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9 EXORDIUM.

than at present : since the publication of Adams’s book
nothing of the sort has been seen in printin this country.
Observers with the new instruments must be content to
derive the necessary information concerning the manage-
ment of them from the artists by whom they are fabricated,
or from the periodicals aforesaid; but experience has
constantly shewn that nothing short of writlen and specific
directions are sufficient to enable individuals of ordinary
calibre to make these instruments do their best. For
example, I do not believe that out of ten observers with
Amician reflectors, more than one could be found at this
present moment fully capable of causing that admirable
instrument to put forth its whole mettle ; nor are those who
use the compound aplanatics, or even single microscopes,
much more skilful, as far as I can judge from my own
experience : they usually take it for granted, that their
instruments will do any thing and every thing under the
necessary favourable circumstances; but these they are
frequently unable to command at will. It must not be
concealed that the difficulty of demonstrating many test
objects satisfactorily is very considerable, even with the
best microscopes, and perhaps exceeds that of separating
the most refractory double star, or catching a glimpse of
the faintest object in the heavens, with a telescope.

My peculiar province in the present work will be the
instrumental department and the test objects. I shall do
my utmost to communicate all the experience and tact
which I have acquired to my reader, and shall add to, ab-
stract from, change, alter, and improve the various tracts
I have already written, as the subject may require; or
I shall give entirely fresh matter.

Mr. Pritchard undertakes the department of natural
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task which would at least require time and patience for its
completion ; but if, in addition, the said person was to be
removed to a distance, so that the artist could only see him
with a powerful telescope, and had to follow his motions
as well as he could, and be content to catch a glimpse
of him crossing his field of view now and then, according
to the humour and good pleasure of the said individual,
I think the worthy limner would begin to think that after
all there was some difliculty to contend with.

Now this case I conceive to be an exact parallel to that
of drawing living objects with a microscope.

Their incorrigible restlessness so baulks and baffles the
artist, that he is frequently compelled to lay down his
pencil to regain his lost temper, and fresh courage to pro-
ceed: in many cases his best resource is to study the
object ill he has got all its features by heart—then to set
them down on paper—study again, and gradually correct
them ; by the time he has made half a dozen rough sketches
he will get pretty near the truth: he may then commence
a regular drawing. 1 can safely say that I have drawn
many of my objects five or six times over before 1 could
arrive at my portraiture. I have heard a great deal about
shutting one’s eyes after having made an observation, and
drawing from the impression left on the retina. This, 1
suspect, is better in theory than in practice, and it is
evident that, unless the object is stationary, the last im-
pression must be so confounded with the preceding ones
that no distinct image can be left,

But it will probably be asked, why 1 did not kill my ob-
ject before I drew it, instead of giving myself all this
unnecessary trouble? 1 answer, that I never could make
a drawing to my mind from a dead aquatic larva or insect.
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my neighbours’ drawings, without being able to see the
beams in my own, let my designs of the Monoculus (water
flee), and the larva of the Musca Chamzleon, be compared
with those of Swammerdam®, the only ones, I believe, in
existence, except my own, and with the image of the
veritable living objects in the solar achromatic, and I think
it must be allowed that mine will be found tolerable sub-
stitutes for the real objects, and that I have effected a ra-
dical reform in the drawings of microscopic subjects, equi-
valent to that which I have carried into eflect with regard
to the instruments. 1 must observe, however, that I have
made my drawings at that period of the growth of the larva
or crysalis in which I thought it made the best and most
interesting object, and that they vary greatly in their ap-
pearance, according to the degree of maturity to which
they have arrived. There are also many varieties, very
closely resembling each other, which it is not very easy to
particularize ; but I am quite confident, that when the
genuine object is procured, in the state in which I drew it,
the correctness of my execution will be recognized.

The specimens which I have selected are those which
experience has shewn to excite the strongest emotions of
pleasure and satisfaction in the great mass of observers of
all ranks ; whom 1 have always found to be most delighted
by comparatively large living objects, seen with medium
powers. In fact, they seem to afford the same sort of
gratification with a menagerie of living wild beasts on the

* These caricatures have been handed down from bookmaker to book-
maker, from the days of Swammerdam, as correct and authentic, and re-
quiring no reform whatever. Drawings of living microscopic objects are
very scarce, another proof, perhaps, of the difficulty of making them.
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popular objects, will be appended (as before mentioned) a
full and particular account of the TEsT oBsEcrs, com-
prising all the new discoveries. These must be consi-
dered as scientific objects, and exhibit all those curious,
delicate, and difficult minutiee, which gratify a connoisseur,
and strain the powers of his instrument to the uttermost.
They possess the same interest for the microscopic student
which the double stars, the remote clusters, faint nebulae,
and other very distant objects, do for the astronomer.

I do not feel myself called upon to state more concerning
the nature and object of this work; and I humbly hope
that truth and justice to myself and partner, and our joint
publication, does not require me to have said less.

I shall conclude this introduction by a vindication of
microscopic science, and its votaries, from the aspersions
which have been cast upon them by the inconsiderate ;
many of whom have been pleased to assert, that miero-
scopes have, of late, received a degree of patronage from
the most illustrious and distinguished savans, te which they
are not legitimately entitled. Were they applicable to no
other purposes than the dissection of blackguard vermin,
the observation of stinking ditch-water, or the amorous pas-
sions of ants and worms, 1 should, perhaps, for argument’s
sake, admit that they were but the tools of a puny, pitiful
pedant, whose passions and amusements were of a trifling,
if not of a degrading complexion: but T would ask whe-
ther, in the hands of men like Bauer, they are not ap-
plied to the development of the most curious, important,
and interesting details of anatomy and physiology, which,
without their assistance, could never have been known ?—
and whether the finest and most delicate parts of the strue-
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ness. To say nothing of the hackneyed argument, that
greatness and littleness exist only by comparison, I will
ask, if the Automaton Chess-player had been made on a
scale of 1-20th of an inch to a foot, or even much less, it
would, in consequence, become despicable as a work
of art ?

Suppose some individual, greatly distinguished by his
talents in ship-building, in making astronomical instru-
ments, or steam-engines, &c., was also to evince a passion
for making minute automata and watch-work, such as
tarantula spiders, minute singing birds, musical seals, or
even such curiosities as a coach drawn by fleas, &e. would
it shew good breeding, or good taste, to despise or ridicule
his minute labours, while we admired his grander and more
imposing works ? :

Now it does appear to me, that the Supreme Being
does, in some sense, resemble such an individual ; for Ais
power loves to display itself in every way in which it can be
displayed, whether upon the minute or grand scale, in the
creation of animalecules, as well as of fixed stars ; and I
cannot help thinking myself, that those who spurn and
scoff at the minute works of God*®, be they what they may,
while they affect an admiration of his great wonders, are
guilty of a species of impiety, and must be either lars, or
hypocrites, or fools.

% A friend of mine, who makes more use of his imagination than of his
judgment, and is fond of quizzing microscopists, tells a story about a
learned Dutchman, who having finished a decent folio on the anatomy and
physiology of 2 bee, fell down on his knees to ask pardon of God, for not
having done sufficient justice to the wonderful subject. If a folio conld
fairly be written on the structure of a bee, (and perhaps it might, if every
part of it could be perfectly dissected,) surely it would in some measure
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length of the insect to be drawn, answers best to confine
them : they may be kept quite closed up, for they do not
appear to me to requive air to support their existence. 1
was in the habit also of observing them with a compound
aplanatic microscope, Ilaving a boot to slide over the ob-
jective end, so that it could be introduced into the large
transparent vessel filled with water, which was their
usual abode, and in which they would remain preity quies-
cent, especially when well supplied with food. 1 must
remark that Thames water is utterly poisonous to nearly
the whole race of aquaticinsects. I presumeit is not neces-
sary to say that every species of camera lucide, and all
the contrivances which may be used for tracing inani-
mate objects, are altogether useless in drawing living
ones. The colours of every object are given as seen with
the 9-10th focus lens, having its full aperture, as they
appear in mere day-light* without any artificial illumina-
tion whatever. The tints of these objects become fainter
and fainter, and the shades darker and darker, as the magni-
fying power isincreased. I did not find it necessary to em-
ploy any power beyond that of the simple 2-10th focus, in
order to develop the whole of their structure: superior
powers seem to me merely to magnify, without showing
any thing about them (except the circulation) more satis-
factorily, and do not take in a sufficient portion of the object
for a pleasing view. When we want to examine these ob-
jects merely for the purpose of amusement, it will be ad-
visable to use compound instruments, on account of their

+ T utterly disapprove of lamp-light for larvee; it gives indeed a strong
outline, but confuses and more than half obliterates the viscera, while it
makes the colours very dingy and dull.
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by the perfect insect, inhabits still waters, and may be
found in canals and clear ponds which have a sandy or
gravelly bottom, butis seldom met with in places where
there is much herbage or water grass.

The most certain time to procure it is during the
months of May and June, though it may occasionally
be obtained on warm days in December and the other
winter months, provided the wind is not very high, a cir-
cumstance which it is important to attend to, and which
will be again adverted to in our remarks on the weather
best suited for procuring aquatic insects.

The best method of obtaining this creature is by
means of a collecting net*. This, after it has been im-

——

¥ (§1.) The collecting nel found by experience to be best adapted for tak-
ing larva and small aquatic insects is represented in the annexed engraving.

