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IMPROVEMENTS

THE MICROSCOPE

FROM THE TRANSACTIONS OF THE SOCIETY OF ARTS,
MANUFACTURES, COMMERCE, &ec.

vOL. XLIX.

STAGE FOR A MICROSCOPE.

The SrLvEr Isis MEDAL was presented to Mr. Eb-
MuNDp TURrRRELL, 46, Clarendon Street, Somers
Town, for his Improved Stage for a Microscope. The
Jfollowing communication has been received from Mr.
TURRELL on the subject of his invention.

46, Clarénidon Street, Somers Town,
SIR, . Feb. 14th, 1832.

TuE great attention that has been lately bestowed upon
the microscope, in order to bring it to the greatest degree
of perfection, renders any apology from me unneces-
sary, in laying before the members of the Society of Arts
what I conceive to be an improvement in the apparatus
used for moving the parts forming the stage of a micro-
scope.

I3
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The precision required in placing any minute object
in the centre of the field of view in a microscope, gave
rise to some very ingenious contrivances for moving the
plate or stage upon which any object was placed for in-
spection. These heing wmostly capable of moving the
object to be viewed in directions at right angles to each
other, the plane in which they move being, for some pur-
poses horizontal, and sometimes oblique, as circumstances
may require, diagonal motion was, of course, produced
by a compound of the two motions.

To effect these most necessary and desirable objeets,
two plates of metal are usually laid one above the other,
each being capable of motion in the same or parallel
planes, but at right angles to each other. The motion
of one plate is produced by turning a milled head, at-
tached to a pinion, which works in a rack fixed to the
plate ; a similar apparatus being combined to the other
plate, or in some cases a screw is used to adjust one
plate, while a rack and pinion is applied to effect the
motion of the other; but whatever agents are used for
the purpose, the milled heads are placed either on oppo-
site sides of the stage, or else at right angles to each
other. In either case, a person standing to examine an
object in the microscope, and wishing to move a part
out of the field, would be obliged to keep both hands
employed upon the milled heads, to adjust and obtain
his object, the body of the spectator being by these
means rendered very unsteady ; or, if sufficient steadiness
i1s obtained under such circumstances, it will be at the
expense of considerable fatigue, frequently rendering mi-
croscopic investigation a painful rather than a pleasing
pursuit.

It will be very clear that this difficulty may be greatly
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reduced, or entirely removed, provided all the milled
heads used for producing the adjustments (whether for

position in the field or the focus) could all be placed on
~ one side of the instrument, and at so small a distance
from each other, that the right hand only might pass
from one to the other, without the necessity of removing
the eye from the eye-piece of the microscope. In such
case, if the right hand only be required to produce the
various adjustments of the instrument, the left hand will
be completely at liberty to form a third point of support
for the body of the spectator, affording thereby consider-
able relief, and preventing the great faticue that ensues
from supporting the body in an inclined position, without
any assistance from either of the hands.

In the instrument which I have now the honour of
submitting to the notice of the Committee, all the milled
heads, combined with the adjusting parts or agents, are
placed on the right-hand side of the instrument, where
for every purpose they may be used with the right hand
only ; but should a preference be given to use them with
both hands (which in some cases may be found con-
venient), such a desire may be gratified, provision being
made for that purpose.

I believe it is usual to procure certificates of approval
from persons accustomed to use such articles as are sub-
mitted to the consideration of the Soclety of Arts; but
when I reflected on the great number of gentlemen who
are members, and whoare in the daily practice of using the
finest microscopes, I considered such a procedure would
be unnecessary, more especially as the object would be
placed before those gentlemen whose practice in the use
of the microscope renders them amply conversant with
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the subject, and therefore perfectly competent to form a
correct judgment of its comparative merits.

I am, Sir, &c. &ec.

A. Aixin, Esq. Epmuxp TurRRELL.

Secretary, §c. §c.

Description, with reference to the Engraving, Plate IV.

The particular convenience of this stage consists in the
milled heads employed to produce motions at right angles
to each other being both placed at one corner of the
stage, so that only one hand is required to move them
both ; and, consequently, there is no necessity to remove
the eye from the eye-piece, or to feel about to find the
means to effect either motion that may be required. One
of the agents employed to produce one of the motions
(namely, a pinion) extends completely across the stage to
the opposite near side, so that on particular occasions both
hands may be used; viz. one for each motion, by which
means any diagonal motion may be also produced at plea-
sure. The stage consists of three plates; the two upper
ones sliding in cross dovetails, the bottom one may be
attached to the microscope in any way that suits the con-
venience of the maker.

Fig.1 shews the stage laid open, leaving only the bot-
tom plate @ a. Fig. 2 is the under side of the second or
middle plate & b, with part of the third or upper plate ¢ ¢,
seen through it. In fig. 1 is shewn a double-threaded screw
d, with a milled head ; it is attached to the plate @ a by the
straps or collars ¢ and [ the axis of the screw d fits into a
hollow conical collar near ¢, by which means all end-shake
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is prevented. There is nearly room enough for the upper
half of the serew between the first and second plates a 0,
as shewn in the edge-view, fig. 3; but there still is a
recess g made in the plate b, fig. 2, first to receive the half
screw-hole %, and secondly to slide past the collar ¢, fig. 1.
The half hole 4, fig. 2, is formed at the end of a spring, so
that it keeps in close contact with the screw d, fig. 1, and
yet moves with freedom. Fig. 4: 7 is one of the dovetail
slides removed from the plate a «, fig.1; it fits against the
two steady pins j j, and is retained there by three screws.
Fig. 3 : ¢ shews an end view of it in its place ; the opposite
dovetail slide % does not require to be moved ; the dotted
lines seen in fig. 1 shew the inner parts when the plate &
1s laid op it. The screw d gives the right and left-hand
motion; and, in order to produce the motion at right
angles, the screw d is perforated to allow the long axis of
the pinion / to pass through it, as shewn in the section
fig. 5. This pinion is held in its place by two collars or
straps m and n, fig. 1, and the leaves of the pinion are
made so long as to extend the whole length between them ;
and the axis of the pinion, after passing through the serew
d, 1s again supported by the elbow-piece o; and then the
milled heads p and ¢ are put on at each end. The head ¢
13 smaller than d, in order to allow the fingers to clear it
when they are moving d. The pinion / moves a rack »,
which 1s attached to the upper plate ¢, fig. 2, by two springs
s s; they are screwed to the plate at s s, and are soldered
to the rack only at its end ». Between them is a third
spring ¢, which acts against the nearest end of the rack:
thus every part of the rack is kept in pleasant contact
with the pinion /. An opening is made in the middle
plate &, to allow the rack to pass through, and it is suf-
ficiently long to allow of the longitudinal motion of the
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rack ». Fig. 5: ¢ ¢ shews the dovetail sliding plate to
which the rack » is attached, and which is therefore
moved at right angles to the plate & &. The great length
of the pinion /, fig. 1, between the collars m and #, is pro-
vided for the purpose of letting the rack slide along it
when the plate 4 b, fig. 2, is moved either to the right or
left by the screw d, fig. 1. By alternately using the milled
heads ¢ and d both motions are effected with one hand, or
they may be given with both hands by using the heads
p and d; in which ecase any diagonal direction may be
given to the object placed on the stage to be viewed.

