in
the skin, There are also bundles of pale muscle connected with the
hair bulbs, which may be demonstrated in some cases. The elon-
gated cells, of which this form of muscle is composed, are also to be
demonstrated in the small arteries, pl. XXIX, fig. 189, and veins, as
well as in the trabecular tissue of the spleen, and corpora cavernosa
penis, the urethra, &c. Involuntary muscle, which has hitherto been
described as consisting of flattened bands, has been demonstrated
by Professor Kolliker t6 consist of the elongated cells just referred
to. The contractile fibre cells usually appear as flattened bands, or
fusiform fibres, slightly wavy, and terminating at each end in a point.
These cells may be readily isolated by macerating small pieces of
the muscular coat of the alimentary canal, &c., in dilute nitric acid,
containing about twenty per cent. of strong acid. By a little teasing,
with the aid of fine needles, separate cells may be readily obtained.
Fig. 186, pl. XX VIII, represents some of the contractile fibre cells from
the small intestine. These cells may also be demonstrated in most
of the lower animals ; but it is worthy of remark that a portion only
of the alimentary canal of some fish is surrounded by involuntary
muscle, while it has been shown that the whole of the muscular fibre
of the intestine of the common tench is of the striped variety
(Weber).

224. Examination of the Muscular Structure of the Heart and
Tongue.— L he muscular fibres of the heart will be found to exhibit
the transverse strize characteristic of voluntary muscle ; but they are
arranged in long bands, and upon carefully examining a well-prepared
specimen, taken either from the heart of man or of most animals,
frequent and distinct anastomoses and branchings of the fibres may be
observed. The existence of sarcolemma is doubtful, but in many
cases a little connective tissue which corresponds to it may often be
detected.

In order to exhibit these fibres, the heart of any small animal
may be taken, and after boiling it for a short time in water, small
pieces may be cut off, and carefully torn up with needles. The length
of time which the boiling should be continued, varies in different
cases. Half a minute is sufficient for the hearts of very small
animals ; sheep’s hearts may be boiled for a quarter of an hour, Sec-
tions of the muscular substance of the tongue are readily made by
drying the organ when perfectly fresh, and removing a very thin sec-
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tion with a sharp knife. The specimen is then moistened with water.
It may be treated with different reagents, and afterwards preserved in
glycerine, glycerine jelly, or other preservative fluid.

225. Examination eof Arteries and Veins—The structure of
arteries and veins may be well studied in any of the smaller vertebrate
animals, especially in the frogs. In mammalia Beautiful specimens
may be obtained from the mouse. Those in the mesentery, the pleura,
and pericardium may be subjected to examination without difficulty,
but the smaller arteries and veins of the piz mater, or vascular mem-
brane of the brain, and those of the folds (choroid plexuses) of the
same membrane in the cavities (ventricles) of the brain are more free
from connective tissue and can be easily isolated.

The yellow elastic tissue of the arterial coats of the larger arteries
may be demonstrated in any artery of a quarter of an inch in dia-
meter or more. The fibres vary much in character, sometimes
appearing rather as an expanded elastic membrane perforated here
and there, than as separate fibres. In the smallest arteries and veins
there is very little clastic tissue, but this is represented by muscular
fibres. On the other hand in the largest vessels, the muscular fibres
appear to have almost given place to yellow elastic tissue.

I have obtained beautiful specimens of the muscular fibre cells

arranged circularly round the arteries by injecting the vessels with
plain size, and gradually increasing the force so as to distend them
as much as possible without rupture. In this manner the cells are
as 1t were, gradually unravelled. When cold, thin sections may be
very easily made in various directions, and even isolated fibre cells
can be obtained. The arrangement of the muscular fibre cells in the
smaller vessels, is well seen in the small arteries from the frog and
newt. See pl. XXIX, fig. 189.

The arrangement of the numerous nerve fibres distributed to the
small arteries and veins may be demonstrated in the frog with the
greatest distinctness, and in connection with the small vessels which
supply the viscera numerous ganglia will be found from which
bundles of nerve fibres may Dbe traced in different directions.
These often form plexuses around the vessels and give off finer
bundles, and fibres may be followed even to the capillary vessels.

226. Examination of the capillaries.—Capillary vessels may be
obtained from any of the tissues and organs of the lower animals.
The mode of displaying their general arrangement by injection has
been already described, p. 87. The masses of germinal matter in
connection with their walls yary in number greatly in different parts.
In some textures the capillary appears to be almost entirely sur-
rounded with them, pl. XXIX, figs. 187, 188, also fig. 163, pl. XXV,
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while in others a considerable interval of capillary wall exists which is
perfectly free from them. These bodies are probably of the greatest
importance and vary much in size under different circumstances.
They are probably connected not only with the changes going on in
the tissue around the capillary but are concerned in the separa-
tion of certain constituents from the blood. They are often seen to
project into the interior of the capillary, and it secms not improbable
that some of the germinal matter of the blood (white blood cor-
puscles) may be detached from them. Capillary vessels are supplied
with nerve fibres, which may be demonstrated with great distinctness
around the capillaries of the skin, tongue, and mucous membrane
of the fauces of the frog or newt, pl. XXIX, fig. 192.

227. Examination of Nerve.— |'he general anatomy of the trunk
of a nerve is demonstrated without difficulty. It is better to take as
thin a fibre as possible, tear it up with very fine needles upon a glass
slide, and after the addition of a drop of serum, it may be covered
with thin glass. The small nerve trunks of any small animal may be
taken. The nerves of the frog are very large, and exhibit all the
essential structures of nerve fibres, pl. XXX, fig. 193. Glycerine
will be found a good medium for examining nerve fibres in, but the
observations should never be limited to specimens prepared accord-
ing to one method of investigation only,

a. Dark-bordered nerve fibres—If an ordinary spinal nerve be
placed in a little water, a curious change takes place. The con-
stituents of which the medullary sheath is composed, become altered
50 as to exhibit two distinct lines (white substance of Schwann), a
change which probably depends upon the fatty matter being partly
separated from the albuminous material with which it was incorpo-
rated, pl. XXX, fig. 195. Although this appearance is undoubtedly
produced by soaking in water, the existence of a special highly
refracting material within the fubular membrane and around the axis
cylinder, cannot be questioned. If nerves be examined in SyTup or
glycering, the double contour line is not seen. '

The so-called tubular membrane can hardly be regarded as a
special investment. It consists merely of delicate connective tissue
in which sometimes one, sometimes several, nerve fibres are embedded,
asshown in fig. 193. The outline of this apparent tubular meémbrane
often consists of a fine nerve fibre. This is easily proved in cases
where there appears to be an outline on one side only, pL. XXX,
fig. 198,

The investigation of the manner in which nerves terminate is
one of the most difficult inquiries that the observer can undertake.
In many stractures a nerve network of dark-bordered nerve fibres
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may he demonstrated, but this is not terminal. The finest fibrils
have often been traced for some distance and then lost. Thus some
have been led to conclude that they became lost in other tissues
or that they ended in the connective tissue! I have shown that in
all cases they lose their dark bordered character, and are con-
tinued as a pale fibre for a long distance beyond this point, and at
last form with the prolongations from other fibres a very intimate
interlacement, plexus, or network, which is arranged in all cases
upon the same type but differs in complexity, extent, and relations
in the various terminal nerve orgams. In investigating the mode of
termination of nerve fibres, the papille of the tongue of many of the
lower animals, especially of the frog may be selected.

The general distribution of the nerves beneath the skin, may be
well seen in the ear of the mouse, after the thin skin covering
it has been carefully dissected off. In the dura mater and other
fibrous membranes, I have seen many individual nerve fibres arranged
so as to form with others a coarse network, and a single fibre may
often be traced for a very long distance.

The dark-bordered fibres often divide at the point where a
bundle diverges from the trunk—one of the subdivisions passing
on in the trunk, while :nother pursues a different and sometimes
opposite direction in the bundle which leaves the trunk, and
each of these again divides and subdivides further on. The fibres
'in these localities frequently leave their companions and pass a short
distance with others, so that a network 1s in this manner formed
upon the surface of the dura mater for instance and other mem-
branes, and immediately beneath the skin. The mesentery of the
mouse is a very good membranous texture in which to study the
distribution of nerves in a mammalian animal. Beautiful prepa-
rations showing the distribution of sensitive nerves may be obtained
from the snout of the pig, mole, and other animals. At the free edge
of the third eyelid of the frog is a most extensive plexus of fine dark-
bordered nerve fibres, which are arranged so as to form the most
beautiful network.

The finest terminal plexuses of nerve fibres may be studied in the
proper tissue of the cornea, in the fibrous tissue in the abdominal
cavity of the frog, around arteries and veins, in the tongue, especially
the papillee of the hyla or green tree frog, in the mucous membrane
of the pharynx, in the lung and bladder of the same animal. The
relation of the nerves to the corneal corpuscles, and their prolonga-
tions should be carefully noted, pl. XXX, fig. 197. This investi-
gation, however, presents difficulties, and the student should not
attempt it until he has succeeded in making good specimens of other
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s29. Examination of Mucous Membrane~—Mucous membrane
consists of one or more layers of epithelium, which rest upon a
transparent texture. T his surface tissue gradually passes into
areolar tissue (sub-mucous arcolar tissie, sub-basement tissue or corium),
Into this structure, muscular fibres, or their tendons, when these
exist, are inserted. In it ramify the vessels and nerves. The thick-
ness of the mucous membrane and other characters of the several
structures of which it is composed vary much in different localities.
The mucous membrane of the mouth, especially at the back part of
the tongue, may be readily subjected to examination, and the dif-
ferent structures enumerated may be made out. It is desirable to
inject the vessels with a transparent injection, and cut thin sections
through the mucous membrane and subjacent structures with a sharp
knife. The basement membrane is very easily demonstrated in the
tube of the kidney. On the anatomy of mucous membrane, the
reader is strongly recommended to consult Mr. Bowman's article
¢ Mucous Membrane,” in the Cyclopedia of Anatomy and Phy-
siology.

Examination of Organs of Digestion and Absorption.

230. Epithellum.—Sub-mucous Areolar Tissue.— The epithe-
lium of mucous membranes is very readily subjected to exami-
nation, and its character is found to vary much according to
the locality from which it is taken. In order to obtain a specimen
of epithelium from a mucous membrane, all that is required is to
scrape gently the surface of the tongue or inside of the cheek with a
knife, and place what has been removed upon a glass slide, and,
after moistening it with a little water, syrup, or a mixture of glycerine
and water, which does not cause the cells to become so turgid from
osmosis, the specimen may be placed in the microscope. This
epithelium approximates in its characters to that of which the
epidermis or cuticle is composed. The cells obtained are almost all
of them mature and some are very old, invaded by fungi and about
to be cast off, pl. XXXII, fig. z03. The thin glass cover should not
be allowed to press too strongly upon the specimen. This may be
prevented by inserting one or two pieces of hair or thin hog’s bristles.
The epithelium upon the surface of the tongue of the frog, toad,
newt, and that lining the mouth of the serpent and some other
reptiles is ciliated. Se fig. 236, pl. XXXVII, also p. 1671.

In many of the glands which may be regarded as cavities open-
ing upon the surface of the mucous membrane and continuous with

K 2
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The Lacteals may be demonstrated when filled with chyle at the
time of death. Their arrangement may be very satisfactorily observed
in the villi of a rat or mouse which has been fed upon a small
quantity of fatty food for some time before death. The animal
should be killed by suddenly dashing it on the floor. It should be
examined immediately or the lacteals will become emptied before
they are placed under the microscope.

The alimentary canal of the mouse is well suited to the purpose
of microscopical investigation. The villi are large and conical,
and beautiful transparent injected preparations of them may be
made. A small piece of intestine may be injected without difficulty
according to the plan indicated in fig. 166, pl. XXV, After the
vessels have been injected, the intestine is to be slit up and small
pieces inverted upon the surface of glycerine containing a little
acetic acid (1 per cent.). In this way the villi are made to stand up
firmly from the surface of the mucous membrane, and they
retain their position when the specimen is mounted permanently,
pl. XXXII, fig. 208. In fig. 209 villi in which the lacteals have
been injected are represented.

232, Of the Movements of the Chyle—For studying the move-
ments of the ckyle in the lacteals, a mouse, rat, or young rabbit
may be taken. The animal should be fed with a little lard beaten
up with a piece of pancreas and a small quantity of bile, so as to
form a soft pultaceous mass which may be strained through musln.
About half an ounce, or less, of the cream-like fluid may then be
mmjected by the aid of a small syringe into a flexible catheter which
has been passed down the gullet into the animal’s stomach. After a
couple of hours, the creature should be pithed, stunned, or destroyed
very suddenly, and a small portion of the mesentery with the
intestine attached withdrawn through an aperture in the abdominal
walls and submitted to microscopical examination with a low power.

Organs of Circilation.

The examination of the various textures entering into the forma-
tion of the circulating organs has been already referred to, but I
propose in this place to describe the method of examining the blood
corpuscles, and allude to that of investigating the phenomena of the
circulation during life,

233. Blood Corpuscles or globules from the human subject, are
represented in pl. XXXIII, fig. 212. Their general characters, and
especially their colour and refractive power, should be contrasted
with oil globules of different kinds, air bubbles, and microscopic
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fungl. The student should carefully examine specimens of these
bodies. Blood corpuscles are readily obtained by pricking the finger.
A very thin stratum of the fluid is alone required. By drawing a
needle across the thin glass under which the blood corpucles are
placed, they may be divided into many smaller globules. This proves
that the red Dblood corpuscles consist of a mass of soft viscid
matter, the outer part of which is somewhat hardened. This subject
has been fully considered in “The Microscope in its Application to
Practical Medicine,” p. 169. The sporules of some fungi very closely
resemble blood corpuscles, and have been mistaken for them. The
common yeast fungus, in different stages of growth, is represented in
pl. XXXIII, fig. 211.  The blood corpuscles of some animals crystal-
lize very readily. The student should place a drop of Guinea pig's
blood, under thin glass, and study the changes which occur in the
corpuscles during a quarter of an hour or twenty minutes, pl. XXXIII,
figs. 213, 216.

The sloth and the camel, among mammalia, are said to possess
nucleated red blood corpuscles, but Dr. Rolleston was unable to verify
this observation in an examination he made a short time since. We
cannot, however, entirely accept his conclusions, because the blood
examined by him was dried on the glass slide. “ Note on the Blood
Corpuscles of the two-toed Sloth, Choleepus Didactylus,” Mic. Journal,
April, 1867, p. 127.

Red blood corpuscles of the frog are represented in fig. 214,
pl. XXXIII, and in fig. 215, white blood corpuscles of the same
animal.

234. Of the Clrculation of the Blood.—For studying the circu-
lation in the web of the frog's foot, a young frog with a thin web
should be selected. The body and one hind leg are loosely bound
up in wet rags, the other leg being allowed to protrude. The body is
then tied to the frog plate, and a piece of thread having been care-
fully tied to two of the toes, the webs may be stretched over the
glass at the end of the plate, and fixed in the proper position for
observation, A drop of water may then be added, and the web
covered with thin glass.

By careful observation of the circulation, first of all under a low
power, and then under a quarter of an inch object-glass most impor-
tant and highly interesting facts will be learnt. In cases in which it
is necessary to conduct observations on the circulation with the aid of
very high powers, it will be found desirable in practice to increase
the length of the tube instead of employing object glasses of very
high magnifying power. A quarter of an inch object glass may thus
be made to magnify as highly as a twelfth, and as the distance
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between the object glass and the thin glass covering the web is very
considerable, there is not the same danger of serious derangenent
every time the animal moves slightly. Several different lengths of
tube may be adapted to the microscope body, which may be thus
increased to the lengtle of two feet or more, if desired.

If a small artery be brought into focus and the tip of one of the
toes be very lightly touched, the artery 1s seen to contract imme-
diately, aud somewhat irregularly in different parts of its course.
Sometimes a few blood corpuscles are firmly compressed, and for
several seconds the vessel remains so strongly contracted that not a
corpuscle passes along it. By performing this instructive experiment,
the observer may realise the effects of the wonderful contractile
power of the coats of [the smaller arteries, and demonstrate conclu-
sively that the afferent nerve fibres distributed to the skin of the foot
generally, influence the nerve centres from which the nerves ramifying
amongst the muscular fibres of the arterial coats take their use. This
is a beautiful instance of reflex nervous action affecting the vessels.

The circulation may also be studied during life in the capillaries
of the tail of a small fish, minnow, stickleback, eel, carp, &c. The
fish should be wrapped up in wet lint and loosely tied at one end of a
glass slide, the tail being placed about the centre, and covered with
a piece of very thin glass.

235. Of the Action of the Heart.—A more correct idea of the
mode of action of the heart may be formed by watching its contrac-
tions in a small living animal under the microscope than in any other
way with which I am acquainted. A young fish, or newt, or frog
tadpole may be taken for the purpose, but I have found that a young
snake removed from the egg exhibits the phenomena most beautifully.
The blood may be distinctly seen as it eddies through the various
apertures in passing to or from the different vessels and cavities of
the heart. The undulating contractions of the auricles and ventricle
of the heart are very wonderful. Under a two-inch power adapted
to a binocular microscope, the movements of the heart may be
studied most advantageously.

The circulation in the tadpole has been well described by
Mr. Whitney (Trans. Mic. Soc., vol. X, p. 1, 1862.) The animal
should be starved for a few days before being submitted to examina-
tion, in order that the intestine may become transparent.

The branchie of the frog tadpole or young newt may be examined
in a flat glass cell specially prepared for the purpose, and by an
arrangement of tubes the animal may be supplied with fresh water
while it remains under observation. In pl. XVIII, fig. 106, is repre-
sented a form of cell which I made some years ago for a proteus, but
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a cell for a newt or other animal may be made upon the same plan.
The circulation of the blood in the capillary vessels of a mammalian
animal may be studied in the thin membrane forming the wing of a
young bat.

The examination of the moving objects alluded to in this section,
shonld be conducted with the aid of the binocular.

Examination of Organs of Respiration.

236. Lung.—There is not much difficulty in demonstrating the
different tissues of which the lung is composed. Small pieces may
be cut off, and spread out upon the glass slide in the usual way; the
preparation being moistened with water or serum. The addition of a
little acetic acid causes the yellow elastic tissue to become very
distinct. The boundaries and arrangement of the air-cells may also
be readily shown. _

No opinion with reference to the nature of the walls of the air-
cells can be arrived at, unless injected as well as uninjected specimens
are examined. "The twisted and shrunken capillaries of the recent
lung containing a few blood corpuscles, produce an appearance which
is very likely to give rise to erroneous inferences with regard to the
disposition and coverings of these vessels.  Either the Prussian blue
or carmine injecting fluid may be employed. A most instructive
preparation of the lung, however, is made by injecting the vessels
with tolerably thick transparent gelatine, which transudes through
their walls, and fills the air-cells. After the lung has been thoroughly
injected, it is set aside to get cool. Thin slices may be examined,
and the vessels will be seen i sifu apparently bare, and uncovered
oy epithelium. (Physiological Anatomy, Todd and Bowman, page
393. Mr. Rainey in the Medico-Chirurgical Transactions,
vol. XXXII. 1849, page 47.)

Much difference of opinion has been expressed with reference to
the existence of epithelium in the air-cells of the lung. T have lately
carefully examined healthy human lungs which have been prepared
in various ways, and have completely failed to demonstrate the
presence of such a structure in the healthy adult, or in the lungs of
several mammalian animals. I have never seen such appearances as
are represented in many drawings, showing this epithelium so dis-
tinctly, that one would be led to conclude that it was to be seen
without the slightest difficulty. In the fostus and young child, how-
ever, cells are found in the air-cells, but it seems to me very doubtful
if these take any part in the function of respiration. The masses of
germinal matter (nuclei) of the capillary walls may be very easily
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mistaken for epithelium, fig. 217, pl. XXXIII. In the lungs of the
frog and newt there are, however, distinct epithelial cells.

Trackea and Bronchial Tuwbes.—The mucons membrane of the
trachea and bronchial tubes must be examined 1n the recent state by
cutting thin sections with a very sharp knife.

Beneath this mucous membrane is an abundant plexus of lymphatic
vessels. In many cases these contain lymph corpuscles and fatty
matter in a granular state, so that their arrangement may be easily
made out. The lymphatics upon the surface of the lung, immediately
beneath the pleura, may also sometimes be very clearly demonstrated,
I have one specimen in which these lymphatics are completely dis-
tended with large oil globules and granular matter, so that the position
of their valves is rendered very distinet, and the smallest branches can
be followed into the intervals between the lobules of the lung. In
this specimen the tubes certainly form a network, but in many situa-
tions appearances are observed which lead to the conclusion that
these tubes also commence in cacal extremities.

In examining the ciliated epithelium of the air passages, it is only
necessary to scrape the surface gently, and, if necessary, the prepara-
tion may be moistened with a little serum, as water would very soon
stop the motion.

Organs of Secretion.

237. Salivary Glands and Pancreas.— he investigation of the
salivary glands and pancreas scarcely requires any special remarks.
The best idea of their structure is obtained by subjecting one of the
smallest labial or buccal glands, and Brunner's glands to examination,
The ultimate follicles and epithelium are very easily demonstrated in
specimens which have been soaked for some time in glycerine. It is
often troublesome to trace the continuity of the duct with the follicles,
in consequence ,of some of the latter covering its terminal portion.
The ducts of the salivary gland and pancreas may sometimes be
injected, and it is advantageous to subject the organs to firm pressure
for some time previously, so as to absorb as much as possible of the
fluid they contain, and favour the entrance of the injection. Good
sections may often be obtained from specimens which have been
hardened in alcohol and soda, The arrangement of the capillaries is
easily made out in specimens injected with vermilion, chromate of
lead, or transparent injection. If the vessels are injected with gelatine
only, very instructive sections may be made. In such investigations,
however, it is necessary to make a vast number of sections and
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examine them carefully, or the observer will not be able to form a
correct idea of the structure of the gland.

238. Liver—General Examination.—To demonstrate the dif
ferent structures in the liver very different processes are required. If
the cells alone are to be examined, a freshly-cut surface may be
scraped with a sharp knife, and the matter thus removed placed in
a drop of water or serum, and covered with the thin glass. The
appearance of a cell wall is pretty distinct in water, but this is due
partly to the difference mn refractive power of the water and the
material of which the so-called cell is composed, and partly to the
action of the water itself upon this. If the cells be placed in serum
or glycerine, they appear perfectly solid, and no envelope can be
discovered, and in some cases sharp points are seen to project from
different parts of the cell, a fact which renders the presence of a
membrane almost impossible. The liver cell is in fact a mass of
soft material the outermost part of which is undergoing change.

In order to demonstrate the relation which the different elements
and structures of the liver bear to each other, it is advisable to cut
a very thin section by means of Valentin’s knife, from the organ
when quite fresh; or thin sections may be taken from portions of
liver which have been hardened in alcohol, chromic acid, &c. The
vessels of the liver may sometimes be demonstrated by washing the
cells away from a thin section with a stream of water, and then
treating it with a little dilute caustic soda. In specimens prepared
in this way, however, the capillaries are often quite invisible. From
the extreme tenuity of their walls in many cases, not a trace of them
can be discovered—indeed the existence of the capillary wall can
only be proved by filling the vessels with transparent injection in the
first instance.

A consideration of the various elementary tissues of which the
different organs of the body are composed, would of itself almost
lead to the inference that several different methods must be employed
when we desire to demonstrate their individual characters. The
medium in which these different tissues are most satisfactorily exam-
ined, depends upon certain physical characters, chemical composi-
tion, transparency and refractive power. It is, therefore, next to
impossible to demonstrate all the anatomical elements of which an
organ is composed in one single specimen. The student should
bear in mind that the idea of the organ as it exists during life, is
formed from building up, as it were, in his ewn mind the various
structures, the arrangement of which has been demonstrated by
several distinct methods of investigation.

239, On Demonstrating the Structure of the Liver—The inves-
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fully its nature in the different members of the creation, and espe-
cially in the lowest forms in which its existence has been proved,—
for there we may be sure to find it in its simplest condition, and the
mind will be better able to appreciate the exact meaning of the
structures which are superadded, and the more elaborate anatomical
detail which is met with in the higher animals, than if we commenced
our researches upon the most perfect examples of the structure.

In the examination of the mammalian kidney, the epithelium and
fragments of the tubes may be readily obtained by scraping. the
freshly cut surface. In this manner also Malpighian tufts may often
be separated, but it is impossible to ascertain the relation of the
different structures to each other, as by the process of scraping they
are inevitably very much torn. A thin section in which these points
may be demonstrated, is obtained either with a sharp thin-bladed
knife, or more advantageously with a Valentin’s knife, by which
means a section including both the cortical and medullary portion of
the organ may be made. After washing the section very slightly, it
may be placed with a drop of water between two pieces of glass, and
examined in the microscope, first using a low power (an inch glass),
by which the general arrangement of the tubes will be seen, and
afterwards a quarter of an inch object-glass, by the aid of which the
different characters of the epithelium in the straight and convoluted
portions of the tubes may be demonstrated.

242, Basement Membrane, Matrix, and Vessels.— Just at the
edge of the specimen, a portion of a tube stripped of epithelium, and
exhibiting the basement membrane very distinctly, may often be
observed.

The appearance which has been described as resulting from the
presence of a matrix may be seen very clearly in a section of the
kidney of a mouse, or in that of many other rodents. It must, how-
ever, not be forgotten how very difficult it is to say how much of the
appearance is due to the presence of the walls of the tubes and
capillary vessels, and how much to the existence of a structure (the
so-called matrix) independent of, and occupying the intervals between,
these. Where the capillaries are injected with transparent injection,
no fibrous appearance is to be detected; and I believe, at least in
healthy kidneys, that the material resembling fibrous tissue, really
consists of the walls of the tubes and the shrunken and otherwise
altered capillaries.

Here and there, apparently upon the vessels of the Malpighian
tuft, a few cell-like bodies are often seen. These have been described
by some as epithelial cells upon the external surface of the vessel,
but the researches of Mr. Bowman proved that the vessels are quite
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which expels the spirit in the form of opaque globules, and
shortly (sometimes immediately) renders the section perfectly trans-
parent. The preparation is then put up in Canada balsam, and
covered with thin glass. By this means the nerve fibrils and vesicles
become so beautifully distinct, that they may be clearly seen with
the highest powers of the microscope. If the section be removed
from the turpentine when it is only semi-transparent, we sometimes
obtain a good view of the arrangement of the blood-vessels. This
mode of preparation succeeds best in cold weather, for in summer,
the cord, however fresh when immersed in the spirit, remains more
or less spongy, instead of becoming firm and dense in the course of
five or six days. The spirit should be diluted with an equal quantity
of water during the first day, after which it should be used pure.
Certain modifications of this mode of preparation may be sometimes
employed with advantage by a practised hand. (Phil. Trans., 1851).
These processes are more or less applicable to the investigation of
the brain and some ganglia.

For some time past Mr. Clarke has adopted @ modification of his
original plan. He has been kind enough to send me the following
directions.

The spinal cord and medulla oblongata of man, and the higher
mammalia are to be cut into pieces of half or three quarters of an
inch long, and steeped in a solution of one part of chromic acid in
200 parts of water, for three weeks or a month. It is then preserved
for use in a solution of about one part of bickromate of potash in 200
parts of water. For hardening the convolutions of the cerebrum
and cerebellum, the solution of chromic acid must be weaker than
for the spinal cord or medulla oblongata, that is the proportion of
one part of the acid to four, or even five hundred parts of water ;
but the portions of brain must be small, not more than half an inch
thick, otherwise they become rotten before the acid has reached their
centres. A little spirit added to the solution for two or three days, after
the first day, will prevent this. The pure solution can then be renewed.

Spirit of wine is used to wet the knife or razor in making sections,
which should be washed in water before they are placed in solution
of carmine. When sufficiently coloured, the sections are again
washed in water, and placed for ten minutes or a quarter of an hour
in strong spirit ; after which, if they be thin, they are floated on the
surface of spirit of turpentine, where they remain until they are quite,
or nearly, transparent, when they are removed to glass slides, on
which a little Canada balsam has been previously dropped. If now
examined under the microscope, they frequently show but little
traces of either cells or fibres—a circumstance which seems to have
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caused Schroeder, Van der Kolk, and some others, to abandon the
method af first,—but if the sections be set aside for a little while,
and treated occasionally with a little turpentine, the cells and fibres
reappear, and present a beautiful appearance. Before they are
finally covered with thin glass, they should be examined at intervals
under the microscope, to see whether all the details of structure have
come out ¢feariy; and if so, as much Canada balsam must be used
as suffices for mounting. If the sections be of considerable #hickness,
it will be found best to place them in a shallow vessel, the bottom of
which is kept simply wet with turpentine, which can therefore ascend
through them from below, while the spirit evaporates from their
upper surfaces, for the principle of the method is this :—to replace
the spirit by turpentine, and this by Canada balsam, awithout drying
the sections. The method at first is attended with some difficulty,
and practice is necessary to ensure complete success. FExperience,
also, may suggest, according to circumstances, certain modifications
of the exae! process here given, which, to a certain extent, must be
considered as general.

This method is now generally adopted in investigating the structure
of the brain and spinal cord. Longitudinal and transverse sections
of the spinal cord are represented in pl. XXXIV, figs. 220, 221.

Z45. Examination of Nerve Ganglia.—The sympathetic ganglia
and the ganglia on the posterior roots of the nerves should be
obtained from young animals, for in adults and in those advanced in
age, the quantity of connective tissue is so great as to hide many of
the cells and render it impossible to trace for any great distance the
very pale delicate nerve-fibres connected with them. In investigations
upon the structure of these cells I have pursued the plan of inves-
tigation described in part V, by the aid of which I was enabled to
demonstrate that at least two fibres (one of which in the frog's
ganglion cells was coiled round the other) came from every one of
these ganglion cells, and that the fibres when they reached the nerve
trunks pursued opposite directions. See pl. XXXIV, fig. 223.

OF COLLECTING, KEEPING ALIVE, AND EXAMINING THE
LOWER ANIMALS.

246. Of Colleeting and Dredging.— To those fond of natural his-
tory, few things are more delightful than a ramble over the beach at
low water for the purpose of collecting. Sea dredging adds not a
little to the charms of boating, and by the aid of the dredge many
interesting creatures may be caught, which never advance to low
water mark. But there are many organisms which inhabit shallow
fresh water pools of great interest to the observer. The apparatus
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required for taking these is very simple, and I shall refer to it before
describing that for marine or shore trapping. The following ap-
pliances have been arranged by Mr. Highley, whose great practical
experience is well known, and nothing can be more suitable for the
purpose or more ingeniously designed. I therefore recommend the
observer to provide himself with the following simple pieces of
apparatus.