G4

It consists of a cone formed of silk taffety or fine muslin ; the former being
preferable, as more free from small knots and loose filaments, to which the
insects might attach themselves. 'This cone, which partially filters the
water, is to be attached to a brass wire ring of about five or six inches
diameter, having a screw formed on the wire connected with the ring.
This screw is made to fit into the ferule at the end of a common walking-
stick, and when not in use, the net can be unscrewed, and carried in the
pocket.  The stick should have a cap to cover the hole in the ferule when
not in use, to prevent dirt or other matters from filling it up when employed
for walking. When the material of which the net is formed is very fine, it
is advisable to enclose it in a coarser net; this I have endeavoured to indi-
cate by lines repmsenﬁng the meshes of the net shewn in the eugraﬁng,
After using this net, the collector must always remember to turn it inside
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sented in the plan or bird’s-eye view, drawn of the natural
size in figure 3. 'The other parts of its structure, which
appear equally singular and curious, are a number of
globules @, which are situated near the first pair of con-
choidal bodies b. These globules have a slight oscilla-
tory motion in different directions, and, like the shells,
seem to have a metallic lustre. From the exquisite
polish of these globules, they reflect the forms of sur-
rounding objects, as window-bars, &c. which are indi-
cated in the drawing by small squares, resembling the
images formed by convex mirrors.

When the larva, as shewn in figure 3, of its full size,
15 examined from above, it exhibits the position and de-
cussation of the various muscles lying along the back,
which are observed to cross at the joints, and at points
situated midway belween them.

The alimentary canal appears to contain some particles
of a pinkish-coloured matter, and has a slight peristaltic
motion : but every part of the object, as seen beneath the
microscope, is so accurately noted in the drawing, that a
more minute description must be deemed superfluous.

If the insect has a sufficient supply of food, it only con-
tinues for about three weeks in the larva state, when it
suddenly changes to the pupa, shewn in the drawing,
figure 2. When it is desirable to preserve it for the mi-
croscope, this change may be retarded by keeping it in
clear spring or river water. The former seldom offers
sustenance to animalcula, and therefore effects this object ;
which is often very desirable, on account of the scarcity of
this species.

The transformation of this animal from the larva to the
pupa is one of the most singular and wonderful changes
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figure 2, was taken, the rudiments of the legs of the per-
fect insect might be seen, folded within that part which
appears to be the head of the pupa; and several of the
globules had vanished, those remaining longest that were
situated nearest the head. 1t may be necessary to observe,
that the head of the pupa floats just under the surface of the
water ; and the insect, in this state, is nearly upright in
that fluid ; while the larva rests on its belly or sides, at the
bottom of the pond or vessel in which it is kept.

The circuitous manner in which the Creator appears to
from this species of gnat, and many other of His smaller pro-
ductions, is truly wonderful. Other creatures are formed
directly, either from the egg or the maternal womb. As,
however, the Deity does nothing in vain, it may be pre-
sumed that He must have had in view some important object
in the preliminary steps through which these beings have to
pass; as from the egg to the larva, erysalis, and perfect
insect ; and, however low these minutie of nature may be
held in the estimation of the unthinking mass of mankind,
this most elaborate proceeding renders it not improbable
that they may be deemed by Him the choicest and most
exquisite of His productions. These mysterious, crea-
tive operations of nature, as detected and unravelled by
microscopes, are surely GRAND AND CAPITAL SUBJECTS FOR
opsERVATION. I should pity the spirit of the man who
scorned to be amused by inspecting these maArvVELLOUS
meETAMORPHOSES, and disdained to be informed of the man-
ner in which they are effected. What a magnificent
spectacle must such a transformation present in the solar
achromatic microscope, exhibited to a whole company with
all the accuracy and fidelity which the pictures formed by
that instrument are capable of displaying !
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to watch its progress during the whole time of its trans-
formation under the microscope, whenever it may occur.
Had Dr. Goring been aware of the approaching change, he
would have been tempted, though labouring under ill
health at the time, to continue his observations with the
microscope during the whole night in which it was
effected.

Many species of this genus of insects are, in their per-
fect state, possessed of a sheathed proboscis, containing
insiruments with which they are enabled to pierce the skin
of men and cattle, injecting at the same time an acrimo-
nious fluid into the wound. The species we are now de-
scribing, however, has not been examined minutely enough
to determine the existence of similar organs. It is of a
light straw colour, and has two beautiful antennz or
feelers, In the male these are filiform, or threadlike ;
while, in the female of most species, they are feathered.
The whole appearance is so much like a moth that a su-
perficial observer might mistake it for that insect*.

The wings, also, of this gnat are of a delicate straw
colour, and would make very beautiful objects, when
mounted between two pieces of talc in sliders. Some
species have their wings marginated, and covered with fine
scales. These, as well as the feathers on the edges, are
good objects for the microscope, and exhibit five or six
longitudinal lines on each, which are so strongly marked as
to be seen with any kind of light, and do not require supe-
rior excellence in the instrument to shew them. The
whole wing may be seen very beautifully, under the im-

* Dr. G. regrets that he has not given a figure of the perfect insect, for
the satisfaction of entomologists.






CHAPTER II11.

|

Larva and Crysalis* of the Ephemera Marginata.

Waex this larva issues from the egg, which it does at the
decline of summer, it has at intervals an unsteady motion,
in a manner apparently involuntary. During this stage it
is scarcely visible to the unassisted eye, and is very pel-
lucid. As it increases in size, the serpentine vessels
attached to the sides of the animal become more appa-
rent, and the tail assumes that rich feathered appearance
which, in conjunction with the paddles, forms its pre-emi-
nent beauty.

While the insect is very young, itis well adapted as an
object for the solar achromatic microscope, in which it will
afford an ample fund of amusement, when thrown on a
screen, and dilated to the extent of about two feet in
length. If the instrument is truly aplanatic, every part of
the insect’s internal organization may be seen distinctly ;

* It may, perhaps, be termed either, according to its state of growth.
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band, which, incurvating itself on the head, forms, as it were,
a semicircular chain around the base of each antenna. In
a more advanced stage, the lower pact only of this vessel
is visible, the part near the head being concealed by the
crustaceous covering, as may be seen in the drawing,
figure4; which is a magnified representation of the larva,
taken immediately previous to its change to a perfect
insect.

The larva, of its full size, is shewn in figure 5 ; and
figure 6 is a view of the perfect insect.

When the larva is dead, the particles of the blood may
be distinctly discerned in its forked tail, of an oblong
figure ; and their motion is perceptible in the limbs for
nearly an hour after their separation from the body.
There is an apparent pulsation in the oval organ in the
penultimate joint of the body, which, was it not forits odd
situation, I should suppose to be the heart of the in-
sect.

The peristaltic motion of the alimentary canal will also
present, under a good instrument, a beautiful and inte-
resting appearance.

The three-pronged tail of this insect, in its advanced
age, is beautifully fringed with clusters of fine, straight,
smooth hairs, or bristles, four in each bunch, as repre-
sented in figure 4. As the time for its transformation
approaches, the central prong of the tail becomes more
transparent, and assumes the appearance of a jointed
tube, or shell-like case ; while the two exterior ones dis-
tinctly exhibit portions of the tail of the perfect insect in-
closed within them, as shewn in the drawing. The same
may be observed as to the legs, which are seen to conlain
those of the perfect fly.
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in rapid motion ; a circumstance which renders those beau-
tiful ramifications of the blood-vessels shewn in the draw-
ing, fizure 4, difficult to be viewed while the larva is
alive.

Independent of its locomotion, by means of its legs, pad-
dles, and tail, it possesses a power of leaping or springing in
the water, which it effects by incurvating its body back-
wards, and then suddenly straightening it, by which kind
of motion it raises itself to the surface of the water with
great celerity.

When the crysalis approximates to its perfect state, it
swims more elegantly : its motions now appear entirely
subservient to its will, and at the same time it leaps with
greater velocity. Within a few days, however, of its
change, it becomes rather sluggish, and attaches itself to
the stalks of water-plants, on which it will remain for
hours together, if undisturbed, only moving its paddles at
intervals,

At the period of its transformation to the perfect state,
some parts of the insect assume a metallic lustre, as
if the space between the crysalis (which may now be
called the case of the animal, every partof the latter being
perceptible through it,) and the inclosed insect, were
partly filled with mercury. This appearance is ultimately
extended over the whole body, and is probably occasioned
by the bursting of the skin of the larva, and the entrance
of water confining a small quantity of air or gas, which is
probably evolved during the change ; and which, by insi-
nuating itself between the case and the insect, may facili-
tate the process. After remaining a few minutes in this
state, and making occasional efforts to disentangle itself,
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it bursts forth from its watery dwelling, and wings its
flight into the aerial regions, either leaving the entire skin
behind it in the water, or carrying part of it away.

The exuvie, or skin, which it sheds, on assuming the
perfect form, is a very fine transparent object for the sin-
gle microscope, with a lens of the tenth of an inch focus.
In this state it affords much useful information, as to its
structure, formation, &c. of which the paddles, tail, &c.
furnish no inconsiderable portion. If it be thought desir-
able to expedite the casting of the exuvi (for it does this
several times before its final change), it may be effected
by removing the insect from the water in which it is found
into spring water. This effect is most probably produced
by the water mechanically altering the dimensions of the
skin or case which inclosed the insect, and thereby suf-
fering it to escape with great ease; or, perhaps, from the
same cause which produces this effect in the common spider
when deprived of sustenance. These skins should all be
mounted in sliders, in the order in which the insect sheds
them, that, by comparing them together under the micro-
scope, we may ascertain with precision the progress made
during each change.

When the crysalis is divested of its envelope, it remains
apparently inert on some neighbouring plant for a few mi-
nutes, where it casts off from its wings the last pellicle, which
is a thin and delicate membrane, formed under the elytra
of the crysalis, It then appears in the imago state, with
its biforked tail and wings, as represented of the full size
in figure 6.