Fig. 6 is a top view of the stage put together; the
dotted lines v v, on either side, shew the extent of the
lateral motion ; the milled heads p and d being placed
far enough out to give the required range of motion to-
wards either side. There 15 a dotted line » u at the near
end of the upper plate ¢, to shew how much must be filed
out to clear the stem of the microscope, if the stage was
mountedjclose to it. In the middle of the plate ¢ stands
a neck, and on it slidesithe outer tube w, figs. 3 and 5:
it carries the upper stage x. Iig. 7 is an under view of
this upper stage; and fig. 8 a section of part of it, to
shew the manner thelspring-pins y y are racked, to allow
of their being raised and lowered by the double pinion z z.
These spring-pins fit into their sockets in the usual way,
only the sockets have hollows filed in them to receive
the pinions z, as shewn in fig. 8. 11 are the pinion-
bearings. In fig. 3 the milled head is removed from the
end of the axis of the pinion, to shew one of the springs 2,
which are curved, but drawn flat by the screws 3 3:
these give an easy friction to the pinion. 4 4 are the
richt and left milled heads, by which the springs ¥ may
be raised or lowered by either hand.
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This rack-motion to the springs is a great addition
to their use; for, when pressing the springs down by
hand, the face was frequently obliged to be raised from
the lens, and then they would sometimes crush a delicate
object laid on glass under mica; but by this pinion they
may be lowered most gently; and then, whilst viewing
the object, it may be pressed the due degree, so as to
flatten it or spread it out sufliciently to be viewed, and
no more, They may also be raised enough to move the
object, and then lowered again to hold it, without re-
moving the eye from its view.

Fig. 9 is a light ball-and-socket holder for opaque
objects. The wire 5 fits into the tweezer-joint ; the ball
has an elbow 6, into which fits a pin 7; upon this pin
is mounted a short cylinder of ivory 8, having its top
hollowed and Dblackened, the object being placed in
the middle. A box, with a cork bottom, holds a number
of these pins, with the objects ready mounted.

Fig. 10 shews, in section, a method of mounting
transparent objects in ivory sliders, so as to be flush with
their surface, by which the highest powers can reach
them. Cylindrical holes are bored right through the
ivory, leaving no seat; then, on the upper side is ce-
mented a clear slip of tale, as long and wide as the ivory ;
the bottom is then turned up, and the objects being
placed in, are followed by disks of talc and wire rings.
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TRIPLET FOR A MICROSCOPE, &ec.

The LARGE SILVER MEDAL was presented to Mr. J.
Horranp, 6, Manor Place, Walworth, for his Mi-
croscopic Triplet and Doublet ; from whom the follow-
ing communication has been received.

By the following combinations of good double and
plano-convex lenses in common use, the principal desi-
derata in the optical part of a superior general micros-
cope are obtained; wviz. extreme defining power, with
good light, and sufficient magnifying power to bring out
and beautifully define (even when the compound bedy is
used) those most difficult test objects, the parallel lines
upon each scale from the podura, and upon the diamond-
beetle (the former as a transparent object, and the
latter as an opaque one), which is not usually effected
by the achromatic microscopes, notwithstanding the high
cost at which they are necessarily furnished, arising from
the difficulty in constructing them.

The Triplet 1s formed with three plano-convex lenses,
having their plane sides towards the object.

No. 1, The lens next the object.

2, The middle lens.
3, The upper lens,

Nos. 1 and 2 require to be thin, and to be set as close
together as possible, without being in contact ; the focus
of No. 2 to be rather longer than that of No. 1. The
upper lens, No. 3, must be placed at some distance from
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No. 2, in order to effect the proper correction; conse-
quently the magnifying power of Nos. 1 and 2 will be di-
minished by No. 3, the focus of which must be at least
twice that of No. 1. A diaphragm is to be placed between
Nos. 2 and 3, the aperture in which is regulated by its
distance from either of the lenses, diminishing in diameter
in proportion as it is nearer to No. 2.

The beautiful effect of this combination principally
depends upon the due distance between the middle and
upper lenses, and upon the aperture in the diaphragm
between them, joined to the truth and IgEHETﬁI perfection
of all the lenses. These particulars are best found by
trial, and the reason is obvious, for it is very diflicult to
make such small lenses quite alike in focus and thick-
ness ; but the circumstance is unimportant, provided the
distance in each set of lenses be correctly adjusted in
conformity to their relative foci.

The triplet, to be efficient (for the podura, &e.), should
be equivalent in power to a single lens of one twenty-
fifth of an inch focus; to produce which, the two lenses
next the object must be very minute, to compensate for
the diminution of power occasioned by the third lens.