A walking stick with a telescopic joint, pl. XXXV, fig. 224, so
that its length may be doubled when required, for the purpose of
reaching far out into ponds or deep down between rocks, ditches, or
river banks, To the end of this, may be screwed a wide-mouthed
bottle, which is introduced into the water mouth downwards, after the
manner of a diving-bell, and only turned upwards when near the
desired object, and in such a way that it may be carried into the
bottle with the rush of water. The bottle should then be care-
fully brought to the surface. Such objects as are desired should
be selected and removed by aid of a posket pipefte, fig. 224, and
transferred to the tubes hereafter described. This pipette consists of
a glass tube drawn out to a point and cemented into a German silver
tube, which is fitted with a cap, after the manner of a pen case, so
as to protect the glass, which may be carried in the waistcoat pocket,
Larger objects, such as water insects, young newts, &c., should be
caught by means of a small folding nef, which also screws into the
stick. Tough weeds required for study, or which are covered with
animal or vegetable parasites, should be cut away by means of
a weed knife, fig. 224. This consists of two knife-edged blades,
hinged to form a V-shaped tool, and is likewise adapted to the
naturalist’s walking stick. When it is desirable to obtain mud, shells,
or other objects out of the reach of the walking stick, the micro-
scapist's dredge, fig. 224, may be advantageously employed. This is
made after the manner of the larger one, described further on, and
figured in pl. XXXVTI; fig. 228. The dredge is attached to one end of
a length of stout whipcord, the other end being formed into a loop is
passed over the collector’s foot, the intermediate length of string is
carefully laid on the ground, coil upon coil, and the dredge is then
thrown far into the water, and drawn over the bottom of the pond as
it is dragged to shore.

Certain Desmids, Diatoms, and other objects which float upon
the surface of water, are best secured by means of a skimming spoon,
fig. 2z4. All these appliances are packed by Mr. Highley into
a little pocket case measuring 7 by 2% by 1} inches. A com-
panion collecting case to this, contains six corked tubes and a pair
of forceps. All objects of a similar kind should be selected by

L 2
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means of the pipette after each haul, and placed together in one tube,
f.:spemzf.l care being taken that no larve, likely to devour the specimens,
be accidentally placed among them. To provide against collecting
too many of the same species, it is as well to examine portions taken
from questionable hauls by means of the waistcoat pocket microscope,
designed by Mr. Highley, and figured in pl. VIII, fig. 37. In some
cases a pocket lens may be employed. The inconvenience of holding
the head upwards to the light in using the lens may be avoided by
placing the object on a reflecting prism, as suggested by Mr. Becker.
'ljhis idea has been further carried out by Mr. Highley in his refecting
live cage, fig. 225, which consists of a plate of brass having an aperture
into which a piece of thin glass is cemented, fitting by spring sides
on to a rectangular prism, so as to permit varying degrees of pres-
sure upon an object, or drop of water placed between the two glass
surfaces. The top surface of the prism being held horizontally, or
nearly so, light is projected from the reflecting plane of the prism
through the object to the eye; Mr. Highley has adopted for this
arrangement a form of lens giving a larger field of view in relation to
‘the magnifying power than the ordinary Coddington lens.
The implements already described are also employed for shore
collecting; but for the purpose of removing objects attached to
rocks, or the sides or bottoms of rock basins, a flat-faced geologist's
rimming hammer and a cold chisel should be added.
" For sea collecting, the surface net, the dragheok, and the dredee
are employed.
The surface net is a double conical bag made of “cheese net,” or
““ bunting,” stretched upon a cane hoop, and supported by three
pieces of cord, brought together at the point at which the towing
cord is attached. The inner cone is more obtuse and shorter than
the outer, and prevents objects once caught from being washed out
again. At the bottom of the bag is fixed a glass bottle, and a bung
is attached about a foot above it, to prevent it from sinking too deep.
Mr. Highley likewise advises that corks should be so placed at the
mouth of the hoop as to insure the net being only half immersed,
and the hoop being pulled into an oval form, so as to present a wider
mouth to the waves than when left circular. This net is towed
astern or at the side in such a way as to be clear of the boat’s or
ship’s wake, and the length of line is regulated to the strain created
by the speed of the vessel. On drawing up the net, the bottle is thrust
up through the hole in the inner cone, and its contents emptied into
a bottle of similar size, with a screw cap, of which some dozen
should be kept in a tray. Many interesting forms of crustacea,
acalephz, medus®, &c., can only be secured by this means.
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The Draghook, fig. 230, consists of three groups of stout iron
hooks welded to a horizontal bar having an eye in the middle, to
which a stout rope is fixed. This is let down among the roots and
fronds of the coarse seaweed, on which many microscopic animal and
vegetable forms are parasitic, and when entangled is hauled up with
the captured specimens.

The Naturalist's Dredge, fig. 228, however, produces the richest’
harvest from the sea. It is made of a wroughtiron rectangular
frame, from which two scragers project at an angle, on each side,
and to which two handles, terminating with four links of chain, are
hinged to each end so as to allow of some freedom of motion, and
the dredge being easily packed into a small space. To this frame a fine-
meshed tanned net is fixed by copper wire, and to prevent this from
being caught when dragging over a rough sea bottom, it is guarded
by two flaps of coarse sail cloth which hang on either side. The
mouth i1s made narrow to prevent heavy stones from entering. A
rope strong enough to anchor the vessel in smooth water, and long
enough to prevent the dredge skimming or bumping over the bottom,
yet not so long as to allow it to bury itself in soft sand or mud, is
required. Its length should be about double the depth of the water
dredged. The rope should be firmly tied fo one ring only, and then
the ring of the other handle should be braced to its fellow by a piece
of spun yarn, so that in the event of the dredge fouling, by putting
extra way on to the boat the string will yield and allow the two
handles to open, and thus the dredge will easily free itself On
lowering the dredge, it is evident that it is a matter of indifference
which side rests on the ground, and in this lies its advantage over the
common dredge. It may be used in a rowing boat in smooth shal-
low water near shore, but a small sailing boat is preferable in depths
over ten fathoms. The towingrope is coiled up at the bottom of the boat,
and its free end is made fast to one of the cross seats. The dredge is
thrown over to windward near the stern, and when sufficient line has
run out a turn or two is made round a “ belaying-pin " to make it
taught. The line should be held in the hand so that the owner
can feel at once if anything goes wrong. When the dredge is lifted,
its contents should be emptied into a serting fray, fig. 229. ‘This
consists of a coarse wire sieve C, which retains all large specimens,
stones, &c., but allows small or delicate ones to passinto a perforated
zinc sieve F, which retains all objects over }-inch diameter, but
allows the sand or mud to be washed into the lower tray which is
furnished with a double bottom formed of fine webbing stretched on
a frame. The water poured over the sieves to facilitate this operation
is carried off by a flexible tube. Mr. Highley makes all these trays
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to pack into each other and hold the dredge, drag hook and surface
net and the outer tray being provided with a lid and straps, forms a
packing case for the outfit. A convenient form of portable micro-
scope with an inclinable body, &c., suited for dredging excursions, or
for a shore-collecting sea-side expedition is shown in fig. 226,
The collector should examine stagnant pools, ponds, rivers,
“boggy ground, rock pools and basins on the sea shore, carefully
searching the sides and bottoms, the fronds of plants, or pieces of
wood floating therein, for gelatinous or spongy masses, or palpable
forms of vegetable or animal life, not forgetting to examine with a
lens all scums floating on the surface of water, to see if they consist
of, or have entangled, objects worth preservation. Filamentous
Desmidiez, if diffused through the water must be collected by aid of
the gauze net. When gelatinous or cloudy masses ‘are adherent to
the fronds of water plants, the hand should be passed gently into the
water, palm upwards to form a cup, and the fingers closed on each
side of an invested leaf or stem; the hand should then be drawn
upwards, so as-to allow the plant to ship through the fingers close to
the palm with an easy equable motion, care being taken as to how the
hand is raised from the water, lest the captives should be washed
out of the concave palm. Water resting in the indentations made by
the feet of cattle, should not escape notice. The side of a pond
towards which the wind is blowing, is always the most prolific,
especially if the sun is shining on the same side, and the shallow
parts are richer in spoil than the deep on account of being warmer.
The collector who means work should encase his legs in waterproof
wading boots and follow the sea out as it recedes at the low spring
tides, when the greatest amount of shore is left uncovered. The
months of March and April, September and October having the lowest
tides in the year are the best for the purpose of shore collecting.
Those parts of the coast should be selected which are neither too
hard like granite, nor too soft like chalk, but such as favour the for-
mation of ledges, crevices, rock pools, and basins, heaps of debris,
and outlying caverns.

Holes in the sand should be searched for case building worms or
boring mollusks. Large fish or marine animals left stranded by the
recess of the tide should be examined for parasitic crustacea, &c.,
especially the gill-covers of fish. The masses of olive sea weeds
covering the rocks should be turned over, or when hanging pendant
from overhanging slabs, they should be turned back as they generally
shield such forms as attach themselves to the surface of rocks, as
starfishes, ascidians, nudibranchs, eggs of mollusks, Alcyonia, tube
forming Annelids, Sponges, &c. Crevices should be searched for
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crustacea, starfishes, echini, wandering annelids, waterworn nodules
for investing social ascidinns; such as the Botryllidae, or multivalve
mollusks, such as chitons. Loose stones and large boulders should be
turned over, as many crustaceans and annelids take refuge beneath
them. Large tufts of corallina and other sea weeds should be gathered
from the edges of pools near low water, and placed in a jar of water
as they harbour Entomostraca, Pycnogonidz, Lucernaria and other
zoophytic forms. Outstanding rocks only uncovered at the lowest
spring tides, and then usually only approachable by boat, should be
visited in the hope of finding the only British representatives of the
stony corals. Beyond such points, the sea bottom must be ransacked
by means of dredge and draghook.

2445. Vivaria and Aquarin.—Many of the lower anmimals and
plants may be kept living in glass cases and glass jars, and will
grow and multiply in confinement. Frogs, newts,. lizards, many
mollusks, insects and worms, air-breathing and aquatic, will live
for a length of time in confinement, and some flourish.

Vivaria are now made of various forms and sizes, and many of
them are most ornamental. The student may easily arrange such
for himself for a few shillings, and may keep a number of objects of
the utmost interest which will provide him with endless amusement
and constant work.

Cases for breeding insects and: keeping them alive may now be
obtained of many naturalists.

Frogs, toads, and newts may be kept in glass cases to the interior
of which air has access through wire gauze. At the lower part
should be some water which may be placed in a saucer or basin with
shelving sides. ‘This may be made ornamental and adapted for
plants if desired.

Fresh water aquaria may readily be formed by inverting propa-
gating bell glasses, carefully selected as to shape, in a turned wooden
stand or in fern dishes which have been filled with earth or sand.
The bottom of the bell-glass should be filled with rich black peat
earth, worked into a paste, and this should be covered with a thick
layer of fine well-washed shingle. Roots of vallisneria, anacharis,
or chara may be then planted in the earth and the vessel carefully
filled up with water. After the water first introduced has become quite
clear a few fresh-water mollusks should be added to keep down the
growth of confervee. Those species which feed rather upon decayed
vegetable matter than upon the plants themselves should be selected,
such for instance as Planorbis corneus or carinatus, Paludina
vivipara, or Amphibia glutinosa. When the water has cleared and
the plants are in good condition, which may be known Dby their
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giving off bubbles of oxygen gas, fish, water insects, &c., may be
introduced. A plant or two of the floating “ Froghit " is useful for
giving support to such species as come occasionally to the surface.

In the case of both fresh-water and marine aquaria it must be
borne in mind that a proper amount of light is required which
should be admitted from above as well as on one side of the vessel.
If there is not light enough, the plants droop and do not give off air
bubbles, while if there is too much light there will be a more abun-
dant growth of confervae upon the sides of the vessel than the
scavenger molluscs can keep under. It must also be borne in mind
that animals must be kept in what has been called *amicable
groups,” or wholesale destruction will ensue.

Minnows, sticklebacks, and eels, are the fish best suited for fresh-
water aquaria, but of course must not be kept in such as are used
for watching ‘the various stages of development of other animals.
Small eels are most interesting objects, and the student will be
interested in watching the pulsations of the venous heart in the tail
of the animal.

Marine aquaria require more attention in their construction than
those for fresh water, and as a greater variety of forms may be
associated they should be made large. A marine aquarium, capable
of holding from five to ten gallons, is a convenient size and will
succeed well. The Dhottom and sides should be of slate, the back
and front only being of glass cemented into grooves made in the
slate, not simply abutting ‘against a shoulder and cemented, or a
continual leakage may occur. I have made excellent joints with
the aid of the lime and India-rubber cement, p. 52, to bed the
glass in, this being covered with a mixture of white and red lead
forced in together with some fine tow or cotton wool. The aquarium
should be covered with a glass top fitted to a beading of perforated
zine, so as to admit air but keep out dust. "The form should be such
as to allow a large area of surface to be in contact with the air in
relation to the bulk of water. Rock work should be built up at the
back so as to cut off an unnecessary amount of light, and should be
arranged in such a way as to present tiers of resting places for the
animals. The basis may be formed of coke which is advantageous
on account of its lightness, but this is to be faced with flakes of
granite, limestone, and sand rock, put together with hydraulic cement
to produce a more picturesque appearance. It is, however, better not
to use cement at all.

The tank so far prepared should be first filled with fresh water to
remove all soluble matters from the cement and rockwork. After resting
for a day or two, the water must be drawn off with an India-rubber
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tube used as a syphon, and the bottom covered with well-washed
shingle. The tank may then be filled up with sea water, or artificial
sea water may be made with Tidman’s sea salt in the proportion of
about one pound to three gallons of water, the exact proportions
being determined by aid of a hydrometer, which should stand at
1'026. Should the water be too salt the stem will rise till perhaps
1’030 of the scale appears above the level of the water, in which
case more common water must be slowly stirred in. If on the
other hand there is not sufficient salt, the stem will sink towards

1'0z0 and more salt must be added till the hydrometer registers the

proper specific gravity of natural sea water. As evaporation causes

the water to become concentrated, it should from time to time be
tested with the hydrometer and the necessary amount of water
added. The next step is to get the rockwork covered with the spores
of seaweeds, by placing several small healthy tufts of Ulva, or
Enteromorpha in various parts of the tank where they are fully
exposed to light In a short time minute vegetable growths will
make their appearance all over the tank. The growth on the front
glass must be removed as fast as it i1s formed by a sponge tied to a
stick. After this growth has appeared the tufts of weed may be
removed. The amount of light admitted to the tank must now be
carefully attended to, so as just to cause the evolution of bubbles of
oxygen, without stimulating the vegetable to an over-abundant
growth which would cloud the water. Animals may next be intro-
duced slowly and not in too great numbers, the lowest in organisa-
tion first, the higher forms when the tank is evidently working well,
and the first things introduced appear healthy, and the water is clear
and sparkling. It is well occasionally, if not daily, to remove a
portien of the water into a glass vessel and allow it to return to the
tank through a fine jet, by which means the water is broken up into
spray as it returns to the tank. There are various ways of effecting
this important process of aeration of the water,

In the Athenzum for March roth, 1860, Mr. Highley described
a very convenient aquarium arrangement well suited for a microscopist
who is making a temporary visit to the coast, which I here extract.

“ I may mention a plan I have employed with great success when
making temporary visits to the coast, which will be found very con-
venient to those who wish to classify the animal forms obtained for
observation. I take a nest of German beakers (without spouts) and
pack them in a zinc case: on my arrival, I fill them with fresh sea
water, and place them in a sunny window ; I then collect a number of
limpets on whose shells enteromorpha and ulva are growing. These
will be found to be small but vigorous plants. I remove the animalsfrom
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the shells, and then drop one or more alga bearing shells into each
beaker according to its size ; in a short time the sides of the jars,
especially the sides turned towards the light become coated with
spores; the sides turned from the light I keep clean with a chisel-
shaped piece of wood and a knob of sponge, so that whilst one half
of each jar is covered with a green oxygen yielding coat, the other
half is free for observing the animals that may now be placed in the
beakers. Behind this protecting coat, red alge will be found to
thrive, In this way a number of aquaria may be speedily provided
for our collections that will keep healthy for months, with the slightest
amount of attention.

After the sides are properly covered with spores, the sea-weeds
should be removed and the jars placed on a table at such a
distance from the window that the light impinges only on the coated
half, taking care, however, that there is sufficient to stimulate the
spores to throw off bubbles of oxygen daily. If on leaving a place I
wish to take any specimens away with me, I pack these beakers con-
taining them in a rough box, of a size suited to the number selected,
with seaweed between the interstices and at the latest moment tie
bladder over each jar, which I remove at the earliest opportunity
after arriving at my destination.”

Prawns, fish, actinie, &c., may be fed on shreds of beef, which has
been pounded and dried, and then macerated in sea water for a few
minutes before use. All dead animals, slime, or effete matter should be
removed by means ofa pair of long boxwood forceps or small saucer, as
soon as noticed. With a moderate amount of attention, a marine aqua-
rium may be kept for years (ten or more) without changing the water.
Microscopes are specially constructed by Mr. Highley, Mr. King, and
Mr. Salmon, for observing animals within aquaria. See p. 13.

The most useful books to the microscopist visiting the coast, will
be found in the list at the end of the volume.

248. Examination of Lower Animals during Life—Many of
the lower animals may be examined in the living state, and numerous
interesting and important facts may be demonstrated. The student
will find many of the smaller insects, more especially the aquatic
larvae, as for example, those of the common gnat, well adapted for
this purpose. Small crustaceans, as the daphne and some of the
fresh water shrimps are exceedingly interesting objects, and are
easily subjected to examination in the living state in the animalcule
cage, p. 66, or under a compressorium, p. 81.

Examination of Infusoria, &c—Suppose the student desires to
submit some of the animalcules in water to microscopical examination,
he may proceed as follows. A drop of the water is to be removed
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with a pipette, or upon a glass rod, or with the finger, and placed upon
the glass slide. A bristle or thin piece of paper is placed in such
a position as to prevent the thin glass from coming into too close
contact with the slide; or the drop may be placed in a Brunswick
black, or thin glass cell ; or the animalcule cage already described,
pl. XVIII, fig. 112, may be used with advantage. By the latter instru-
ment, and also by the compressorium, p. 81, the larger infuso{*i;t may
be kept still in a particular position for the purposes of examination.

Fresh-water and marine zoophytes, too large to be placed in the
small cells, or the troughs, p. 66, may be examined in flat watch
glasses, or in one of the larger cells, represented in pl. XVIIT. These
may be examined with low powers (two inch, one inch) without any
thin glass cover, but where the higher powers are employed a piece
of thin glass must be applied in such a manner as to cover that part
of the vessel in which the animals are situated, while at the same time
a certain proportion of the fluid is freely exposed to the air; for if
aeration were prevented, the animais would soon exhaust all the air
dissolved in the small quantity of water in which they were impri-
soned, and die of suffocation.

It is difficult to kill many zoophytes, and preserve them with the
tentacles extended, but it is said that the retraction of the tentacles
may be prevented by plunging them into cold fresh water. Various
poisons, opium, hydrocyanic acid, chloroform, &c., have also been
recommended for the same purpose, but a voltaic current effects the
object most perfectly.

Vorticelle and Rotifers or wheel animalcules, may often be
obtained by placing a small piece of a plant which has been allowed
to remain in the same water for some time, with a drop of the fluid
in a glass cell. These organisms are often found attached te the
edges of the plant in considerable number.

Cheese mites and other small acari should be examined with low
powers (two inch, one inch) under the binocular, a strong light
being condensed upon them with the aid of the bull's eye condenser
or the parabolic reflector, p. 21.

The Entosoon or Demodex folliculorum may be obtained by
squeezing the sebaceous glands in the skin of the nose or scalp of
the human subjecl. If transferred to a little oil and covered with thin
glass the animals may be preserved alive for some time and their
slow sluggish movements watched. Specimens may generally be
obtained from the wax of the ear. Small spiders, many of the minute
coleoptera and their larve, aphides, and a great number of the
smallest insects common in fern cases may be easily examined, and
some of the smallest of them are suitable for examination by reflected
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and transmitted light under high powers, with the aid of the binocular,
] LI

Z49. Of keeping Bodies moist while under Microscopical Obser-
vations.—In order to study the changes occurring during the growth
and multiplication of some of the simplest organisms which live in
water, it is necessary to adopt some plan for preventing, or compen-
sating for, the evaporation which takes place. This may be effected,
as recommended by Recklinghausen, by adapting a piece of sheet
India-rubber tubing to the glass ring fixed on an ordinary glass slide,
the diameter of the ring being sufficient to allow a piece of thin glass
to be placed within its circumference. The upper end of the tube is
tied round the object glass of the microscope. Thus a moist chamber
i1s made, and if one of Hartnack’s “immersion lenses ” be employed,
observations may be continued upon a given object for some time.
The moist chamber is, however, better adapted for use with low
than with very high magnifying powers. See pl. XXXVI, fig, 232.

I have found that the same object 1s gained if the loss of fluid by
evaporation is compensated for by a little reservoir of water, fixed at
one end of the slide, from which a small piece of blotting paper or
silk thread conducts the fluid to the object as fast as evaporation
takes place. By placing a little cement round two thirds of the thin
glass cover, sufficient space is allowed for the requisite access of air,
while at the same time loss by evaporation is reduced to the smallest
amount. By this arrangement the growth of the spongioles of plants
can be studied very successfully.

A small quantity of fluid or semi-solid matter containing various
kinds of living matter, may be preserved for some days without the
death of the living matter it contains taking place, by the following
arrangement. A small glass tube about half an inch in diameter
and an inch and a half in length is prepared, the edge of one
extremity being turned outwards in the blow-pipe flame, so that
very thin membrane may be tied over it. The tube is so arranged
that the membrane just touches the surface of some distilled water
in a small dish or capsule. The whole may be placed in a hot-air oven
maintained at a temperature of 100° F. In this way I was enabled

“to keep living matter freely exposed to the air, whilst evaporation was
compensated for by the gradual imbibition of fluid from below
through the pores of the membrane. I have succeeded in preserving
masses of germinal matters from the higher organisms alive for a
considerable time longer than they would have lived at the ordinary
temperature of the air.

250. Of Keeping Bodies at a Uniform Temperature higher than
the Air, while under Microscopical Observation.— By placing a brass
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plate upon the stage of the microscope, and allowing one end to pro-
ject over the edge so that it may be conveniently heated by a spinit-
lamp, any substance may be kept warm upon a glass slide, while
subjected to microscopical examination. Max Schultze has recently
contrived a brass plate which is fixed by clamps to the stage of the
microscope, and extended at the sides so as to form two projecting
arms beneath each of which a small spirit-lamp may be placed. A
hole is made for the transmission of the light, and close to the place
where the slide with the object is situated, is the bulb of a little ther-
mometer, the stem of which is so arranged that the degrees can be
easily read off. ‘This apparatus has been made by Geissler, of Bonn,
fig. 233, pl. XXXVIL In conducting observations upon bodies
which are warmed, the loss of fluid from evaporation must be pro-
vided against by the use of the moist chamber and immersion lens,
or by the little reservoir and conducting thread, pl. XVIII, fig. 111%,
or by the arrangement described on p. 156.

Dr. Ransom, of Nottingham, has been long engaged in investi-
gations which require the application of heat and cold to the object
while under observation. He says, “The mode of using heat for
those examinations I have found best so far, is recommended by
M. Schultze, only in order to employ with it cold also, T have ordered
one to be made of copper instead of brass as the former metal is
so much better a conductor, and I trust I shall be able with this new
hot stage to preserve an object at any required temperature, and to
read off easily the actual temperature which the object has from 30°
F.to 160° F.” The principle of this new hot stage is to conduct the
heat to or from the object, and not to use currents of air or water. It
may be used not only for stimulating movements, but for watching
the extremes upwards or downwards, which either arrest them or
destroy them. Such a stage must be separated from the microscope
by a non-conducting substance.

Sometime since, I adopted a plan for heating objects by hot air—
this will be understood by reference to fig. 234, pl. XXXVII, but for
most purposes Max Schultze’s apparatus is to be preferred.

Of the Tissues and Organs of the Lower Animals.

For the most part the tissues of the lower animals may be examined
according to the same plans recommended for the demonstration of the
structures of the higher classes. In this department, however, the stu-
dent will meet with greater variety of texture, and in not a few instances
our knowledge of higher structures may be greatly advanced by the
careful study of the corresponding tissues in the lowest classes. There
are many textures which are peculiar to the lower animals which
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are well deserving of the careful attention of the microscopist, and
especially in researches upon the changes occurring during the deve-
lopment of tissues, facts may be ascertained which cannot be made
out by investigations among the higher classes.

Z51. Of Preparing the Tissues of Insects for Microseoplical
Examination.—Many of the smaller insects may be mounted entire
as dry objects, but the hard external covering of the body and limbs in
many members of this class is better displayed if freed from the soft
parts and preserved in Canada balsam. Moist tissues may be entirely*
removed by the action of liquor potasse in which they are perfectly
soluble, and the hard textures are at the same time softened by the
reagent. After very careful washing in distilled water the entire insect
or parts of it, may be dried in the position they are intended to take up
permanently. They are then to be moistened with turpentine and
mounted in Canada balsam. The chloroform solution, p. 50, of the
latter substance may be employed with advantage. For the details
of the operation the reader is referred to Mr. Thomas Davies’
little book on “The Preparation and Mounting of Microscopic
Objects,” p. 68.

The Ege Capsules of insects exhibit very peculiar markings upon
their surfaces which vary in every species, and even in those which
are closely allied the greatest difference often exists. Insect ova are
represesented in pl. XXXVII, fig. 237. The eggs may be examined as
opaque objects according to the methods described in p. 21, or very
thin vertical and horizontal sections may be made and mounted in
fluid or in Canada balsam. Upon one surface of the eggs of many in-
sects, and very readily in some of the lepidoptera, an orifice surrounded
with beautiful markings may be discerned. This is the micropyle.

262. The Scales and Halrs from many insects and crustacea are
well worthy of attentive examination. The scales from the wings of
various butterflies and moths form beautiful objects. They should
be examined in a dry state and also mounted in balsam. The student
will find that the scales of different parts of the body exhibit great
varieties of structure, while those of no two species are exactly
alike.

The markings upon many of these scales are so delicate as to serve
for testing the defining powers of the highest and most perfect object-
glasses. Some of the most elaborate are obtained from the podura,
a little hopping insect, common enough in some localities among old
dry wood. In order to catch the podura, Dr. Carpenter directs thata
little oatmeal be placed on black paper and left some hours, when it
may be transferred to a large clean basin, out of which the creatures
cannot leap. Their scales may be mounted dry, in fluid, orin balsam.
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253. Trachese, O air tubes which are characteristic of the class of
insects may be demonstrated very readily. If the inside of a common
maggot, caterpillar, or fly be removed and covered with thin glass,
numerous exceedingly fine dark lines will be seen ramifying almost
everywhere, and forming networks, These are the trachea,and their
black appearance is due to their containing air which refracts the
light very differently to the other tissues and fluids by which it is sur-
rounded. The explanation has been already given in the case of the
lacun® and canaliculi of bone, in p. 78.  But in this rough mode of
examining the trachew, the student leams nothing concerning the
elaborate structure of these air-tubes. If some of the larger ones be
dried and then mounted with turpentine or Canada balsam, it will be
found that a spiral thread is closely coiled around every one of the
tubes, by which beautiful arrangement all are kept pervious, so that
air may circulate freely through them, and thus reach the ultimate
constituents of all the textures of the body.

The trachez all open upon the surface of the body, by orifices
termed spiradles, easily found in the common caterpillar, as they form
a tow on each side of the body. Every spiracle is guarded by a comb-
like arrangement of firm chitinous or horny tissue which prevents
foreign particles from passing into the tracheaz, while like a sieve it
permits the free ingress and egress of air. The student should
mount a series of specimens of spiracles from different insects.

254. Branchize of Mollusca.— The textures of which this form of
breathing apparatus is composed may be demonstrated according to
the principles already laid down in the sections upon the tissues and
organs of the higher animals. The arrangement of the vessels may
be displayed by injection, p. 103. The method of demonstrating the
circulation of the bloed in these organs has been described in page
134. In many young mollusks the branchiz are very beautiful.
The action of the cilia with which the vessels are clothed is referred
toin p. 161.

255, Microscopic Shells from beautiful objects for investigation ;
many may be mounted as dry objects, and examined by low powers.
The remains of the animal organisms may be removed by boiling for
a few seconds in a weak solution of potash or carbonate of potash.
The shells must then of course be thoroughly washed in successive
portions of distilled water.

The shells of foraminifera, many of which are to be found
upon our ordinary sea weeds, may be prepared in the same way.
This class of organisms has recently been very carefully investigated
by Dr. Carpenter, whose beautiful memoirs in the Phil. Trans.
are worthy of attentive study. See also “The Microscope and its

B .
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Revelations,” by the same author, and papers in the M icroscopical
Journal,

256, Contractllity of Muscle. — The actual movement taking
place in the particles of this tissue may be demonstrated in certain
c:f the lower animals, in which it continues for some time after the
tissue has been removed from the body. Muscular contraction may
be studied in small insects or crustacea. Mr. Bowman strongly
recommends the muscular fibres from a young crab (Phil. Trans,
1841). Many small transparent aquatic larve are also very favourable
for this purpose.

The phenomena of muscular contractility may be most success-
fully studied in the broad muscles just beneath the skin of the
common maggot or larva of the blow-fly, and as these can be always
readily obtained, I recommend them for observation, The move-
ments, which are very beautiful, continue for ten minutes or a quarter
of an hour after the muscles have been removed from the body of the
recently killed animal, so that a specimen may be prepared and
passed round the lecture room in one of the portable microscopes,
p- 174. In the winter I have seen the contractions continue for
upwards of half an hour. It is most instructive to examine these
muscles during contraction under the influence of polarised light,
with a plate of selenite. When the ground is green, the waves of
contraction which pass along each muscular fibre In wvarious direc-
tions, are of a bright purple. In other parts of the field the comple-
mentary colours are reversed. There are few microscopic objects,
that I am acquainted with, so beautiful as this. With the aid of very
high powers, the actual change occurring in the contractile tissue as
it passes from a state of relaxation to contraction, and from this to
relaxation again, may be studied, and for many minutes at a time.

In order to obtain the muscles, it is only necessary to slit up the
larva, and after removing the viscera, to separate some of the muscles
from the outer skin to which they are attached. They may be mois-
tened with some white of egg, saliva, or better than all, a little of the
colourless fluid from the animal.

In this way the student will form a good idea of the nature of
contractile movement generally, in which there is repetition. Contrac-
tility has been confused with movement essentially different in its
nature, which takes place in germinal or living matter, p. 170. The
first affects various kinds of formed material only ; the last is peculiar
to germinal matter. Contractility is essentially interrupted. Vital
movement is continuous. By the last, a weight may be raised higher
and higher, and if the weight increases the force which raises it may
increase also. Contraction involves yielding or relaxation. It is, as
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single cilium may be watched, in which case the observer may
demonstrate the interesting fact that movement occurs not only at
the base of the cilium, but in every part of the vibratile filament.