Having become a perfect Ephemera, it hovers about in
the air, the male and female generate, the latter drops
her eggs in the water, and both die, existing only a few
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short hours, to perform all the offices destined for them to
fulfil in the economy of nature. :
In the transformation of this insect, as in that of many
others, the subsequent animal is formed while externally
appearing under another shape; and when it makes its
appearance, we are astonished at the apparently sudden
change which all its members have undergone; but when,
by the assistance of the microscope on these transparent
objects, we are enabled to detect their gradual formation in
disguise, a great portion of our wonder vanishes. It was
otherwise with the insect described in the former chapter ;
for in that, a total conversion of all its internal and exter-
nal organization was effected in the space of a night;
and as it was so transparent as to permit the light to tra-
verse freely through it, every internal, as well as external
change, could have been detected by the microscope.

APy
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to contend, hecause every man considers his own private
Judgment, however outré or singular, as of equal value at
least with that of his neighbour’s. The standard of taste
18, then, a mere chimera, because it differs like the face, or
form of the limbs, in every particular specimen of the
human race ; unless, indeed, it might be ascertained by
taking the average of that of the whole species.

However, mankind seem to have come to a common
decision concerning the utility, excellence, and superiority
of many things, and to consider them as incapable, or
nearly so, of any real improvement. 'This is the case with
regard to many points, even determined by the judgment
of the senses; but more so with regard to those whose
value is supposed to be ascertained by the test of experience.
Thus a variety of mechanical tools, &ec. may be considered
as erected into standards, and not at all likely to undergo
modification in future. Even musical instruments, as re-
gards the quality of their tone and sound, seem to have
arrived at a regularand determined mode of construction.

Now, if so many other things have been perfected and
erected into standards, by the common consent of the
human race, why should not microscopes also? Why
should we not bend the whole force and power of our in-
vention and reflection, towards the fabrication of every
thing connected with them, till every point is effected in
the best possible manner? These instruments have under-
cone a complete revolution in their optical parts, and
become truly dignified and respectable: assuredly their
mechanical structure should correspond with the advance
which has taken place in their optical constitution.

However, like other things, they are varied in their con-
struction to serve particular purposes. Thus, if made
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encounter. First, there is the inveterate hatred and con-
tempt of all innovation whatever, which seems to form a part
of our nature, when arrived at a certain period of life.
Men long used to some particular way of doing any thing,
cannot endure the idea of going to school again,and learn-
ing to act upon a new system. 'The very idea of the possi-
hility of being taught any thing, gallsand wounds their self-
love to the quick : if this concerns a matter relative to their
particular profession, or something, perhaps, on which they
peculiarly pique themselves, they become altogether indig-
nant and furious*. If by any possibility they are brought

* [had a Spanish cook who piqued berself very much upon frying fish,
and who certainly cooked it most inimitably, according to her own country
fashion, that is, quite plain, and in oil. I once wanted some smelts {ried in
the English way, 7. e. with egg and erumbs in lard. Though cooking is noto-
riously a matter of taste, yet I think cooks are more obstinate and bigotted, in
their own way, than any other artists whatever. 1suspected I should have a
tough job, so 1 resolved to be very gracious, and accordingly stepped down
to Teresa’s laboratory, with a brandy bottle in my hand, to smooth her over,
and resolved to go about the bush very cleverly. It did not do though.
Having prefaced the subject with a glass, 1 entered into the detail, and
thought 1 was getting on famously, as she heard me to an end very patiently,
with merely a few short coughs. She then, however, burst at once into a
voleanic paroxysm of rage, and as she always spoke Spanish when in a
passion, I could but wery imperfectly understand her. After a volley of
invocations and execrations, her oration was, I believe, something to the tune
of what follows : —* Holy Mother of God, look down upon me! Fry fish
in lard withegg and crumbs!!! What beasts these English heretics are !!!
You teach me to fry fish? You? You? [Here she lified up the frying pan,
which she had just been polishing in the inside witha brickbat. ] By St. Jago
and St. Dennis”—I did not wait to hear any more, but sneaked up stairs
again, with my tail betwixt my legs, just as a well-bred dog does out of a
raom when he sees preparations making for kicking him out,) blessing my
stars that I did not get a spank with the frying-pan on that part of me which
escaped last. Finally, I ate the fish, fried in oil, and before Teresa would
be pacilied, was obliged to recart my filthy and damnable heresies, and say
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and twenty-five of talent, comes in contact with some-
thing invented, or recommended by a man who has but
twenty-five of the former quality and seventy-five of the
latter? Is it likely he will adopt it? Never. He will
imagine that he can produce something infinitely better,
and will be still more strenuous in this opinion if he happens
not to possess a grain of experience on the subject under
deliberation. All these considerations have had so much
weight with me, that T have more than once determined
never to meddle with the stands and apparatus of micro-
scopes at all, but leave men to settle them according to
their own fancies; but my friends have told me, that I have
as good a right to consider an ounce of my own wit equal
to a ton of my neighbour’s as other men have, and that I
ought to make the experiment, of giving a construction of
my own, whether it may be adopted or not. I shall there-
fore state my own views on the subject, and for every
particular structure recommended, shall give a reason which
every man may, of course, either admit or disprove, toge-
ther with the construction deduced from it. First, then, 1
say, that the stage should be motionless, and that the optical
part only should possess the requisile power of traversing
and adjustment; because living objects are much more
quiet when allowed to remain at rest, and therefore more
easily observed: if some one who has been less plagued by
them than 1 have, chooses to say that it makes no difference
whether they are moved about or not, I will give up the
point; but still insist on the propriety of making the instru-
ment perform all ils adjustments as perfectly without the
stage as with it, for then we may remove the stage alto-
gether if we please, and substitute any thing we think
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flat on its face, the edge of a razor, the point of a needle,
&c., without using any particular apparatus to preserve
such bodies in the position in which we wish to see them.
The use of such a mode of observing, in cases of dissection,
must be manifest ; forin this way the side of an insect, &ec.
may be viewed and worked upon without disturbing the
parts laid open, in the horizontal position, and thereby oc-
casioning much extra trouble and confusion. By turning
the subject round on the stage, every elevation or side view
of it may, of course, be successively obtained.

There is yet another advantage to be gained by a rota-
tory motion in the stage : for if we employ a diagonal ob-
jective, and tilt both the stage and the bar into a horizontal
position, so that the body of the microscope shall be under
the stage, we can examine crystallizations of salts without
being annoyed by the steam which arises from them dur-
ing consolidation, and which is almost certain to condense
on the object glass when used in any other position. In
the present case this is impossible, for nothing but the under
surface of the glass on which the salt is placed, is presented
towards the object glass. All sorts of fluids, and the bodies
contained in them, may in the same way be managed with-
out being troublesome ; and thus chemical actions of all
sorts may be studied under a magnifying power.

Moreover, the stage must be enabled to shift down to the
end of its bar, so that we may use object glasses of long foci,
and also place any large bulky body upon it without building
up the whole instrument toan extravagantheight, and there-
by rendering it top-heavy and rickety. It mustalso be ofsuch
strength as not to spring under the weight of our hands
when used for dissection ; for if it does, it will be utterly
impossible to preserve a steady focus, which will be found
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a dreadful nuisance with a high power, and indeed with
any power. Its size must also be such as to afford a suffi-
cient support for the hands. The distance of the hole in
which the slider holder is fixed from the bar, must also be
such as to allow a slider to turn completely round, other-
wise we cannot get lest objects into that position relative to
the light in which only they can be demonstrated. (This
is especially the case with the markings on the scales of
beetles and butterflies.)

I do not much approve of attaching illuminators to the
stage, either for opaque or diaphanous objects. It will be
found much more commodious to cause the spectrum for
opaque objects to travel along with the body. Accordingly,
a condenser should be attached to it. Both the mirror and
condensing lens under the stage should be caused to swing
round by means of a spring socket and pinching screw
working on a round bar, so that they may be instantly
removed out of the way when not wanted, without being
detached from the bar.

The large illuminating mirror should (if not of very con-
siderable dimensions,) be made oval, and should work upon
a swivel joint at the bottom instead of the side, otherwise it
will be rendered unserviceable, for the long axis of the
ellipse cannot otherwise be brought into the position ne-
cessary to give a round spectrum when placed at the requi-
site angle for illumination, say 45 degrees. The reason
for the ellipticity of the mirror is this :—An image of it is
constantly formed in the optic or visual pencil, at the eye-
piece, as may be seen with a magnifier whenever bodies are
viewed by the intercepted or transmitted light which it fur-
nishes. Now unless this image is of equal size with the
said visual pencil, an effect is produced not very dissimilar
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to that of mutilating the pencil in some other way, and e.c-
actly the smne as to the quantily of light lost. Now a
round mirror (unless it is of such size as to allow for the
cutting off’ occasioned by its angular position,) gives an
elliptic pencil.  But 1 presume it is always advisable not to
increase the bulk of any part of an optical instrument
when it can be avoided ; consequently the true form for the
mirror is an ellipse. This form does not easily admit of
the use of a concave reflector ; but I disapprove of them,
as they always seem to me to occasion a certain indistinct-
ness in vision by interrupted light, and if wanted only for
illuminating opaque objects, by the help of silver cups, may
be dispensed with; for a much better action is produced
by a plane mirror, co-operating with a condensing lens.
Because an angular plane mirror and a condensing glass
produce a round spectrum; whereas a concave mirror, when
tilted, always gives an oblong one; however, in the pre-
sent construction, 1 always suppose that when silver cups
are employed, the condenser is to act by itself without any
mirror at all, by which arrangement the maximum of illu-
mination is given.

The size of the mirror is determined by its distance
from the object glass, or single magnifier used, and by
the angle of aperture possessed by them. The longer
the bar, and the greater the aperture of the optical part,
the larger must be its dimensions to fill up the visual
pencil.