This combination necessarily draws the object very
close to the lens No. 1, consequently, if talc is used to
cover the object, it must be very thin; it can be made
sufficiently so without difficulty ; in proof of which I may
refer 1o some of my slides, the objects upon which are
covered with tale, and yet are reached by a sphericle of
s3sth of an inch focus. Should the proximity of the
object to the lowest lens of the triplet be urged as a ma-
terial objection to its usefulness, it may be answered,
that the whole microscope is a mass of delicacies; conse-
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quently it cannot be allowed that a line be arbitrarily
drawn beyond which every thing is to be considered as
too delicate.

The Doublet has a deep power, principally for opaque
objects.

The optical part of this power is composed of one lens
for magnifying and one for diminishing, upon Wollaston’s
principle, except that a diaphragm is added. The pre-
ceding remarks with regard to distance, relative foci of
the lenses, and aperture in the diaphragm, equally apply
here. The lower part of the cells for this doublet should
be an inverted cone, the lens next the oljeet just occu-
pying its apex, by which contrivance all impediment is
removed when the light is required to be thrown upon
an opaque object. As a deep power, for the lines upon
the scales of the diamond-beetle, &c., the focus should
not be longer than one-twelfth of an inch : all the lower
powers which are usually applied to a general microscope
may be constructed upon the same principle, and will be
found to act better than single lenses.

The Compound Body.—The only variation I have
made is in the distance between the eye and field-
lenses, which I increase to the sum of their foei, instead
of half that distance ; the latter being the usual mode of
constructing a negative eye-piece. By this increase of
distance, licht and defining power are gained, although
magnifying power and the field of view are diminished ;
but at the same time the latter is rendered very perfect.
To remedy any inconvenience which the smallness of the
ficld might occasion, the body must be so constructed as
to allow a spare eye-piece (upon the usual construction)
to be substituted when low objective powers are used
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upon objects which are less eritical than those for which
the superior defining power of the improved eye-piece may
be required.

Objects hermetically sealed in slides.

By the following mode objects in fluid (such as the
active molecules composing gamboge, and similar objects)
may be hermetically sealed in a microscopic slide. 1
have a slide of this description which was sealed on the
9th of June, 1829, and which yet remains perfect.

The cement which I use consists of the best white
lead, worked up with one part linseed oil, and three parts
spirit of turpentine. It must be worked for a long time
with a palette-knife, upon a polished piece of marble,
and made sufficiently thin to be laid on with a camel-
hair pencil.

Take some pieces of flat glass, of the required size,
and inclose a space thus, upon each, =
with one coat of the cement: this will | : '
form what is called in the microscopic |
world a pond. Although for these
minute objects depth is not necessary, yet, by pro-
ceeding in this way, the external coat of cement 1s pre-
vented entering between the glass and tale, and mixing
with the object. These glasses being so prepared, and
being dry and hard, put, with the head of a pin, &c., a
small drop of the fluid containing the object to be pre-
served, in the centre of the inclosure, upon which drop a
piece of very thin and clear talc, the edges of which must
rest upon the coat of cement, without extending to its
outer margin. The tale will spread out the drop to
almost an indefinite thinness; but care must be taken
that the drop be not in sufficient quantity to touch the
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inner margin of the cement. That being accomplished, take
some almond oil in a hair pencil, and pass it lightly and
slowly round the edges of the talc: the oil will insinuate
itself under it, and will surround the object without mix-
ing with it. After cleaning off any of the oil which may
be beyond the tale, proceed to lay a coat of cement (still
to be sufficiently thin) round the edges of the talc, ex-
tending about one-tenth of an inch within and without
it. When dry and hard, the object will be effectualiy
sealed, unless any flaw should exist in the tale.

Other objects which require some slight depth in the
pond, may be treated in the same manner, having pre-
viously laid several coats of the cement upon each other
in the first part of the process; but for such objects as
require comparatively considerable depth, such as water-
insects and larvee, the chara translucens and vulgaris,
&c. &ec., proceed as follows :—

Select a number of pieces of glass of different thick-
ness, and employ a seal-engraver, or other competent
person, to cut out a circle (or core), of about § of an
inch in diameter, from part of them ; from the remainder
let circles, which will fit into the preceding, be cut out
and cemented into them by the same parties, who have
a cement proper for the purpose : it is manifest that, by
varying the relative thickness of the glass used, cavities
of different depths will be procured. When these pieces
of glass, so prepared, are quite dry and hard, by filling
them with water, introducing the object to be preserved,
and covering them with tale, as before, they may be
hermetically sealed, as already described.
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Chara to vegetate in a Slide.

It is probable that a small and convenient shoot of
the chara being mounted with water in one of these
pieces of glass of a proper depth, and merely covered with
a piece of tale, having a small perforation opposite to
the edge of the cavity, will continue to vegetate until it
occupy the whole cavity, and form an interesting sub-
ject for examination by deep powers, and possibly, by
its gradual developement, the proximate causes of the
circulation, which attracts so much attention, ma}-r be
discovered.

The perforation in the talc is required in order to
introduce, with a camel-hair pencil or other means, fresh
water as evaporation proceeds; when full of water, if the
perforation be covered, by dropping another very small
piece of tale over it, the evaporation will be less rapid.

I may further state, that I use direct light (excluding
the mirror) for the examination of transparent objects;
and condensed direct light for that of opaque objects,
which I find superior to light reflected from the speculum.

Reference to the Figures, Plate V., figs. 1, 2, 3.

Fig. 1 is the compound body of the real size, with the
objective doublet attached. As the eye-piece is suited
to receive parallel rays, this doublet requires to be at the
same distance from the object, to suit the eye-piece, as it
does to suit the eye alone ; consequently, the adjustment
of the lenses and diaphragm which makes it best when
alone, also makes it best when used with the eye-piece.
The central pencil of light «, and the two extreme pencils
b b, are drawn to shew that the diaphragm prevents any
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rays from passing but those which are equally balanced ;
and it makes the aperture for each pencil very small, by
which there is little or no colour shewn.