Of all the ciliated structures, the newt's kidney is perhaps the
most beautiful and the most remarkable. The tortuous uriniferous
tubes in the upper thin portion of the kidney are lined in their whole
length with ciliated epithelium, which continues in active motion for
some time after the removal of the organ from the body of the
animal. In order to display this wonderful object, we must proceed
as follows :—After destroying the newt by decapitation, the abdominal
cavity is laid open, and by turning the viscera to one or other side,
the kidneys may be exposed. Towards the pelvis, the kidney pre-
sents much the same appearance as in the frog : but, upon tracing it
upwards, it will be found to become gradually thinner, and to extend
quite into the thoracic portion of the animal. It is this upper thin
part of the kidney which shows the ciliary motion to the greatest
advantage. See pl. XXXIII, fig. 218. A probe, @, is represented
in the drawing underneath that portion of the kidney which should
be examined in the microscope. The secreting tubes lie upon one
plane, so that a tube, throughout the entire length of which active
ciliary motion is constantly taking place, may often be seen in the
field of the microscope at one time. A more beautiful object under
a halfinch object-glass, can scarcely be conceived. The thin
portion of the kidney, above referred to, is to be very carefully
removed from the body by delicate manipulation with fine forceps
and a pair of scissars, moistened with a little water, or, what is still
better, with some of the serum of the animal, placed in a large
thin glass cell, and carefully covered with thin glass. The cell should
be sufficiently thick to prevent any pressure upon the preparation.
After ciliary motion has stopped, the cilia are with great difficulty
distinguished. Many of the tubes in the lower thick part of the
kidney do not exhibit ciliary action perhaps because the cells are
undergoing degeneration. I have been able to find tubes in every
stage of wasting in newts which have been kept in confinement.

Ciliated epithelium may be obtained from the larynx and trachza
of man by coughing violently. The vibration occasionally continues
for some time after the specimen has been transferred to the glass
slide. The observer will be surprised at the enormous number of
cilia projecting from a single cell; indeed it often happens that a
mass is expelled which seems to consist of hundreds of long
filaments, all in active vibration, radiating from a common point,

Ciliary action is, I think, due to changes going on within the
cell, but probably very intimately connected with the currents which
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flow to and from the germinal or living matter, and the altered
tension thus caused in the cell. Ciliary motion is not dependent
upon nervous action, nor is it due to any disturbance in the sur-
rounding medium, It cannot, I think, be regarded as a z#fa/ move-
ment, although it is probably due to changes which are consequent
upon vital phenomena. Cilia consist of * formed material” In
the immediate vicinity of ciliated cells are sometimes observed
cells with open mouths, out of which mucus and various substances,
formed or secreted in the interior of the cell, pass. In the forma-
tion of these products, nutrient matter from the blood, after passing
through the attached extremity of the cell, is probably absorbed by
the living matter. At the same time the outermost portion of the
latter becomes converted in the peculiar contents of the cell, and
thus the formed matter which has been already produced becomes
pushed towards the orifice. .See the new edition of “The Physio-
logical Anatomy and Physiology of Man.™ I think that the move-
ments of cilia are brought about by a somewhat similar series of
changes, in which the germinal or living matter, usnally termed
* nucleus,” plays the active and most important part.

OF DEMONSTRATING THE TISSUES OF PLANMNTS.

258. Examination of Vegetable Tissues.—The examination of
vegetable tissues is conducted upon the same general principles as
that of animal textures. The spiral vessels of plants can in many
instances be obtained by boiling the stem of the plant for some time
in water. Those of rhubarb are very large, and may be selected for
examination.

The spiral vessels in leaves may be beautifully shown by allow-
ing some coloured fluid to enter them. If the stalk be placed in
the fluid and evaporation from the surface of the leaf be encouraged
by exposure in a warm place, the fluid will enter the vessels, If
carmine fluid, p. 109, be used, the germinal matter of the cells near
the vessels is stained at the same time that the tubes are injected.

Thin sections of soft vegetable tissues in any direction may be
very easily obtained with a very sharp knife. The method of
cutting thin sections of woods has been already referred to in p. 84.
The cellular tissues of plants (certain leaves, flowers, fruits) are
softened and at length destroyed by weak nitric and hydrochloric
acid (one part of acid to from twenty to fifty of water), while the
fibrous and vascular textures remain behind, constituting the skeleton
of the leaf, flower, calyx, or fruit.
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character of the crystals alone. In the bulb of the common onion,
in the leaves of the hyacinth, and many allied plants, crystals may
be detected. Raphides are met with in only three orders of British
dicotyledons : Balsaminace®, Onagracie, and Rubiacie (Gulliver),
but they are commonly found in many monocotyledons. -In trans-
verse sections of the thick leaves of the India-rubber plant collec-
tions of small crystals are seen in certain cells. See Mr. Gulliver's
papers in the Microscopical Journal, especially the number for
January, 1866.

259. Of the Circulation in the Cells of certain Plants.—The cir-
culation or cyclosis of the contents of the wvallisneria, anacharis,
chara, and nitella, may be observed without any difficulty. In all
these the movement is due to the z#fal/ properties or powers of the
germinal matter which moves round and round the cell ; the hard
cell wall preventing its escape; and rendering movements in a right
line impossible. If subjected to examination under the highest
powers, however, certain precautions are necessary. The thinnest
possible layer should be removed with a thin but very sharp knife,
from the surface of a young leaf of wallisneria or anacharis and the
two thin pieces thus obtained must be carefully placed on the slide
with a drop of water and covered with the thinnest possible glass,
care being taken to prevent it from pressing firmly upon the freshly
cut surface.

It not unfrequently happens that cyclosis has entirely stopped in
the cells submitted to examination, but after the fragments of the
leaf have remained still for a short time the movement recommences,
especially if slight warmth be applied; and it is a good plan, espe-
cially in winter, to place the sections which have been made in water,
in a small corked glass tube, which may be carried in the pocket for
a quarter of an hour or more before they are to be subjected to
examination.

Facts of the utmost general interest and importance may be
demonstrated in vallisneria by the aid of the highest powers. The
stream which moves round and round the cell, and looks like pure
water under a twellth, is found to be composed of extremely minute.
and apparently spherical particles, endowed with active motor power,
if examined by a 'y or 4, pl. XXXVIII, fig. 244. The green chlo-
rophyll masses are urged on by the actively moving germinal matter.
One portion of the active, colourless, moving matter is seen to out-
strip another portion, amongst which it gradually blends and incor-
porates itself, to be, in its turn, outstripped by other portions.

Solid particles are often suspended in moving germinal matter,
and appear to move of themselves, although, really, they are per-



166 HOW TO WORK

fectly passive and are but carried in the moving stream. Sometimes
these are formed from the germinal matter itself, sometimes theéy are
foreign particles entering from without. The latter may be seen
commonly enough in the amaba. Pus and mucus corpuscles, and
many other forms of germinal matter, contain extremely minute
particles, the nature of which has not been positively determined, as
well as foreign patticles which become included by the mass pro-
jecting itself around them.

The hairs from the flower of the Virginian spider-wort { Zradescantia
Virginica) a well-known garden plant, are beautiful objects for
studying the movements of the living germinal matter in the cell.
The transparent matter in active movement contains many minute
highly refractive particles, which enable one to detect the slightest
variation of the direction in which the stream sets. The young hairs
of the nettle, the cuticular cells of this and many other plants, exhibit
rotation. The movement can often be seen in the young, although
it may not be visible in the fully formed cells.

In pl. XXXIX, fig. 245, a branch of anacharis alsinastrum is repre-
sented. It consists of long slender stems which bear a series of three
narrow leaves of a pale green colour at intervals of about a quarter
of an inch apart. The leaves when full grown seldom exceed a
length of three-eighths of aninch. Fig. 148 shows the irregular shape
and position of the cells in one of the leaves of this plant. The
thickness of the central part of the leaf is composed of two layers of
such cells, but at the margin only one layer exists. Fig, 240, repre-
sents one of the hollow spines or hairs at the margin of the leaf of
the anacharis. It appears that when the circulating corpuscles
arrive near the apex of the spine where the cell wall is indurated, as
shown by a brown discoloration, they do not pass quite to the apex,
but are invariably hurried across the cell, as seen at & in the figure.
The three drawings above referred to, have been taken from Mr. Wen-
ham's paper “On the Circulation in the Leaf Cells of Anacharis
Alsinastrum.” (Mic. Journal, vol. III, p. 281.)

In pl. XXXIX, fig. 246, is represented a hair or spine from'the
stalk of Anchusa paniculata, one of the Boraginee. This is also
taken from a drawing by Mr. Wenham (Mic. Journal, vol. 111, p. 49).
The mode of growth and circulation of the sap-corpuscles are well
shown. These accumulate and gradually become converted into the
tissue of which the spine is composed. Mr. Wenham well describes
this process as follows : a dense current of corpuscles travels along
one wall of the spine constantly returning by the opposite side 4, 2.
At ¢, where the deposition occurs, there is a considerable accumula-
tion, and at the boundary where they are converted into the substance
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of the spine a number are seen to be adherent. Often in specimens
of this plant the deposition has been so rapid that there was not
sufficient time for the complete condensation of the component cor-
puscles. In these instances a number of them have been caught and
loosely enclosed in one or more cavities, as shown at @, & The walls
of these containing cavities do not possess a definite outline because
they are lined with corpuscles in all their different stages of transition.

The course which the current takes in the cells of vallisneria,
anacharis, &c., is indicated by the arrows in fig. 247, after Dr. Branson.

Vallisneria, chara, nitella, and anacharis may be kept without
difficulty in glass jars in ,our rooms, and tradescantia will grow in
pots outside the window, and flower freely even in London. Pale
or white-flowered plants should be selected for observation.

The circulation in the cells of vallisneria. and the movements of
the cilia of small animalcules or ciliated cells under a high power with
the new binocular of Messrs. Powell and Lealand, p. 11, once seen
can never be forgotten, for the mind seems to have realised the
actual state of things occurring during the life of the plant, in a
manner which before was not possible.

260. Of Preserving Vegetable Tissues permanently.— Vegetable
tissues may be preserved according to the plans already given for
animal tissues. Syrup and glycerine are excellent preservative
media. The germinal matter of vegetable tissues may be stained
with carmine, the course of vessels and tubes may be demonstrated
if filled with coloured fluids which they will imbibe by capillary
attraction, especially if evaporation be promoted from the leaves.

Seaweeds which are to be preserved permanently, should be
allowed to soak for some time in pure water. Small pieces may
then be removed and transferred to glycerine. Some of the most
beautiful vegetable preparations which I have seen have been
mounted in glycerine. The mixture of gelatine and glycerine, and
gum and glycerine will also be found good media for mounting
many vegetable structures, and chloride of calcium forms a useful
preservative fluid in many instances. Creosote fluid, carbolic acid
water, very dilute spirit and water, and even simple distilled water
will preserve some vegetable tissues for a great length of time. The
pith of -the stem of various plants, the epidermis, and many other
vegetable tissues may be preserved as dry objects very satisfactorily.

261 Of Collecting and Mounting Dlatoms,—In collecting dia-
toms and other organisms from pools, the pocket microscope
described in p. 14, will be found very useful. A little of the sedi-
ment suspected to contain them may be placed in the animalcule
cage and examined by the side of the pool. The waistcoat pocket
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sufficiently explaimed and accounted for if they are attributed to this
mystical property of contractifity. They do not attempt to define
what they mean by the word, nor do they show in what this supposed
property resembles or differs from other properties of matter. They
do not state whether it is peculiar to the living state or is manifested
after life has ceased.

Many facts have convinced me that there is an absolute difference
between ZJiving and non-living matter, and I maintain that the asser-
tion that the mon-living passes by gradations into the living 1s not
justified in the present state of scientific knowledge.

Some of the most remarkable phenomena which distinguish Ziving
from mon-diving matter may now be observed under the microscope with
the aid of the highest powers. There is no department of natural
knowledge in which a greater advance is to be noticed than in this,
and the facts which have been recently discovered enable us to draw
a sharp and well-defined line between living things and the wvarious
forms of non-living matter, be it of simple or complex composition.
If as investigation still further advances the facts already knewn are
confirmed, and the conclusions arrived at from recent researches,
supported by new observations and experiments—the operation of
some agency, force, or power in living matter, distinct from every
kind of physical force operating in non-living matter must be ad-
mitted, and the views at this time most popular, will have to be
modified in most important particulars.

If the student studies this question carefully, he will, I think,
find that confusion has arisen from the attempt to account for several
essentially different kinds of movements by one property,—con-
fractifity. 'Thus any tissue which alternately becomes shortened or
lengthened, gaining in one diameter what it loses in another, is said
to be contractile, while on the other hand, that which moves in
every conceivable direction is said to do so by virtue of the same
property. It is not, however, very easy to see how two such dif-
ferent movements, as repeated acts of contraction and relaxation
within a definite space, and the actual movement of a mass from
place to place, can depend upon ome and the same property. In
fact, it has yet to be shown that the many different movements
commonly known to occur in living things are really all of the same
nature. I would arrange the movements occursing in living beings
as follows :—

r. PRIMARY OR VITAL MovemeNTs—affecting matter in the
living state only, and occurring in every direction, as seen in the

amaba, white blood corpuscle, and in germinal or living matter
generally.
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2. SECONDARY MoOVEMENTS — the consequence of vital move-
ments, or of other phenomena, affecting matter which is not in a
living state :—

a. Ciliary Movements.—Probably due to alterations in the quantity
of fluid within the cell, the changes in the proportion of fluid
being brought about by the action of the living or germinal
matter of the cell.

b. Muscular Movements—Due to a disturbance (electrical or
otherwise) in the neighbourhood of a contractile tissue— that
1s, a structure so disposed that its constituent particles are
susceptible of certain temporary alterations in position, which
alterations take place in certain definite directions only.

¢. Molecular Movements—Which affect all insoluble particles,
non-living as well as Nving, in a very minute state when sus-
pended in a fluid not viscid.

&. Movements of Solid Particles suspended in Fluid in Cells, caused
by Currents in the Fluid, as the pigmentary matter in the
pigment cells of the froz.—Due to the motion of the fluid as
it passes into, or out of, the cell, through its permeable wall ;
this movement being dependent upon changes taking place
external to the cell.

Z6Z. Of the Primary or YVital Movements oaccurring In Living
Belngs.—This kind of motion is peculiar to matter in the living
state, and is not known to occur in any matter which has not been
denived from matter in a living state. The movements cannot be
imitated. They cease when death occurs, and having once ceased,
they cannot be caused to reappear in the same particles of matter,
Excellent examples of vital movements are presented in the common
amebe and many other low forms of life, in the w/hife blood corpuscles,
in mucws and pus corpuscles, and less distinctly in the germinal matter
(nuclei) of many tissues of the higher animals.

Amebe can always be obtained by placing a small fragment of
animal matter in a wineglass full of water and leaving it in a light
part of the room for a few days. I have found it convenient to
introduce a few filaments of the best cotton wool into the water.
The ameebe collect amongst the fibres which protect them from
being crushed by the pressure of the thin glass when removed to
the glass slide. An imperfect idea may be formed of the changes
taking place in the form of the most minute amcebze by reference to
fig. XL, pl. 254.

Miucus Corpuscles in the mucus upon the surface of the mucous
membrane of the air-passages, white blood corpuscles, and pus
corpuscles exhibit similar movements, fig. 256. Changes in form
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may be seen to occur slowly in the germinal matter of the comea
of the frog and other animals. Soon after death a shrinking or
collapse of the soft germinal matter of all cells takes place, and
this alteration has led to the view that the nuclei lie embedded in
spaces or vacuoles in the tissues. During life, and especially in the
early and more active period of growth, the germinal or living
matter is continuous with the tissue, and the shrinking and alteration
in question are due to changes which immediately follow the death
of this living matter.

The germinal matter entering into the formation of ova is the
seat of active vital movements which may be studied without diffi-
culty. In the ova of the common water snail (imnaus stagnalis)
complete rotation occurs, and the embryo from an early period is
covered with cilia, Changes in form may be observed in the ova of
amphibious reptiles, particularly the frog and newt. Those of the
pike, stickleback, and many osseous fishes are particularly favourable
for observation (Ransom). The stickleback can be easily kept by
the microscopist in an aquarium. They sometimes breed in con-
finement, and the sort of nest which is made for the protection of
the young and guarded by the male, is an object of great interest.

The movements in germinal matter of the higher animals (mucus,
pus) can be distinctly seen with a twelfth of an inch object-glass, but
it is often necessary to examine one particular corpuscle very
attentively for half a minute or more. In some cases the changes
in form are so slow that the observer who looks at the object for
the first time cannot satisfy himself of the actual occurrence of the
movement at all. It is absolutely useless to attempt observations of
this kind in an off-hand, slap-dash, selfasserting manner. Those
who desire to have the delight of pondering over such changes will
gladly find the leisure to observe the facts. This is just ome of
those phenomena which, having been well seen once can generally
be detected afterwards without much difficulty. Under the sixteenth,
twenty-ffth, or fiftieth, the alteration in form can be seen very dis-
tinctly, and there are few things more wonderful, or which will
furnish more interesting matter for careful thought and for valuable
and useful speculation.

The movements I have described as zital movements 1 regard as
frimary, and think that the power of movement exists in connection
with the matter of which each small portion of the moving mass is
composed. It may be to some minds unsatisfactory to attribute the
phenomenon to the influence of a power of the nature of which
nothing is known, but it is surely better to do this for the present,
than to assert that these movements are due to physical force, when
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they cannot be explained by known laws. Any unprejudiced person
who thoroughly studies the movements and carefully thinks over the
facts of the case, will, I think, find himself compelled to admit that
th_E}f cannot be accounted for in the present state of our knowledge,
without assuming the existence of vital power.

263, Of the Sccondary Movements oceurring in Living Beings, —
Ciliary movement has been already referred to in p. 161, and mus-
cular contraction in p. 160.

Of Molecular Movements—When any solid matter in an exceed-
ingly minute state of division is suspended in a limpid fluid, every
one of the minute particles is seen to be in a state of active motion
or vibration in the neighbourhood of other particles. The cause of
these molecular movements has not yet been satisfactorily explained,
and they have often been mistaken for wita! movements. 1f some
bacteria developed in any decomposing water be exposed to a tem-
perature of 200° they are destroyed, but although quite dead, mo/e-
cular movements still occur.  If however, the movemients of the dead
particles be compared with those of living bacteria, a great difference
will be discerned. Probably many movements of particles occurring
in cavities in crystals are of the same nature. See p. 178

Movements of Granules within Cells.—The movement of insolu-
ble particle% from one part of a cell to another, as occurs in the
radiating pigment-cells of batrachia (frog, toad, and newt), is proba-
bly due to alterations in the direction of the flow of fluid in the cells,
—from the cavity of the cell forvards the tissues,.or from the surround-
ing tissue info the cell. If the capillaries were fully distended, fluid
would permeate their walls and would pass into the cavity of the cells,
in which case the insoluble particles would gradually become diffused
and would pass into all parts of the cell ; while, on the other hand, if
the capillaries were reduced in diameter, and the lateral pressure
upon their walls diminished, there would be, as is well known, a ten-
dency for the fluid in the smrounding tissue to flow towards the ves-
sels and pass into their interior. In this case the quantity of fluid in
the cells would become gradually reduced, and the insoluble particles
would become aggregated together, and would collect in those situa-
tions where there was most space, as in the central part of the cell

“around the nucleus. Moreover, in the last case, the flow of fluid,
which constantly sets towards the nucleus, would be instrumental in
drawing the particles in this same direction, while if the cell contained
a considerable proportion of fluid, the currents would pass between
the particles without moving them. Evaporation, as it oceurs after
death, causes concentration of the insoluble particles towards the
centre of the cells.
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that bacteria were but the modified particles of certain tissues,
although the evidence really points the other way. Perfect looking
bacteria may be produced readily enough by gently warming over a
spirit-lamp a little blood placed on a glass slide and covered with
thin glass. From the red blood corpuscles under these circumstances
numerous very narrow-jointed filamentous processes are seen to
project, and from their constant vibration and molecular movements
these might be easily mistaken for living bodies, pl. XLI, figs.
260, 262, Sometimes they become detached and move about in a
manner much resembling certain forms of bacteria. At the same
time any one familiar with investigations of this kind would be
deceived neither by the general appearance nor by the movements of
these bodies. Living bacteria, like other living things, come from
germs formed by pre-existing living things like themselves.

The student will learn many most important facts by watching
the germination of the common mildew, and studying the different
appearances of the plant when developed under different circum-
stances, pl. XLI. It is exceedingly instructive to watch the growth
of the spongioles of a young plant (mustard seed, wheat, mignonette,
or better, any much smaller seed), as they grow under the thin
glass.  Fluid may be constantly supplied according to the plan
described in page 67. :

By dint of a little really careful observation the student will soon
learn to distinguish purely vital phenomena from mere physical and
chemical changes, and will be able to answer the arbitrary dicta of
those who persist in looking upon phenomena which have nothing
whatever in common, as of the same nature and due to the same cause.
Would not any other conclusion have afforded support to the views
they have adopted concerning what has been termed unity ?

OF THE EXAMINATION OF ROCKS, CRVSTALS, AND FOSSILS.*

265. Of the Anatomy of Crystals.—In the first place it is most
important that an observer should make himself acquainted with
what may be called the anatomy of crystals. Much might be said on
this subject, and much remains to be learned. A crystal in its most
perfect state is bounded by definite and perfect planes, and has an
uniform and simple structure throughout, as shown by its cleavage
or by its optical chardcters; but, though the external form may be
very simple and perfect, its internal structure may be far from

* For the observations upon the examination of rocks and crystals, including
§§ 265, 266, 267, 268, and 269, I am indebted to the kindness of my friend
Mr. H. C. Sorby, F.R.S. !
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simple, Thin plates or large segments may occur, the material
of which is not in the same crystalline position as the rest, but
inclined at different angles, according to the laws of twin crystals ;
and in some cases this gives rise to very remarkable characters, seen
to great advantage in some of the constituents of meteorites. On
the contrary all perfect crystalline planes may be absent, and yet the
ultimate structure may be that of a simple and perfect crystal, as
shown b}r C].Eﬂ'l’&gf, or .D}" the action of pﬂlariz&d ]Ight, and there-
fore it becomes necessary to understand what terms should be
employed to express these facts. Shall we use the term a crystal to
signify a body bounded by definite planes, which may have a very
composite internal structure, or to signify a body of perfectly simple
and uniform molecular constitution, which does not happen to have
perfect bounding planes? In studying the structure of rocks it
appears to me far better to use the term a crystal to signify the sim-
plicity of ultimate molecular constitution, and to express the character
of the external form by saying whether it is bounded by crystalline
planes or by irregular surfaces, independent of the crystalline
structure.

If we use this phraseology we may say that each detached plate
of the echinodermata is one crystal, being as if it were made out of
one simple crystal of calcite cut into the form and hollowed out into
all the complicated structure characteristic of that kind of shell ; and
as an example of the very opposite fact, I may refer to certain
crystals of native phosphate of lime, which have the external planes
characteristic of that mineral, and yet are made up of a vast number
of much smaller crystals, in no way related to the external form, and
not bounded by crystalline planes. Such distinctions are amongst
the most important in studying the microscopical structure of rocks,
and from such facts the physical history of a rock may be deduced.

266. Of the use of Polarised Light.—In applying these principles
it is requisite to understand some of the leading facts connected with
polarised light. It must not be used merely to show structure, or,
as is too often the case, merely to show pretty colours, but as the
most searching means of learning the nature and molecular constitu-
tions of the substances under examination. The action of crystals
on polarised light as applied to the microscope is due to their double
refraction, which depolarises the polarised beam, and gives rise to
colours by interference, if the crystal be not too thick in proportion
to the intensity of the power of double refraction in the line of
vision. This varies much according to the position in which the
crystal is cut, and, therefore, in a section of a rock different erystals
of the same mineral may give very different results ; but still we may
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ufte.n Iﬂ}*ln a rgund general opinion on the intensity, and may thus
l[l‘l:itlllgul::ih dlﬂ'urentl minerals whose intensity of action varies con-
siderably. .But !:msu:lea this, the intensity, but not the character of
the @pulanaed light varies according to the position of the crystal in
relation to the plane of polarisation of the light. There are two
axes at right angles to each other, and when either of them is parallel
to ﬂ'll.‘.‘ plane of polarisation, the crystal has no depolurising action,
and if the polarising and analysing prism are crossed, it looks
l%lack. (E}n rotating either the crystal or the plane. of polarisa-
tion, the intensity of depolarising action gradually increases, until the
axes are inclined to 45°% and then gradually diminishes till the other
axis is in the plane of polarisation, If, therefore, we are examining
_ any transparent body, and find that this takes place uniformly over
the whole, we know that the whole has one simple crystalline struc-
ture ; whereas, if it appears as it were to break up into detached
parts, each of which changes independently, we know that it is made
up of a number of separate erystalline portions, either related as
twins, or quite independent of each other, as other facts may indicate,
By using a plate of selenite of suitable thickness, we may also ascer-
tain in what directions the crystal raises and depresses the tint of
colour given by the selenite, and can thus determine the position of
the principal axis of the crystal.

As an excellent illustration of the use of these principles, I may
refer to the structure of pseudomorphs. We may often see in sections
of rocks crystals which are much broken up either by mechanical
violence or by incipient decomposition, and it might often be
extremely difficult or impossible to distinguish them from other cases
where the external form is also that of a perfect crystal, and yet
the material completely changed. In the former case polarised
light will often show at once that all the different portions are in the
same crystalline position, and related to the external form, but in
the latter are arranged promiscuously, independent of the external
form, or related to it as products of an alteration which extended
inwardly from the outer surface or from irregular cracks. QOceasion-
ally most important theoretical conclusions depend on such a
strueture, and it may be almost conclusive proof of the metamorphism
of masses of rock when other evidence almost fails.

Then again we must examine and bear in mind any definite order
that may be found to occur in the arrangement of a number of
crystals, since that may indicate important differences. This depends
on the fact that crystals have a tendency to form with particular faces
perpendicular or parallel to the surface on which they grow, depend.
ing partly on the nature of the substance, and partly on the secondary
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form which may be produced in particular circumstances. Such
facts may show for example that some round bodies, like oolitic
grains, have been formed by the external growth of crystals radiating
from a central nucleus, whilst others, like those so common in
meteorites, were formed in an entirely different manner, and have the
structure of round bodies which crystallised afterwards.™

2GY. Crystals of one Mineral enclosed in another.— The enclosure
of crystals of one mineral inside another presents us with a long series
of interesting facts, described in a work specially devoted to that
subject.t Any one who has not examined the microscopical struc-
ture of some rocks, would hardly believe the extent to which this
oceurs. The minerals in erupted lavas are often full of minute
crystals, and it is easy to understand why chemical analyses should
frequently give such anomalous results. Care must sometimes be
taken not to confound such included minerals with cavities, and by
using polarised light we generally distinguish them, though it must
be admitted that transparent crystals having no double refrac-
tion might look very much like cavities fiZed with some liquid.
The most satisfactory proof of their being cavities is the formation of
a bubble when the temperature is reduced, but in other cases
we may observe whether the form 1s that of an independent minute
crystal, or related to the shape of the larger crystal, as is the case
with cavities.

26S. Of the Cavities in Crystals.—The study of these cavities
constitutes one of the most important branches of our subject, since
by means of them we may often learn under what conditions the
rock was formed, as I have shown in a paper published some years
ago.f I think that I cannot do better than give the short abstract
printed at the time. _

“In this paper the author showed, that, when artificial crystals are
examined with the microscope, it is seen that they have often caught
up and enclosed within their solid substance, portions of the material
surrounding them at the time when they were being formed. Thus,
if they are produced by sublimation, small portions of air or
vapour are caught up, so as to form apparently empty cavities;
or, if they are deposited from solution in water, small quantities of
water are enclosed, so as to form fuid-cavities. In a similar manner,
if crystals are formed from a state of igneous fusion, crystallising out
from a fused-stone solvent, portions of this fused stone become
entangled, which, on cooling, remain in a glassy condition, or

# On measuring the angles of crystals, see part IIL.
1 Sichting. Einschliisse von Mineralen. Freiberg, 1360.
$ Quart. Jour, Geol. Soc., vol. XIV, p. 453.
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As far as I am aware no satisfactory explanation has been given of
this curious phenomenon, and I can only suggest that it is in some
way related to those molecular movements on which sensible heat
appears to depend.

2G9. On Making Sectlons of Rocks and Crystals,—Compara-
tively little can be learned of the structure of rocks and minerals from
the examination of fractured surfaces by reflected light. Flat
polished surfaces show very much more, but nearly all the important
facts can only be observed by examining thin sections by trans-
mitted light. What is really requisite is to have portions sufficiently
thin, flat, and smooth to transmit light. In some cases fragments of
clear minerals may be broken thin and flat enough to show certain
facts very well, when mounted in Canada balsam; and in this manner
we may easily study the fluid-cavities in quartz, or the structure of
such rocks as obsidian and pitch-stone. In many cases, however, we
must have recourse to carefully prepared thin sections. The details
of the method of preparing these must necessarily vary according to
the mechanical means at the disposal of each person, and much time
may be saved by the use of machinery. I shall therefore give such
a general account as may be used by any one who has not machinery
at command, premising that it will be easy to modify it in detail,
according to the facilities which each may possess for employing
more expeditious methods,

In collecting specimens for examination, T find it convenient to
break off portions from the rock as flat and thin as possible, so that
they may be ground down at once ; for otherwise it may be requisite
to saw off portions with a lapidary’s wheel, or by means of a straight
toothless saw of sheetiron with emery. Having made the speci-
men of a convenient size and form, with one side flat, this must
be ground down perfectly level and dressed off very smooth. I
usually avoid using any polishing powder, since, if it were to work
into cracks or cavities, it would be far more objectionable than any
slight want of polish, If we attempt to grind down the surface on
such a stone as should be used to finish off, very much time would
be lost, and it is therefore best to use a series of stones of increasing
fineness. I have generally used first fine emery on a plate of iron or
zine, then a kind of stone known by marble workers as Congleton ;"
after that a soft piece of Water-of-Ayr stone, and finally finish off on
a very hard and fine-grained piece of the same kind. However, since
it may be di!’ﬁcult to procure such stones, a flat slab of fine-grained
mzfrble, or different kinds of slate may be used. What is wanted is to
ﬁm;sh off t}fe surface so as to be free from scratches and almost
polished, with the hardest and the softest portions ground down to

]
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the same level. If not dressed smooth by slow grinding, the hard
portions will stand out in relief ; and when the section is finished, the
soft parts may be all ground away before the hard are sufficiently
thin, and the structure of the rock may be quite misunderstood.
Having duly prepared one flat surface, it should be fastened down
on a piece of glass with Canada balsam. This should be kept hot
until it is so hard as to be just brittle when cold. I find it best to
remove, time after time, a small piece, until it has become so hard
that when cold, it can be rubbed to powder between the thumb and
finger. The piece of stone should be made hot, but no hotter than
needful, so that liquid may not be expelled from the fluid-cavities,
and balsam should be spread over the flat surface, and kept hot for
a while ; which penetrates into the softer parts and hardens them.
Before fixing the specimen on the glass, it is well to remove this
balsam, and fasten it down by that on the glass. T find it much the
best to use square pieces of glass. The usual 3-inch by 1 glasses are
very unsuitable for the purpose ; since they are much too long in one
direction, and too short in the other. I use glasses 12 inch square,
and generally make sections about 1 inch square, which is a very
suitable size. Since the section ought not to be removed from the
glass, care should be taken in grinding down not to scratch the
glass. This may be avoided by fastening small bits of sheet zinc at
each corner with balsam, and grinding the stone with emery until
they all come flat down on the plate. ‘The stone is then equally thin
all over; and having removed the bits of zinc it must be further
ground down on the stones until of the proper thickness, and the upper
surface finished off in the manner already described. The thickness
must depend very much on the nature of the rock. If coarse-grained
and composed of comparatively transparent minerals, {l-th of an
inch may not be too thick, whereas some very fine grained and
opaque rocks should be not above ;%5th of an inch. Of course it
is requisite so to grind them down as not to break up or disturb the
different constituents ; and, since some parts may be very hard and
some very soft, it is impossible to prepare perfect sections unless they
are slowly ground down on a fine-grained stone, which may gradually
wear away the hardest parts without injuring the softest. After
having finished the section I find it often better to keep it some time
before I mount over it a thin glass cover, in order that the balsam
may become quite hard. I then melt some balsam at a gentle heat
on a thin glass cover of proper size, and just before I place it on, I
wet the surface of the section with a drop of turpentine, which soaks
into the pores so as to make it more transparent, and renders it much
easier to fasten down the glass without any bubbles. This must be
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done ata very gentle heat, so as not to cause the section to break up
by melting the balsam which holds it fast to the glass plate.