The reverse of the mirror will be best occupied by a sur-
Jace of plaster of Paris, to reflect the light of the sun, which
will be found of great use in ascertaining the true lints of
iransparent objects, the colours of which are shewn by this
sort of light, with the utmost truth and delicacy, far betler
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than when brought out by a piece of ground glass inter-
posed between them and the polished mirror. The double
action of the mirror will be completely commanded by the
most inexperienced observer, if a milled head is attached
to its transverse axis, as will be shewn in its proper place.

Now these are, I think, the main and capital points to
be atiended to in the construction of a stand. As, however,
every question is said to have two handles to it, I shall
endeavour to discuss the merits of some opposite construc-
tions. First, then, it has been said, that the double motion
of a ball and socket-jointis of a most unmanageable nature,
and that a cradle joint is a true, regular, and far superior
movement : this I admit, and should say, that if a telescope
had, by means of a ball and socket, to follow the motion of
a star, no motion could be more unappropriate and detest-
able ; but in a microscope it happens always to be a fixture,
and when clamped tight by means of a pinching-serew, is
as steady as a rock.

This observation may appear very unnecessary to my
readers in general ; but T have met with individuals of
such obtuse understandings, that they cannot be brought to
comprehend that a telescope performs a part of its motion
by means of its cradle joint, whereas that of @ microscope
is the result of a traversing molion in its arm, combined
with a rotatory one on the lop of the bar, and therefore has
nothing to do with that on the head of the stand, be it what
it may, which is always a pro tempore fixture.

Again it has been said, that by giving the motions and
adjustments to the optical part, it is rendered much less
steady than it might be under other circumstances ; that it
is like mounting a telescope on a mop-stick, that immo-
bility is of most virtual importance for observation, &c. I
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answer, that by making the work sufficiently strong and
solid, and the optical part no larger or longer than is neces-
sary, the instrument is rendered abundantly steady, and
free from tremor even with its highest powers.

At the same time I willingly admit, that if the body is
made very long or large, it will be almost impossible to
combine the stability requisite for practical purposes with
a capability of traversing and adjustment.

It has been asserted, that if after we have adjusted our
light for viewing a transparent object satisfactorily, we
throw the axis of the optical part out of the position which
we first selected, we must begin our work of illumination
over again, or lose the effect of the original one. This is
true beyond certain limits, but the body of a microscope
may be moved very considerably, without in the least affect-
ing the vision of ordinary transparent objects, and (to
opaque bodies of course, the observation cannot apply). Far-
ther it is said, that the employment of cones and diaphragms
below the stage, is of vast use in developing the nature of
many transparent bodies, and that if these are employed,
the most perverse and prejudiced antagonist cannot refuse
to admit, that any diversion of the optical part from the
line of adjustment, must utterly destroy, not only distinct-
ness, but nearly all vision whatever. All this is most true,
but it will be recollected, that unless the said diaphragms
act on the Woilastonian principle, their utility is very con-
fined, and merely serves to prevent exceedingly faint dia-
phanous bodies from being drowned by the quantity of
light passed through them : pretty nearly the same effect
may always be produced, by cutting off the object glass
until the pencil of light at the eye becomes of the same
size without the diaphragms as with them, (for they reduce
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the edge of a piece of hard wood, so as to clean the surface
of the glass without rubbing the black lead out of the di-
visions, (a device of the late Dr. Wollaston, and bearing
the stamp of his original and penetrating genius, trifling
as it is). Then let another piece of thin plane glass be
smeared with Canada balsam, and cemented upon the divi-
sions, which will preserve them for ever. Now if corre-
sponding black lines, of any scale required, are placed un-
der the paper on which we draw, we can with great facility
put in our outline in the most correct proportions. Or if
the paper is too opaque, a frame with black silk threads
stretched upon it, may belaid upon it till the sketch is com-
pleted. The contrivance can be used with my microscope
as well as with any other.

Mr. Lister has constructed the stand of a microscope
with a particular view to the use of the camera lucida :
accordingly his body is motionless and of considerable
length, so as to clear a large space on the table for the
field of view. The ocular end is, moreover, firmly lashed
to the legs of the stand, (which is very solid,) by means of
steadying rods, forming altogether the best construction
for the use of long heavy bodies and camere lucide which
I have seen.

It must be most evident that a single microscope requires
exactly the same powers, properties, and capabilities as a
compound one. I should, therefore, construct its stand
and apparatus precisely in the same manner as that of a
compound one, only it may be made on a much smaller
scale : as little strength is required for carrying single
magnifiers, triangular drawn tubes may be used instead of
the triangular gun metal bar of the compound (to be here-
after described). The drawing of triangular tubes is a
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crable kind.  To this last, namely, a short spy-glass,
or perspective glass, with a long pull-out tube, so as to
permit it to adapt itself to rays which are considerably
divergent, the term Engiscope has already heen applied
by Martin and others, but I think most unwarrantably, for
such an execrable piece of trumpery is wholly unworthy of
a separate existence, or a separate name ; it is just as easy
to make a piece of velvet of an ass’s hide as to make an
object glass, which shall answer both for a telescope and a
compound microscope, be its focus what it may. The only
verilable engiscope is the latler instrument, with an objec-
tive glass truly adapted to act with divergent rays; a short
telescope may be made of six inches focus, and a long
compound microscope, with an object glass also of six
inches focus, but the construction of each must be utterly
different, or they will only nominally be what they are
called.

I therefore hope that I shall be allowed (as I have re-
Jormed and revolutionized both the optical and mechanical
structure of microscopes) to change their names also, and
shall therefore take the liberty of using the term engiscope,
as aforesaid, instead of compound microscope, and retain-
ing the expressions microscope or simple microscope, for
convenience sake, to denominate what is now called a single
microscope, in opposition to a compound.

The term compound microscope will then be applied
appositely to all those instruments with which we view real
objects instead of images of them, constructed by combining
two or more lenses together; for the optical part of what is
commonly called a single microscope may be made of as
many as four glasses, whereas the optical part of a com-
pound (as it is usually termed) does not necessarily consist













CHAPTER V.

Description of an Operative Aplanatic* Engiscope.

It is necessary to premise that figures 7, 8, 10, 11, 12,
14, 17, 18, 19, 20, and letter A, are drawn one-quarter of
the real size ; all the rest are one-sixth, except figure 23,
which is of the true size.

Figure 7 represents a geometrical elevation of the instru-
ment, just removed from its case, the body, a, being screwed
on, and the triangular bar, b, somewhat elevated above the
stage, which is fixed in siti. To begin from the founda-
tion,—the legs are ail of the same thickness, but tapered
in breadth towards their extremities, in order to obtain
strength where most required. In the upper one is a hole
to receive the projecting pin at the end of the circular bar,
c. Underneath the pillar, d, is a screw nut, e, which lets
down, to obviate the springing of the legs. The pillar, d,

* Aplanatic, derived from the priv. a and =\ayy, error, means free from
both kinds of aberration, or devoid of all errors. The term was invented
by Mr. Herschel, and is of great value and utility.—Achromatic, derived
from the priv. a, and ypwparilw, to colour, means free from all prismatic
colour, or aberration only, and therefore does not denote a perfeet object-
glass or instrument. Thus we might say, such an objective was achro-
matic but not aplanatic, which would mean that it was free from colour, but
not from the indistinctness arising from spherical aberration.
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is constructed of two pieces of very stout tube, moving
stiffly in each other. At the head of this pillar is a socket,
J, to receive the ball shewn in figure 8. This universal
joint is made in the customary manner, but the socket has
a slit for the neck of the ball, only through ene-quarier of a
circle, to avoid weakening it unnecessarily. 1t is pinched
by a screw, g, with a vice-handle. The ball, the socket
of the circular bar, ki, together with the stage pin, i, are
all cast in one piece, as shewn in plan, fig. 8. The stage,
j» has a circular aperture, which has a sink and two nicks
in it, together with a square hole, k&, (as seen in fig. 9).
There is likewise an arrow pointing to a nick in the socket,
hyto show when it is truly at right angles to the bar,b. It
fixes on to the pin, i, which is clamped tight by a screw,
L: into the bottom of this screw isinserted a piece of metal,
the end of which is worked to correspond to the curve of the
pin, ¢, which causes it to clamp tight with a very slight ef-
fort, and preserves the pin from injury. Within the socket,
h, is soldered a stout tube, forming the external bar,e. On
this eircular bar slide the split sockets, m, m, m, carrying the
condensing lens, =, the inferior pin, 7, for holding the
stage, and the oval mirror,o, all travel up and down at plea-
sure, and may either be moved out of the way, by turning
them one-quarter round, or stripped off altogether, if
thought more convenient. Their clamping screws fix them
tight in any required position. A nick is made in front of
each of the sockets, and a line drawn on the front of the
bar, to show when the condenser and mirror, &c. are truly
in the axis of the aperture of the stage. The oval
mirror is plain, but its reverse is formed of plaster of Paris.
It revolves on a vertical axis, p, and on an horizontal one,
4, the motions of buth of which are governed by the milled
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head, ». The triangular gun metal bar, b, is truncated at
its edges, and is therefore strictly speaking an hexagon,
this form giving greater strength in proportion tothe space
occupied by it than a perfect triangle would, while it still
possesses the property of being locked fast when pinched
on only one side : it is evident that even an equilateral
hexagon would, when pinched on one side, always cause two
others to bear close against a {riangular containing tube.
This bar slides up and down in the external circular one,
c, between two plates of metal, pierced with triangular aper-
tures to receive it: one is soldered in at the summit of the
socket, A, the other below the milled head, s, and springs
are placed on the same side as the rack, both above and be-
low the pinion, to steady the bar and give the friction neces-
sary to prevent it from falling from its position by gravitation.
If the present stand was made to operate solely with an en-
giscopic refracting body, it would be better to omit the rack
work of the upright bar altogether, and substitute a pinch-
ing screw for it, giving a fine movement to the body within
the neck of the arm, by a screw on Ramsden’s principle. In
itsanterior side is sunk the rack which adjusts the focus by
means of the milled head, s, which is repeated on the op-
posite side.  Rack work is not perhaps the best sort of
movement which might be contrived, but it is good enough,
when well execuled, for all practical purposes. On the top
of this triangular bar is fixed the gun metal wheel, ¢, within
the teeth of which works an endless serew, the milled head
of which, u, 1s seen in the drawing. Above the wheel is
shewn the triangular pinion socket, », which carries the
arm, w, which is also of gun metal, truncated at its edges
with a sunk rack on its superior side, exactly on the prin-
ciple of the other: this bar is worked by a pinion, x, seen in

s
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‘b, operating in an arc, formed to receive it. This wheel
ard endless screw are absolutely necessary to enable us to
command the motions of the arm when the axis of the body
of the instrument is not perpendicular, or nearly so.