Fig. 2 is a larger view of a doublet, with only the out-
side pencils &6 drawn; ¢ 18 the object: here it will be
seen, that the pencils which pass through the lower lens
at one side of its axis, pass through the upper lens on the
contrary side; therefore, the portions of the two lenses
which are used for each pencil may, by the adjustment of
the stop or diaphragm, be such as shall correctly balance
each other, and thus make the lateral rays pass nearly as
perfect as the central pencil.

Fig. 3 shews the lenses of a triplet five times larger
than their real size; the focus of each lens is marked
near it.

In figs. 1 and 2 there is a stop 4 above the doublet or
triplet, when the compound body is used ; this helps more
perfectly to darken the tubes, by stopping false or useless
rays. The stop ee in the eye-piece 1s placed where the
two foci meet, and the image is formed : it is too open in
the drawing for the convenience of disposing the pencils ;
in practice it must be a little more than 1 of an inch.
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MICROSCOPE FOR ANIMAL AND VEGETABLE
DISSECTIONS.

The SiLver Isis MEDAL was presented to Mr. H.
ScAck, 43, Berners Street, Oxford Street, for his
Microscope for Animal and Vezetable Dissections.

Sm; 43, Berners Street, Dec. 1831.

I BEG to transmit to you the accompanying drawing and
description of a Dissecting Microscope, and request you
to lay them before the Society.

Being in want of a microscope chiefly for the study of
vegetable anatomy, and not meeting with any cheap and
simple instrument sufficiently steady for that purpose, I
was induced to have one constructed on the following
plan; and on trial have found it to answer remarkably
well. It is convenient for ovdinary observations, as well
as for dissection; and by a few additions may be made,
if required, to serve as an instrument for accurate mi-
croscopic vesearch. In the last capacity it is, of course,
not intended to vie with more complicated and expensive
microscopes, but for dissection it surpasses them, in
affording a firm stage, and substantial support for the
hands of the operator. The usual mode of affixing the
stage to the stem of the microscope renders it liable, by
the pressure of the fingers, to spring from the magnifier ;
and in few cases do the stages give adequate support to
the hands of the dissector. In the present instance these
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faults are removed, by the stem being fixed to the back
of a strong wooden case, which also supports the stage,
and by two inclined surfaces gives an easy rest to the
hands; therefore, any weight on the stage or case must
tend materially to steady the whole. The stem, having to
support only the lens, is rendered much more simple in

1ts construction.
I am, &ec. &c.

A. Arxin, Esq. Hexry SLack.
Secretary, &c. &c.

Reference to the Figures.

Fig. 4, Plate V., is a perspective view of the case open.
It is a foot in length, seven inches high, and four inches
in breadth. The surfaces rr are sloped off to four inches
square, and the top g is left six inches by four. The case
is seen open in front, but provided with a flap hinged
below and locking to the top, thus forming a complete
box, in which all the apparatus connected with the
microscope may be packed away. A drawer may be
conveniently fitted to the upper part, to contain lenses,
dissecting instruments, slips of glass, &c., still leaving
sufficient room for all the brass-work below. The mirror
seen in fig. 4 is of considerable size ; it has two surfaces,
one concave, the other flat; it moves in a socket let into
the middle of the bottom, and directly over it, in the top,
is an opening of an inch and a quarter in diameter, closed
in fig. 4 by a brass cap g, which serews into a plate on the
top of the case ; this being removed, the stage / is screwed
in, as seen in fig. 5, a back view* of the microscope arranged
for use. The stage is about three inches by two and a
quarter, with an aperture of an inch ; it is raised an inch
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from the top of the case by a tube of that length, attached
to it and sliding over another, which screws into the plate
on the top of the box, thus allowing the object to be turned
round to any convenient position. It is provided with a
finger- spring for securing slides or slips of glass, and
is in all respects but size similar to that represented in
Plate VI., fig. 8, of the 48th volume of the Society’s
Transactions.

The plate i 4, fig. 7, is seen in fig. 5, ¢4, let flush into
the back of the case; it contains a groove into which
the plate jj, fig. 7, slides, to which plate the socket
holding the rack and pinion is attached. A top view
of the plate i i, with the groove for receiving the plate jj,
is seen in fig. 6. The vertical stem £, figs. 5 and 7, which
supports the lens-arm, is six inches long and four-tenths
of an inch square, fitting into a socket attached to the
plate j 7, figs. 6 and 7, and raised or lowered by an ac-
curately-made rack and pinion, the latter having a milled
head /, figs. 5 and 6, two inches in diameter ; in its cir-
cumference are drilled eight holes, fig. 6, /, to receive a
lever o, fig. 5, a steel bar about four inches in length.
By the large milled head the observer is enabled to make
very accurate focal adjustments ; and the nicety of move-
ment is still further increased by being made at the ex-
tremity of the lever. In this manner lenses of the highest
powers may be very accurately adjusted. The lenses are
supported by the sliding bar mn, fig. 5, moved by a rack
and pinion at m, and the whole turning with a steel pin
in the top of the stem & ; the hole for this pin is seen in
fig. 6. In this manner the lenses may be made to traverse
any part of the stage. The ring n is made of just suffi-
cient depth to hold the lens-cells, and its sides are filed
off to admit of the free use of dissecting instruments.

C
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The diameter of the lens-ring is six-tenths of an inch;
and as several microscopes lately constructed have rings
of this size, it may be mentioned as one allowing of the,
comparison of lenses and their employment in various
instruments. It should also be stated, that the lenses
drop in without a screw, being by far the more preferable
method. Fig. 8, n is a section of the lens-ring, shewing
the edges bevelled off below ; the rise in the middle m
shews the thickness of that part of the arm on which is
the rack-work, the ring itself being only sufficiently thick
to hold the cells of the lenses. The plate ¢ ¢ is purposely
placed about an inch to the right of the middle of the
back, in order that the lens-arm, with its rack and pinion,
may clear the cheek of the dissector.