Sections of very soft rocks, which would easily break up in water,
may be prepared in the same manner by hardening them with balsam.
They should be first soaked with turpentine, and then with soft
balsam, and kept hot until quite hard.

We may modify the above plan with advantage in preparing
sections of such hard minerals as quartz. If ground down with
emery and water, deep scratches are produced, and it takes a long
time to remove them by means of the softer stones. This may be
avoided by using fine emery paper, held flat on a piece of plate glass.
After grinding down to nearly the proper thickness with emery and
water, common English flour-emery paper may be used, which soon
removes the deep scratches ; and afterwards the surface may be almost
polished by using the finest French emery paper employed in pre-
paring steel plates for engraving; a perfect polish can then be
easily given by means of rouge on parchment. Crystals of salts
soluble in water may also be ground down and dressed smooth on
emery paper, and finally polished with rouge in the same manner ;
but in many cases they may be examined without this preparation,
and may be fastened on glass with balsam. Some are decomposed
by contact with balsam, and must be kept dry in small covered
cells ; others may be mounted in a concentrated solution of the
same salt, when it is desirable to retain the liquid enclosed in the
fluid-cavities ; and when very small they may be mounted in Canada
balsam, or, if that be objectionable, in castor oil.

Sometimes the structure of a rock or other mineral substance
may be studied to great advantage by grinding it to a suitable
shape, moderately thick and flat, fixing one side to glass with
balsam, and acting on the other with a dilute acid. If one part
15 soluble and the other not acted on, some valuable facts may
be learned. As an example I refer to the Eozoon Canadense,
which has lately attracted so much attention. One part consists
of carbonate of lime, and the other of siliceous minerals insoluble
in diluted acid ; and when the former is dissolved a most beautiful
and minute structure may be seen, which appears to be due to
minute tubes and other open spaces filled with the insoluble
minerals.

270. Of the Microscopical Structure of Iron and Steel.— The
microscopical structure of iron and steel is best shown by polished
surfaces slightly acted on by very dilute nitric acid. The section
should be cut in the required direction by means of a saw, and
ground or filed down to a convenient thickness, and fixed to a
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piece of glass. The upper surface should then be filed level, and
dressed with coarser and finer emery papet, and afterwards ground
smooth with a bit of a soft Water-of-Ayr stone about }-inch
square. Every trace of roughness should then be removed by
means of rouge and water on cloth; for unless the surface be
extremely well polished the structure of some kinds of iron cannot
be seen. It must not be that sort of polish which merely gives
a bright teflection, but one which may show all the irregularities
of the material, and is as far removed as possible from a burnished
surface. All trace of the rouge should be washed off, and care
used not to touch the surface with the fingers, which is then acted on
with extremely dilute nitric acid. If the action be allowed to pro-
ceed too far, the most important points in the structure may be
entirely -obliterated ; and therefore it4s well to ‘take the section out
of the solution and examine it under water in a glass trough, and
again act en it with acid, time after time, until the structure is seen
to the greatest advantage. The section must then be well washed
and quickly dried by wiping the surface with a handkerchief ; and
after slightly rubbing it on soft wash-leather, a thin glass cover must
be mounted over it with Canada balsam.

Of course such sections must be examined by reflected light
For this purpese no illuminator is better than the parabolic reflec-
tors supplied by Messrs. Beck, which were in fact first made for
me, for that special purpose. I afterwards added another small
reflector, inclined at an angle of 45°, attached to a moveable arm, so
that we may see an object by direct reflection. The general con-
struction will be seen from fig. 265, pl. XLII, copied from
Mr. Richard Beck’s paper in the Transactions of the Microscapical
Society (vol. XIII, p. 117).

The small reflector is seen at m, with a semi-cylindrical tube
to shut off the light reflected by the parabola. When the latter
is used the small reflector is turned away by means of the milled
head 7o, into the position indicated by the dotted lines. The differ-
ence between the two illuminations will be seen from figs. 266 and
267. When the parabola is used, light passing from & is reflected
from f, fig. 266, and if the object & has a polished surface, is again
reflected to ¢ quite outside the object-glass @, so that a polished
surface appears black, whilst at the same time a rough surface
appears white or coloured by diffused reflection. ~ When, how-
ever, the small reflector g, fig. 267, is half over the object-glass,
the light is reflected through the other half of the lens ¢ in such a
manner that a polished surface appears bright, and a rough surface
comparatively dark. We can thus distinguish at once the difference
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between black slag and that very hard constituent of some kinds of
steel, which remains so bright and polished after having been
acted on by cold diluted acids, as to look quite as black as the
slag by ordinary ilumination. In fact, I may say that in studying
irons and steel such an illuminator is indispensable.

270" On Measuring the Angles of Crystals—Goniometer.—I have
already adverted to the principal methods of measuring objects, but
have not discussed the mode of ascertaining the value of the angles
of microscopic crystals in the microscope. The simplest instrument
for this purpose is one which was arranged many years ago by
Schmidt and known as Sefmidfs gomiometer. It consists of a
cobweb stretched across the field of an eye-piece, and capable of
being moved by an arm which passes round an accurately graduated
arc. The cobweb line i1s placed parallel to one face of the crystal,
the circle being moved round until the bar stands at zero. The
latter is then made to rotate until the cobweb is brought parallel with
another face. The number of degrees through which the bar has
passed marks the angle of the crystal. It 1s absolutely necessary
that in taking this measurement the crystal should be perfectly flat,
for otherwise a false angle will be obtained, pl. XLII, figs. 269, 270.
Dr. Leeson has proposed a more perfect arrangement for measuring
the angles of small crystals. PL XLII, fig. 268.

Those who devote themselves to mineralogical or crystallographic
investigations require special appliances for determining the optical
properties of refracting bodies and observing the process of crystal-
lisation in saline solutions, &¢. Dr. Lawrence Smith, of Louisville,
U.S., designed an instrument specially for such purposes, which he
called the “INVERTED MicroscoPE” (American Journal of Science,
second series, vol. XIV, 1852). The object-glass was placed below
the mica, quartz, or glass plate that carried the solution to be crys-
tallised, with the view of protecting the lenses from the corrosive
action of acid vapours, especially that of hydro-flucric acid, which
also interfere with the definition of objects under examination. This
arrangement was improved upon and more fully developed in its
applications by Mr. Highley, who described the ¢ Mineralogists
Microscope,” figured in pl. XLIII, in the Quarterly Journal of
Microscopical Science, vol. IV, p. 281. It may thus be briefly de-
scribed with the aid of the figs. 251 and 272. The general distri-
bution of parts is shewn in the first figure, when the instrument is
arranged for ordinary microscopical observations. Fig. 272 displays
the same in section arranged for optical investigations, and for
measuring the optic axis in crystals,

On a central pivot screwed into a solid circular base rotates a
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plate that carries the body, prism box P, object-glass, and fine ad-
Justment A : to the side of the base is fixed a square bar G, that
carries the principal stage with its coarse adjustment, and the secon-
dary stage into which fits the diaphragm, polarising bundle B, selenite
plates, &c. A tube screws into the top of bar G, on which slides
the mirror. The body slides into a socket attached to the prism box.
Within the draw tube are fittings to receive glass tubes for examining
with a Leeson’s goniometer and minute stop, the amount of rotation
in liquids that exhibit circular polarisation.

The prism P, that reflects the image of the object up the axis of
the body at a convenient angle for observation, is contained in a
solid brass box, on the upper surface of which are screwed the tubes
and fine adjustment A that carry the object-glass, and one side is
removeable to allow of the prism being readily taken out and
cleaned.

A semicircular arm works up and down the upright bar G, by
means of a rack and pinion R, and supports the circular stage S,
which for ordinary work is kept in a horizontal position by means
of the clamp nut N. The stage has a projecting ring, within which
a graduated plate rotates when optical examinations have to be
made : but which is ordinarily fitted with a plain metal plate that
rises flush with the top of the axes of the stage. In this instrument
the object has to be placed with the glass cover downwards.

A short body replaces the ordinary one for optical examinations ;
this is fitted with a tourmaline T, and a cell for a plate of calc spar
C, when the instrument is to be used as a modification of Professor
Kobell's stauroscope for determining crystal systems ; and two lenses
L L. with a Jackson's micrometer M, when the instrument is required
for the determination of the optic axis on the principle of Soleil's
instrument,

For such investigations consult the Mineralogical Works of
Dufrenoy, Delafosse, Descloizeaux, and Grailich.

At the present date Mr. Highley arranges all apparatus required
for investigating mineralogical or crystallographic optics, including
Norremberg's recent system of lenses, so as to be adaptable to most
of the ordinary forms of microscope, and prefers using a cheap form
of microscope with a prism having a single reflecting surface instead
of two, as in the instrument figured in pl. XLIII, for observing crys-
tallisations or corrosive or fuming objects.

271. Of Preparing Fossils for Mieroscopleal Examination.—TDif
ferent methods of preparation are required in examining the various
fossils. Many kinds of fossil bone and some forms of teeth may be
prepared according to the directions givenin p. 82. In cases in




RLILL,

ATE

P

pard  cg'n “lpen uoLosy Jo CMITWE YT A0 JO sdo3R0UOi DEUEATT BOT

gl I ceqnpd sopmm

Moo 'L g o w2 dnp Soerer Jof nopmd paw q0a: 4T ERerd 10eme . |
ROl B O M sacOn Szeg sar mr mepd ®iog ANNTITPIO 0] SN Of @mafsa ToNmoed Ruol : l....
*[I0T W dax &t ofins 12 "M T IRlamoasiur B TosNIu W # 7

i ApoQ WEONE JO RRUL] T epls oy
g I0 T 11 HE=ER S| ghn T b BETLOERITED WD J0 3.:_,.._. b U e
vrod ‘mfwngduip agp woiga cyul efels anpooses g

3 YL | S RISt PO BXIE I0] P
SN M JOf IS ad e e 2w

Taa TResatsd ey edoos

— —

f

it

I Hd

L, =L

[To fnce page 184,







WITH THE MICROSCOPE. 185

which silica is present the section must be made as described in
p. 179. If very brittle, one surface of a thick section may be
ground and polished. This is then to be cemented to the glass slide
with Canada balsam, and the opposite side ground until sufficiently
thin, when it may be polished in the usual way, wetted with balsam,
and covered with thin glass.

Thin chips of flint and other siliceous structures often answer as
well as thin sections ground and polished with a great expenditure
of labour,

The structure of many fossils, the mineral matter of which con-
sists of carbonates or phosphates, may be investigated after the salts
have been dissolved out, or only softened by being soaked for some
time in hydrochloric acid diluted with water or mixed with glycerine.
Dr. Carpenter gives the following directions for demonstrating the
structure of Eozoon Canadense: — “ The minute structure of
Eozoon may be determined by the microscopic examination either
of thin transparent sections, or of portions which have been
subjected to the action of dilute acids, so as to remove the cal-
careous shell, leaving only the internal casts, or models, in silex, of
the chambers and other cavities, originally occupied by the sub-
stance of one animal.”

Z92. Of Preparing Specimens of Coal for Microscopical Exami-
nation.—Coal is one of the most difficult substances to cut into
thin sections. It is so opaque that no structure can be discerned
unless it is ground exceedingly thin, and so brittle that it often
breaks up in the operation of grinding. It is said that coal may be
softened by maceration in a solution of carbonate of potash, when
sections may be cut with a razor. The sections are partially
decolorised by being gently heated for a short time in strong nitric
acid. When of a brown colour they are to be washed in cold water
and preserved in glycerine (Micrographic Dictionary). Cannel coal
being less brittle than ordinary coal is more easily prepared.

THE WORK TABLE—OF MAKING AND RECORDING OBSERVATIONS—
FALLACIES TO BE GUARDED AGAINST.

273. The Work Table.—Although beautiful work tables furnished
with every possible requirement have been designed for microscopists,
I think the student will find that an ordinary table which is firm
and steady is all that he really requires. It should, however, be
well made and provided with a few drawers in which the student
can place partitions for himself and arrange according to his
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instruments and apparatus. The microscope should be always ready
for use and should stand on the table covered with a glass shade
to protect it from the dust. This is far more convenient than the
plan of keeping the instrument in its case, and going through the
process of adapting the glasses, &c., and then removing them again,
every time the instrument is required.

The object-glasses, eye-pieces, condensers, and other apparatus
may be placed in a little cupboard provided with shelves and having
a glass door with lock and key.

Knives and scissars can be kept in a shallow box having a glass
cover. Drawing instruments in a second, thin glass and glass slides
with watch glasses, or little saucers, in a third. These should all
be properly partitioned and may be kept on the table. A glass of
clean water should always stand on the table, and pipettes, stirring
rods and camel’s hair brushes, all perfectly clean, should be pro-
vided. The injecting apparatus and instruments which are only
required occasionally may be kept in the table drawers. A portfolio
or pamphlet box is necessary for keeping drawing paper, cardboard,
tracing and fetracing paper, scales for measuring, &c. All things
really necessary for ordinary microscopic work may be obtained for
two or three pounds, butitis easy of course to spend fifty pounds
or more upon a microscope table and apparatus. I have myself
always made use of an ordinary good strong library table fitted with
drawers underneath, and I think it would have been difficult to con-
trive anything upon the whole more convenient or better adapted for
work. The microscope stands on the table always ready for use
under a bell jar, and the lamp, fig. 48, pl. XL, with scissars,
knives, needles, and other tools in frequent use close by.

274. Of Keeping Preparations In the Cabinet.—Preparations
mounted in the dry way, or in Canada balsam, may be kept upright,
arranged in grooves, but all preparations mounted in fluid must be
allowed to lie perfectly flat, otherwise there will be great danger of
leakage. Cabinets holding several hundred specimens arranged in
this mannner may now be purchased of the microscope makers for
a very small sum, but if the observer is only provided with deep
drawers, they may be made available for the purpose, by having a
number of shallow trays of mill board made to fit them accurately.
Each preparation should be named as soon as it is put up, and it is
convenient to keep a number of small gummed labels aways at hand
for this purpose. Once or twice in the year a new layer of Brunswick
black should be applied, and the specimens carefully examined to
see that no leakage has occurred. The cases now generally sold
are, I think, preferable to cabinets, and of the cases I have seen
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the most convenient are those suggested by Mr. Piper, and sold
by Mr. Highley, Mr. Collins, and others. They are made for two
three, six, and twelve dozen specimens, costing respectively 2s. 64,
3s. 6d., 55 64, and 105, Cases made of deal are also arranged on
the same plan.

255, Of making Observations upon Specimens in the Microscope.
—1If, upon examination, a specimen does not appear to the observer
to justify the description or delineation which some observer has
given of a similar structure, he must not too hastily infer that the
author has been recording the results of his imagination rather than
observed facts. The conclusions which have been arrived at are
probably ithe result of a very long and patient investigation, deduced
from examining specimens, perhaps, many under very different circum-
stances, after the application, perhaps, of warious chemmcal reagents,
and after ascertaining the effect of different refractive media. From
the remarks already made, some idea may be formed of the many
different operations which are necessary to demonstrate conclusively
the anatomy of a single tissue. The observer must not, therefore,
be teo hasty in deciding upon the nature 6f an object in the micro-
scope; neither must he infer that what he has'not been able to see
does not therefore exist. His eye and mind will require much
careful education before he can hope to be able to form a correct
opinion.

Some, however, fall inte an error of anether kind, but not less
detrimental to forming habits of cerrect observation. Led away by
their imagination, they think they see everything which has been
delineated, or which they have heard described ; the observations of
authors appear to be confirmed, :and, in expressions closely
resembling the original, while in trath their own assertions are
merely reiterated in faveur of their own doctrines, without any real
confirmation of ithe accuracy cof their views being advanced. In
this manner errors hawe been rwonfirmed and propagated to an
extent almost incredible, and it may require years of laborious
investigation to overthrow statements which never resulted from
actual observation, which were erroneous from the first and ought in
fact never to have been received. Sometimes a mere idea, taking for
its ingenuity and novelty, but having no foundation in fact, is seized
upon by a number of persons, and supported by so many assertions
wrongly called observations, that it is soon received as true, and is
perhaps believed in for years, until at last some one reinvestigates
:]he w_hole question, and at length demonstrates the absurdity of the

octrine,

Of the Importance of Making Shketches—Of the great importance
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of drawing I have already spoken. Even sketches in outline are of
great value if the size of the object has been correctly registered.
Mere plans are of great use in many cases and supersede the neces-
sity of description. This subject has, however, been fully considered
already. .See p. 26 to p. 3s.

276. Of Drawing Inferences from Observailons.—No one en-
gaged in the pursuit of any branch of natural science is more tempted
to be led into too hasty generalisation than the microscopical
observer. It is his duty, therefore, to avoid drawing inferences until
he has accumulated a vast number of facts to support the conclusions
at which he has arrived. True generalisations and correct inferences
promote the rapid advancement of scientific knowledge, for each new
inference may form the starting point of a fresh line of investigation ;
but on the other hand, every false statement, regarded as an observed
fact, forms a terrible barrier to onward progress, since, before the
slightest useful advance can be made it is necessary to retrace our
steps, it may be for a long way, before we can hope to recommence
our onward course. Again, a much greater amount of evidence is
always required to overthrow a false conclusion than is sufficient to
propagate the original mistake ; and there can be no task more un-
satisfactory than that of being called upon to controvert the opinions
and deductions of others. .

In this sort of enquiry I think it is a good plan #ef to make too
minute notes during the progress of an investigation, but to retain, as
far as may be, the facts observed in the memory, When the whole
matter is made out, but not before, we may begin writing and record-
ing the observations. Otherwise, imperfectly observed facts are liable
to be set down as actual facts, and afterwards argued upon as if they
were truths. Thus the observer may gradually be led more and more
astray, until he ends by adopting a conclusion totally at variance with
the real truth.

Scientific enquiry ought continually to advance, and we should be
able to extend our researches from the point where they have been
left by our predecessors, adding successively to what they have dis-
covered ; but the observations which we owe to them should require
little correction. In not a few instances must we feel the highest
respect for the careful observations of the older observers, and I fear
it must be reluctantly confessed, that many of our modern researches
are not carried out with the same patience, painstaking industry, and
conscientious care as theirs have been, and for this reason are likely
to be but short lived. Many recent observations urged with great
vehemence and purporting to depend upon actual demonstration,
have been set aside for others still more recent and, if possible, more
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erroneous. This sort of false observation has, as would be supposed,
created in some minds complete scepticism of all observation, and
has deplorably retarded true progress. It is quite curious to
notice how some writers condemn theory and commend what they
term the observation of facts, as if it had been incontestably shown
that results arrived at from speculation must be invariably false, and
those from observation as invariably true. Any one who has had
experience in microscopical enquiry knows how difficult it is to prove
that what he sees is really the thing as it actually is in nature, and not
a mere fanciful interpretation of his own. Many indeed have been
the errors introduced by speculative thinkers, but I doubt if more
errors are not in these days advanced by the selfstyled practical
observers, than by those whom the latter are ever ready'to condemn
as mere theoretical dreamers. A man says he has seen such and such
a thing, and gives drawings of the thing seen. He explains to
friends what he has seen, shows them the object in question, tells
them what they are to see, and they, knowing nothing about seeing,
but not liking to offend their friend, or being too lazy to trouble them-
selves about the matter, say they see the thing as they have been told
it is to be seen. Such is the evidence which when duly chronicled and
printed seems to amount almest to actual proof—and yet so many,
many times has this process been repeated in the case of almost every
doubtful anatomical point as to justify the conclusion that the process
of observing facts is as unsatisfactory and as fallacious as the process
of imagining and speculating without observing at all. At this time
what a mass of thoroughly conflicting evidence is advanced on
almost every question! Three or four views are taught concerning
first principles of anatomical and physiological science, each one
being quite incompatible with the rest, but nevertheless, supported
by an immense amount of what purports to be evidence based upon
observation. It is obvious in such a case that many of the statements
must be false, and many of the facts advanced must be errors ; and
yet with what pertinacity are they maintained, and what an amount
of work must be done, and what a length of time must elapse before
the false facts can be demonstrated to be really false and the true
facts proved to be really true!

Years must be passed in patient investigation before a man can
expect to be able to trust himself as an observer of facts, and it is .
only by careful and unremitting exercise that he will gradually acquire
habits of attentive observation and the power of thoughtful discrimi-
nation which can alone render his conclusions reliable. Indeed,
though he labour hard and earnestly, he will scarcely have properly
educated himself ere his powers begin to decay and he become liable
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to err from the natural deterioration in structure of the organs upon
which the observation of his facts entirely depends,

299 Of Recording the Result of Microscopleal Observations,—
Taking notes of microscopical observations is a subject of great
importance. The observer must endeavour to acquire the habit of
describing in words the appearance of objects under the microscope.
This is probably not so easy as would at first be supposed, although
undoubtedly many persons are able to describe what they see much
more correctly, and with greater facility, than others. Accuracy in de-
scribing microscopical specimens can only be acquired by practice,
and I think it a most excellent rule at first, for a student to take notes
of the appearances of every object submitted to examination. The
time is well spent, and much of what is so described is retained in the
memory. ‘The notes should be short, and should consist of a simple
statement of points which have been observed. /nferences should be
carefully avoided, and nothing should be stated without the observer
being thoroughly satisfied of its accuracy. If he is not quite certain
of any observation, he should express his doubts, or place a note of
interrogation after the statement. The use of indefinite terms should
be avoided as much as possible, and whenever any particular word is
used, a definite meaning should be attached to it. Much confusion
has arisen from the use of terms which have not been well defined.
Thus the word “granwle)” is applied by many authors to a minute
particle which appears as a small speck even when examined by the
highest powers, as well as to a small body with a perfectly clear centre,
and with a well-defined sharp outline, which would be more correctly
termed a small “globule.” So, again, the term “ molecule™ has been
employed in some cases synonymously with “granule,” but it would
obviously be wrong to speak of a small globule as a molecule. It
seems to me very desirable to restrict the terms “granule” and
“ molecule” to minute particles of matter which exhibit no #rstinct
Jorm when examined by the highest powers at our disposal, and
and the term “ globule ” to circular or oval bodies of all sizes which
have a dear centre with a well-defined dark outline. Other examples
of the use of insufficiently defined terms might be pointed out. If
an observer makes use of a term which is generally employed without
any definite meaning being attached to it, he should describe at
Jlength the meaning which he assigns to it, and should, of course, use
it only in this one sense.

Exactness of Deseription should always be aimed at, and we must
remember that with a little trouble this exactness may be obtained
with the use of a small number of words. That appearance of precision
which is often aimed at by those who give long useless descriptions
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cannot be too much condemned. So, also, the practice of some, of
describing every object jin the field of the microscope without the
smallest knowledge of any one of them, has been the cause of much
ridicule, and has brought microscopic observation into great dis-
repute. Some have thought to gain the credit of being accurate
observers, by carefully measuring every object they see in every
diameter, and putting down in numbers the results of this useless
ceremony. :

Such reports show that the author is thinking more of himself
than his subject. He desires to acquire a character for extreme
minuteness of observation, instead of striving to advance the real
interests of the science which he professes to serve—and instead of
endeavouring to excite in the mind of the reader a desire for more
extended knowledge, and a wish to take part in a similar investiga-
tion, he perpetually gives undue prominence to himself. He who
feels a real love for his subject, will try all he can to enlist others in the
same cause ; he will try to remove all difficulties of investigation, and
endeavour to express what he himself has learnt, in language which
shall be intelligible to all. A certain mysterious air pervading the
description of an observation,—an evident desire to coin new words,
and exaggerated statements of the importance of the facts observed,
are quite misplaced where all should be clear, simple, and intelligible
to every one—and too often show indifference to the subject on the
part of the author, and a want of consideration towards unlearned
readers. Nothing, I believe, has been productive of more pain
and sorrow to earnest men who have devoted their lives to the prose-
cution of different branches of natural science, or has more retarded
the real progress of scientific enquiry, than that affectation of pre-
cision, and minute verbose and pompous style of description, which
has been fashionable among some microscopists, and which pervades
the writings of several authorities in this imperfectly developed branch
of investigation in the present day. All this is mere pretence, and
not real, earnest, useful work—distasteful to every scientific man and
discouraging to every student. An extreme minuteness in descrip-
tion is by no means a proof of accuracy of observation. In this
manner science has become encumbered with unnecessary words, and
earnest men have been intimidated from prosecuting it.

Fallactes to be guarded against in Microscopical Investigation.

Many mistakes have arisen in consequence of sufficient care not
having been taken to prevent the introduction of various substances
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by accident. The most scrupulous care must always be observed in
microscopical examination, and any foreign particles which may have
accidentally come into contact with the preparation must be removed
before it is mounted. The proceeding to be followed to remove the
foreign matter, will depend much upon its nature. Mere dusting
with a camel’s hair brush, washing in a stream of water, or picking
out the object with needles, are simple plans which are often efficient
in a general way, but in some cases other processes are required,
2978. Errers of Observation—The important thing is to avoid
making erroneous observations. One is liable, not only to draw
false conclusions from observations, but the observations themselves
are frequently erroneous. I propose therefore, to direct the student’s

attention to a few of what appear to me frequent sources of difficulty
and doubt even to the most experienced,

Qf the Commencement and Termination of Tubes.—The modes of
commencement or termination of certain vessels or tubes have long
been sources of dispute among observers. There are not a few
instances where positive statements have been made that certain
tubes commenced by ccecal or blind extremities ; while contradictions
equally positive have been advanced by others, who have affirmed
that the very same tubes commenced as a network, and presented no
blind extremities whatever. It would be supposed by many that this
point might be determined beyond all doubt by injecting the tubes
with some coloured material. But this is not so. Injection will
frequently run up to a particular point in the minute vessels, while
no force which could be employed could drive it further onwards.
Here, therefore, it accumulates, and often to a very considerable
extent ; the portion of the tube above the constriction being con-
siderably dilated by the pressure. Under these circumstances it may
be impossible to trace the further continuity of the vessel, owing to the
extreme transparency and delicate nature of the tissue of which its
walls are composed. Indeed, these may be quite invisible in an
unprepared specimen. The observer is thus led into the error of
supposing that such tubes terminate in blind extremities, whereas
they may really form a network with large meshes, or they may be con-
tinuous with other structures beyond. In fact that which was taken
for the termination or commencement of the tube may really be nothing
more than a bulging in a central part of its course. In many thin
sections of the kidney an appearance as if the tubes terminated in
free blind extremities is produced in consequence of the convolutions
lying in such a position that the recurved portion is immediately
beneath the most superficial part of the tube. From a mere examina-
tion of the specimen it would be impossible for any one to say that
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The action of acids and alkalies is often very valuable in render-
ing structures transparent, which are too opaque for examination in
the ordinary state. Ifa portion of tendon, composed of white fibrous
tissue, pl. XX VI, fig. 169, which is very opaque in its ordinary state,
be immersed in acetic acid, or in a dilute solution of potash or soda,
it soon becomes clear and transparent, and if the operation be
conducted with certain precautions, many of its original characters
may be brought back by subsequently neutralising the acid or
alkali.

The cell wall, or rather the outer part of the cell, which is in
many cases too opaque to enable us to see the nucleus in the interior,
may be made by reagents perfectly transparent so that the nucleus
becomes distinct and well defined. This change may be easily effected
by either of the reagents alluded to in the last paragraph. Albu-
minous textures generally may often be rendered very transparent by
the action of acetic acid, or by the addition of a drop of dilute
caustic potash or soda.

281, Preliminary ©perations.—In the first place we should note
carefully the general characters which the substance exhibits; its
form, colour, size, weight, hardness, &c. ; and fluidity, transparency,
tenacity, &c., in the case of liquids. Portions of solid textures and
the deposit from fluids must be subjected to microscopical examina-
tion, but their reaction should be always ascertained in the first
instance.

282, Reaction.— The reaction of any moist substance is found
out by testing it with a piece of blue, and reddened, litmus paper.
If the matter be dry, or the reaction of a vapour is to be tested, the
paper must be first moistened with a drop of distilled water. The
blue litmus paper s reddened by acids, and the red paper is turned #lue
by alkalies. The reddened litmus paper is prepared by adding a
very small quantity of acetic acid to the infusion of litmus into which
it is to be dipped.

If an acid reaction is due to the presence of carbonic acid, the

lue colour will be restored upon gently warming the paper upon a
glass slide over a lamp, or upon a warm plate.

An alkaline reaction may depend upon the presence of zelatile or
Jixed alkali. The red colour is restored upon warming the paper
which has been rendered blue by the presence of volatile alkali
(ammonia or carbonate of ammonia), while it is not restored if the
change is produced by the presence of a fixed alkali (potash, soda,
or their carbonates, or an alkaline phosphate, &c.).

The reaction of some objects under the microscope may be
ascertained by adding a little solution of litmus or of litmus slightly












WITH THE MICROSCOPE. 203

be purchased for about 1s 64. a pound, but only very small quan-
tities are required.

294, Hydrochloric Aclda may be obtained perfectly colourless.
It should be kept in the pure state and diluted as required.

295, Acetic Acll.—Two specimens of acetic acid will be found
convenient. One, a solution of the strongest acid which can be
procured ; the other containing about twenty per cent. The last is
prepared by dissolving one part of the strongest liquid acid, or of the
pure glacial acetic acid, in five of water.