The body, a, is constructed on the smallest scale on
which it can well be made without impairing its optical
properties. The only true way of preventing the genera-
tion of false light is to allow so much space in the body that
the rays proceeding from the object-glass shall not impinge
on any part of the tube; for no sensible light is produced
until they flash against something.  Into the superior part
of the eye tube, ‘c, are screwed the various inverting eye-
glasses, and into its inferior part, ‘d, the erecting glasses,
A Upon the neck of the object end, ‘e, are screwed the
various object-glasses, one of which is represented attached
inthe plate. Upon this neck also slides the illuminator, 'f,
for opaque objects; it has a split socket and clamping
screw, ‘g, by which it is adjusted, and is composed of a
plain convex lens, having an inch and a half of aperture,
and the same focus. Operating by lamp-light, with another
isosceles convex of same power and diameter screwed to it,
these curves have been found by experiment the best both
for refracting the maximum of light, and for preventing
any loss of it by reflection from the convex surfaces of the
lenses. ‘A is the cap of one of the eye-pieces in dotted
lines ; it is supposed to be removed for the purpose of ap-
plying the camera lucida, fig. 11, which is thrust on over the
eye tube, a side view whereof is represented at fig. 12. By
far the best species of camera lucida is, I think, this
(which is the invention of Professor Amici), and is com-
posed of a simple piece of thick plate glass, with truly pa-
rallel surfaces, placed at an angle of 45°, and reflecting an







56 DESCRIPTION OF AN OPERATIVE

New Philosophical Instruments). I am afraid it would be
very difficult to make a naked object-glass water-tight, and
at the same time to adjust it perfectly ; and afler all it would
only serve o act in water, and would be useless out of it,
The present arrangement really seems to answer every
practical purpose completely well, though certainly Dr. B’s
plan is the more scientific way of doing the thing.

Figure 17 is a cup or silver speculum, which slides over
the end of the object-glass.

Figure 18 is a shade to slide overthe lengthening piece
7, figures 15 and 16.

Figure 19 is a small cone, to slide over the object-glass
when acting by plain artificial light.

Figure 20 is the arm by which the optical part of the
Amician Catadioptric Engiscope is attached to the present
stand : it must be considerably longer than the other, and,
like it, racked to its extremity, to admit of its being taken
out of the socket. By means of its swivel and pinching-
screw, it allows the body to turn round and present itself
either in front or at the sides of the stage.

Figure 21 is the aquatic live-box, with an extra pierced
lid,'m, for aéreal insects and land objects, &c. There should
be about half a dozen of these, of different sizes, varying
from that given in the plate, to about 2-10ths of an inch
in diameter. It would be found a convenience if the
larger ones had watch-glasses fixed into them, with their
curves applying to each other, and their concavities point-
ing outwards, instead of the plane glasses, as given in the
drawing; for by this arrangement, when used with very
low powers for exhibiting a grand melée of aquatic insects,
&c., taking in nearly their whole area, the edges of the field
will be as distinct as its cen're ; (the foci of these two parts
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of the visible superficies being always different with a flat
object, and alow power even with the best aplanatics).

The glasses, whether flat or concave, must be well
cemented into their cells by painters’ gzround white lead, or
opticians’ cement, that the box may be completely water-
tight, and the tubes themselves may be greased for the
same purpose, if necessary. These boxes are as useful
pieces of microscopic apparatus as ever were invented. 1
believe they were originally constructed by Mr. W. T'ulley,
at the instigation of Mr. Lister, to hold flies, in order that
their feet might be commodiously examined while adhering
to the upper glass. Dr. Goring, however, first converted
them into aquatic boxes, by piercing a hole in their luds,
and making them water-tight, &c. : these trifling alterations
have rendered them what they now are, for without the hole
in the lid they are quite unmanageable.

Figure 22 represents the black ground box, (an inven-
tion of Mr. Lister), which in the present instrument also
forms a stage for the single microscope and for dissection,

At 'n, is seen its lid, of which a side view is given at ‘o ;
at ‘p, its bottom with its side view also ; its interior surface
is lined with black silk velvet, and so is the superior surface
of the lid; the sides of the cone ‘g, are well blacked ; at
‘r @8 seen a disk, also covered with black silk velvet,
which acts along with the silver specula. Its arm re-
volves on the top of the cone, and can be removed altoge-
ther, if necessary ; at its extremity is a hole, in which is
inserted the cradle-joint, which carries a brass needle; a
small piece of brass tube, stuffed with cork, is affixed to
one of its extremities, and to the other a pair of forceps,
which are represented of their full size at figure 23. These
are constructed as usual, except that a hole is drilled



h8 DESCHRIPTION OF AN OPERATIVE

through them at 's, to enable them forcibly to grasp the
head of a common pin. '

Figure 24 is the piece which carries the wheel of dia-
phragms, ¢ is the plan of their underside. There should
be about five apertures, varying from half an inch to I1-10th
in diameter. This apparatus screws on to any of the
aquatic boxes, also to the slider-holder, figs. 25 and 26, and
the false stage or black ground, figure 22, in place of the
bottom,p. It was invented by Monsieur Le Baillif, at Paris ;
but we have long been in the habit of using cones for
the same purpose in England.

Figure 27 is a contractor, which drops into the sink
formed in the aperture of the stage, when too large for
carrying on dissections, or other operations of a similar
nature ; it has two bayonet catches, which secure it by
being turned one quarter round ; into the aperture of this
latter piece, a small slider-holder may be advantageously
fixed, (to be used with the Amician Engiscope, or the
simple microscope) which should likewise be made to fix
to the top of the false stage, figure 22, when its lid is
removed.

Figure 25 represents a plan of the four pillar slider-
holder, which is by far the best contrivance hitherto in-
vented, for attaching all sorts of objects in sliders and
between slips of glass, &c. to the stage ; its elevation is
shewn at figure 26, with the two pins which secure it.
In the plan are drawn the two cross connecting bars, ‘u, ‘u,
between which and the superior plate all large opaque
sliders, &c. are placed. There is another plate below the
first : between these two a common transparent slider is
shewn. The helical spring is of steel of some strength, so
that the sliders shall not be permitted to move about be-
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CHAPTER VI.

Manner of Observing with und Managing the Operative
Aplanatic Engiscope.

SeLect an apartment on the ground floor, if possible,
which has a northern exposure, and the casement of which
(it should have only one) is not overshadowed by trees or
buildings, but presents a clear view of the open sky,—sky-
lights are not proper for a microscopic study. In such a
room I would recommend you to keep your instruments,
and apparatus, &c. open,and at all times ready for observa-
tion, but take especial care to keep it locked, as if it was
the case of your microscope,—which, in fact, it may be
termed. Have the fear of the cat before your eyes, and
also of all those busy, intermeddling, officious, housewives,
who, under pretence of dusting, cleaning, and setting to
rights, will subvert and revolutionize the whole economy
of your observatory, and perhaps throw half your tackle
behind the fire. Never allow the apartment to be cleaned
until you have secured your apparatus. 1 think it myselfa
great convenience (and I am not singular in my opinion)
to have an apartment especially devoted to my microscopes,
as much as the observatory of the astronomer is to his transit
and circles, for then there is noloss of time when you wish to
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ing thee how to deal with the instrument under considera-
tion, together with the Amician reflector, the management
of all others thou canst meet with will be as easy to thee as
the guidance of a cock-boat is to the seaman who can work
a line-of-battle ship*.

It will be necessary for me to premise somewhat con-
cerning the optical part; though it is not my intention to
treat upon it in a regular way in this chapter, as a full and
particular account thereof will be given hereafter. 1 shall
speak of it now only as an appendage to the mechanical fabric
of the engiscope, and the directions relative to its use will
be only of a general nature, but still sufficient for practical
purposes. The optical part, then, is divided into the objec-
tive and ocular ; the objective glass is situated at'e, in figure
7, and screws on to the neck of the body; it is always
next the object of which it forms an image or picture, which
is viewed by the ocular or eye-glass at ‘c, always situated

* All these instruments are, in fact, managed exactly upon the same
principles, and he who can use the more complicated construction is sure
to be able to operate with the simpler ones. It will hardly be expected (for
it would be utterly foreign to the object of this work) that I am to transfer
the contents of a trading optician’s window and shop into the present treatise,
and give figures of each article with reiterated instructions for using every
particular variety, beginning with the simple machine, (which Master Isaac
Newton Chucklehead's mamma buys for 7s. 6d. to teach her dear child to
be a philosopher, and learn him to impale fies and daddy longlegs,) and then
wade through the rest of the rubbish in succession. 1 confess that m my
youth, when ignorant of better things, I have been hugely delighted by turning
over the article microscope in the Encyclopedia Britannica, and in Rees's
work, together with Adams, by Kanmacher, where all these wonders of art
are displayed at full length, with expensive plates, &c. I cannot conceive that
the public will at this time of day relish any thing of the sort, and shall there-
fore confine mysell to giving one figure of each new instrument, which will
of course be that which I suppose to be the most improved and perfect.