In fig. 5, p p are two brass pins, four inches in length ;
between them is stretched the curtain ¢, made of black
cloth ; the pins are fixed in holes in the front of the top of
the box. This curtain is used in the examination of
transparent objects, as it is then necessary to intercept all
light not coming from below ; it is also useful in keeping
the light of a lamp from the eyes of the observer. The
pins are bent a little forwards, that the curtain may not
be in the way of the head.

Such are the arrangements necessary for the dissection
of transparent bodies ; but if the object under examination
be opaque, it will be necessary to employ a lens to con-
dense light for direct illumination, or to use magnifiers
furnished with reflectors. The former is perhaps the better
method, and a condensing lens may be easily adapted,
supported on an arm having suitable movements and
fitting into a socket on the top of the case; when this is
used the flap of the case should be closed, as no light
must be admitted from below. Forceps for holding
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objects may be applied to the instrument in the same
manner as the condensing lens,

If it is required to fit up the microscope in a more
complete manner, a stage, with a Wollaston light, and
Mvr. Turrell’s, or other methods of moving the object, may
be screwed into the aperture, in place of the simple stage
for dissection. This nicety of movement is not required
in dissecting, as very high powers cannot be used ; neither
is it requisite to define the light so accurately as when
deeper lenses are employed. It will also be found that
in ordinary observations, by a little practice, a very steady
movement may be given to the object on the stage by the
hands, if they have a sufficient support. A compound
body may, if required, be adapted with an arm, and a
steel pin to fit into the top of the stem %, the simple lens-
arm being then removed ; this may be effected, as seen
in Plate V1., fig. 16, of the Society’s 48th volume.

Fig 9 represents a pair of forceps, of a convenient form,
to be used in dissecting. Cutting instruments are readily
made, by fixing needles into short wooden handles, and
grinding them to suitable edges on a hone.

Description of Plates VI. and VII. illustrating the IEle-
mentary Tissue of Plants, with some instances of Vege-
table Circulation.

The accompanying representations of the objects to
the dissection and examination of which my microscope
has chiefly been applied, were engraved at the instiga-
tion and through the liberality of Mr. Solly, for insertion
in the Society’s Transactions, as a supplement to the
description of the Dissecting Microscope. They must be
regarded principally as specimens of microscopic workman-
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ship, having little claim to original discovery. The ob-
servations on the motion of fluids in plants may not be
uninteresting to many of our members who have read the
excellent description of the circulation in the chara vul-
garis, given by Mr. Varley in the last volume of the
Transactions. The figures in Plate VII. must be con-
sidered rather as plans to render description more intelli-
gible, than as very accurate delineations of the beautiful
phenomena witnessed on actual inspection, of which it
would be impossible by drawing to give a very precise
idea. The superior manner in which the engravings
have been executed by Mr. Turrell, has given to the vege-
table tissues the exact appearance which they present
under the microscope ; and I think are not equalled by
any hitherto engraved.

In Plate VI. are represented some of the principal
varieties in the primary forms of vegetable tissue. As
these are not drawn to a precise scale, it will be necessary
hereafter to give some explanation of their average size.

The elementary organs of plants are usually classed
under four distinct heads: cellular tissue, woody fibre,
spiral vessels, and ducts ; but we find these tissues all
nearly allied in structure, and in many instances passing
by insensible gradations from one form to another. They
may all be considered as composed of a delicate, transpa-
rent, apparently imperforated membrane, forming a closed
sack, either nearly spherical, dodecahedral, fusiform, or
very irregular, as in the vesicles of cellular tissue; or
elongated into tubes, with conical terminations, as in
woody fibre, ducts, and the membrane surrounding the
thread of spiral vessels. This sack in the cellular tissue
and woody fibre is usually found perfectly simple ; but
in spiral vessels, and in most ducts, a peculiar fibre or
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thread is developed within, assuming a variety of forms.
Reticulated and dotted vessels, and vesicles of cellular
tissue, may be shewn in many cases to arise from adhe-
sions in the original spirally-developed thread. There
are, however, cases of dotted cellular tissue, woody fibre,
and perhaps some ducts, in which the markings are not
at all referable to this cause, but appear to be bodies ad-
hering to the membrane, and not dots or perforations in
its substance.

In Plate VI. fig. 1, is represented what may be con-
sidered the normal form of cellular tissue, consisting of
nearly spherical vesicles, of a membrane perfectly trans-
parent, and presenting no markings or visible perforations.
The variety of form assumed by the cells in different
plants, and in different parts of the same plant, appears
generally to arise from the variations of pressure to which
they are subjected. In fig. 2 are seen cells losing their
rounded form by compression. Fig. 3 exhibits cells com-
posed of a membrane, as the last, with the addition of
spirally - developed threads within; the latter always
adhere to the membrane, hence it 1s lacerated when they
are unrolled. This may have given rise to the idea that
the fibres were connected by a membrane, and not in-
closed in a membranous sack ; but the smooth surface of
the cell indicates the correctness of the latter opinion.
In fig. 3, a, the fibre is partly unrolled, and the cell torn
open. The cells in fig. 4 are apparently formed of a
thread rolled closely on itself, and the existence of an
enveloping membrane is not evident. Intermixed with
these we find simple membranous cells, as at @. In the
same plant from which fig. 3 is taken, may be seen cells,
as in fig. 5, presenting small areolar spaces, and traces
of the original spiral fibre between them. The dots are
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parts of the membrane uncovered by the internal spiral
thread, which in other places is adhering to itself. These
vesicles appear a transition from fig. 3 to fig. 6, in which
are represented cells from the same plant, the dots only
remaining, and the original spiral threads having entirely
grown together. These spiral and dotted cells are found
chiefly in orchideous plants. Figs. 3, 5, and 6, are taken
from a preparation of Mr. Valentine’s. Simple mem-
brapous cellular tissue may be seen in every plant. The
size of the cellules of this tissue is very variable: they
are usually from 3}sth to s§sth of an inch in diameter;
but may be found of all sizes, from ;th to y55th of an
inch. In fig. 7 are seen vesicles rather elongated, and
without spiral fibres or markings. Fig. 8 represents a
small spiral vessel, which may be considered a mem-
branous envelope like the cell a4, fig. 7, within which a
spiral thread has been developed. Figs. 9 and 10 are
elongated cells from the wing of the seed of bignonia
multifuga, drawn from a preparation put up by Mr. Grif-
fith. In fig. 9 are seen traces of a spiral fibre, which has
partially grown together, giving rather a reticulated cha-
racter. In fig. 10 the cells are dotted, and we see no re-
mains of the spiral thread. It appears, then, that the
same relation exists between figs. 7, 8, 9, and 10, as be-
tween figs. 1, 3, 5, and 6; and that a similar transition is
indicated.  Figs. 11, 12, and 13, are also similarly re-
lated ; fig. 11 represents simple cells, placed end to end ;
fig. 12, cells with a spiral fibre, somewhat elongated, and
in the same position ; fig. 13 1s apparently a continuous
tube, or a dotted duet; its origin, however, is indicated
by joints at regular intervals. In the first place, spiral
cells, placed end to end, as in fig. 12, may have become
dotted by a transition, as shewn in figs. 3, 5, and 6,
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and then the membrane sometimes becoming obliterated
entirely or nartially at the points of junction of the
vesicles, this kind of jointed dotted duct will result. In
ducts of this description the membranous septum often
remains. The vessel represented in fig. 13 is taken from
the hippuris. It may be observed, that the elongated cells
of figs. 7, 9, and 10, appear to be an intermediate stage
between cellular and woody tissue,