The glacial acetic acid is now commonly employed for photo-
~graphic purposes, and can, therefore, be very readily obtained. It
possesses great advantages over other kinds of acid for microscopical
PUrposes.

20G. Chromic Aecid 15 usually required very dilute. For the
purposes of hardening tissues a watery solution ef a straw colour will
be found strong enough. It is easily prepared by dissolving a little
of the crystallised chromic acid in distilled water. '

The crystallised acid may be prepared by decomposing 1co
measures of a saturated solution of bichromate of potassa, by the
addition of 120 to 150 measures of pure concentrated sulphuric acid.
As the mixture becomes cool, crystals of chromic acid are deposited,
which should be dried and well pressed on a porous tile, by which
means the greater part of the sulphuric acid is remowved, and the
crystals obtained nearly pure.

29%. Effects of Acids on Organic Structures.—The effects of the
application of cold strong acids to animal textures are very variable ;
in some instances the tissue is completely destroyed, while in others
scarcely any effect seems to be produced. The mineral acids gene-
rally coagulate albuminous tissues, and render their microscopical
characters confused and indistinct. Tribasic phosphoric acid, how-
ever, is an exception to this.

Acetic acid dissolves many of the substances allied to albumen,
The appearance of some textures is scarcely altered by the applica-
tion of a strong acid ; for instance, the blood corpuscles shrink a
little, but exhibit their usual form and general characters for some
time after the addition of strong nitric acid, and the cells of the
epidermis and nail, although turned of a yellow colour, are not
destroyed ; the latter are separated somewhat from each other, and
their outline is often made beautifully distinct. Most of the mineral
constituents of the body, insoluble in water, are directly dissolved by
the acids. Strong nitric acid i1s a very useful reagent for demon-
strating vegetable cellular structures.

Aecelic Aeid. —Acetic acid is one of the most useful reagents to
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When we wish to obtain portions of glandular structure isolated
from one another, it is a good plan to soak the tissue for some days
in dilute nitric acid (ene part of acid to six or seven of water), when
the areolar tissue becomes softened. At the same time the gland
structure 15 rendered more firm, and may be isolated very readily
with the aid of needles. In this manner the gastric glands, the
secreting follicles of the pancreas, and salivary glands may often he
very satisfactorily demonstrated.

By boiling animal tissues in strong nitric acid, they become
destroyed, while any siliceous constituents remain behind unaltered.
In this manner, the siliceous skeletons of the Diafemacce may be
separated from any organic matter with which they may be combined.
This is one of the processes employed for obtaining these beautiful
objects, from guano.

Sulphuric Acid—Hydrochiorie Acid.—Concentrated sulphuric
acid causes epidermic structures to swell up very much, and the cells
to separate from each other so as to be readily isolated. Boiling acid
completely dissolves them. In the examination of hair, strong sul-
phuric acid will be found to render the outline of the cells very
distinct.

Hydrochloric acid 1s usually employed for dissolving out the
mineral constituents of certain tissues, such as bone or teeth. As a
rule, it is better to use dilute acid (one of acid to three or four of
water), in which case, however, a longer time must of course be
allowed, than when the acid is concentrated.

298. Solution of Potash should be kept of two or three different
degrees of strength. One, the strongest which can be obtained ;
another, made by mixing one part of the strong potash with three
or four of water; and a solution consisting of one part of liquor
potass® to eight or ten of water will be found of a useful strength
for the examination of many preparations.

299. Solution of Soda is generally required very dilute. It may be
made by mixing one part of the strong solution of the shops with
five or six of water; but this, for many purposes, will require to be
still further diluted. Or, about twenty-five grains of the fused soda
may be dissolved in an ounce of distilled water.

300. Ammonia.—Solution of ammonia, made by mixing one
part of the strongest liquor ammonie (British Pharmacopeeia) with
three of water, will be found sufficiently strong for all the purposes
for which this reagent will be required.

301. Effects of Alkalies on Organic Structures.— 1he action of
aikra!ies, even when cold in a very dilute state, is to dissolve most
animal textures. Cell-membranes are frequently almost instantly
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Accidents of this kind can always be avoided, by not allowing the drop
of the reagent to touch the deposit until the rod has been removed.
The drop may be placed near the substance intended for examina-
tion, and then allowed to come into contact with it, either by
inclining the glass slide, or by leading it with a glass rod, to the
matter to be tested.

3079. Bottles with Capillary ©Orifices—The above tests may be
preserved in ordinary stoppered bottles, but I much prefer to keep
them in small tubes with capillary orifices, from which only a drop,
or a part of a drop, can be expelled when required. Several years
| since I arranged all the ordinary tests I required for microscopical
f purposes in small bulbs which were drawn off to a capillary point.
They were provided with glass and gutta percha caps. These bulbs,
however, were somewhat inconvenient in consequence of not being
made to stand upright, and Mr. Highley substituted for them tubes

with flat bottoms and ground glass caps, pl. XLV, figs. 278 to 281,
1 To fill these bottles I proceed as follows :—A little of the solution
is poured into a small basin, the tube being inverted so that its
orifice dips beneath the surface of the fluid. Heat being now applied
to the body of the bulb, the air in its interior is expanded and par-
tially expelled. As the bottle becomes cool, a certain quantity of
the fluid rises up into its interior. Usually, however, it is not pos-
sible to introduce more than a few drops in this manner. The bottle
is then removed and heated over the spiritlamp until the drop of
fluid in its interior is in a state of ebullition. While the steam is
1ssuing violently from the orifice, I carefully plunge it again beneath
the surface of the fluid. As the steam within condenses, the solution
rises up in the interior, and would completely fill the little bottle if
it were maintained in this position, but when it is about three parts
full it may be removed from the fluid. If I were to fill it completely
it would be difficult to expel the fluid when required. A certain
quantity of air, therefore, is allowed to remain within the bottle, and
being expanded by the warmth of the hand, the quantity of fluid
required can be driven out at pleasure.

Mr. Highley has made a further modification by arranging the
capillary neck in the form of a tubulated stopper, by the removal of
which, fluid can be introduced as in filling an ordinary bottle,
fig. 280. For microscopical purposes bottles with capillary orifices
possess many advantages over the ordinary stoppered hottles in
which tests are usually kept.

In the first place, a most minute quantity of the test can be
obtained without difficulty, and there is no chance of too much
escaping.
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Secondly, there is no danger of the reagent becoming spoilt by
the introduction of various substances from without. If an ordinary
stoppered bottle be used, a drop of the fluid must be removed with
a pipette or stirring-rod, but if these should not be quite clean,
foreign substances may be introduced, and the reagent spoilt for
further operations. Carelessness upon this head will lead to the
greatest inconvenience, and give rise to serious mistakes.

Thirdly, testing by means of these little bottles can be conducted
in a very short space of time, and they possess the advantage of being
packed in small compass, pl. XLV, figs. 279, 284.

308, Caplllary Tubes with India-rubber tied over the Top.—
Dr. Lawrence Smith recommends that the tests should be kept in
bottles of two ounce capacity, and instead of a stopper, he inserts a
tube in the form of a pipette, the upper open end of which is
covered with a piece of vulcanised India-rubber, fig. 283. By
pressing this while the lower end is beneath the fluid, a portion of
the air 1s of course driven out, and a little fluid rushes in to supply
its place as soon as the pressure is removed. The tube with the
contained test solution may then be removed from the bottle, and by
again pressing the India-rubber, a drop, or a portion of a drop, is
very readily expelled.

309, Testing for Carbonate and Phosphate of Lime, Phosphate
of Ammonia and Magnesia, Sulphates and Chlorides.—Suppose the

.nature of the substances composing certain forms of earthy matter

is to be ascertained. A small portion, about the size of a pin's
head, is placed upon the slide, and covered lightly with a piece of
thin glass. Next, a drop of wifric acid 1s placed near to the thin
glass. The acid soon reaches the sediment, and the disengagement
of a few bubbles of gas may be observed. These are, as it were,
temporarily pent up by the thin glass. If there should be any
doubt about the action of the acid, we may resort to examination in
the microscope, when, if there be very few bubbles, they may be
detected. The formation of bubbles of gas indicates the presence of
a carbonate. p

The acid solution may be neutralised with ammenia, when a faint
flocculent precipitate may be produced. After this has stood still for
a few minutes it should be covered with thin glass and examined under
the microscope. It may consist of amorphous granules and small
crystals, which, if allowed to stand long enough, will take the form of
triangular or quadrangular prisms (phosphate of ammonia and
magnesia, phosphate of lime).

If we wish to ascertain the presence of sulphates, a little of the
nitric acid solution is treated with nifrafe of barytes. An amorphous

S ——
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precipitate of sulphate of baryta, insoluble in strong acid and
alkalies, takes place, if sulphuric acid be present. The presence of
chlorides is detected by the addition of a little witrate of silver
to a drop of the solution of the deposit in weak nitric acid. The
white precipitate of chleride of silver-is insoluble in mifric acid, but -
is dissolved by ammonia.

The above will serve as examples of the method of detecting the
presence of different substances in a very minute quantity of matter,
The indications obtained in this manner are quite as valuable, and
may be relied upon with as much certainty, as if we were provided
with a very large quantity of material to work upon. In a single
drop of a composite solution, the presence of several different acids
and bases may be detected.

310. New.Method of Microscopicai Analysis.—Since I have been
in the habit of using glycerine as the basis of all' my injecting
fluids and preservative solutions, I have employed it as the solvent
of all tests, and with the greatest advantages. The reactions are of
course slower, but much more perfect. Crystals can be formed
most readily by this process, and; as the viscid solutions. mix very
slowly, most perfect crystals even, of substances which crystallise
with great difficulty in water, can be readily obtained. If glycerine
be added gradually to many solutions of crystallisable matter
crystals are deposited. The various tests may be dissolved in a
little water and then added to Price’s glycerine.  The iodine
reactions can often be obtained most satisfactorily by this mode of
proceeding. The solutions may be kept in the little glass bottles
described it p. 209. Very strong solutions of the nitric and
sulphuric acids cannot be obtained in glycerine, but it is seldom that
a stronger solution than one part of acid to five of glycerine is
required. IF a very strong viscid solution of acetic acid be wanted,
the acid may be warmed with lump sugar in sufficient quantity to
make a fluid of the consistence of syrup. Glycerine may be
employed as the universal medium fox the examination, preservation,
and qualitative analysis of microscopic objects. It need scarcely be
said that glycerine and syrup are miscible, so that the viscidity of any
fluid can be readily increased by the addition of sugar to it.

CQf obtaining Crystalline Substances from the Fluids and
Textures of Organism.

311. Formation of Crystals.—Some crystalline hodies are
deposited from their solution in animal fluids by simple evapora-
tion ; others, less soluble, may be deposited by allowing the fluid

P 2
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to stand still for a short time, when certain changes occur in
some of its constituents, which lead to the precipitation of some
bodies in a crystalline form, as for instance, uric acid, or triple
phosphate. In other cases it becomes necessary to add some
reagent before the crystals are thrown down, while not unfrequently
a long and often complicated chemical analysis is necessary if
substances which were previously held in solution, are to be
obtained in a crystalline form. The addition of water in some
cases causes the most rapid crystallisation, especially when the
erystallisable material is dissolved in viscid organic matter, as when
water is added to blood, in order to obtain blood erystals. In-
stead of water, in other instances, alcohol, ether, or chloroform, in
which the crystals may be much less soluble than in water, is to
be preferred.

Crystalline substances which are dissolved in animal fluids,
may often be separated in a perfectly pure state by the addition
of another flud in which they are not so readily soluble. This
last should be added wvery gradually, to allow time for the forma-
tion of the crystals, otherwise an amorphous precipitate alone
results. Many organic snbstances soluble in alcohol, may be
crystallised by the addition of ether, while some are precipitated
from their solution in water, by the gradual addition of

alcohol.
: 312. Influence of various Constituents upon the Crystallisation.
—In many instances, it is exceedingly difficult to separate some
crystalline bodies from other constituents by which their solubility is
much increased, and crystallisation is often prevented. The extrac-
tive matters of blood, and of many organic fluids, exert this influence
in a marked degree, and it is only of late years that several new
bodies of definite chemical composition have been isolated. Creatine
and creatinine may be instanced amongst the number, for these were
not very long ago included under the indefinite term “ extractives.”
Certain colouring matters of definite composition have also been sepa-
rated, and it is very probable that as the methods of analysis at our
disposal become improved, many new crystalline bodies will be isolated
from the extractive matters. A very small quantity of extractive matter
entirely prevents the crystallisation of urea, while the presence of
chloride of sodium or common salt favours the separation of this mate-
rial by forming with it a compound which readily crystallises in large
octohedral crystals even in the presence of extractive matters. The
existence of carbonic acid in excess may cause carbonate of lime,
triple phosphate, and other salts, to be held in solution. Excess of
alkali prevents the precipitation of uric acid, and excess of acid, that
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of phosphate of lime. Fatty matters dissolve cholesterine, and serum
possesses the power of retaining small quantities of both the latter
substances in solution. Some crystalline bodies which are soluble
at the temperature of the body, crystallise when the solutions con-
taining them are cooled thirty or forty degrees. The effect of dilu-
tion im retaining crystals in solution, need scarcely be alluded to.
Hence, before the presence of many substances can be detected by
microscopic examination, certain chemical operations are required in
order to separate them from their combinations in the animal body,
or for the removal of other substances which interfere with their
crystallisation.

31%. Separation of Crystals from Animal substances.— From
what was stated in the last section, it follows that in many instances
this is a matter of some difficulty. Not unfrequently, if not very
soon separated from the fluid in which they were formed, the crystals
again undergo solution or become decomposed. If the crystals are
not very soluble, the supernatant fluid, or mother-liquor, may be
poured off, —the crystalline deposit washed with ice-cold water, and
subsequently dried on filtering paper over sulphuric acid without the
application of heat.

If the crystals will not bear the application of water, as much of
the fluid as possible must be poured off, and the remainder absorbed
with bibulous paper, or they may be placed upon a porous tile, and
dried over sulphuric acid in vacuo. In many instances we are
enabled to wash the crystals with water, holding a little acid or alkali,
or some alkaline salt, in solution, or with alcohol, ether, or some
other fluid in which we know them to be quite insoluble.

In cases in which crystals insoluble in water are deposited in
animal solids, they may be separated by agitation, when, being
heavier than the water, they subside to the bottom, and the lighter
animal matter may be removed by forceps, or if in a very minute state
of division, poured off with the supernatant fluid. In other cases, it may
be separated by straining, while the crystals are washed through muslin.

314. Of obtaining Crystals for Examination.—In order to
accustom himself to the necessary manipulation required in the
process, the student may evaporate a solution of common salt upon
a glass slide, and when it has become sufficiently concentrated it may
be covered with a small piece of thin glass, and allowed to cool.
When cold it may be subjected to microscopical examination. Beau-
tiful cubes of chloride of sodium will be observed, pl. XLII,
fig. 270. Crystals of several salts may be made in the same simple
manner, and from an attentive examination of them, much may be
learned. Phosphate of Soda, Phesphates of Soda and Ammonia,
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Sulphates of Potash and Soda, Muriate of Awmmonia, Borax, Alum,
Sulphate of Copper, Biniodide of Mercury, and a variety of other
salts, can be readily obtained in microscopical crystals in this manner,
Mr. ‘Glaisher has made some beautiful observations on snow-flakes.
Copies of his drawings are represented in pls. XLVI and XLVII,
figs. 285 to 303. Among organic ctystalline substances may be men-
‘ioned, Quinine, Iodo-sulphate of Quinine, Salicine, Brucia, Oxalic
Aacid, and Oxalates, particularly Oxalate of Ammonia.

Different faces of the crystal, as it lies in the liquid, may be
brought into view by slightly moving the thin glass cover with a fine-
pointed instrument, such as a needle, while the preparation is in the
field of the microscope. With a little practice, crystals may in this
manner be made to rotate in the motherliquor. Crystals which are
precipitated by the addition of some reagent, such as nitrate of urea
by nitric acid, must be examined in a'little of the solution. The
addition of water would, in many instances, destroy them imme-
diately. Crystals of muriate of ammonia and creatine are represented
in pl. XLVII. Other crystals are seenin pls. XLII, XLVIII, and
XLIX,

The influence of the crystals upon polarised light should be
examined, and ‘in cases in which the mature of the crystal has not
been ascertained, its angles should be carefully measured, and
accurate drawings made. Their behaviour with chemical reagents is
next to be ascertained, and their solubility in water, alcohol, and other
fluids must be noted. For these experiments different portions must
be taken and separately tested in the manner referred to4n p. zo8.

A drop of the solution may also be evaporated rapidly nearly to
dryness, and allowed to crystallise upon the slide without being
covered over, when the substance will often be found to assume a
variety of beautiful forms, such as crosslets, dendritic expansions, &c.,
which vary according'to the rapidity with which the eévaporation has
been conducted, and other circumstances.

Mr. Thomas Davies has obtained some beautiful results by crys-
tallising mixed salts, some of which exhibit ‘a rearrangement of
crystalline form after fusion. A mixture of sulphate of copper and
sulphate of magnesia, and sulphates of zinc and 'magnesia form good
examples. They must be examined ‘with the aid of polarised light
and a selenite plate. See the copies of the photographs of the salts
in Mr. Davies’s second :paper in the Microscopical Journal for July,
#8635, p. 205.

By carefully crystallising a solution of sulphate of copper at
various degrees ‘of temperature, Mr. R. Thomas, of Oxford, has

succeeded in obtaining a series of crystalline forms of a peculiar
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character. From the fact that throughout the series the crystals
radiate from centres in a more or less spiral manner, Mr. Thomas
has designated the process as “spiral crystallisation.”

The solution of sulphate of copper is evaporated by a moderate
heat, until an uncrystallised film is obtained. This film being sub-
jected (after the manner indicated in Mr. Thomas' paper, contained
in the Microscopical Journal for July, 1866, p. 177), to a temperature
of about 6o° Fahrenheit, a number of foliated crystals, all radiating
from centres, appear. There is in this stage a slight curve or twist
in the radiation, and this constitutes the first stage of the spiral, as
represented in pl. XLVIIL, fig. 306. At a temperature of 65°, 2
further advance is seen in the direction of the spiral, ig. 3o7. At
70° (fig. 308) the spiral appearance is yet more distinct. While at
temperatures of 80°, go® and roo®, the lines are smaller and more
numerous, and the spiral more perfect and symmetrical, fig. 309.
Fig. 310 shows a perfectly formed crystal which had been allowed
to crystallise upon a slide, carefully protected from dust. Mr. Thomas
believes that these crystals are in reality cones standing out in relief
upon the glass slide. The changes in form which occur in crystals of
the double salt, sulphate of magnesia, sulphate of zinc, upon the appli-
cation of a gentle heat subsequent to crystallisation has been further
prosecuted by Mr. Thomas, of Oxford, whose figures are given in
pL XLIX. Ser also Microscopical Journal for April, 1866, p. 137.

315. Examination of Crystals under the Hieruannpe.—s-:}me
crystals which have been entirely separated from 'the fluid in which
they were originally deposited, may be examined in the dry way, in
water, or other fluid in which they are known to be insoluble, or in
Canada balsam ; but as a general rule, it is necessary to examine the
crystals as they lie in some of the fluid in which they have been
formed. When they have been obtained by allowing a concentrated
solution to cool, some of the inspissated fluid must be removed with
the crystals, placed upon a glass slide or in a thin glass cell, covered
with a piece of thin glass, and examined in the usual way—first using
a low power (an inch), and afterwards a higher power (a quarter),
because, although some of the crystals are of a large size, others
amongst them, the form of which is wery perfect, are often exceed-
ingly minute. The crystals and mother-liquor should not be exposed
to the air previous to examination, for in many instances water is
absorbed, and partial solution takes place.

316. Preservation of Crystals as Permanent Objects.— [he pre-
servation of the more soluble crystals is attended with the greatest
difficulty, except when dried, in which state their characters under
the microscope are not well defined. Crystals which very readily
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deliquesce on exposure to air, must be dried in vacuo, removed
quickly to a cell, the cover of which must be firmly cemented down
at once. Some crystals may, however, be dried and mounted in
Canada balsam ; others, such as oxalate of lime, cystine, triple
phosphate, &c., can be well preserved in aqueous solutions, contain-
ing a little acid in the case of the two former substances, or an
ammoniacal salt, in the latter instance, in which the crystals are
known to be insoluble. Crystals which contain water of crystallisa-
tion must be preserved in a drop of the mother-liquor ; but in many
instances they alter much in form, and when we come to examine
them, instead of finding a great number of small, well-formed crystals,
as when the preparation was first put up, nothing remains but one or
two large ill-shaped ones. The concentrated mother-liquor often acts
upon the cement with which the glass cover is fixed on the cell,and very
soon air enters, and the preparation is destroyed. Many crystals may
be preserved in strong glycerine without much change taking place.
I have some crystals of Guinea-pig's blood which have been preserved
for many years in this medium and have undergone little change.

Of the Hardening Properties of Chemical Solutions.

31%. Of the Hardening Properties of Different Chemical Solu-
tlons.—The consistence of many tissues is so soft that it is absolutely
impossible to obtain a thin section; while, by tearing off a small
piece, the relations of the component parts is usually so much altered,
as to render the specimen useless for the purpose of examination. In
this case our only chance is to harden the texture by some reagent in
such a manner that, although its microscopical characters are not
altered, a thin section may be readily obtained.

The solution employed for hardening a tissue will depend upon
the character of the texture itself. Many tissues may be immersed
in alcohol, others may with advantage be soaked in a weak solution
of chromic acid. Various saline solutions are also sometimes em-
ployed, but in consequence of the alteration they produce in the
texture of the substance, they are not well adapted for many micro-
scopical specimens. Boiling in water, is often resorted to for the
same purpose. In this way very thin sections of such textures as
muscular fibre may be obtained. These may afterwards be rendered
transparent by being soaked in syrup or glycerine, or by the addition
of a little solution of caustic soda or potash ; nitric acid and a solu-
tion of perchloride of iron have also been employed for hardening
some tissues.

The hardening properties of the solutions just referred to, depend
essentially upon their power of coagulating albuminous substancess
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and in the majority of instances the coagulation is associated with a
certain opacity quite incompatible with the satisfactory examination
of the tissue by transmitted light, and as I have before hinted, it is
absolutely necessary to render such a specimen transparent after the
thin section has been obtained, p. 144. It is well to bear in mind that
hefore we can submit many soft structures to microscopical exami-
nation, we have to consider what chemical substances are likely to
harden them in the most advantageous manner for cutting thin sec-
tions, and if by this process the section be made opaque we have
further to consider how its natural transparency may be restored. The
chemical nature of the substance to be examined, its physical proper-
ties, its refractive power, and its chemical composition, are points
which it is most desirable that every microscopic observer should be
acquainted with before he commences any particular investigation.

I have succeeded in rendering the tissues of the embryos of mam-
malian animals so transparent that the smallest ossific points can be
seen in the temporary cartilages. To dissect these bony points at so
early a period, would be a work of immense labour, but by merely
soaking the whole organism in the solution, they become beau-
tifully distinct. The embryo is to be immersed in alcohol to which
a few drops of solution of soda have been added, and allowed
to remain in it for a few days. When the action has taken place, it
15 to be removed and preserved permanently in weak spirit. I have
a beautiful preparation of this kind which has been kept for upwards
of ten years. The principle of the action of the fluid may be
explained thus :—alcohol alone tends to coagulate albuminous tex-
tures and render them opaque, at the same time that it hardens
them. The alkali, on the other hand, will render the tissues soft
and transparent, and, if time were allowed, would cause their com-
plete solution. These two fluids in conjunction harden the texture
and at the same time make it clear and transparent. Many soft tissues
may thus be hardened sufficiently to enable us to cut very thin sections.
Preparations of this kind show how much may be effected by the
use of very ordinary chemical reagents. By this simple process, a
minute dissection which would occupy many days is avoided, the
chance of losing some of the small ossific points is prevented, while
the structures are displayed far more distinctly than they could be
by the most careful dissection.

Doubtless there are many other fluids yet to be applied to the
purposes of investigation of much greater value than the present one,
and I strongly recommend observers to take up this branch of the
enquiry and endeavour to discover new modes of preparing textures
which shall render their minute structure clearly demonstrable.
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ON SPECTRUM ANALYSIS.
By H. C. Sorsy, F.R.S,, &c.

318. The Spectrum Microscope.—Spectrum analysis, as applied
to the microscope, must not be confounded with that branch
of the subject which has yielded such admirable results in the
hands of Bunsen, Kirchhoff, and other physicists. In that method
of analysis it is the number and position of the namow
bright lines or bands, into which the light of the incandes-
cent body is divided by the spectroscope, that enable the experi-
menter to identify each different substance. It is, in fact, the
analysis of the emitted light, whereas in spectrum analysis applied
to the microscope, it is the analysis of light which has been modified
by transmission through the substance under examination, and it is
the absence, and not the presence, of particular rays which makes the
spectra characteristic of different substances. In this respect it is
more analogous to spectrum analysis as employed in studying the
chemical nature of the atmosphere of the sun or stars, as illus-
trated by the researches of Kirchhoff, Miller, and Huggins, but
the principles inwolved are materially different. The absorption
bands in such cases are narrow, sharply defined lines, characteristic
of absorption by gases, whereas those which play such an important
part in researches with the spectrum micrescope are usually broad,
gradually shaded off on each side, and only in a few cases so narrow
and sharply defined as to vie with some of the broader dark lines in
the solar spectrum.® :

Confining then our attention to spectrnmm analysis as applied to
solid and liquid substances, it may be said that the object of our
researches is to distinguish substances by their colour, studied in
the most accurate and scientific manner. Colonr alone is, of course,
often made use of as a criterion in qualitative chemical analysis, and
is extremely characteristic of particular substances, even when seen
in the ordinary manner; but when more accurately studied by
means of the spectroscope it becomes incomparably more charac-
teristic. ‘The colour of a body, as seen with the naked eye, is the
general impression made by the whole of the transmitted light, when
all the rays are mixed together, and this total impression may be
the same, though the compound parts may differ in a striking manner;

* Though T was the first to publish a paper on spectrum analysis applied to the
microscope, after having made use of it in various researches for nearly a year
(Quarterly Journal of Science, April, 1865, vol. IT, p. 198), yet it is only fair
to state that Mr. Huggins had independently thought of such an application
(Trans. Microscopical Soc., May 10, 1865). [H. C. S.]
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and thus many colours which appear almost absolutely alike can be
easily distinguished by their spectra. An ordinary spectroscope with
small dispersion would suffice to study many of the facts,.and even a
prism and a narrow slit in a card could be employed ; but in order
to carry on the enquiries with entire success, it is desirable to have
an instrument by means «of which spectra of minute guantities of
material can be examined, compared side by side with other spectra,
and measured with considerable accuracy. All these advantages are
secured by means of the spectrum apparatus applied to the micro-
scope, made according to my plan by Mr. John Browning. 1 have
indeed constructed a binocular spectrum microscope which is far
more cenvenient in chemical testing, but is not suited for the
examination of any substance less than % of an inch in diameter.
I shall therefore confine myself to a description of the single eye-
piece arrangement as being the most simple and generally applicable.
Fig. 319, pl. L, shows the more important parts of the apparatus.
Itds an eye-piece, fitting into the tube of the microscope, having the
upper lens (¢) made achromatic. At the focal point of this lens (&)
i5 fixed the narrow slit of which fig. 3zo gives, as .it were, the
ground plan; and this can be made broader or narrower by turning
the head of the screw (a*). A small rectangular prism (¢) is fixed so
as to extend over about one-half eof the slit, and reflect the light
coming through an aperture at (f) in the stage attached to the side
of the eye-piece, as shown in fig. 339. The other half of the slit
transmits the light passing up the main body of the microscope
through the ordinary object-glass. When all is properly arranged
and illuminated, in looking through the lens (¢), a namow line
of light can be seen, one-half the length of which has passed
through an object placed on ithe stage of the microscope, and
the other half through any.other placed on the side :stage at-
tached to the eye-piece; and, if the prism () has been pro-
perly adjusted, these two portions should appear perfectly con-
tinuous, without any break at their junction; but if not properly
adjusted the line appears broken, and would then give false results
if the spectra were compared together. Care should therefore be
taken to see that the adjustment is correct. The analysing prism
(@8) 1s compound, and fits over the eye-piece like a long cap. It
consists of twe rectangular prisms of flint glass, corrected for refrac-
tien by one rectangular prism of crown glass, and two others, with
angles of about 75°. This combination gives direct vision, and an
amount of dispersion which is admirably fitted for the purpose to
which this instrument is applied ; since it is sufficient to divide all
the absorption bands seen in coloured solids and liquids, and is not
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S0 great as to spread them over too wide a space and make them very
obscure, as is the case when the dispersion is great. Since the light
which passes through the opening at (f ) is not spread out over the
same surface as that which passes through the object-glass, it would
be far too bright, unless modified by means of a small shutter,
opening and shutting with a serew. In each case this ean be easily
adjusted, so that the light from the two sources is equal, or may be
made to vary for some special purpose. There is also a contrivance
shown in fig. 320, which enables us to limit the length of the
slit ; so that when very small objects are examined, no light shall
pass except that which has come through them.

In using the spectroscope, a great deal depends on the slit being
made up of a proper width. If the light be strong, it is best to have
the slit only opened so much as to give a good clear spectrum, free
from the irregular shading, due to unavoidable irregularities in the
slit itself, which may be very conspicuous if the slit be very narrow.
If day light be employed, and it is only rather feeble, the slit should
be made wider, so as to admit more light ; but then, if made too wide,
the colours of the spectrum lap over one another, and become indefi-
nite. Much, however, should depend on the nature of the object
under examination ; and, if it gives rise to very narrow absorption
bands, the slit should be made narrow in order to give good defini-
tion. As a general rule the slit should be of such a width as to just
indistinctly show the Frauenhofer lines in day light. It is also im-
portant to properly adjust the small slit under the side stage attached
to the eye-piece. It should generally be made of such a width that
the two spectra are of equal brilliancy, since otherwise the compari-
son would be inaccurate.

It is in all cases most important that no light should pass up the
microscope, that has not actually passed #4reugh the substance under
examination. If the object is small, unmodified light passes on each
side, and this is reflected from the front of the object-glass down on
the object and back again through the lenses without traversing its
substance ; and thus an entirely false spectrum may be obtained,
especially if the substance is dark coloured. This can easily be
avoided by having a tube to fit over the objectglass, se fig. 324,
which has a stop at the end with a hole in the centre (a), of such a
width as not to limit the field of the microscope, placed at such a dis-
tance as to be within the focal length, so as to approach but net to touch
the object when it is in focus. For a 1}-inch object-glass the opening
should be about <% inch. Such a stop is also very useful in ordinary
microscopical observations, when it is desirable to have no reflected
light, and shows incomparably better the true colour of dark objects.
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Having said so much with reference to the instrument, it will be
well to describe the manner of preparing and viewing the objects ;
and this will be better understood if we first consider some of the
general principles involved in this branch of research.