1“_
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next the eye, (for be it remembered, that in strict language
we do not view the object itself in an engiscope, but its
image or picture.)

Several aplanatic object-glasses and eye-glasses accom-
pany the instrument ; their powers or foci are generally
marked upen them, but the high powers may be known
from the low ones by this simple rule, viz.; the largest
object-glasses are the lowest in power, and the longest eye-
pieces, having the largest glasses in them, are also the
lowest powers. Now the total power of the body, or optical
part of the engiscope, is the result of thatof its object-glass,
multiplied by or combined with that of the eye-piece ;
therefore the highest power will be given by the smallest
object-glass used with the shortest eye-piece, and the lowest
by the largest object-glass with the longest eye-piece.
The eye-pieces mentioned above are all of the inverting
kind, like those belonging to astronomical telescopes ; there
is, however, a pair of erecting glasses, A, to screw into the
bottom of the pull-out tube, which with the former make
erecling eye-pieces ; these are used for dissecting, &c., and
also for giving wery low powers when wanted below the
scale of the weakest inverting ones. The use of all these
I shall shew in their proper places. Each object-glass com-
bines with each eye-piece, whatever their number may be,
according to the fancy of the observer, but the power
which results from the combination can only be known by
trial, and should be given by the maker of the instrument,
in a written paper.

The object-glasses are frequently made to combine with
eachother: in this case the power which is produced, (if in
contact) is about the sum of the power of each taken sepa-
rately. Again, a farther increase of power is obtained by the



64 ON OBSERVING WITH AND MANAGING

elongation of the body, effected by drawing out the tube, ‘¢ :
whenever the length of the body is doubled,.for example,
the power is also doubled (ce@leris paribus).

In winter it will be proper to cause the instrument to
be slightly warmed at the fire before it is used, until itis of
about the same warmth with the human body, otherwise
the perspiration from the eye will be perpetually condensing
on the eye-glasses, &c. and greatly impede vision.

Always begin to examine your object with the lowest
power you have, unless it is very minute; it may be laid
down as a general rule, that large objects require low
powers, and small ones high powers; that the low powers
shew the whole or general view of an object, and the high
ones only its parts in succession.

Never use high powers unless absolutely necessary, for
as the power increases, so does the difficulty of finding the
object, and of adjusting the focus. The colours also
grow fainter and more diluted, and the shades darker and
darker, until all ease and satisfaction in observation, toge-
ther with all certain vision, fade away, and so very small a
portion of the object is seen, that it is difficult to know what
we are looking at. Recollect that a really good aplanatic
object-glass shews every thing with very low powers ; in fact
in this property its goodness and beauty consist: do not
plume yourself, therefore, upon having an instrument which
shews objects with very high powers, but with very low
ones.

Where, however, from the minuteness of an object, it
becomes really necessary to use a high power, always select
a small deep object-glass, and use it along with a shallow or
long eye-piece, in preference to using an object-glass of low
nower, with a short or powerful eye-piece, for magnifying
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instrument. I shall proceed to give directions, on the sup-
position that you wish to see in the simplest and best
possible manner.

lst. —MANNER OF MOUNTING, FOR VIEWING INANIMATE TRANS-
PARENT OBJECTS, BY PURE INTERCEPTED DAY-LIGHT.

‘When the instrument is first removed from its case, the
circular bar, ¢, will be locked fast into the upper or longest
leg, by means of its projecting pin; it is loosened by
drawing the internal tube of the pillar a little out; for
which purpose, grasp the ball and socket in one hand and
the legs in the other : by pulling in opposite directions the
inner tube will be detached, and the pillar heightened in
any degree requisite for observation, at the same time the
bar will be left at freedom, to move in any direction by
means of the ball and socket: immediately underneath the
pillar is an adjusting screw, e, by means of which the pillar
gains the supportofa fourthleg,andis rendered incapable of
springing ; it can be used when great steadiness is required :
it should but barely touch the table or stand on which the
engiscope is placed.

Having then spread out the legs, and arranged the optical
part according to the preceding directions, attach the
slider-holder, figure 25, to the stage: this is done by in-
serting the projecting catches into the nicks, and turning
it one quarter round: this fixes it fast, so thatit cannot fall
out whatever may be the position in which it is placed:
pass the slider between the plates until the object appears
within the aperture; slacken the pinching screws of the
split sockets belonging to the mirror and condensing lens,
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(if necessary), and turn them one quarter round, so as to
be out of the way of the body, or they may be removed
altogether by sliding them off the bar; then, by means of
the double action of the ball and socket, elevate the bar
until the instrument, when placed on its tripod stand, comes
into the position of a telescope directed towards the hea-
vens*, at any angle you please ; note that the ball performs
the office of a cradle joint, by being moved up and down
in the quadrant slit of the socket. Thus, if you wish the
bar to point upwards, and the ocular end of the body
downwards, (as will be the case in the present instance),
make the following arrangement; move the neck of the
ballt, by grasping the bar until it is about half-way between
the upper and lower end of the quadrant slit, (just as if it
was a common cradle joint) : the body thus forms an angle
of about 45 degrees, and will be in the required position,
(but unless the motion now to be described has been pre-
viously accomplished), in a direction directly opposite to
that now required, for you will only be able to observe with
it by looking downwards, whereas you are to look upwards.
To effect the object at present in view, turn the ball com-
pletely round in the plane of the bar, until the end of the
bar comes into the place of the eye-piece. The instrument

¥ In fine weather it will not be improper to let down the upper part of
the casement ; some microscopists have recommended us to select a white
cloud, if possible, to furnish our intercepted light; I think myself that the
blue light of a clear atmosphere is preferable, especially for test objects.

+ In order to attain the complete mastery of the motion of the ball and
socket, it will not be amiss for a beginner to slacken the pinching-screw by
means of the lever: he will then, by moving it about fearlessly, in every
possible direction, acquire a knowledge of its capabilities much more easily
than he can do by the most diffuse directions.
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is then fit for use, (at least when placed on its tripod stand
and directed towards the sky); remember, that by the
motion of the ball as a cradle joint, conjoined with the
rotatory movement natural to it, every possible position is
attained. All you have now to do will be to adjust the
focus, and to bring the body to bear on the part of the
object you wish tosee. The adjustment of the focus® is
accomplished by means of the milled head, s, and the tra-
versing motion of the body is governed by the rack work
at v, coupled with the rotatory movement of the arm on
the top of the bar, which is regulated by the milled head
at z: the method of managing this part of the instrument,
will be gained with the utmost facility by a little practice.
In the present case it will not be very necessary, as you
may move the object about at will with your hands between
the plates of the slider-holder.

. 'When you look through the instrument, be sure to place
your eye quite close to the eye-piece, otherwise the whole
field of view will not be visible, and note, moreover, if you
see a round disk of light, at least when the object is not
in the slider-holder; if you do not, it is a sign that some-
thing is wrong ; perhaps the body is not placed directly
before the aperture of the slider-holder, or may not be
truly directed towards the light, &c. It only remains for

* The locality or place of the object will always be a little removed from
the focns of the object-glass, whatever it may be: thus, if the objective
should be one inch focus, (I suppose it so marked by the optician), the
object, when seen distinctly, will be about an inch and 1-10th, or there-
abouts, distant from it ; if, howewver, the focus is long, say two inches, the
object may, perhaps, adjust itself to two and a half inches : it is impmxihh

to determine the focal point precisely otherwise than by trial : when found, it
may be marked on the bar.
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of the illumination required, observing always to preserve
a perfect round disk of light in your field of view, and
every thing goes on as before, the candle or lamp sup-
planting the day-light. You may, if you please, tilt the
instrument a litle out of the horizontal plane, for conve-
nience of observation.

3rd. MODE OF MOUNTING FOR VIEWING DIAPHANOUS BODIES

BY REFLECTED DAY-LIGHT, EITHER IN AN HORIZONTAL
OR VERTICAL POSITION,

For the horizontal position every thing is arranged in
the same way as when artificial light is employed ; only,
now the oval mirror comes into use, which must be placed
truly in the axis of the body, and the aperture in the
stage. For this purpose, cause the mark on its split
socket to tally with the line drawn on the bar, and then
clamp the split socket tight by the screw, m : then, having
first removed your instrument out of the direct light pro-
ceeding from the window, by placing it in the middle of
the apartment, proceed to reflect the light given by the
said window into the body of your instrument, as follows.
I must premise, that it will be necessary that the engiscope
should so present itself towards the window that its pillar
and bar should not impede the light : thus, supposing the
window is on your left hand, the pillar and bar must be on
your right, and vice versd, so that nothing shall be between
the window and the mirror. Observe, that a direct lateral
position of the window is the most convenient and manage-
able. Then, by means of the milled head, draw the mir-
ror round on its axis at the bottom of the arm p, until it
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fronts the casement ; then all that is requisite is, to turn
the milled head, r, and along with it the mirror, round,
until its light fills your field of view ; which will be at an
angle of about forty-five degrees, if the window is directly
opposite the mirror, and your bar parallel with it. You
may now, if you please, use the condensing lens, n, but I
do not recommend i, as, along with an increase of bright-
ness it generates a degree of confusion and nebulosity.
If employed, see that it is clamped tight into its true posi-
tion on the bar. Like the mirror, it should be as close to
the stage as possible.

If you wish to be exactly acquainted with the colour of
transparent bodies, use the plaster of Paris side of the
mirror to reflect the light of the sun, in an apartment ex-
posed to it. With this intent, place the instrument on a
table on which the sun falls, in such a manner, however,
that it shall only impinge on the mirror, and leave the rest
of the engiscope in shade; then proceed with it as if it
were day-light. This, in my opinion, is the only way in
which the light of the sun can be employed with advantage
for illumination, and it brings out colours with the most
perfect fidelity.