The existence of a closed membranous sack in all cases
of cellular structure may at first sicht be considered as
disproved by the cells shewn in fig. 14, which are placed
end to end, and apparently have open extremities, as at
a and b; it may be that at ¢ and d the membranous par-
tition still exists, and by removing the cells that adhered
at @ and b, the membrane was torn away. However, the
_ formation of continuous tubes, by the obliteration of parts
-of cells in juxtaposition, is of frequent occurrence. An
example of this is seen in fig. 15, which represents two
joints of a long dotted duct taken from the daklia, and
no doubt similar in its origin to fig. 13. - When the coni-
cal terminations of two ducts are in close apposition, the
membrane at the point of union will often be obliterated,
and transverse bars only remain, as seen in fig. 141, which
is the termination of a duct from the phaniz dactylifera.
This dotted duct, supposed, as will be mentioned here-
after, to owe its origin to the adhesions of an internal
spiral fibre, was applied to a neighbouring vessel by the
surface ¢ b, which has the appearance of a grating, arising
from the remains of the original spiral fibre stretched
across the opening where the enveloping membrane has
disappeared. It will be seen that these transverse bars,
being remains of the original spiral fibre, pass away from
the membrane always between the dots on the duct: this
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is one indication of these dots being merely parts of
the membrane, uncovered by the internal fibre. The
appearances in figs. 5, 6, 10, 13, 144, and 15, are not sup-
posed to arise from mere adhesions ; but must, of course,
be attended with some transverse growth of the internal
fibre, as well as from its becoming branched

Proceeding now to the spiral and annular vessels,
and reticulated and dotted ducts, we shall find that we
are not entering on entirely new structures, but that these
bear great similarity to the forms of cellular tissue above
described. This similarity of conformation must deter
us, in some measure, from ascribing to the cellular and
so called vascular tissue entirely distinet functions in
the economy of plants.

A spiral vessel appears to consist of a very elongated,
membranous tubular cell, with conical eclosed termina-
tions, and one or more fibres developed spirally within.
The existence of an enveloping membrane is not always
evident where the coils of the spiral thread are in
close contact, and when the fibre is unrolled it is not
rendered visible from its intimate adhesion to the thread,
being lacerated as the latter unrolls. In fig, 16 is a por-
tion of a simple, membranous, conically-terminated tube,
which occurs in many plants, and is larger than the
ordinary woody tissue. It is well seen in the asparagus.
If we suppose a single fibre closely rolled on itself to be
developed within, we should have a vessel as represented
in fig. 17; if two or many fibres are developed, we have
compound spiral vessels, as seen in figs. 18 and 19.
The fibres of a compound vessel are found always to run
in one direction, forming usually a right-handed screw ;
see fig. 18. This may be clearly seen if only the upper
surface of a vessel be kept in focus. The error of sup-
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posing the spires to run opposite courses in the same
vessel, arises from having the upper and under sides
partially in focus at the same time.

The annular vessel may be either composed of dis-
tinct rings enclosed in a very apparent membrane, as
fig. 21, a, or it may consist of perfect rings, and rings
attached to portions of spiral fibre, as in figs. 20 and
21, b. These rings in some vessels are very close, in
others at considerable intervals. If we follow these ves-
sels to any extent, traces of a spiral fibre may generally,
if not always, be found. It is probable, as we find vessels
in all states of transition, from perfectly spiral to ringed,
that the original tendency was to develope a spiral fibre ;
but that, during the vessel’s formation, the enveloping
membrane grew faster than the fibre, and the latter was
consequently broken and contracted into rings. This
would, perhaps, account for the formation of such vessels
as figs. 20 and 21, @ b; but we meet with annular vessels
in which the rings are almost in contact, and therefore
we can hardly explain their construction in this manner.
Fig. 20 represents part of a vessel taken from the leaf-
stalk of the culinary rhubarb ; it seems originally to have
contained a single spiral fibre, which by bifurcating gave
the appearance of a double spire, as at a; these two fibres
then reunite. Examples of a similar bifurcation and
tendency to branching in the fibre are seen in ¢, fig. 21.
In fig. 20 the single thread was broken at ¢, and coiling
on itself formed a ring ; the next two were formed in the
same manner, but remained united by a part of the spiral
fibre. At d a ring has arisen from the adhesion of the
fibre, and beyond are two perfect rings. The distance
of the rings may, in part, depend on the closeness of the
original spiral fibre, but may also be influenced by the
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subsequent growth of the part of the plant in which the
vessel is situated. The three vessels in fig. 21 are taken
from the same bundle in the petiole of the rhubarb ; and
it will be seen that a is of less diameter than &, & than ¢,
and that the rings in a are farther apart than in . Now,
it is probable that the vessel @ was formed when the leaf
was little developed, & when it was more grown, and ¢ still
later ; the size of the vessels bearing in each case, at the
time of their formation, the same proportion to the
petiole. The vessel @ having existed during a longer
period of the plant’s growth than &, may account for its
having a greater number of perfect rings, and for the
rings being at longer intervals. Had the petiole continued
erowing, the vessel ¢ might have assumed the character
of b, and b of a; or even ¢ might at last have been
reduced to the same appearance as a. These transitions
are actually commencing in other parts of the vessels
shewn in fig. 21. The figure represents only small por-
tions of the three vessels. ‘