219. Of Examining Objects in the Spectrum Microscope.—
Having properly arranged the instrument, if nothing intervenes to
interfere with the white light employed for illumination, of course a
simple and continuous spectrum is seen, with all the colours from the
extreme red to the extreme blues and lavender; and, if a perfectly
colourless and transparent substance be placed in front of the
object-glass, no effect whatever is produced, and thus so to speak,
all colourless bodies give the same spectrum and cannot be distin-
guished by means of their spectra. Coloured bodies are, however,
those which are, as it were, black and opaque for certain rays, not
allowing them to pass forward as light, but probably transforming them
into heat or some other kind of force; and on placing such a sub-
stance in front of the instrument its presence 1s shown, not by the
light which is still transmitted, but by that which it cufs off Tt is,
therefore, more simple and accurate to take into consideration the
characters of the adsorbded than of the fransmitted rays, and in fact, the
whole subject of qualitative analysis by means of the spectrum micro-
scope, 15 founded on the relation between different substances and
particular rays of the spectrum which they absorb, or so alter that
they no longer pass forward as light. Unfortunately, it is not every
substance which gives such a spectrum that its true nature can be
recognised at once, but many are of such a character that they could
not be confounded with any other yet known. These are those which
absorb the light in narrow and well-defined portions of the spectrum,
so as to give spectra with one or more definite black bands. The
number, position, width, and intensity of these adsorption bands are
the most important data on which to form an opinion respecting the
nature of the substance under examination. It must not be thought
that these bands bear any relation to the elementary constituents of
the substance—they are merely related to it as a definite compound
in a particular physical condition, and may vary according to its
state. For example, they often vary for the same substance, when
solid or in solution ; and even according to the nature of the solvent,
besides being greatly modified by the presence of free acids or alkalies.

Fig. 321, pl. L, gives a few spectra, to illustrate the general sub-
ject. They are all of red or pink colours.

A is an indefinite spectrum, yielded by very many different

substances, having a general absorption over the green, with no
narrow absorption band.
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sizes are 3-inch long, $th inch ininternal, and somewhat under -inch
in external, diameter. These are ground flat at each end and
attached with Canada balsam near one edge of a glass plate, so that
they may be examined either end-ways, by laying the plate flat on the
stage of the microscope, or side-ways, by leaning the glass against the
side of the object-glass. If then the colour is too deep in the line
of the length, the tube can be turned, so that it may be examined
side-ways, which being equivalent to using 4th the quantity, we can
easily judge what amount would show the most perfect spectrum.
The cells should be either filled level, or covered with a piece of
thin glass. If the diameter of these cells be less than jth of an
inch, it is difficult to fill and empty them ; and, if much wider
than ith, the liquid is apt to run out when they are turnerd over ; but
when of about 1th wide they are easily filled and not a drop of liquid
is lost even when they are turned upside down. Almost all kinds of
testing can be carried on in these cells, and they may be easily washed
out by means of a small stream of water blown out of an ordinary
chemical wash-bottle, pl. XXII, fig. 143. Solid or hqmd reagents can
easily be added and stirred up by means of a moderately stout plati-
num wire, flattened at one end, and turned up square like a small
hoe. The great advantage of these cells is that a very small quantity
of material is required (which is most important in some investiga-
tions) ; but for some purposes ordinary test-tubes are very useful,
and especially to place on the stage attached to the eye-piece and
compare with objects on the stage of the microscope. These can
be examined only at the sides and the colour must, therefore, be
diluted so as to show the best spectrum.  Wedge-shaped cells like
fig. 325, are also useful in order to study the effects of different
thicknesses of solutions. Colours which do not materially change
on keeping some time may be mounted in tubes, see fig. 326, about
3-inch in diameter and 3 inches long, sealed up flat at the bottom,
and drawn out capillary at its top, leaving a small opening through
which the liquid may be introduced by means of an air pump,
afterwards sealed up with the blow pipe. Many mineral salts can
thus be kept for an indefinite period; and even many animal and
vegetable colours can be kept for a year or more always ready for
examination.

320. Examination of Blow-pipe Beads and Solutions in Cells,—
The coloured beads obtained by ordinary blow-pipe testing, can
: e?sily be examined by the spectrum microscope ; and in some cases,

give very satisfactory results. Some crystals also are excellent
objects, and give striking spectra. It is easy to select such as give
the best result, or to cut them wedge-shaped, and thus examine
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the effect of different thicknesses. Coloured glasses cut wedge-
shaped are also very interesting, and are useful to compare with blow-
pipe beads ; but for actual research, no branch of the subject is so
satisfactory, as the testing of minute quantities of animal and
vegetable substances in the small cells. This includes the detection
of blood-stains, which can be done with great ease and certainty
(Quart. Journ. of Science, vol, 11, p. 198) ; the detection of adultera-
tion in drugs and other substances met with in commerce ; and the
determination of the identity of, or the difference between, the very
numerous colouring matters met with in plants. In a number of
such practical questions, special methods may be employed with
advantage ; but in examining an unknown colouring matter, it is well
to adopt a definite system, so as to be able to decide to what par-
ticular group it belongs. After a large number of experiments, I
found that it is easy to arrange them in divisions founded on their
solubility in water or alcohol. Thus—

Division.
Soluble in water and not precipitated by alechol ... 1
Soluble in water but precipitated by alcohol 2
Insoluble in water but soluble in alcohol ... S
Insoluble in water and alcohol o

Then we may divide 1, 2, and 3, into groups, founded on the action
of sulphite of soda. The effect of this reagent is very remarkably
related to the spectra. If the absorption extends from the blue end
continuously, it produces no change, but if there is a detached
absorption in the green or yellow separated from the blue end by a
more transparent space, the sulphite in certain groups of colours
removes this, and leaves the absorption in the blue unchanged. In
some colouring matters this occurs in an ammoniacal solution, and
these constitute my group A. In others, no such change takes
place unless the solution be strongly acid, and these form my group
B. This is usually quite independent of decomposition, and the
colour is restored by the addition of ammonia. Those colours which
are not immediately altered when the solution is acid, constitute
my group C. By these reactions, mixtures of colours of the
different groups can easily be recognised ; and this alone may often
be of great practical use. Then, in order to divide these into sub-
groups, I have recourse to the number of distinct absorption bands,
when the neutral colour is dissolved in water or alcohol, or when
ammonia is added to each. By this means we obtain a large number
of sub-groups, which are of great use in practical researches. It
would extend this account to an unreasonable length, if I were to
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PART IV.

O¥ TAKING PHOTOGRAPHS OF MICROSCOPIC OBJECTS.—APPARATUS,
—ILLUMINATION,.—CHEMICAL SOLUTIONS.—PRACTICAL MANIPU-
LATION.—PRINTING.—PHOTOGRAPHS FOR THE MAGIC LANTERN.

Since the last edition of this work was published in August, 1864,
some valuable improvements have been introduced in the method
of taking microscopical photographs, and it seems probable that
before very long far greater perfection in the results will be obtained
than was supposed to be possible at that time. My friend, Dr.
Maddox, has continued his experimental investigations and with
continually increasing success; and many observers in Germany and
France, as well as in this country, have produced beautiful pho-
tographs of various kinds of objects. But perhaps the most remark-
able advances have been made in America. The authorities in the
War Department recognising at once the high importance of photo-
graphic representations of microscopical specimens have issued a
report in which will be found the results of the researches of
Brevet Lieut.-Colonel Dr. J. J. Woodward and Brevet Major Dr. F.
Curtis. This report is most admirable. The drawings are beau-
tifully executed, the paper well adapted for them, and the printing
excellent, contrasting remarkably in all these points with the rough
looking blue books issued under the authority of our Govern-
ment.

It seems to me very hard that our statesmen do not more dis-
tinctly indicate that they fully appreciate the high importance of
purely scientific investigation than has been the custom hitherto, and
our Government clearly ought to take a very active part in advancing
new methods of enquiry, particularly in connection with naval and
military medicine and surgery. In the medical department of our
army and navy there are to my knowledge scientific men as able
and as willing to devote themselves to scientific work as any in the
world, but they have no opportunity, and little or no encouragement
seems to be afforded by the high military authorities. I append an
extract from p. 149, Circular No. 6, Nov. 1865, War Department,
Surgeon-General's Office, Washington, and hope that it may perchance
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be brought under the notice of some of those who alone have power
to forward or obstruct scientific progress in the departments under
Government control.*

“ With low powers no serious obstacle was encountered in obtain-
ing excellent photographs of properly selected preparations. The
higher powers offered difficulties most of which however have been
overcome. In experimenting with the higher powers, the lined dia-
tomacae were selected as test objects on account of their definite
and well-known structure, With these the utmost success has been
realised. A photograph of Gyrosigma angulatum (Navicula angulata)
has been obtained, for example, magnified about 7,000 diameters in
which the hexagons appear of the same size and nearly as distinct as
in the cut, which was made by transferring to wood a tracing from the
original photograph. 1In fact, any of the markings on the diatoms
that are visible with the microscope can be photographed with the
utmost clearness and ease, and the time has arrived when the inabi-
lity to photograph alleged markings will throw doubts on the correct-
ness of the observers who have supposed they saw them. The plan
employed in the photographic work hitherto executed with high
powers is as follows : The direct rays of the sun reflected in a con-
stant direction from the mirror of a Silbermann’s heliostat (loaned for
the purpose by the Coast Survey), are condensed by a large lens
upon the plane mirror of the microscope, whence they are reflected
through the achromatic condenser in the usual way. Before reaching
the achromatic condenser, however, the rays pass through a cell con-
taining a solution of the ammonio-sulphate of copper of sufficient
density to absorb nearly all the rays except those at the violet end
of the spectrum. The light used, therefore, is essentially monochru-
matic, and contains, with enough illumination for agreeable vision,
the greater part of the actinic force of the sun’s rays. The heating
rays being chiefly at the other extremity of the spectrum are of course
excluded and great actinic force is obtained, therefore, without any
danger to the preparations, or the balsam cementing of the object-
glasses. The object-glass employed in the photograph of Gyrosigma

® 1 helieve that it would be most difficult, if not actually impossible for
our Government at this time to issue a report of the character of that from
which the extract is taken, supposing that the actual work had been done by
private persons and placed at the disposal of the State. The paper of our Blue
Books is too coarse, and the printing 1oo rough for scientific memoirs. Let the
reader, for instance, compare the plates accompanying my report on the Cattle
Plague, which were printed by Government, with those in the present wark. The
contrast between the text of Government and private works is still more

striking.
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above alluded to was a one-eighth of an inch, by W. Wales and Co.,,
of Fort Lee, New Jersey. This glass 1s so constructed as to bring the
actinic rays to a focus. At the bottom of the draw tube was placed
an achromatic concave lens—the amplifier of Tolles (of Canastota,
N. Y.), and an ordinary medium eye-piece completed the optical
apparatus. The eye-piece extremity of the microscope was thrust
into one end of a long camera-box, the connection made light-tight by
means of a black silk hood, and the image received on a piece of
plate glass, observed by means of a focussing glass, while the focal
adjustments were made. As with the very long camera used, the arm
of the observer cannot reach the milled head of the fine adjustment
of the microscope, this head was grooved, and connected by a band
with a grooved wheel at the end of a long steel rod, the other
extremity of which is near the observer, who, by means of it, can
focus accurately with any required length of camera. There is nothing
peculiar in the chemicals employed, and with ordinary collodion, and
the high power above spoken of, from thirty to forty seconds expo-
sure was quite sufficient. Of the foregoing devices most importance
is to be attached to the employment of monochromatic light (the
violet end of the spectrum), and the use of an object-glass con-
structed with special reference to the actinic rays. Both these points
were suggested to me by Mr. L. W. Rutherfurd, of New York, so
well known by his connection with telescopic photography, who has
thought much, and made many satisfactory experiments in this direc-
tion. I believe, however, that the apparatus as above described,
loses some of its advantages by the use of the eye-piece which I pro-
pose to substitute by a lens of proper magnifying power, corrected,
like the object-glass, in such a way as to bring to a focus the actinic
rays, Such a lens is now in process of construction for further
experiment. The pathological photographs hitherto satisfactorily
executed in the Museum have chiefly been made with moderate
magnifying powers, twelve to fifty diameters, though some experi-
ments with high powers justify me in the belief that with the improve-
ments above described, all that is desired in this direction can be
attained. Among these experiments I may particularly mention a view
magnified about four hundred diameters, of the polygonal cells and
flat cholesterin tables of a cholesteatoma, which was found on the
inner surface of the frontal bone of a soldier who died of epilepsy in
the neighbourhood of Washington.”

Such an extract is enough to show the activity and usefulness of
the department by which it is issued, and is in the highest degree
credilable to those who performed the work, and to the Government
which sanctioned and encouraged its prosecution.
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323, History of the Application of Photography to the Microscope.”
—Mr. Dancer, about 1840, produced photographs of microscopic
objects by the gas microscope, the images being taken upon silvered
plates ; also images of sections of wood, fossils, &c., were reproduced
on paper and glass plates by means of the solar microscope. In
1841, Mr. Richard Hodgson obtained excellent daguerreotypes of
microscopic objects. The Rev. Messrs. Reade and Kingsley were early
authorities in the employment of photography in this manner; also
Mr. Talbot. Dr. Donné, of Paris, in 1840, presented to the Academy
of Sciences copies of various microscopic objects on daguerreotype
plates ; and in 1845, conjointly with M. Léon Foucault, published
an Atlas of Microscopic Anatomy, in which the engravings were
printed from daguerreotype plates, which after exposure and deve-
lopment had been chemically etched. The delicacy of these illustra-
tions was very marked, but the plates permitted comparatively few
impressions to be struck off before giving evidence of injury.

In October, 1852, a paper by Mr. Joseph Delves was presented
to the Microscopical Society of London, and in the following number
of the “ Quarterly Journal of Microscopical Science,” some beautiful
specimens of prints from Mr. Delves' collodion negatives were issued
by the then publisher, Mr. Highley. This was one of the earliest
publications in this country with photographic illustrations of micro-
scopic specimens, In the same journal is a valuable contribution
by Mr. G. Shadbelt. Since that period the employment of photo-
graphy in this way has become general ; doubtless many have been
occupied with it whose names are not familiar to us. In Paris
M. Nachet and M. Bertsch have obtained excellent results. In
Germany, Gerlach, Albert, Mayer, Kolmann of Munich, Helwig of
Mayence, and many others have illustrated memoirs with photo-
graphic plates. Sir D. Brewster, in his article Microscope, * Ency-
clopeedia Britannica,” last edition, speaks very highly of some
photomicrographs exhibited at the Academy of Sciences, Paris, in
1857, by M. Bertsch, the focal length of the objective used being
half a millimetre. The objects, a diatom from guano magnified
soo diam. ; two specimens of navicula, one x 8oo, the other X 500,
the field being rendered nearly dark by oblique illumination ; human
blood globules x 500 ; and two pictures of salicine, one taken by
polarised light. M. Hartnach, Sir I). Brewster says, has constructed
a complete instrument for M. Bertsch, the range being from 50 to
1,000 diameters, and from 50 to 150 diameters for opaque objects.

* The sections in this part of the work have been carefully revised by Dr.
‘Maddox, who has kindly added much new matter of great importance, especially
in §§ 327, 332 338, ¢ sy,
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The extreme detail, beauty of texture, and sharp delineation of the
objects in the prints from Mr. Delves' negatives marked a very im-
portant step. The frontispiece to this work was obtained by Dr.
Maddox in the following manner, as described in a note to me :—

“ Prints selected from some of my negatives, representing objects
magnified in various degrees, varying from the 1+ inch objective
to the P5th, were placed on a card in such a manner as to try to
balance each other in their effects, and such size of card adopted
that, when reduced one-/Aadf, it might correspond with the dimensions
chosen by yourself for the plate. ‘The card of prints being placed
at the requisite distance, a Ross’ 15-inch focus landscape lens was
used to obtain the negative copies.

“To render the minutest line, especially in the Pleurosigma
angulatum, well evident in the negative, it was necessary not to
carry the development or intensifying process too far, or these became
filled up and much obscured, hence the interspaces between the
figures allowed a little light to pass; as this seemed detrimental
and rendered the figures less effective in appearance, these parts
have been pamted out.

“The illustrations were photographed with the objective stated in
the ‘explanation.” The y4th objective was made by Mr. Wenham,
and through his liberality placed at my service.”

Many of these photographs require a magnifying glass to bring
out their detail.

My friend Dr. Dean, of Boston, U.S,, sent me some very perfect
photographs of sections of the medulla oblongata, taken with the
low powers. These are by far the most perfect photographic illus-
trations of structures from the higher animals that I have seen.
(*“ The Grey Substance of the Medulla Oblongata and Trapezium,” by
John Dean, M.D., Smithsonian Contributions to Knowledge, 173.
Washington, 1864.) These photographs were also successfully
printed by photolithography. Dr. Duchenne, of Boulogne, also ob-
tained some very successful results with anatomical structures, and
M. Rouget has employed the same means in the ordinary way and
stereoscopically, to illustrate some of his views in minute struc-
ture. g

In 1865, Dr. A. Helwig, of Mayence, published his work on the
Crystalline Forms of Alkaloids, and their Sublimates, &c., illustrated
by a large number of photomicrographs. Dr. Moitessier has also
adorned his book on photomicrography, “La Photographie Appli-
quée aux Recherches Micrographiques, 1866,” with three photograph
plates of various objects.

Dr. Draper, of America, employed for many of the plates in his
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wc?rk on Anatomy and Physiology woodcuts from photographs of the
microseopic objects, and Dr. Herapath, of Bristol, adopted a similar
method for his paper on the Spicules and Plates of Synapta, pub-
lished in the Quarterly Journal Mic. Science.

Photography has been used by Dr. Maddox to illustrate a paper
presented to the Royal Society, June, 1867 ; the photographs being
made from an aquatic Larva whilst living.

Many anatomical specimens, however, cannot be copied by
photography, especially if they be very thick. The yellow colour
of the tissue in most instances precludes the possibility of making a
photograph of it, as the transmission of the light is so much interfered
with ; and this is an especial objection in the case of injections
viewed as transparent objects, for the tissue intervening between the
vessels is often so yellow that these intervals in the photograph
become as dark as the vessels themselves. My friend Dr. Julius
Pollock has nevertheless succeeded in obtaining for me some very
tolerable copies of injections of the distribution of the ducts in the
liver. By practice, doubtless, many improvements in the process of
taking photographs of such microscopic objects would be effected.

When only few copies of a work are required, the researches may
be very cheaply illustrated by taking photographs of drawings. A
large drawing of the object must first be made in the manner

~described in p. 27. From this a negative reduced to the proper

size 1s taken, from which any number of copies may be obtained.
In this manner I have illustrated my memoir on the anatomy of the
liver, with upwards of sixty illustrations (The Anatomy of the
Liver, 1856). The results were not so satisfactory as they might
have been, but as all these prints were prepared at home with very
limited appliances, very good prints could not be looked for. When
many copies of a work are likely to be required, this mode of illus-
tration is not applicable, as the original cost of engraving would soon
be covered ; but when only a few copies of a great number of draw-
ings are wanted, this plan possesses decided advantages.

From the great success of Mr. Walter Woodbury’s and Mr. Swan’s
process of carbon printing, and the facility with which large numbers of
prints can be produced, there seems every chance that the cost of illus-
tration will be materially lessened, and greater permanence secured.

324. Iumination.— Different modes of illumination have been
employed. Mr. Delves has used sunlight. Mr. Shadbolt, in 1852,
tried some experiments with artificial light, and succeeded satis-
factorily with a small camphine lamp. Mr. G. Busk employed
gaslight from an argand burner in 1854 ; and in November of the
same year Mr. Wenham states that, although with the use of camphine
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and gaslight he was dissatisfied, yet the succession of electric
sparks (about 100), from a small Leyden jar of 3o inches coated
surface, gave actinic rays of sufficient intensity to produce a good
impression on a sensitive collodion plate. Mr. Wenham, how-
ever, upon the whole gave the preference to sunlight. Mr, Howlett
also used sunlight, and condensed it from a plane mirror or solar
reflector by a six-inch double convex lens. The Rev. Mr. Kingsley
with a special apparatus used the hydro-oxygen light and a screen
of esculine. Mr. Bockett, in 1862, tried diffused daylight, allow-
ing in some cases an exposure of from four to eight minutes.
Dr. Maddox, in 1864, succeeded, by using the brilliant light emitted
on the combustion of magnesium wire (14 inch) held in the flame
of a small spirit lamp, and condensed by an ordinary condensing
lens. Mr. Durham also now uses gas and daylight illumination very
successfully,

APPARATUS,

Two modes of arranging the apparatus have been devised. In
the first, the ordinary compound microscope is placed horizontally
in connection with an ordinary camera by inserting the eye-piece
end (the eye-piece being removed) into the brass setting of a well-
made portrait combination (the lenses having been removed), and
the aperture around the body of the microscope perfectly closed by
any simple method, as a card cap or cone of black cloth or velvet
attached to both.

In the second, the ordinary microscope is dispensed with, the
obiective, stage, and mirror being adapted to the front of a well-made
camera in the place of the usual combination ; proper arrangements
being made for holding the object, supporting the mirror, and adjust-
ing the different special parts. The pocket microscope described in
p. 14, may be adapted to the camera. :

325. Camera with Object-Glasses and Stage adapted to it.—The
apparatus used by Mr. Delves was brought before the public by
Mr. Highley, and very much perfected by him. This form of
apparatus attracted considerable attention at the late International
Exhibition. M. Duboscq also exhibited this arrangement. It seems
to meet most requirements for moderate distances, but demands
especial outlay. Mr. Highley has lately introduced further improve-
ments, which make his apparatus still more perfect. Se pl. LI, fig.
329

32G. Mr. Wenham's Arrangements without a Camera.— M7,
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Wenham dispenses with the use of the ordinary camera, and yet
attains its purpose most completely with sundry advantages. He
advises a room to be selected having a window or aperture with
free access to sunlight. This is closed by a shutter having a hole
about 3 inches in diameter ; upon the outside of this aperture is
arranged a solar reflector or plane mirror, in such a manner as to
be capable of being worked round its centre at the necessary angle,
on the outside, by passing the hand through another hole in the
shutter to the margin of which a flexible sleeve is attached. The
microscope body is arranged horizontally on a table or bench, so
that its axis corresponds to the centre of the aperture. The stage
with the object slide clamped on it in proper position, is placed near
this aperture on the inside, the light around the stage being shut off
by a piece of black cloth. On the bench a vertical stand, consisting
of a board with a heavy base, is placed at any desirable distance from
the eye-end of the microscope; this board is supplied with two
“under-cut fillets” to hold the sensitised plate when ready. The
mirror is first properly arranged so as to throw an equal illumination
on the vertical frame-board, a card being previously placed in the
exact plane to be occupied by the prepared plate. The image is
now focussed on the card. Supposing the operation of exciting the
plate to be done in the same room, sufficient light for the purpose is
admitted through a small pane of yellow orange non-actinic glass let
into the top part of the shutter. When ready the card is removed
and placed against the open end of the microscope tube, so as to
cut off all light through it, the plate is drained and placed on the
vertical frame, the card quickly lifted and replaced against the end
of the tube in periods varying, according to the time of exposure
necessary, from part of a second to half a minute. The time required
will vary according to the quality of the light, the sensibility to it of
the collodion or other material used, and the facility with which the
actinic rays pass through the object. :
Mr. Wenham enumerates several advantages combined in this
method. The length of base-board is limited only by the dimensions
of the room. The ease with which any object can be included in a
definite space. Facility in focussing--a means of so placing the
card or sensitised plate at any angle to the axis of the microscope
that the surface may be made parallel to objects lying a little out of
one plane, and by having a series of paper stops at hand, parts
situated in planes, slightly removed from each other, can be focussed
and impressed alternately. Then while the first part is being im-
pressed, the other part is stopped off, this is then stopped off, the
other part focussed and its image allowed to fall in its turn on the
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unaffected portion of the prepared plate. Again, the thicker and
thinner parts of the same object may be exposed for different periods
of time, by which a uniform intensity may be obtained in spite of
the variable transparency of different parts. >

For the low powers the plane mirror, but for the }-inch objective
and higher powers some form of condenser is used, as a bull's-eye
lens, about 3 inches diameter. But for the finer forms of objects,
as diatoms, the bull's-eye lens is to be combined with a condenser
of the form proposed by him in April, 1861, for his binocular micro-
scope. ‘This consists of a set of three plano-convex lenses varying in
diameter from about 1l inch to 1 an inch, placed near to each other
with their flat surfaces towards the object. These combined possess
a very large angle of aperture. The small lens being made separable
from the others, a large field of illumination could be obtained for
the lower powers.

327. Brevet Lieutenant-Colonel Dr. Woodward's Method.— This
will be a suitable place to introduce the plan adopted by Lieu-
tenant-Colonel Dr. Woodward, at the Army Medical Museum, U.S.,
and which we quote nearly verbatim from the British Journal of Photo-
graphy for October 1zth, 1866, *A camerais not used, a dark
room being found most convenient. The operating room has two
windows, through one of which just enough yellow light 1s admitted to
permit the movements of the operator. The lower part of the other
window is occupied by a shutter about fourteen inches high, on
which the blackened sash shuts down light-tight. In this shutter is a
round hole an inch and a-half in diameter, from the inner side of
which a brass tube of the same diameter projects into the room. On
the outer side of the hole is a rod about twelve inches long, on the
extremity of which the microscope mirror is duly centered. Two
steel rods attached by hooks to the mirror and passed through the
shutter, permit its position to be adjusted by a person standing
inside of the room, without opening the window. A Silbermann's
heliostat standing on a shelf just outside of the window, throws
the sunlight steadily upon the mirror. Within the room a frame of
walnut, ten feet long, is placed on a firm table perpendicular to the
window. The microscope stands on the end of this frame next the
window ; its mirror is removed, being replaced by that outside the
shutter. The microscope is placed in a horizontal position, and the
tube carrying the diaphragm or the achromatic condenser fits into
the tube projecting inward from the shutter, by which the sun’s
light reflected from the mirror outside is admitted. A black velvet
hood covers the parts about the stage and objective of the micro-
scope, and thus prevents the leakage of lizht into the room.
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“The plate-holder is moveable backward and forward on the
walnut frame on which the microscope stands, its maximum distance
from the stage of the microscope being nearly nine feet.

“To permit ready focussing at distances greater than the length of
the arm, a wooden rod three fourths of an inch in diameter and
capable of easy rotation runs the whole length of the right side of the
frame. The milled head of the fine adjustment of the microscope is
grooved, and a grooved wheel in the end of the rod permits the two
to be connected with a band. 'The operator standing at any part of
the frame can therefore manipulate the fine adjustment by simply
turning the wooden rod in his fingers. The arrangements of light,
position of object, coarse adjustment, &c., are made by the operator,
who stands by the microscope, which has a suitable eye-piece
adjusted, and observes the object in the usual way ; afterwards re-
moving the eye-piece and going to the plate-ltolder, the final focus is
made by means of the wooden rod, the image being viewed with a
focussing glass on a piece of plafegiass held in the same frame which
is to receive the sensitive plate.

““The cell containing the ammonio-sulphate of copper hangs out-
side the shutter over the hole by which the light is admitted. It not
only excludes the unnecessary illuminating rays, but prevents danger
to the objective from the concentrated solar heat, and permits the
eye of the operator to view the objects about to be copied without
fatigue or injury. Latterly a plate of alum has also been used to
exclude solar heat, especially during any temporary removal of the
ammonio-sulphate cell. The chemical processes employed are well
known to all photographers. With the above apparatus, it has been
found that the best defined pictures are obtained when the distance
employed with any objective does not exceed three or four feet.

“The achromatic concave used as a substitute for the eye-piece, is
a combination of somewhat more than half an inch transverse diame-
ter, and about 28° angle, constructed like the objective to focus the
chemical rays. It increases the magnifying powers of the objective
about seven times. It has been found to perform well with both the
1th and y%th.

¢ In photographing the soft tissues or other objects in which illumi-
nation with parallel rays produces interference lines, the ground glass
is to be placed between the mirror and condenser. Of course there
is considerable diminution of light, but this can be overcome for the
higher powers by condensing the sun’s light on the ground glass by a
bull's-eye, or other similar contrivance. If the interference lines as
seen by the eye do not disappear with one thickness of ground glass,
two or more may be used.” i
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Dr. Woodward, besides these explicit details, in the same article
has laid down the following principles :—

“1, To use objectives so corrected as to bring the actinic rays to
a focus.

2. To illuminate by direct sun light passed through a solution of
ammonio-sulphate of copper, which excludes practically all but the
actinic extremity of the spectrum.

3. Where it is desired to increase the power of any objective, to
use a properly constructed achromatic concave instead of an eye-
piece.

4. To focus on plate glass with a focussing glass instead of on
ground glass.

5. With high powers to use a heliostat to preserve steady illumi-
nation.

6. Where an object exhibits interference phenomena when illumi-
nated with parallel rays, as is the case with certain diatoms and many
of the soft tissues, to produce a proper diffusion of the rays by inter-
position of one or more plates of ground glass in the illuminating
pencil.” -

Dr. Woodward sent me photographs of a part of a frustule of
Pleurosigma angulatum taken by him. The original negatives were
obtained in the one case by Messrs. Powell and Lealand’s ;%th, and
magnified to 2,344 diameters; in the other case, by a Lth, made by
Mr. Wales, of Fort Lee, New Jersey, and used with his achromatic
concave magnified to 2,540 diameters. Both of these negatives were
afterwards employed to procure positives, and from these, by one en-
largement, the enormous magnitude of 19,050 diameters. The former
gave, if anything, rather the sharpest picture, especially in the centre,
the latter the flattest field with most excellent definition. The
slight advantage in sharpness, attributed to the 4%th, Dr. Woodward
considers to be due to the chemical process employed. These nega-
tives were taken on collodion prepared plates, and the exposure
given was seven minutes. They certainly speak directly to the excel-
lence of the plan adopted, and the skill and patience of the operators,
Drs. Woodward and Curtis.* When we consider the number of reflect-
ing and absorbing surfaces and materials we may be prepared for
his lengthened exposure. It remains then to be tested whether by
adopting other plans we may not get rid of some of the expensive
parts of the apparatus, namely, the heliostat, and Dr. Maddox is now

* Dr. Woodward in a letter to Dr. Maddox, March 25th, says, *a still more
perfect instrument is being constructed under the superintendence of Dr.
Curtis,” and in a letter dated June 1gth, testifies to its great superiority and
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experimenting in this direction, by means of a solar microscope. He
finds on an ordinary collodion sensitised plate, bath in good condi-
tion and iron developer, the exposure with a ith, and achromatic
concave, a large plane silvered mirror, a 3 }-inch diameter and
8 {-inch focus condenser, and a single pair of plano-convex con-
densers with a large central stop, the time necessary for a negative of
Pleurosigma angulatum magnified 2,500 diameters was under strong
sun light in December go to 110 seconds, in May 70 seconds for
Pleurosigma formosum. He attributes much of the lengthened expo-
sure to this 3th being made with 4 sets of lenses, the front a single
lens. With an excellent {th with three sets of lenses and an achro-
matic concave, made for him by Mr. W. Wales, of Fort Lee, New
Jersey, U. S, especially for photographic purposes, the time of expo-
sure 15 rather less; and with a triple condenser 35 seconds in June,
for Pleurosigma angulatum magnified 3,000 diameters using the am-
monio-sulphate of copper cell. From a short experience with this
instrument, both with and without the ammonio-sulphate of copper
cell, he thinks a prism either after the plan used in his smaller
camera arrangement or as adopted by M. Neyt and Count Castracane
preferable to a mirror for illumination with the high powers. To
adapt this objective to ordinary use, Mr. Wales supplies a separate
back set of lenses to replace the photographic set, which answers
well, the workmanship in the construction of the mount being most
- perfect.