When the instrument is used in the VERTICAL PosiTION,
it is, of course, in the attitude represented in the plate, and
is governed precisely in the manner just described. T do
not like this position at all : it should, I think, only be used
with bodies which must be confined to the stage by their
gravily alone, which case may sometimes occur; but I
have made most ample provision for presenting all sorts of
objects in any position, without regard to their gravitation,
by means of the aquatic wet and dry glass boxes, and the
slider-holder, &c. I think that the practice of poring
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downwards (the ordinary way of observation with micro-
scopists of the old school,) is peculiarly detrimental to the
head and eyes, having a great tendency to determine the
blood to them.— e never hear of astronomers, who are
perpetually looking wupwards, having their sight injured,
like observers with microscopes, though they have to look,
if possible, still more steadfastly and intently than the lat-
ter, with the highest powers. I had nearly forgot to men-
tion a circumstance very necessary to be attended to in
the management of the mirror; it is this,—to keep the
milled head, », invariably outwards. 1t is not made to tra-
vel completely round, nor is it necessary ; for every possi-
ble position required for practical purposes can be attained
without its traversing more than the half of a circle, by
reversing the superior or inferior end of the ellipse, ac-
cording to circumstances. Thus, supposing there were
two windows in an apartment, one on the right, and the
other on the left of the instrument, it would command
either, without revolving on its inferior axis, merely by
being tilted on the right or left side.
Way of Viewing Crystallizations of Salts and Various
Chemical Actions.

Use the mounting (No. 2); screw on the lengthening
piece, 7, and attach the diagonal boot (fig, 16) to it. By
means of the wheel and endless screw let down the arm of
the instrument till the body shall be considerably below
the aperture of the stage ; then take off the lid of one of
the aquatic boxes, and fix the other part, first warmed at
the fire, upon the stage ; which turn round on its pivot until
its surface with the box shall point downwards ; then insert
a drop of the salt to be viewed upon the inferior glass of
the box (now, by virtue of its position, the superior one) ;
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confused by it ; though from what cause, unless it be its
divergency, 1 cannot easily comprehend.

It will be rather difficult to get a power low enough, with
the present instrument, to obtain a general view of a number
of the larger aquatic larve ; for I do not think the present
engiscope will carry an object-glass of longer focus than
two inches ; which, with the lowest inverting eye-piece,
will be fully twice too high—(for, be it observed, the
lower the power is the more of an object it will include in
the field of view, and the higher the less); but, with the
erecting eye-piece thrust pretty far into the body, a power
will be obtained that will easily include a space of one and
a half, two, or even three inches; therefore use the
erecting glasses A, screwed on to the bottom of the inter-
nal tube of the body, and draw it in or out, untilit just takes
in the area of your largest aquatic live box, and use the
first or third way of mounting.

The method of using the aguatic live-box is as follows :
Take off the lid, applying your finger to the hole in it, or
stop it up, pro tempore, with a bit of wax ; then pour in
some water to the depth required, and insert your larvee,
and apply the inner part to it, observing still fo keep the
lid undermost : having slid it on far enough to keep the
water from escaping, place the box in such a position that
the holein the lid shall point upwards ; then, by squeezing
the lid on farther (having, of course, first removed your
finger or bit of wax from the hole), you may expel all the
air, and as much of the wateras may be superfluous. Itis
now fit for use ; (for the pressure of the atmosphere pre-
vents the water from coming out of the hole) by being
placed in the aperture of the stage, and turned one quarter
round, A single drop of water, containing animalcules,
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may be placed between the glasses of the smaller boxes ;
and, if the tubes are made air-tight by a little grease, and
the hole stopped up, may be kept for weeks together with-
out evaporating.

If very delicate and exceedingly transparent animal-
cules are to be examined, use the adapter (fig. 28),
with the smallest aquatic live-box mounted upon it, and
secured by the bayonet-catch : let it be placed between
the connecting cross-bars, w'u, and the superior plate of
the slider-holder, which arrangement permits the adapter
to be moved about : screw the wheel of diaphragms (fig.
24,) on to the bottom of the slider-holder, and see that the
body of the engiscope is truly concentric with the hole
or diaphragm ; otherwise you will have no light. Recol-
lect, that the body of the instrument must now be station-
ary, and that you must move the slip about with your fin-
gers. Whenever the diaphragms are employed, the body
must be a fixture, or nearly so.

A very useful way of observing aquatic insects and larvee
is, by means of the direct or diagonal boot drawn over the
lengthening piece, 7, of your object-glass, which may then
be inserted into the reservoir in which they are kept. The
method of mounting is as follows : Unscrew the body from
the arm, w, and attach fig. 15 or 16 io it, instead of its
usual neck : see that the plane-glass at their ends is as far
removed from the object-glass as possible (for the less
water you have to look through the more distinct will be the
vision ) ; detach the stage from its pivot by slackening the
screw, I, and clamp it tight on the lower pivot, ¢, having
previously removed the condenser, n, altogether: then place
the glass vessel on the stage, which must be truly horizon-
tal, and clamped tight by the pinching screw, [ ; insert the
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body into the reservoir, by rescrewing it, with its new
appendage, on to the arm, w, again. If you want to observe
laterally, or to take a periscopic view of the contents of
the vessel, use the diagonal boot in place of the directone ;
and, by turning it round on the lengthening piece, any
object situated on the sides of the vessel, such as polypi or
vorticelle, may be observed without disturbing them.
The object-glasses apply either to the ordinary neck of
the body, or to the lengthening piece over which the boots
slide. Dissections may frequently be carried on under the
surface of fluids by means of these boots, with great effect,
which can hardly be accomplished in the common way.
Whenever the instrument is in a vertical position (as will
of course be the case in the present instance,) or when it
is mot far off from i, the lever ¥ may be used with great
advantage. In observing live subjects it is peculiarly use-
ful, for it enables us to follow their movements much more
rapidly than can be done by means of the wheel and end-
less screw ; and the double motion of the arm being, by
ils assistance, governed entirely by one hand, the other is
left at Liberty to adjust the focus (which is, of course, per-
petually changing, according to the motion of the insects
observed) ; it is attached to the pinion on either side of
the rack-work, according to circumstances, by being
pushed on the square projecting pin. The wheel must
then be detached from the endless screw, by slackening
the clamping screw, ‘b, and drawing the piece which carries
the said endless screw backwards away from the wheel,
causing it to traverse over a portion of the arc which
it forms on its pivot, and fixing it afresh, so that it shall
not catch the teeth of the wheel : the arm then moves freely
round on the top of the bar, and is subservient to the action
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croscope, of the first quality, which is to be used exactly
as the engiscope was : 1 can give no better directions con-
cerning it. The sapphire and diamond lenses have their
own peculiar settings* in a species of dish or cup, which
is attached to the arm by being thrust into the hole at its
extremity. The aplanatic lenses should also have settings
on which they can be screwed at pleasure, to be used as
simple microscopes. If, at any time, when bodies are
merely laid upon the stage, and confined to it only by
their gravity (the stand being used vertically, as in dissec-
tions, for example), the face should come into too close
contact with the stage, the apparatus (fig. 21,) must be
used, which is inserted into the aperture, like the live-
boxes and slider-holder : the object being laid upon it,
due space will be afforded for the nose, and the breath
will be less likely to steam the lenses. The arm, w, is made
to turn round in any position most convenient to the ob-
server. 'The adapter (fig. 28), which is to be used
between the bars of the slider-holder, to carry a small
aquatic live-box or the like, affords another species of con-
venience, of a similar nature, and serves to elevate the
face of the observer above the stage.

* The superior cohesion of the precious stones admits of their being
burnished into a cell, which is again fixed into the sefting. This arrange-
ment allows the lenses to be shifted about without difficulty, or risk of los-
ing them. If they are plano-convex, as they should be, another advantage
results, which is, that they may be used either with their flat or convex side
towards thbe object, according as great distinctness, or a large field of view
may be required (for you cannot have these qualities combined). Remem-
ber, therefore, if you want a large field of view, and do not, af the same
time, require a large aperture, wnited with great distinctness, to place the
lens with its flat side next the eye. 1f, on the contrary, you must have a
very large aperture, conjoined with the utmost possible degree of dis-
tinciness, then place the convex side next your eye.
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6th. METHOD OF OBSERVING OPAQUE OBJECTS BY DAY-LIGHT,
PLAIN OR CONDENSED.

Employ the mounting (No.2,) recommended for trans-
parent objects by artificial light.

If your object is contained in a slider, insert it into the
holder in the usual manner: turn your back diagonally
towards the window, and place the engiscope on a table,
in a convenient position for observation in that direction,
so that the light of the window may fall full upon your
object, without being intercepted by your head: the
nearer you are to the window the better, provided its di-
rect light does not get into your eyes. You then proceed
to the adjustment of the focus, &c. as before described.
If your power is considerable, or the day dull, you will
require a condensed light: to obtain it, attach the con-
denser, f, 1o the neck of the body, by means of its clamp-
ing screw and split socket, ‘g ; unscrew the double convex
lens from the other, and remember to use only the plano-
convex, with its plane side presented towards the light,
and ifs convex side towards the object: slide it up or down
upon the neck of the body ; and adjust, also, by the help
of the joint, v, until you get a good spectrum of light upon
your slider. (Tt will be well, in the first instance, to form
an image of the window upon your object, and then to
push the illumination a little closer to it, so as to oblite-
rate the image.) You will in this way get the maximum
of brightness :—the crown of the convex side of the bull’s
eye, or condenser, when properly adjusted, will be about
an inch, or an inch and a quarter, from the object.