Figs. 22, 23, 24, and 25, illustrate the transition from
spiral vessels to reticulated and dotted ducts. In fig. 22
are parts of two vessels taken from the rhubarb. The
vessel a is seen at ¢ to have a double spire, which, no
doubt, arose from bifurcation of a single fibre, as in ¢,
fig. 21; at d and e, by the growing together of the fibres,
it is becoming reticulated, and at f it assumes a dotted
appearance like that seen in the vessel 4, in which the
transition to a dotted duct is completed, that is, completed
in the part of the vessel there shewn; but in tracing it
through its whole extent we should see parts having a
reticulated character, and even traces of the original
spiral fibre. In the formation of the ducts in fig. 22, the
internal fibres appear not only to grow together, but in
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some parts to send out connecting processes, as seen at d
and e in the vessel «. As we consider the more perfect
ringed vessels, and those in which the rings are at the
greatest intervals, to have existed during the period of the
plant’s principal elongation, so we may conceive that ducts,
as b, fig. 22, arising from adhesions and growth in the
spiral fibre, are formed when the plant has nearly ceased
growing. We may adduce the fact of b, fig. 22, having a
oreater diameter than a as a proof of its later formation.
Fig. 23 is a reticulated vessel taken from the hyacinth
root. It is formed in a similar manner to the last, but
here the adhesion of the fibre has not gone on to the
formation of a dotted duct. Fig. 24 is a portion at the
termination of a vessel in which the fibres were originally
closer than in the preceding, and therefore when partially
grown together the dots are smaller and more numerous.
At a1t is a little unrolled, shewing its spiral nature, which,
however, might be clearly seen without unrolling if the
vessel were traced to any extent. At b is seen the usual
conical termination of these ducts. Fig. 25 is a part of a
duct on which the dots are more uniform in size and
regular in arrangement than in the preceding. Its origin
from the adhesions of a spiral fibre is less evident, as it is
dotted throughout ; yet, from its unrolling spirally, as seen
at a, and its close analogy to vessels like b, fig. 22, this
may perhaps be considered as the mode of its formation.
Similarly dotted ducts often present transverse markings,
indicating a division into cells, as before shewn in figs.
13 and 15, where their probable origin was also explained.
Dr. Bischoff considers the dots on such duects as fig. 25 to
arise from the spiral fibre being broken into small pieces,
which adhere to the membrane; and he conceives the
transition to be from spiral to ringed vessels, and from the
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latter to dotted ducts. An imaginary figure of Bischoff’s
is given by Mr. Lindley in his lately published “ Introduc-
tion to Botany,” a book which may be recommended to
all students as the only English work by which they may
obtain a correct knowledge of the science of botany as it
now exists, If, however, the dots on this kind of duct are
to be accounted for by any change in an internal fibre,
their origin from its growth and adhesion is perhaps the
more probable opinion. It is supported by their analogy
to other vessels, as those represented in fig. 22, b, and in
fig. 24 ; and the fact of the ducts unrolling spirally cannot
be accounted for by the circumstance of small fragments
of the fibre adhering to the membrane; but it might be
supposed that such would be the case, if the continuity of
the internal fibre were not destroyed.

It may here be stated, that in figs, 16, 18, 19, and 22, «
and b are in the same relation to each other as the cellular
tissue represented in figs. 1, 3, 4, 5, and G, or as the more
elongated forms in figs. 7, 8, 9, and 10 ; from all of which
they differ only in being more elongated. The size of
spiral vessels is very variable ; but their diameters will in
most cases be found to be between zizth and +;%5th of
an inch. Duects, especially the dotted ducts, are usually
larger than spiral vessels. Annular vessels are often about
the ;igth or 5}5th of an inch in diameter, but may occur
considerably smaller.