There is every reason to suppose the very valuable invention of
Mr. Wilde, in magneto-electricity might be most successfully em-
ployed for this purpose ; perhaps the lamp invented by Mr. Larkin,
for consuming powdered metallic magnesium mingled with sand and
allowed to fall in a stream through a small lighted jet of hydrogen
gas. Whichever plan may be selected, the chief object is to have the
intense light necessary, emanating from a small surface, so that it can
be more successfully brought to a focus by a condensing lens or sil-
vered reflector, singly or united. At the end of this part attention
is directed to the use of magnesium wire, &c. The Rev. St. Vincent

efficiency over the arrangement described. Since the above was written, Dr. Mad-
dox has received from Lieutenant-Colonel Dr. Woeodward for publication, an
important illustrated paper, in which he gives the results of some experiments
made to test the value of the actinic rays emanating from a flint prism at the violet
end of the spectrum, as compared with the illumination from a silvered mirror,
the rays being transmitted through a cell containing & solution of the ammonio
sulphate of copper. Considerable advantage is shown in favour of the latter plan.
The test, however, does not decide the question as to the advantages of a con-
densing prism, or an ordinary silvered mirror, but Dr. Maddox has always con-
sidered that the former affords the best results. —Sz Appendix to this work.
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These apertures are numbered according to the inches 1, 2, 3, &e,
from the frame, and thus are of service to note the distance at which
the sensitised plate is placed from it or from the stage. Memoranda
being kept, the same ranges can be easily repeated. The draw
chamber of the camera has its own focussing screw which is of
use occasionally, but it is not necessary.

Two diaphragms of blackened stout card are placed within the
chamber of this elongated camera, one near to the vertical frame or
at the junction of the bellows part with it in front, and the other is
placed in a grooved frame, that slides in a wide cut made in the
inner surface of the underside of the draw part of the camera. This
frame holder takes diaphragms with various sized apertures, according
to the dimensions of the image of the object or the glass plates
employed. Shding this forward or backward in the camera alters the
relative size of the field according as the camera is used expanded
or closed. The camera is either dead-blackened, or lined with black
cotton velvet, and the tube of the microscope inside is well covered
with. optician’s charcoal black, or lined with black velvet, which is
better.

The mirror or prism is set on a separate arm fixed to the base
board in a line with the stem of the microscope, so that the axis
shall correspond with the axis of the objective. The apparatus can
be put together very quickly, or kept ready for use, and is of a size
that permits of its being moved about easily, without being too cum-
bersome for one person ; and it possesses considerable firmness.

The microscope portion can be supplied by any form of micro-
scope that will take the horizontal position, and permit the eye-piece
end of the body to work through the central aperture in the front of
the bellows-chamber, provided means are taken to effect rigidity, and
completely shut out the outside light around the aperture when
working the rack for the coarse adjustment.  But preference has
been given by Dr. Maddox to a tube shorter than the usual body
of the ordinary microscope, which sometimes narrows the field too
much when the camera is nearly closed on the vertical frame. The
tube consists of two parts, one an inch in diameter fixed to the arm,
the other 1} inches in diameter, that slides through the aperture in
the door. On the open end of the latter fits a dead blackened brass
cap, from the inside, with a slight internal projecting ledge, which
acts as a diaphragm with a large opening.

The description will be more easily understood by a reference to
pl. LIII, which represents the instrument partly in section. The
camera, “rhe:n drawn out to its full range, exhibits this objection : the
operator is obliged to withdraw the head from the focussing screen

R 2
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angled head-piece is brought afmast to touck the shutéer, and the light
around the upright piece excluded by a thick curtain. The micro-
scope, which is @ /Aeawvy onme, is placed horizontally, and depending
from the screw. Fastening the arm of the instrument to the rack, is
a stiff piece of flat brass, pierced at its lower part to support the end
of a rod suspended beneath the base-board, and provided at the end
with a grooved pulley of the same diameter as the milled head of
the fine adjustment, which is also grooved, a small endless band
connecting them. The depending piece passes through a slot cut
in the base-board, equidistant from the sides, and permits the rack of
the coarse motion being worked, or the movement of the microscope
backwards or forwards, the rod following it. This was the plan
recommended in the last edition. The rod 1s placed beneath the
board to be out of the way, and not to interfere with the traversing of
the frame which carries the screen or sensitive plate. This frame is
made with a heavy base the width of the board, and has side clamping
screws. By means of a central pin, between the two parts which form
the heavy base, it is capable of slight rotation on its vertical centre,
to compensate for any want of parallelism in the parts right and
left of the object, or for stereoscopic negatives. The square frame
is hinged to the top of this base, to allow of slight motion forwards
or backwards, being supported at the sides by two brass struts which
have a clamping pin on each side. To arrange for glasses of various
sizes, two bars undercut slide up and down the uprights of the frame
and can be fixed at any distance apart by clamping nuts. The
motion of the frame will often help to secure a perfect parallelism
with the object on the slide. The screen may be either plane finely
ruled plate glass, a collodion prepared washed plate over which a
little albumen or tannin has been flowed, or the plate employed
occasionally by Dr. Maddox ;* or the plate may be prepared as has
been recommended for ordinary camera purposes by Mr. M. Carey
ILea, of Philadelphia (whose contributions to the British Journal of
Photography are marked with much originality and utility). Thin
well-boiled starch is filtered through muslin, then poured to the
depth of the tenth of an inch on to a clean polished plate of glass,
set level, and allowed to dry spontancously, but quickly. It must
not be put in a drawer, for fear of it drying too slowly and the
surface being irregular.  Or, as in Mr. Wenham's method, p. 236, the
image can be examined on a card, held as the glass screen or
sensitised plate, by two springs from the transverse sliding bars.

* Some closely filtered stale milk, either with or without a little weak solution
of gelatine, poured on a plate of glass set parallel, and dried quickly,
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after the other, to be placed on the end of the tube of the microscope
arranged vertically, and thus secure small but very perfect represen-
tations for future enlargements, or for being viewed in the stereo-
scope. He also speaks highly of the objectives @ limmersion; a
drop of distilled water being placed on the cover of the slide and
the front lens focussed into and through the fluid, by which means
the refraction occasioned by the thin cover is avoided. The sur-
face of the lens is not to be wiped, but the water blown away. By
continental microscopists these lenses, especially those made Dy
M. Hartnach, have been very highly spoken of. Dr. Moitessier also
employs an ingenious method for rendering opaque objects with the
horizontal microscope and low powers. The object is placed on the
stage of a small vertical microscope, and the light thrown on the
object by a small plane mirror from above, which receives the solar
rays, after having been converged from a larger mirror, by an
achromatic lens ; this and the small flat mirror are supported by, and
slide on, an upright stem, to meet the necessary adjustments. The
objective is attached to the end of the microscope tube at right angles,
a prism with total internal reflection being fixed at the junction.

The focus is obtained by the rackwork acting on the small stage.
For very low powers or securing the enlargement of only a few
diameters, as in injected specimens and entire insects, a small
portrait combination is attached to the microscope tube, and the
prism placed in front of it at right angles.

331. Arrangement of Drs. Abercrombie and Wilson, — [rs,
Abercrombie and Wilson, of Cheltenham, have met with great
success with artificial illumination. These gentlemen use a
blackened base-board 8 feet in length; the focussing box of an
ordinary camera with its focussing screen, the microscope and
illuminating apparatus being all kept in a straight line by side
strips of wood. The microscope is moveable on a sliding board
and can be clamped at any distance, or the camera box and micro-
scope made to approach or recede from each other singly or together.
A couple of strips of blackened wood are attached to the eye-piece
end of the tube of the microscope, and brought slightly diverging to
the top of the camera. The whole of this part being covered with
black velvet, pile inwards, and well secured from outside light at all
parts, especially round the tube of the instrument, The base-board
can be set on any steady table or support. The focussing screen is
of glass covered with collodion, sensitised and covered with a
solution of tannin. The draw tube of the microscope, if any, is re-
moved and the tube lined with black velvet. The correction for the
want of concordance of the actinic and visual focus is effected by
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with much roundness of the objects, but the definition, as might
be expected, does not quite equal, in some of the finest markings,
prints obtained from sun negatives. However, all u.f the general
characteristic appearances of the objects are exceedingly perfect.
Great simplicity in the apparatus, and the immense advantage of
useful illumination in all weathers, are most favourable recommenda-

tions.
332, Of the INumination: Sunlight: Monochromatic Light:

Polarising Apparatus.—Both sunlight and artificial light have been
used. Dr. Maddox, with the majority of observers, gives the pre-
ference to sunlight in all cases, and nearly always uses some f«::lr_m of
condenser. He usually dispenses with the mirror, and substitutes
one of Abraham’s achromatic condensing prisms, placed at such a
distance from the object (if used alone) that its rays should cross
just before reaching it. Otherwise the intense heating power at
the vertex of the cone of rays would cause considerable danger to
the object, and might even uncement the lenses of the objective
of the higher powers, especially when the object is only enclosed
between two pieees of the thinnest covering glass, and the focus very
close. The prism he seldom employs alone, but places in the tube
at the back of the stage a condenser. A small Coddington lens
about 15° angular aperture, served him in the earlier part of his
experiments. This was made to slide nearer or farther from the
object. Latterly he has used Sollitt's achromatic condenser, as
furnishing a larger field and more free from spherical aberration.
This condenser, as described by the originator, consists of two
achromatic lenses with their plane surfaces turned towards the object,
and of 2 and 4 inches focus respectively, placed at the distance of
one and three quarters of an inch apart with a diaphragm between
them. The four-inch focus lens has a diameter of 1}-inch, the two-
inch focus lens a diameter of 4 of an inch. Here then we have a
body of light, and a field beautifully illuminated when used either
with the plane mirror or the prism. A series of diaphragms slip into
the cap covering the small lens, which 1s tumed towards the object.
Sometimes Dr. Maddox employs an achromatic doublet of about 22°
aperture, or an achromatic condenser of larger angular aperture.
Although theoretically the angular aperture of the higher objectives
is narrowed by these moderate apertures, practically the intensity of
the illumination appears to compensate in a remarkable manner, as
is shown by the perfect delineation of some of the figures in the
frontispiece. The common plan is to use as a condenser the
objective next below the one used to render the photographic image ;
but if any form of solar condenser be employed by which the rays
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mirror. These are placed at such distances apart that the two foci
meet when the convex surface of the plano-convex lens is turned
towards the mirror, pl. LIV, fig. 337.

Dr. Woodward’s plan has been already adverted to in p. 237.

Dr. Moitessier gives the following method :—the parallel rays
from the solar mirror are received on a bi-convex lens and conveyed
to the other extremity of the tube holding the lens, in which, shdes
by rack and pinion a smaller plano-convex lens. According to the
position of the latter, the emergent rays are rendered either parallel,
or diverging if placed beyond the principal focus of the large lens. If
placed within the luminous cone before being brought to a focus the
rays are rendered more convergent, and this forms the general
arrangement for high powers. If the small image of the sun thus
formed be made to coincide with the surface of the object to be pho-
tographed, the phenomena of interference from diffraction are avoided,
but this involves an alteration in the respective distances apart of the
lenses for different objectives, or the same objective altered in its
focus to correspond with any deviation in the distance of the screen.
He likewise substitutes for the small condensing lens, a diverging
one placed within the focus of the large lens to procure a cone of
concentrated parallel rays. These can be again rendered convergent
by a small lens. He also receives upon finely ground glass the con-
verging rays from a large condenser with a longer focus at some
point before coming to a focus. This circle of light then becomes
a radiant for the small condensing lens. Thus there is much less
diffraction, and although the time of exposure is considerably in-
creased, the plan meets the general requirements. The drawings
represented in fig. 338, pl. LIV, will illustrate these different
methods.

The mode adopted by the Abbé Count Castracane is to allow the
solar rays to be refracted by a large prism, with a dispersive power
capable of giving a wide spectrum before falling on the condensing
lens ; a diaphragm being interposed to allow passage only to the rays
from the blue end of the spectrum. In this way homogeneous light,
in which the actinic power is chiefly situated is obtained, the defects
arising from chromatic aberration are avoided, and a more perfect
definition results.

Dr. Maddox found when using the blue cone of rays formed by
Abraham’s achromatic prism, a great tendency in the object, if
very thin and transparent, to be confounded with the field, and the
negative to be useless for obtaining positives for the lantern. Care is
required not to employ any form of sub-stage condenser of a flarger
angular agerfure than the objective in use. In practice a saving of
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In the ordinary Wollaston doublet the chromatic aberration is
not corrected, but this does not cause any serious difficulty, as by
varying its distance, the blue or chemical end of the converging cone
of rays can be used to furnish a field of bluish light. Some con-
siderable care is needed in the adjustment of the condenser, which-
ever kind be employed, so as to equalise the illumination and avoid
sun spots when the mirror is used. Mr. Traer got rid of these by
making the distance between the object and concave mirror rather
more than its focus. The chief aim is to have the full amount of
light that will furnish a distinct image on the ground glass. Some
make their focal arrangements in the objective, illuminating the
object with daylight or a less intense illumination than 1s to be
used in taking the photograph. Dr. Maddox found that in deing this
he seldom secured the best focus, therefore he prefers to focus in
sunlight condensed upon the object, using an examining eye- piece.

In using the golarising apparatus for the production of photo-
graphic images in some objects which from their great transparency
and delicacy are not well rendered in the ordinary way, or some
detail lost by using common light, a little care 15 required. The
polarising prism is as usual placed beneath the object, the analyser
directly over or behind the objective, and the best appearance
sought by the rotation of the lower prism. Mr. Thos. Davis, who
has furnished in the Microscopical Journal for the years 1863
and 1864, many details connected with the application of photo-
graphy to delineating delicate crystals, states that he finds when the
object appears best illuminated by the ray which has been reflected
from the mirror and transmitted through the polarising prism, the
image in the camera was often only partially distinct, and needed a’
readjustment of the mirror to procure an image that would develope
uniformly. He employed a No. 1 eye-piece, and magnified some
of the crystals, as tartar emetic to so diameters, tartrate of soda,
sulphate of copper and magnesia, and santonine to 4o diameters.
Excellent woodcuts from these photographs were given in the
Journal to illustrate his observations. To these I must refer the
reader.

333. Artificial Light.—Mr. Shadbolt many years ago obtained
some beautiful photographs by lamp light. A small camphine or
paraffin lamp was placed so that the flame was in the axis of the
microscope. A plano-convex lens of about 11 inch diameter with
its flat side to the lamp, and a second smaller one of about 1 inch
in diameter a:nd 3 i‘nchv:s Jf‘af:ht:usE were arranged so as to concentrate
the rays of Elght wn?mut forming an image of the flame, pl. LIV,
fig. 336. The first is placed at such a distance from the lamp as
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to make the rays converge slightly, and the other at a point where
it will include all these rays and (in using high powers) the achromatic
condenser, so that the lens may fall well within the cone of rays. In
employing low powers the object is made to come within the cone
of converging rays. The distance of the lamp from the nearest lens
to it, is best determined by the quality of the illuminated field, which
should be equally bright, nor should the light enter the objective at
a greater angle than its own angular aperture. To examine the
image thrown on the ground glass of the camera, Mr. Shadbolt used
a Ramsden's positive eye-piece.

Mr. T.egg, in 1859, made use of artificial light from a camphine
lamp, concentrating the diverging rays by a two-inch bull's-eye lens
placed near to the source of light, and a second bull's-eye lens about
three inches in diameter at a distance of an inch from the first, by
which, with the 2-3rds and 4-roths object-glasses, he could obtain
images at 3 feet, in periods varying from 3 to ro minutes.

Mr. Parry, in making use of artificial light, placed a plano-convex
of 1} inch focus with its plane side towards the object about one
inch from it, and four or five inches from an argand gas burner. (The
light from an argand paraffin lamp is preferable to gas.) To increase
the flatness of the field, he fixes behind the posterior lens of the
1-inch combination, an achromatic stereoscope camera lens with its
flat surface towards the objective. The advantage of the brilliant
light produced by the combustion of magnesium wire is referred
to in p."27s. :

334. Of Foeussing.—Much care is required in focussing, A plan
adopted by some is to use a simple lens set as a watchmaker's loupe
in a card or wooden tube of such a length, that when placed at the
near surface of the ground glass screen, the focus of the lens exactly
corresponds to the opposite or ground side. Others employ an
ordinary photographic focussing eye-piece. The best is the positive
eye-piece, for should the others not be truly set, there is danger of
the focus catching the image either before or behind the screen,
unless some form of compound microscope be employed, with its
focus set to the exact thickness of the screen.

335. Of the Object-glasses.— Fach objective, as furnished by our
best opticians, is generally sent out not as a phetographic object-glass,
but as a microscopic objective, and so skilfully have errors which
arise from the thickness of the thin glass cover and non-achromaticity
of the eye-piece been compensated for, that the illuminated field is
without sensible colour, and the edges of objects destitute of chro-
matic fringes. To accomplish this, the objective is left what is termed
“ over corrected.”
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When the photographer employs these objectives, more especially
the low and middle powers, he generally finds that either his prepared
sensitised plate must be moved further away from the plane at which
the best visual focus was found, or else he must withdraw his objective
a slight distance from the object, and bring the chemical focus to its
compensating point for the amount of “over correction” that has
been given to it by the maker. This is not a fixed sum, and may
vary in different object-glasses furnished by the same optician, when
of equal magnifying power, or even ground on the same tools. In
the construction of some of the lower powers a plan has been adopted
which, at the sam= time that it does not detract from their optical
perfection, places the chemical variance at its lowest mean. In the
higher powers, as from Lth upwards, the difference between the visual
and chemical foci is so small that it is seldom regarded, except in
the most delicate work ; but here the disturbance occasioned by the
cover of thin glass placed over the object, requires the adjustment
between the two posterior combined set of lenses, and the anterior
pair, triple or single lens, to be made with the greatest nicety, as has
been strongly advocated by Dr. Wilson, It is not possible to deter-
mine beforehand the amount of alteration in focus needed, and a
series of trials will be necessary to establish what adjustment is
requisite. ~ The best plan is to select an object that has a slight
thickness, with parts at a distance from one another, lying in three
or four different planes. Set the objective to the best focus in the
microscope, then place it in the camera; focus sharply for the part
of the object nearest, and in the negative which is taken, observe if
this part corresponds in definition, or if not, which plane of the object
appears the sharpest. Let us suppose the furthest plane; then
observe, by re-focussing, how many divisions of the milled-headed
screw have been turned through to bring this part into as perfect a
focus as was originally the nearest plane. This will give the variation
for that objective under similar circumstances, and should be noted.
If employed with the shallow eye-piece, to increase the magnifving
power, with the loss of some definition, a different adjustment may
be required. Mr. Shadbolt undertook a series of experiments for his
objectives, of Messrs. Smith, Beck, and Beck's make, when he em-
ployed artificial light, and which he gives as follows :—

The 1} inch object-glass to be withdrawn .!;th of an in.
The %I’d th LE T'!iﬁ‘ 1
The 4th " = B - 4

These can only be regarded as guiding marks for others. To
obviate this great inconvenience, Mr, Wenham, to whom we owe
much for the perfection of the binocular microscope, with his usual
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the lens not have been carefully corrected by a back lens, for the low
powers, as previously advised, proceed to make the necessary allow-
ance, which experience has determined, by turning back the screw of
the fine motion, the number of divisions or parts required as marked
on the milled head. If not known, commence the experiment as
before stated, p. 255, and note the particulars. A card covered with
black cloth or velvet, with its lower edge turned at right angles and
deeply notched, is now rested on the stem of the microscope against
the end of the achromatic condenser, facing the prism, and this latter
protected by a thick fold of chamois leather from the sun’s rays.
Care must be taken that neither surface of the prism is soiled by
vapour or finger marks ; nor must the concentrated sunlight be per-
mitted to remain longer on the object than is actually required in
focussing, or it may become uncemented, and if not injured, it may
slip completely out of the field.

This apparatus, if used in the open air, could have the micro-
scope end to move instead of the camera, but this method is very
inconvenient, when used near an open window, from the difficulty at
times to place the prism outside the plane of the window or in its
best position.

If the higher powers be used, needing the screw adjustment for
the correction of the error introduced by the thin glass cover, we
find it best to make this as nearly as we can when examining the
object in the microscope, then testing, with the collar set to that
figure, the image on the ground-glass screen. If the image here
seems moderately sharp, under the best focussing, a trial is made by
shifting the collar a very little and watching the appearance of the
image ; sometimes a very trivial alteration will bring out fine mark-
ings much more distinctly ; the focus, if this be the case, will also
often require readjustment; but before making this, it will perhaps,
if only trifling, be as well to test a plate, when, should the negative
be found defective in the parts most sharply focussed, try another,
withdrawing the objective by the milled-headed screw. It is often
in this way that the qualities of an objective are rendered evident.
It sometimes becomes very troublesome to ascertain these points
for a variety of objects and covers. Assuming that the plane of
the greyed *glass screen, and that occupied by the sensitised plate,
are séricily alike, if the second image be out of focus, test again with
the apparent necessary change learnt from a close examination of
the negative, and the image on the screen. When once correctly
found, note the division of the screw collar and the distance in inches
at which the camera stands fixed by the pegs, and seen by the figures
on the guides, as necessary for that objective used at the same
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free from any particles likely to be carried on to the plate by the
stream (the finger is commonly passed over these parts to clear them
away), pour the collodion with a steady flow on to the plate, a little
nearer to the left hand than its centre ; while flowing, depress the
lower and upper left corners, gradually, to bring the collodion fairly
to their edges, at the same time that the pool is beimng increased by
pouring, and then lower the plate to flow the fluid to the right further
corner, and pour off at the lower one into the bottle, resting the sides of
the angle on the lip, and rocking it to keep the plate slightly inclined ;
drag off, as it were, the lower part against the neck of the bottle,
close it, and hold the plate horizontally by the pneumatic holder for
10 seconds to half a minute, or even more, according to the setting
quality of the collodion ; if this be slow, it will be better to rest the
holder on some flat place or shelf, that the warmth of the hand may not
cause unequal evaporation, Once seeing this operation well done is
better than a lengthy description. Detach the plate from the holder
and place it on the fluted glass or silver wire dipper, to be plunged at
oné gradual stroke into the nitrate bath. Here it is allowed to remain
for one minute, then raised and lowered several times so as to wash
the surface well, and permitted to remain in the bath for one or two
minutes longer, when the dipper with plate is to be steadily withdrawn;
the plate removed, and rested by its lower edge on a pad of clean
blotting paper, the dipper returned to the bath, and the back of the
plate wiped with a pledget of clean rag, being gently steadied by the top
corners between the thumb and fingers of the left hand, which must be
dry and clean. Open the back of the plate frame, pl. LIV, fig. 331,
and place with the right hand the plate ito the frame, which should
be dry and free of dust, face downwards, close the back, cover the
frame with a large piece of black calico, carry its lower edge down to
the apparatus, and rest it against the wall or table. Re-adjust the
prism, remove the focussing screen, having glanced at the image on it,
set the covered card against the achromatic condenser, pass the slide
holder under the focussing cloth, into the position of the greyed
screen ; Jift cargfully the shutter of the frame, the hands being under
the cloth :—let all remain for a moment or two that vibrations may
cease, snatch away the card without shaking, and replace it quickly,
allowing a period from half to twenty-five or thirty-five seconds for the
image to be impresssed ; the time must be learnt by practice ; close
the shutter gently, withdraw and replace the frame in the cloth, pass
the focussing screen into its place, again snatch away the card and
observe the image, then cover the prism and return with the slide
holder to the dark room, and proceed to develope the picture. The
reason for the re-observation of the image is, to see if the object and
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and pour on again ; repeat this several times, just holding the plate
in the intervals between the eye and lamp, to judge of the increased
intensity, which, when 1t appears sufficient, should in the darkest
parts permit the flame of the lamp or yellow window, to be just
seen through. Now wash well with water, finish with a little soft
water ; with a small towel wipe the back, and set the plate to drain
in a plate rack, attaching to the lower corner a small piece of blotting
paper, or the plate can be dried off at once over the lamp. It is
sometimes difficult to judge of the real intensity gained under this
treatment, when the image is observed by yellow light, therefore,
after the flowing over of the iodide of potassium solution, the re-
mainder of the operations can be conducted by the direct light of
the small lamp, or any moderate diffused light.

Should the development have been carried a little too far, or
should the fine transparent markings appear thickened or clouded,
before setting up the plate to drain, flush it with a mixture of
equal parts or the cyanide and iodide solutions and distilled water,
then well wash. Under this treatment many of the minute spots and
half-toned points become remarkably brightened. Some prefer to
intensify before using the cyanide solution, by, first, under non-actinic
light, after the iron developer has been e/ washed from the plate,
pouring on the pyro solution, with a little alcohol, returning it to the
developing glass, then adding the mixed silver solutions and repouring
on and off the plate, until the image has been brought up to the
necessary intensity, when it is to be well washed, and then treated
with the hypo-fixing solution or the cyanide. Or the operator may
proceed to intensify after well washing off the iron solution, after
clearing by cyanide or hypo solutions, using the pyro and silver
solutions, without the previous use of the iodo-iodide of potas-
sium solution. The fixing solutions are returned to their vessels
(short wide-mouthed bottles or jugs are convenient), and can be
used over and over again, adding a fresh quantity as occasion may
require ; but the cyanide solution must not be left exposed, for
it soon loses cyanogen, and the vapours are deleterious. Keep the
hands continually wiped in these operations. If the plate, after the
application of the iron solution and cyanide solution, have the appear-
ance of under exposure, the image indistinctin detail—or of being over
exposed, the image of a too dark and uniform character throughout—
or of being out of fu.::us-it will not be worth while to proceed to further
devclt.:rpe it : wash it and carry it to the llight, examine it with the hand
magnifier, as some pa}'t, l.'mt that specially fuf:uased, may appear the
sharpest and serve .t{:- indicate the alteration required on re-focussing,
If any extraneous light should have entered, through defects in the
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weak mucilage or gum water. In this case care must be taken to
well dry the plate prior to varnishing, as gum is to a small extent
an absorbent of moisture.

In the journals and manuals on general photography various
methods are set forth to endeavour to procure by one operation
sufficient intensity to print from. Mr. M. Carey Lea strongly recom-
mends gelatine soaked, the water poured off, then acted on (without
heat in all the operations) by sulphuric acid, the acid to be taken up
by the gradual addition, when cool, of clean iron filings or thin iron
wire, and the excess of acid finally removed by the acetate of soda.
Others have proposed the solution of gelatine in acetic acid or
nitric acid and the addition of this, from a few drops upwards, to
the ordinary protosulphate of iron or ammonio sulphate of iron
developer, without the acetic acid (Dr. Towler's method). Some
use honey or a little albumen added to the pyro-acetic and silver
solution for the same object.

346. Varnishing the Plate—\When the plates are dry, clean off
the edges with a damp cloth held on the forefinger nail, wipe well
the back, and hold the plate before a clear fire until moderately
warm to the back of the hand ; take it by one corner and pour on
the varnish (Soehnée is very good). Allow it to flow freely over the
surface and remain for half a minute or less on it, then pour back
the surplus into the bottle from one corner, not rocking the plate ;
let it drain a little, then hold the plate towards the fire vertically,
the edges from which the varnish was poured being downwards, and
wipe them with a piece of rag or tissue paper to prevent a thickened
line being formed and extending inwards as the plate dries. If
intended for enlarging, it is far better not to varnish the plate in
any way ; but to prevent the surface from being injured, it may be
flowed with weak albumen, then dried, and plunged into a dish of
alcohol as advised by some.

347. Of Cleansing ©ld Plates.— The soiled and used plates can
be cleaned by the fresh use of washing soda ; those varnished should
be allowed to soak in a very hot strong solution of this substance,
or rubbed with a pledget of tow dipped in nitric acid ; or treated
by Mr. M. Carey Lea’s method. If they are to be used again
they must be cleaned with great care. :

The third stage in the manipulation closes with the production
of the image on paper, technically called Printing.

PRINTING.

The negative, if it be preferred, can be handed to a professional
photographic printer, who, however, should be acquainted with the
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allow them to remain for five or ten minutes, occasionally stirring
them about, and relay another set. They are now ready for toning,
Some plunge them into water and change the water several times,
but in this case the backs are wetted and the unchanged nitrate or
chloride of silver admitted into the pores of the paper, which is not
advisable. Before placing the prints in the toning solution it is as
well to let them drain against the sides of the dish, if of small size ;
if larger, to at least wipe over the front and back with a glass rod,
s0 as not to pass them into the toning bath in a very wet state.

Sometimes the printing is better if conducted in a north light, or
under ordinary daylight instead of sunlight, according to the character
of the negative,

349. Toning | Solution.— The toning solution is prepared as
follows :—

8 drachms of distilled water.
74 grains of chloride of gold.

If not likely to use the solution within a moderate period, 1 drop
of hydrochloric acid is to be added to the above solution, which
must be kept in a stoppered bottle in the dark.

Pour one drachm of the gold solution into a clean developing glass
or measure, and add one ounce of distilled or soft water. Into
another clean glass vessel put half an ounce of soft water, and
5 grains of bicarbonate of soda. Part of the soda solution 1s to be
added to the gold gradually, stirring during the time. The solution
is to be tested with blue litmus paper. The addition of soda solution
is to be cautiously continued, until the paper is no longer reddened.
A drop or two more of the soda is then to be added, and the
neutralised solution of chloride of gold poured into a clean small
flat dish, and mixed with about 8 ounces of soft water. Set this
near to the window screened by the yellow curtain or glass. Re-
move the washed and drained prints from the dish, and pass them
into the toning solution. Here they are to be kept in motion: as
they appear to darken, just lift the curtain aside and note the tint
they have assumed by daylight, but they must not remain exposed
to the light any time, or the white parts will be injured. The other
dishes should likewise be attended to and covered over with a sheet
of paper to keep the light from them. When the prints appear to
have the desired tint, from a warm brown, through neutral tint to
nearly black, begin to remove the most toned, wipe them with the
rod and pass them into a dish of clean water. The quantity of the
toning solution prepared, must be in proportion to the size and
number of prints, about 1 grain of gold to one full sheet of paper.