If you think it more commodious, you may attach the
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llumination.—Don’t laugh, but do as I bid you : and, more-
over, a pair of scissars, to trim it. A piece of rushlight
(please your worship) well trimmed, gives a remarkably
steady light, without flaring or flickering, and is just as
intense as that aflforded by oil, or tallow, or gas itself,
burnt in any other way. The intensity of the light is the
thing wanted, not the quantity. Perhaps a wax rush-
light might be an improvement. Now, this rushlight,
adjusted to the proper height, is to be placed before your
stage, aud as near to your object and object-glass as may
be, without burning them : but you must take especial care
that its direct light does not get into the body of the en-
giscope, or it will utterly destroy all distinct vision : on
this account it must be always placed a little on one side of
the objective; and, if the focus of the said object-glass
is longer than half an inch, it will be highly adviseable to
use a conical shade (fig.19,) drawn over it, reaching
almost to the object itself ; which will, moreover, always
be some security against burning it, or injuring the ob-
ject—giass itself. The object, if below a certain size, will,
of course, be seen upon a ground of some sort, and this
must be a black one : if on a slider, it must be gummed
upon black paper ; or, if mounted upon a cork cylinder,
having a pin thrust through it, the surface of the eylinder
must be blacked with lampblack and glue, before the ob-
ject is applied to it : but, if it is of a nature to be held by
the nippers, Mr. Lister’s black ground (fig. 22,) must be
employed, to bring it out in true relief; for it is far blacker
than any other, and stifles all heterogeneous light much more
perfectly. This is attached lo the stage in the same way
as the live-box or slider-holder ; and is, in fact, the same

piece of apparatus which constitutes the false stage for the’
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chief tied over your mouth : a single puff is all that is ne-
cessary to cause the flame of the light to play over the
object and destroy it—{and thus, in fits of absence, have I
destroyed many valuable ones). What renders a rush-
licht so useful is, that it will not, of itself, flare over your
object : it can, moreover, on account of its smallness, be
oot closer to an object with impunity than any other artifi-
cial light ; and thus, in fact, gives the most intense sort of
plain illumination ; for the intensity of light decreases
according to the square of its distance from the object.

When observing faint, sombre, and dull opaque objects,
especially if high powers are used, a vast increment of
apparent brightness is obtained, if all light is excluded
from the eye save that of the visual pencil. Thus, it will
be found a great assistance if a large blackened pasteboard
shade, nearly a foot in diameter, is made to fasten upon
the eye-piece, and thus completely to exclude the direct
light of the candle, &c. ; or, still better, if a black hood,
like those used by astronomers, is made to cover up the
face completely, but with an aperture for the body of the
instrument.  Such an arrangement, also, saves us the
trouble of shutting one eye; and the enlargement pro-
duced in the aperture of the iris, by keeping the eyes in the
dark, enables the faintest rays to affect the retina.

CONDENSED ARTIFICIAL LIGHT

Is procured by the action of the double illuminator, f’;
whenever it is used by lamp or candle-light, the double
convex must be screwed on, still preserving the convex
side of the plano, or bull’s eye, next the object. The

split socket must be clamped tight in such a position on
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brightness cannot otherwise be attained). The object
must always be held by the nippers, or mounted on a cork
cylinder, when it is to be illuminated by cups: when the
nippers only are employed the disk, ‘7, must be placed be-
tween them and the illuminating lens, &c. so as to prevent
any false light from getting into the object-glass, and also
to furnish a black ground.

Remove the bottom of the black box, ‘p, and fix the con-
denser, %, in such a position, by means of its tightening
screw, that its convexity shall be inserted into the bottom
of the said black box, which will be found its best position
either for day-light or candle-light. The engiscope must
then be placed on the tripod stand (mounting No. 1,) and
directed against the sky, (the best way, perhaps, of using
the cups with day-light), or it may be used in an horizon-
tal or vertical position, and the light reflected by the oval
mirror ; but when artificial light is preferred, use the
mounting, No. 2, and place an Argand lamp about an inch
and a half from the condenser, n, taking care that its flame
is concentric with it, and a most intense illumination will
be procured, even with powers equal to the 1-60th of an
inch focus. Cups, when properly managed, give a brighter
light than can be procured by any other means*.

Please to remember that the condenser under the stage,
and that represented attached to the body, are expressly
and exclusively devoted to opaque objects.

* The cups may be used without the assistance of the condenser, but, of
course, in this way give a much more feeble light.
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on which you dissect in the smaller aperture of this, and
proceed. I should recommend you to get the leaves of two
Pembroke or other tables placed on each side of you, to
rest your elbows upon at pleasure, and likewise to procure
several pieces of board, about 11 inch thick, to place under
the instrument, to depress or elevate it without the help of
the slide in the pillar (which, when called into effect, always
unlocks the bar.)

Your operations can always be carried on under the sur-
face of liquids, by the help of the direct or diagonal boots.

When you wish to get at the side of your subject without
disturbing its surface, mount in the position, No. 2, and
turn your stage round on the pivot, ¢, until it comes to be
in the plane of the bar: every lateral view can then be ob-
tained at pleasure, by turning the object round, and you
can operate in this position as well as in the vertical one.
You may also, by help of the ball and socket, tilt the body
at any required angle, and still adjust the stage to the hori-
zontal position, as before, taking care to pinch it fast by
means of the screw, /, before you begin to work again.

There are no tools for disseclion equal to very fine seis-
sars,—they always culwithout dragging or tearing ; there
is, however, the greatest difficulty in procuring them. The
Sheffield workmen are the only ones capable of making
them sufficient] y delicate*. Youmay, of course, dissect with

* Miniature scissars have heen made only half an inch in length quite
perfect: mow a pair constructed with blades like these, but in other respects
like those for some operations on the eyes (7. e. without ears), having one
arm inserted in a long handle, and the other left short, playing against a
feeble spring to keep it open,is the sort of tool required. It is held like a
pin, and cuts by the pressure of the index finger on the short arm.

.
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ceterts paribus ; but this instrument, as well as the simple
and compound microscopes, are probably best on their ap-
propriate stands, of which full and particular descriptions
will be given hereafter. It is only for the sake of those
who should like to have the three instruments jumbled to-
gether that they are adapted to the same stand in the pre-
sent case.

Courteous reader, I have endeavoured to supply the
place of a viva voce lecture on the instrument, and to infuse
into thee such knowledge as 1 possess, touching the ma-
nagement of the aplanatic engiscope, &c. I hope it will be
found sufficient for ordinary objects; but under the head
of Test Objects 1 shall enter into the subject still more mi-
nutely, and give still more precise and specific instructions,
as the case may seem to require. I cannot help thinking,
however, that the directions already given will be found
much more explicit, clear, and intelligible, as well as more
full, particular, and diffuse, than any others hitherto given in
print. Valeant quantum valere possunt. By their assist-
ance thou shalt be enabled to enter into a course of re-
searches very nearly as profitable to thyself and fellow
creatures as if thou wert engaged in the sublime and im-
portant occupation of determining whether the small star
of ¢ Bootis, is ofa greenish blue, or bluish green ; or whe-
ther some nebula is very gradually or very suddenly much
brighter in the middle.

C. R. G.






92 ON THE LARVA OF A SPECIES

British Coleoptera, as it measures, when arrived at matu-
rity, an inch and a half in length, while the superior
strength and courage manifested in its attacks on small fish,
and other animals larger than itself, is truly surprising.

About the latter end of April, and during the month of
May, small nests of these insects are often found floating
among the weeds and water plants, in stagnant pools, and
are frequently taken in the nets of those who are searching
for the early species of animalcules. They are in the form
of balls, of a dusky white colour, and a silky texture, and
have each a small stem of the same nature as the nest, by
means of which it is attached to the roots or stalks of weeds
at the bottom of the water. In this situation it remains
during the winter, and is thus effectually preserved from
the effects of intense cold. Early in the spring, the stem
or cable to which we have referred, is detached from the
weeds, by the winds which at that time prevail, and the
nest rises to the surface of the water, and there floating,
imbibes the genial influence of the sun. These nests may
be taken and placed in a bason of water, and, as the season
advances, hatched by the heat of the sun. On the larvae
leaving the nest, which they accomplish by gnawing a hole
in the side, the infant larva immediately descends to the
bottom of the vessel, with its jaws extended in search of
prey, and eagerly devours all the small aquatic insects that
are within its reach ; if, however, there is a scarcity of
food in the immediate neighbourhood of the nest, the larva
of the same brood may be seen to attack and devour each
other.

In its infant state this larva is very transparent ; hence
its internal structure may be clearly distinguished. The
circulation along the principal artery on each side of the
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juices to be more easily obtained. If its foodis plentiful,
this larva arrives at its full growth in the course of three or
four weeks, and is then nearly opaque, and thickly covered
with hair. It can be kept several days without food, and
by this exinanition its structure becomes considerably more
transparent®, while its natural ferocity is greatly increased,
so that it will attack and fight with creatures much larger
than itself, and even with its own species. It may be re-
marked, that it studiously avoids any contest with the nepa,
or water-scorpion.

On a fine sunny day the larvee arise to the surface of
the water, and delight to bask in the sun, but if watched,
they remain motionless, with their claws extended. If a
stick, or any other substance, be presented to them, they
will immediately seize it, and will sometimes suffer them-
selves to be cut into pieces before they relinquish their
hold. Their bite has been considered poisonous by many
persons, as it takes a greater length of time to heal than
other wounds of the same extent, so that caution should be
used in taking them.

Touching the anatomy of this creature, it may be ob-
served, that the sucker, marked d, is contained in a crus-
taceous sheath, and may be considerably protruded or
completely withdrawn at the pleasure of the larva : in the
engraving it is shewn extended to about three quarters of
its length. 'The eyes are compound, but of a peculiar
conformation, being composed of seven oval lenses, ar-
ranged like leaves upon a branch ; in the drawing they are

* The subject represented in the engraving was starved, in order to render
its interior organization more clear : it may be observed that its intestinal

canal is quite empty.