350, Another Toning Selution.—One grain of chloride of gold,
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articles in the developer, or following its re-application, as honey,
raspberry syrup, &c., or the image when cleared by cyanide of
potassium or hyposulphite of soda and well washed, toned by a gold-
toning solution.

If to be taken on a wet plate, a proper copying camera or two
draw cameras are commonly used : the negative, face towards the
interior of the camera, is placed in the ordinary camera slide, and
this inserted in its place and opened. A portrait combination is
fitted to the opposite end of this camera if the negative is to be in any
way enlarged,—if not to another camera, and the front lens made to
face the negative ; the two cameras are then fixed face to face, and
" the light around the aperture of the lenses and the junction with
the additional camera, made absolutely light-tight : the cameras thus
fixed to any board are placed so that the negative faces a north
light ; by means of the rack and pinion of the combination, and
the draw-part of either or both cameras, a sharp image of the
negative is to be formed on the greyed glass of the second camera,
and then received as in the ordinary manner on the prepared plate :
a short exposure only is needed. It is as well to lLimit the field by
placing a piece of thick black paper with the necessary size or
shaped aperture in it, on the back of the negative before placing it
in the elide; care should be taken to secure the negative in its
position in case of accident. Or a copy can be made by placing
the negative in a vertical frame supported on a table near an
open window, and a large white card or mirror placed a little
distance, at an angie behind it, so as to illuminate the surface
equally by transmitted light, and the ordinary camera used as in
copying engravings or pictures, care being taken that the reflected
light from the screen is not thrown into the lens as well as
transmitted through the negative. A proper copying camera is
the best. In enlarging, some employ a special reflector, when the
position of the negative must be arranged with care. The positive
thus obtained can in its turn be made to furnish a second negative
of a similar, larger, or smaller size.

As these photographs abound in delicate detail, an oxy-hydrogen
or electric lantern with achromatic lenses is necessary for their proper
display. The lantern and arrangements for producing the light
are shown in plate LV, fig. 341. The lantern should be made of
old seasoned mahogany, so that warping may not be produced by
the very intense heat of the lime light. Behind the spring stage,
which carries the photographic slide, M. T. T. Taylor has placed a
combination of lenses, 3% inches in diameter, called “the con
denser.” (See paper in Reports of the British Association) The
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PLATE LWV.

Oxyhydrogen lantern, with fan bag, ko, an arranged by WMr

Highley for throwing the photofraphs of
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right to work as he likes—to praise any processes of investigation
which he believes to be advantageous and condemn those he con-
siders objectionable.  Unfortunately, however, some anatomists
endeavour to disparage the means of research which they cannot
or will not employ. There are observers who will not admit that
the simplest and only efficient manner of introducing fluid into all
parts of a tissue is to inject it by the vessels, and there are indi-
viduals who will maintain that those appearances can alone be
trusted, and accepted, as matural appearances, which result from
observations upon tissues immersed in water.

It is indeed most certainly true, that nothing is gained by sub-
jecting specimens immersed in water to the highest powers. No
wonder, therefore, that authorities who entertain this opinion should
assert that high powers are useless. But it has been distinctly proved
that water alters many tissues extremely, and completely destroys
some of the most delicate textures. Its limpid character renders it
impossible to fray out ‘many delicate tissues immersed in it, or to
subject them without complete destruction to the amount of pressure
sufficient to make them thin enough for observation with high powers.
Notwithstanding all this, not a few observers still use water and
solutions of which water is the principal ingredient, and refuse to
adopt or admit any principles opposed to this plan. Not content
with working on in their own way, some of these observers do all
they can to underrate the importance of observations made upon any
other principles.  If anyone makes out new points of structure by
any new method, all that an authority who differs has to do in order
to upset his views, is to state that /z has not been able to see the
structure described. If an awthority simply denies the existence of
what he has himself been unable to see, he is but too often implicitly
believed, although he may not have taken the pains to try the only
method of investigation by which the appearances in question could
be seen. Some writers without having ever seen points of structure
described by others, and without denying the truth of their obser-
vations, content themselves with intimating that the new notions are -
not likely to be true, because ““such an arrangement does not exist
in the corresponding tissue of a particular animal closely allied to
the one in question,” which they have elaborately studied.

Only recently an article has appeared in a well-known journal, in
which it is asserted, as an argument against the employment of high
powers, that all the important discoveries in natural history and
anatomy have been made with the aid of powers which do not mag-
nii}: more than the quarter of an inch object-glass (200 diameters).
It is only necessary to remark that the writer of this remarkable
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of the tube of the microscope being increased considerably in
length. By a working glass, I mean one that can be employed with-
out great trouble or difficulty, and does not require any elaborate
arrangements with regard to illumination, adjustment, &c. In fact,
it works fairly even without a condenser of any kind, the common
concave mirror being alone used. There is plenty of room for
focussing, although, of course, specially thin glass or mica must be
employed. I have made and published many drawings of tissues
of the higher animals magnified with this glass, and it need scarcely
be said that, as it can be brought to bear upon textures of this class
(even bone and teeth), thin sections of which are obtained only with
great difficulty, it must be readily applicable to other departments of
microscopical enquiry. Object-glasses of very high magnifying power
have been more recently made by other makers. Hartnack’s high
power immersion objectives are among the best on the continent.
An objective of high magnifying power (a twentieth) with a single
front lens was made three or four years ago by Messrs. Smith and
Beck. The magnifying power is about one third less than that
of the twenty-fifth, and it appeared to me that the definition was
not so good. The amount of light admitted was ample. It is,
however, exceedingly difficult to express in words the merits of one
glass as compared with another, and there can be no doubt that an
observer who has used one glass very much, especially if he has
made new observations by its aid, is almost of necessity prejudiced
in its favour. I confess that, unless I had worked with an objee-
tive for a considerable period of time, I could not express a
decided opinion as to its qualities. The difference between the
working powers of the glasses of the best makers is, at most,
very slight, and not to be demonstrated without the most exact and
careful examination. At the same time, it is certain that the slightest
advantage in defining power ought not to be underrated, for it may
enable the observer to see some scarcely perceptible, but neverthe-
less most important, points not observed before, and in some
instances the very slightest advantage of this kind may necessitate a
complete alteration in general views up to that time received as true, -
and even considered to be fixed and unalterable. Improvement in
the means of observation is of the utmost importance, and, however
slight, is almost invariably soon followed by the discovery of new facts,

357. * Immersion ¥ Twenty-fifth. — As already stated in p. 6,
Hartnack, of Paris, has made some excellent lenses of high magni-
fying power upon the “immersion” principle. Messrs. Powell and
Lealand have recently made a twenty-fifth object-glass upon the
same plan. It possesses the following advantages :
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lens as before mentioned gives an excellent quality of light, but less
intense than Kelner's eye-piece.

In using these condensers, it is most important to employ the
direct light from the lamp. The microscope and lamp are to be
arranged as represented in pl. LVI, fig. 344. I cannot explain why
the illumination should be so much better than when the mirror is
employed, but I am sure that the quality of light produced 1s much
more favourable for minute observation.

I have tried both the lime and magnesium lights, but they are not
suitable for microscopical observation, the glare being too great, and
the arrangements necessary inconvenient and troublesome, while
paraffin, which can now be obtained everywhere without any difficulty,
gives most satisfactory results at perhaps 45th of the cost.

My friend, Mr. W. E. Kilburn has much increased the illumi-
nating power of the paraffin lamp by causing a stream of oxygen gas
to play around it. The gas is contained in a small bag which is
placed under a weighted board. A piece of fine India-rubber tube
connects the gas bag with a small pipe by which it is conducted just *
outside the wick of the lamp. _ :

262, Method of Increasing the Size of the Image without Altering
the Object-Glass.—Supposing the limits of magnifying power of the
object-glass to have been reached, there are yet methods by which
the dimensions of the image may be greatly increased. The eye-
piece may be changed for a deeper one, or the distance between the
object-glass and eye-piece may be increased. In practice, I have
found that the latter plan is so much more advantageous that I now
never use a deep eye-piece.

The 4% objective being applied,—when the tube is increased in
length, so that from the lowest glass of the object-glass to 'Lhﬂ. eye-
glass of eye-piece, the distance measures 24 inches,—the magnifying
power corresponds to upwards of 10,000 diameters : when the !ength
is 20 inches—to about 6,000 : 15 inches—to about 2,600: 11 mch:?s
to about 1,800. When the tube is thus increased in length, there is
often some reflection from its interior which renders the image mt_iis-
tinct, an inconvenience which may be remedied either by incre?s!ng
the diameter of the microscope tube to about 2§ inches, or by lining
the ordinary tube with black velvet.

363. Of Drawing Objects magnified with very High Powers—
In delineating the appearances observed, I never represent a struc-
ture more highly magnified than is necessary to bring out the points,
but I have found that as I improved my method of preparation,
p. 290, 1 desired higher magnifying powers, and I am qu'itc certain
that great advantage will be reaped when powers far higher than
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200 diameters, will increase the image at this point to 215, and my
7gth, instead of magnifying about 1,600 diameters, increases the
image of the object to 1,800 diameters. By increasing the length
of the tube of the microscope between four and five inches, I obtain
an amplification amounting to 3,000 diameters, and the 2. of an
inch becomes upwards of three inches in length, p. 287. The tube
of the microscope bears increasing four or five inches in length even
with the fiftieth, and in this way I have been able to see points in an
object which I had failed to observe when using the twenty-fifth,

In plates LVII, LVIII, LXI, LXIII, some coloured figures
are given. These have been produced by a double printing.
Several different hues may be obtained without difficulty as in litho-
graphic colour printing, but in printing large numbers, it need

scarcely be said block printing is much cheaper than lithographic
work.

NEW METHOD OF PREPARING SPECIMENS FOR RESEARCHES WITH
THE AID OF THE HIGHEST MAGNIFYING POWERS YET MADE.

It has long been my opinion that real advance in our knowledge
of minute structure depends mainly upon improvements in the
methods of demonstration. Experiment has proved that the arrange-
ment of the elements of the tissues of man and the higher animals in
the recent state is not to be made out by examination in water, serum,
vitreous humour, and other solutions usually employed for this
purpose. In very many cases the refractive power of the tissue and
other physical characters interfere with the clear demonstration of its
structure. In the controversy concerning the arrangement of nerves
in voluntary muscle, an independent reader would not fail to notice
that different plans of demonstration had been employed.* This, in
some measure, explains the great discrepancy of the results arrived at.
It is also to be noticed that those who deny the truth of facts stated
by previous writers, have not in all cases adopted the method of in-
vestigation recommended by them.

In my first paper upon the distribution of nerves and muscle, I
stated that the arrangement there described could not be seen unless
a particular process of preparation was followed, yet my opponents
have not adopted the plan pursued by me, nor even considered the
principles upon which its success depends, Nay, although I strongly
insisted upon the importance of injecting, partly for the purpose of
ensuring the preservative fluid being distributed equally to all parts
of the tissue, and partly to prevent the possibility of vessels being

# S ' An Anatomical Controversy,” Archives of Medicine, vol. IV, p. 161.
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tures thus preserved in syrup to the precise extent required for
further minute dissection, and even very hard textures may thus be
softened, so that by gradually increased pressure and careful manipu-
lation, exceedingly thin layers can be obtained without the relation
of the anatomical elements to each other being much altered, and
without any of the tissues being destroyed.

3G%. The Carmine Fluid for Staining Germinal Matter.—The
composition of this fluid has been already given in p. 109, where also
will be found the directions for making it. This fluid will be re-
quired to be made stronger or weaker in particular cases and great
advantage sometimes results from diluting it with alcohol. The
quantity to be added to obtain the best results can be ascertained by
trying a few experiments.

The length of time required for staining the tissue successfully
varies much. Some tissues are coloured very slowly. Fibrous tissue,
bone and cartilage, even in very thin sections, will require twelve
hours or even more, but perfectly fresh soft embryonic tissues, and
very thin sections of the liver and kidney, thin sections of morbid
growths rich in cells, may be coloured in half an hour, while the
individual cells of the above structures, placed on a glass slide,
may be coloured in less than a minute. I have often coloured the
germinal matter of the fresh liver cell iz a feww seconds, by simply
allowing the carmine fluid to flow once over the specimen.

368, Glycerine and Syrup.

1. Weak common glycerine of about the specific gravity roso.

2, The strongest Price's glycerine that can be obtained.

3. Syrup made by dissolving, by the application of a gentle heat
in a water bath, 3 Ibs. of sugar in a pint of distilled water. A weaker
solution can be prepared, as required, by mixing equal parts of syrup
and water.

Although I have found syrup of great value in many special
enquiries, I cannot recommend it for general use, in consequence of
its liability to be invaded by numerous fungi, whiclr often destroy the
specimen.

369. The Injecting Fluld.—For injecting the finest capillaries in
specimens which are to be mounted for the highest powers, I have
found a slight modification of the original Prussian blue fluid, the
composition of which is given in p. 93, fulfil all the requirements. The
following mixture has succeeded admirably in my hands, and I there-
fore recommend it strongly. It penetrates to the finest vessels, and
may even be forced into developing capillaries which are only in
part pervious. It never forms a deposit. The specimens injected
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fifth. The process of flattening may be pushed still further if
desirable,—and if only carried out very slowly by gentle taps or
careful pressure with the finger and thumb, from day fo day, the
elements of the tissues are gradually separated without being
destroyed. If there be much connective tissue, which interferes
with a clear view of the finest nerve or muscular fibres, it may be
necessary to immerse the specimen for some days in the acetic acid
syrup, and then transfer it to fresh glycerine, :

The sucoess of this process depends upon the care and patience
with which it is carried out. The most perfect results are obtained
in cases where the washing, pressure, and warming have been very
slowly conducted, and it is most interesting to notice the minute
points of structure which are gradually developed and rendered
clearer by the repeated application of a gentle heat, subjecting the
specimen to a little firmer pressure or by further soaking in a little
fresh glycerine placed in a watch-glass.

Specimens of tissue prepared in this way can be transferred from
slide to slide, and no matter how thin they may be, after having
been allowed to soak in fresh glycerine they may always be laid out
again perfectly flat by the aid of needles upon another slide.
The action of these viscid fluids is most valuable, and I feel sure
that by the process here given,—the principle being retained but
the details modified in special cases, many new and important
anatomical facts will be discovered.

The process of preparing the papille of the frog’s tongue is
precisely the same. Small pieces of the mucous membrane being
removed by sharp scissars, they are transferred to glycerine, subjected
to the same very gradually increased pressure, until the individual
papillze are themselves slightly flattened. It is possible from a spe-
cimen to remove a number of the separate papille on a needle point,
transfer them to glycerine or to the acetic acid syrup, and then mount
them for examination with the ¢;th object-glass All the points I
have described and figured in my paper (Royal Society, 1864) may
then be demonstrated in several papille, pl. LXIII, fig. 389.

Thin sections of brain, spinal cord, &c., may be subjected to the
same process for examination with the highest powers. The speci-
mens illustrating my paper on ‘ Indications of the paths taken by
the nerve currents as they traverse the caudate nerve cells of the
spinal cord and encephalon,’ published in the Proceedings of the
Royal Society, July, 1864, were prepared in the manner already
described, but they were soaked for some months in a weak glycerine
solution of acetic acid. The most delicate preparations retain their
characters for many months, and some for several years, so that in
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may be examined by the highest magnifying powers yet made,—by
which statement I mean, of course, to imply that more may be leamnt
by the use of such high powers (1,000 to 3,000 linear) than by em-
ploying ordinary object-glasses.

35%. The Preparation of Embryonic Tissues for Examination
with very High Powers.—Contrary to general opinion, many of the
softest textures may be investigated with the greatest faality after
having been soaked in strong glycerine. In preparing these, the
same steps which have been described in p. 300, must be carried out,
but the glycerine used at first must be weaker, and its strength must
be very slowly and gradually increased. Ova, at a very early period
of development, can be prepared according to the principles indicated,
and many important facts in connection with the first steps in the
formation of tissues demonstrated with accuracy.

Some objections have been advanced by Dr. Ransom to this plan
of investigation as applied to the gzarian ova of fishes. Dr. Ransom
says, that the ammonia “dissolved the germinal vesicle and its
contents.” Upon experiment, however, I found that so far from this
being the case, numerous nuclel were displayed, and many new facts
not to be demonstrated by examining the ova in water, were dis
covered. In pl. LVIIIL, figs. 345, 346, have been capied from
Dr. Ransom’s paper, while the remaining figures were taken from my
own specimens. Se my paper, published in the Trans. of the Mic.
Society for July, 1867, from which pl. LVIII has been taken.

Embryos of various ages may be injected with the Prussian blue
flaid. The pipe cannot be tied in the vessels, as they are extremely
soft. But if it is simply inserted, much of the injection will run
onwards into the capillaries, and the escape of a certain quantity by
the side of the pipe is a matter of no moment.

It is often advantageous to harden the tissue slightly by the addi-
tion of a little of the chromic acid glycerine solution, p. 297. When
once the tissues have been fully permeated by glycerine, they may be
dissected and manipulated in a manner which before was impos-
sible, p. 294.

In the same way, extremely soft textures, like those of which the
acalephz or jelly fishes are composed, or that delicate tissue entering
into the formation of the vitreous humour of the eye of man and the
higher animals may be prepared ; and all the masses of germinal
matter, or nuclei, which are very likely to be passed over in ordinary
methods of examination, most clearly demonstrated. The most
delicate infusoria and the germs of these and of the lower plants
may also be thus prepared and preserved.
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white blood corpuscle, pl. XXXIII, fig. 215, is another example of

germinal or living matter which is invariably colourless and which as
is well known exhibits slow movements. The ameba which is
represented in pl. XL, fig. 254, consists of living matter, and
in its active state exhibits movements in every direction. These
movements I consider to be wial movements for all attempts to
explain them by physies and chemistry have signally failed.

The character of germinal or living matter can be studied very
readily in the amceba. These low forms of living beings are gene-
rally found in great numbers in water containing a little decomposing
vegetable matter. If carefully examined under the ¢5th of an inch
object-glass the amceba will be observed to alter in form. At various
parts of the circumference protrusions will be observed. The pro-
trusions consist of the material which forms the basis substance of
the amceba, It will be observed that this moving material is
perfectly transparent and in it no appearance of structure can be
discerned. It is true that granules and foreign particles may be
seen embedded in it, but the matter in which the motor power resides
is perfectly clear and transparent. Motion is communicated to the
solid particles by the movements of the transparent living matter.
Under certain circumstances the movements cease, and a change is
observed to take place upon the surface. The outer part of the
amceba becomes condensed, and thus formed material results which
protects the remains of the living matter within.

Z81. Th::- Conversion of Living Germinal Matter into Formed
Material.—The external surface of a mass or particle of germinal
matter in contact with air or fluid° becomes altered. In plain
language, the living matter upon the surface dies, and according
to the conditions under which death occurs, different substances
may result. These may be solid, fluid, or gaseous. They may
be soluble or insoluble in water. They may be soft or hard,
coloured or colourless. They are formed, and their formafton is in
great part due to the relation which the elements of the living matter
were made to assume towards each other, during the living state.
This relation is definite, so that from the same kind of living matter
under similar conditions the same formed substances result. The
very same elements which lived in the living matter, always enter
into the composition of the formed material.

The mode in which the formed material is produced will be
understood by reference to fig. 355, pl. LVIL. In @, & and ¢
both germinal matter and formed material are undergoing increase.
In fig. 356 the mass of germinal matter is dividing in the substance
of soft formed material, a portion of which surrounds each of the
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which is a layer of formed material or lifeless matifer varying in thick-
ness in different cases, but which has in all resulted from the death of
pariicle after particle of the first,

That the formed material is deposited as I have described is
proved by watching the changes which oceur in such a structure as
ordinary mildew, represented in pl. XLI, fig. 259. The various
drawings of mildew, in different stages of growth, are careful copies
from nature, and should be attentively studied with the aid of the
explanations. &

The germinal maitter which in some of the plates 1s known by its
granular appearance, and in others by its being coloured red, 1s in fact
the only active part of the cell. Nothing can be said to /ze which does
not consist of germinal matter, In pl. LXIII, fig. 393, and in pl. XLI,
fig. 257, are represented some growing muscular fibres. The masses of
germinal matter are large and well-formed. The so-called nuclei of the
nerve fibres ramifying among them also consist of living or germinal
matter. In tendon, and various forms of fibrous tissue, the so-called
‘nucleus’ is the germinal matter, and the fibrous matter 1s the formed
material (see pl. LVII, fig. 369). So also in cartilage the same simple
distinction can be made. The so-called ‘mtercellular substance' or
“matrix,’ figs. 367, 368, is no more intercellular than the so-called
‘wall’ of an epithehal cell is infercellular.®

In young tissues the proportion of germinal matter to the
formed material is invariably very great—compare the young nerve
cells, represented in pl. LXVIII, figs. 410, 411, with the fully-formed
nerve cells in pl. LXVII. Also observe the relative quantities of
germinal matter and formed material in the young, and advanced
cells, represented in pl. LVII, figs. 358, 359, and 360.

382. Of the Nature of * Irritation” and * Inflammation.”—
Let us now consider the wonderful effects which ensue from
a change of the circumstances under which the “cell” is placed.
Suppose the hard formed material which interferes with the access
of pabulum to the germinal matter to be ruptured, or softened
by the action of fluids, so that pabulum may more - readily
come into contact with the germinal matter—what happens ?
The latter increases. It absorbs the nutrient matter, and may
even take up the softened and altered formed matter, which was
itself produced from germinal matter at an earlier period. These

stages are seen in figs. 361, 362. In fig. 363, the original

*# ¢ Of the formation of the so-called intercellular substance of cartilage and

of its relation to the so-called cells.” Transactions of the Microscopical Society,
March, 1863.
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surface (cell-wall). d. Same as the last, but with a new centre of
growth (nucleus), now comparatively quiescent, but capable of
assuming active growth, appear- 8§
ing in the germinal matter. If¢ @
were exposed to unfavourable a
conditions the whole would be de-
stroyed, but under similar circum-
stances the nucleus of 4 might
alone resist these influences,
and the conditions becoming
favourable, would grow and pro-
duce new elementary parts, although of the original mass all but
this small portion of the germinal matter had been destroyed. & Thick
layers of formed material, the whole of which were at one time in the
state of germinal matter. /. Secondary deposits commencing to appear
amongst the germinal matter, as fatty matter is precipitated amongst the
germinal matter of the fat vesicle. g. Afurther stage of the same process.
%. Separate masses of secondary deposits, as in the starch-holding
vegetable cells. 7 Deposition of formed material or secondary
deposit in successive layers on the inner surface of the original
capsule, spaces or intervals in which currents are continually setting
in opposite directions during the life of the germinal matter, being
left. 4 Germinal matter and formed material which is granular, the
particles of which are becoming resolved into several substances, as
takes place in the elementary part of the liver (liver cells). Z For-
mation of fibres from germinal matter. . Germinal matter belong-
ing to and taking part in the formation of the walls of a tube. 3

385. False Cells can be made in many ways, and some so closely
resemble certain natural cells that it would be difficult or impos-
sible from mere microscopic examination to distinguish one from
the other. This has led a number of observers to conclude that the
cells formed in the living body are produced in the same way as these
false or artificial cells. These erroneous conclusions have received
considerable support, and they have been advanced in favour of the
dogma lately forced into considerable notoriety that the formation
of all living things is due to physical and chemical operations
only.

It is really most remarkable that in these days clever men can
be found who will waste their time in attempting to prove that the
“cells” of which the textures of living beings are made up are
formed by physico-chemical operations alone. The general state-
ments which have been made have been refuted over and over
again, and yet each one who advocates this view, of course with
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matter or cells take no active part in the formation of the matrix.
But no one who holds this doctrine has attempted to explain by
what means the pabulum becomes altered as it passes through the
walls of the vessels and is changed in its composition so as to resemble
the existing cartilaginous texture lying in the intervals between the
masses of germinal matter.

It is quite certain that nothing having the composition of cartilage
exists already formed in the blood ; and indeed those who teach that
the process of nutrition is of the nature above indicated, are driven
to attribute mysterious transforming powers either to the lifeless
vascular walls, or to the equally lifeless tissue itself. It would be as
unreasonable to attribute transforming powers to lifeless wood, or
glass, or stone, as to fibrous tissue, cartilage, bone, &c.

It will have been observed that according to my view the
changing transforming powers reside in the germinal matier alone,
The facts advanced by me in 1861, concerning the nature of the
germinal matter have not been overthrown. I have endeavoured to
show, not that the germinal matter acts upon matter which passes by
it and so changes it without undergoing change itself, but that every
kind of formed material and tissue passes through the condition of
‘germinal matter, and that therefore in the formation of fibrous tissue,
cartilage, &c., pabulum from the blood is taken up by the germinal
matter, becomes germinal matter and in its turn is gradually resolved
into the matrix or intercellular substance.

The existence of germinal matter defore the production of formed
material; the continuily of the germinal matler with the formed material
in tissues in process of development; the circumstance of no case
being known in which formed material is produced without germinal
matfer ; and the demonstration that fluids will pass through a com-
paratively thick layer of formed material, and reach the germinal matter
in the course of a few seconds,—forced upon me the conviction that
pabulum invariably passes to the germinal matter, and that it, or at
least some of its constituents, undergo conversion into this living
substance, and acquire its properties and powers, while at the same
time other portions of the germinal matter lose their active powers,
and undergo conversion into formed material.

So that pabulum invariably becomes germinal matter, and the
germinal matter, not the pabulum, is converted into formed material.
I have been accustomed to state these facts as follows :—Calling the
germinal matter which was derived from pre-existing germinal matter
@, the pabulum 4, and the formed material resulting from changes in
the germinal matter ¢, I say & becomes a, and @ becomes converted

into ¢, but & can never be converted into ¢ except by the agency,
v
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Be readily removed. Fig. 370, pl. LVIIL, will give an idea of the
changes which take place during the process above referred to.

OF VITAL POWER.

884, @f Eife—The zifel processes of growth, formatien, and
waultiplication mever occur urless germinal matter with its marvellous
vital power is present. The formed material may be regarded as a
product resulting from the collision of internal za/, and external
Pphysical forces. It, therefore, awes its properties partly to the changes
occurring in the matter when in the living state, partly to the external
cenditions present when the matter was undergoing change, that is
2t the moment of its death.

I have tried te account for, by physics and chemistry, the
changes which take place in tke living or germinal matter, as far as
can be ascertained by microscopical observation, but like all who
Rave hitherte attempted to explain vital phenomena in this way, have
signally failed. I have therefore framed an hypothesis in the hope
that it may aid me in attempting to account for the facts. I suppose
that a peculiar agency or force compels matter to assume temporarily
the pecaliar state characteristic of all living germinal matter, but of
Lving matter alone {according to my definition). I venture to call
this zital pewer. Although in the present state of our knowledge
we can perhaps form no positive conception of the real nature of
this wonderful power, any more than can be formed of the nature of
gravitation, heat or electricity ; by studying the phenomena we gain,
it seems to me, very strong arguments against the view now very pre-
valent that vital power is but a peculiar mode or form of ordinary
force, or corresponds to what we call the peculiar grapersy of each
different inorganic substance, by virtue of which it exhibits a con.
stant crystalline form, a definite specific gravity, manifests a certain
characteristic behaviour towards other substances, &c. Vital power,
it is true, is only manifested under certain conditions which are
fixed and definite. though very different for different living things ; but
is 1t necessarily a result of the influence of those conditions on inor-
ganic matter? We are unacquainted with all the conditions absolutely
necessary to life ; but is it not almost certain that the external con-
ditions, whatever they may be, might exist for any period without
any form of life whatever being manifested ?

Some will say,—vital power must be another mode or forim of
ordinary motion, because there is nothing else in nature that it can
be. There is, it will be said, but one power capable of giving rise
to the phenomena we term zifa/, and this is foree of some kind or
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and purposes as dead as it would be if the individual itself were
deprived of life. | The formed material of the living cell is dead.
The only part of the living cell and the living organism which is
alive, is the germinal matter. Nothing can be regarded as alive or
living but germinal matter in which vital changes alone take place.
The phenomena of imbibition, osmose, &c., in cells, even the contrac-
tion of muscles and the action of nerves, are probably in themselves
physical actions, although they were immediately preceded by, and
are probably the direct consequence of actions purely vital. But for
the vital phenomena those physical actions could never have occurred
in the precise way in which they did occur, nor effect the purpose
they did effect. Were it not for the vital actions, osmose, muscular
contraction, herve action, &c., would of course soon cease, and could
not be resumed unless the conditions were all re-arranged as they
were before. The formed material in which all these changes occur,
could not have been formed without the previous manifestation of
vital phenomena. We may go backwards as far as we can, but
we. shall always find vital actions concerned in bringing about the
condition of things necessary for the particular physical and
chemical changes which occur subsequently.

It will be asked if in nutrition the lifeless pabulum swddendy
becomes living germinal matter, and if the latter suddendy dies, and
assumes the condition of formed material. Tt is generally taught
that the elements of the former are gradually built up to form the
tissue, and that the living body gradually passes into the condition of
death. :

I daresay I shall find little favour in these days of implicit belief
in continuous and uninterrupted changes and gradual transitions,—
but all I can learn compels me to hold that the change from non-
living to living and from living to dead is sudden, that there is no
transition state whatever,—that matter is either living or non-living,
and that no intermediate state is possible. The germinal matter
itself is probably not in any one part capable of being measured,
entirely living, There is matter which has lived, matter living, and
matter which is about to live, but I imagine that the very instant the
lifeless atoms come within the influence of the vital power of a living
particle, they cease to be lifeless and live ; and, on the other hand,
the instant external conditions interfere with the continuance of the
changes occurring in the living particle, it dies, its atoms rush
together in a certain way to form a definite compound which thus
suddenly comes into existence, and may remain as it was formed, or
continue to undergo further chemical, change, or become resolved
into a number of new compounds,
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PLATE LXVI,

¥ Dingram o expinin the author's view of the rlrr-'tl’-n-::Tl'-f_“llr of tho
finest nerve fibres commposing the "net works,” 4 6, Gar k-hordered
and fpe nerve tranks,

Fig. 401. Fig. 409,

A ;

1]

[ 1 |

F;:-l?ti?n ﬂ-fm-‘lﬁd nﬂt‘:;r}?":;& Dingram to phow poamble sélation of fibres from catdats narvs cella of the apinil cord,
pRratus showing sub-divi- and fitres from cella in gangiia. as, for example, the gandiin on the posterior roots. a is
miom of dark-bordered fibrs mppoasd 1o ba the periphery ;. the cell nbowe § ona of those in the ganglion. The thres
at centee, a, and pariphery b, candate colls resemble those in the grey matter of the cord, medulla cblongata, and brajn.

i, 403. Fier. 404,

Dingram to show courne of nares
fivres in branch trunks,

Diagram of thres papillee from the frof’s tongue, to showr the arrangemeont of
Each papilla la connscted with ita nalghbenrs by commls
saral fibres, an well ns with the nervous cenbee

tha perve Obres

[Ta follaw PL. LXV.
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