Woody fibre, as shewn in figs. 26, 27, and 28, consists
of a simple transparent very elongated cell, either termi-
nated conically at both ends, as in fig. 26, or obliquely
truncated and rounded as in fig. 27; it may also have an
abrupt termination. In the fibrous structure of plants we
often meet with tubes open at their extremities, as in a,
fie. 27 : this probably arises either from the membrane
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being obliterated where it was applied to another fibre, or
ruj:ltured by the pressure of an adjoining cell, as we some-
times find the conical extremity of another tube inserted
into the aperture. The tubes are of all diameters, from
the ;55th to the 3755th of an inch, and also very various
in length, We often find elongated cellular tissue in the
situation of woody fibre in plants not strictly woody, and
cells of all possible stages between spherical vesicles and
ordinary woody fibre. The membrane of woody fibre is
more firm and elastic than that of the usual forms of cel-
lular tissue; but as the latter assumes a more elongated
character, the membrane appears to approach that of woody
tissue. The more attenuated forms of cellular structure
are perhaps furnished with a stronger membrane to pre-
vent the continuity of their cavity being destroyed by
lateral pressure. This may also be the function of the
internal fibre in the varieties of the vascular system, and,
perhaps, in the spiral cellular tissue, where the vesicles
appear larger and the membrane thinher than in the more
common forms. The enveloping membrane of spiral ves-
sels and ducts is very delicate, and therefore requires this
internal support. The solidity of ducts appears to arise
from the adhesions of the internal fibre, and not from a
greater firmness in the membrane. In woody fibre mark-
ings are rare; but they do occur, as seen in fig. 29, which
is fibrous structure from a Nipal wood. The irregular dots
there seen are not at all traceable to the adhesions of an
internal fibre, but appear to be small bodies adhering to
the membrane. This is also the case in some kinds of
cellular tissue, an example of which is seen in fig. 31.
Fig. 30 represents portions of tubes which are found in
the wood of coniferous plants: the drawing was taken
from a dissection made by Mr. Valentine. Adhering to
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the surface of the membrane of these tubes are small
circular bodies, with a more prominent and rather more
opaque and smaller circle in the centre. These bodies
are convex, and project slightly from the tube, down the
sides of which they are arranged in two opposite rows, and
are only to be seen by making sections in the direction of
the medullary rays. Woody fibre may sometimes have a
branched appearance, as in fig. 32; but this evidently
arises from the partial adhesion or growing together of
two distinct fibres. Spiral vessels have also been said to
branch; but this appearance certainly arises from the
adhesion of two or more vessels: cases like that repre-
sented in fig. 33 are of frequent occurrence. It is there
evident, that at @ and b we have terminations of two dis-
tinct vessels, and that ¢ is a small spiral vessel connecting
d and e, to which it has intimately adhered.

There are vessels, described by M. Schultz under the
name of vital vessels, which appear to have a structure
quite at variance with any of the forms above described.
He states them to be continuous tubes, anastomosing with
each other, and conducting a fluid which passes readily
through all their ramifications. These will be mentioned
again in the description of Plate VIL., where portions of
them are delineated in figs. 19 and 20. There is, however,
another, and perhaps a universal motion of the vegetable
fluids, carried on in the cellular structure of plants; each
cell having a motion of its contained fluid apparently
independent of its neighbours. The figures in Plate VII.
are examples of the latter kind of circulation, or rather
rotation, of the fluids of plants.

In fig. 1 is seen a portion of the nitella flexilis, of its
natural size, a plant nearly allied to the chara described
by Mr. Varley in the last volume of the Transactions,
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being placed in the samenatural order. It differs in being
composed of single transparent tubes, with but little
incrustation ; the stem and branches are jointed precisely
in the same manner as the chara vulgaris; but it has not,
like the latter, an outer coating of smaller tubes. The
branches, or, as they are sometimes called, leaves, are six
in a whorl, as seen at @, b, and c; these often develope
from their axillze young shoots as  and y. The branches
are seen to bifurcate at their extremities ; the fork consists
of two distinet tubes, and the rest of the branch of a
third, The part of the main stem between the whorls of
branches is always one continuous tube, the joints occur-
ring at the whorls. The plant 1s of a bright green colour.
Fig. 2. 1s a magnified portion from the extremity of the
plant, fig. 1, d, shewing the motion of fluid in all its
joints. Four branches only in the lower whorl are shewn
in the figure, to render it less complex. They are not yet
sufficiently developed to exhibit the bifurcation represented
in fig. 1, @ and & ; but small shoots, as x, y, and z, are
beginning to, appear. In all the joints will be seen an
ascending and descending current, as in the chara, sepa-
rated by the quiescent colourless lines a a, two of which
are seen, one on either side of all the tubes. These lines
wind spirally round the plant; and, taken in the successive
joints of the stem, they appear to form two continuous
lines throughout. The same may be observed in the
branches : referring to fig. 2, the line a @ will be seen, by
the direction of the arrows in the lower part of the stem,
to separate the ascending current g from the descending f.
The line @ @ in the upper joint of the stem continues
exactly in the same direction which it held in the lower,
and still divides the ascending and descending currents ;
of the former, but a small portion can be seen, owing to
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the quiescent line winding spirally behind the joint.
Although this regularity in the direction of the currents
of succeeding joints is invariable, yet not the slightest
communication is observed between them, as the ascend-
ing is continuous with the descending both above and
below in each articulation of the plant; thus a rotation of
the current is kept up in each cell, and the same particle
floating i the fluid may be traced throughout its whole
course. The two transverse currents observable at every
joint must of course be in opposite directions. In the
branches it is remarkable, that at their origin from the
stem the ascending current is always farthest from the
axis, the descending nearest to it ; the quiescent lines com-
mence between the two, and continue their spiral course
throughout the extent of the branch. Where a bifurca-
tion exists, as seen in fig. 1, one of the tubes appears a
continuation of the original branch, fig. 2, { m n o, while
the other is developed laterally, and is usually smaller; in
this the ascending current commences farthest from the
axis of the branch, the descending is nearest to it. This
appears to be the case with all lateral developments,
whether from the stem or branches. It is indicated in the
branches composing the head s, by the direction of the
arrows. Surrounding the base of every branch we see
small cells, apparently within the main stem; in these I
have not seen the motion of the fluid, although in all
probability it occurs. Each joint of the plant is com-
posed of one external glassy tube, closed at the extremities.
Within this, and contracting a very slight adhesion to it,
is a layer of minute green cellules in close apposition,
but easily separated by pressure. These alone give the
colour to the plant; they cover the internal surface of the
tube in all parts but the transparent quiescent line, which,
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indeed, is only formed by their absence. The moving
fluid, with all the particles it contains, is evidently internal
to this cellular structure; it appears to revolve round an
axis composed of a delicate membranous sac, which con-
tracts an adhesion to the outer glassy tube in the whole
extent of the quiescent line. This internal sac is no doubt
filled with fluid, perhaps differing from that we observe in
motion ; it certainly contains no globules or particles of
any description when the sac is entire. The existence of
this internal membrane is demonstrated in fig. 3, which is
a view of two joints of a branch more highly magnified.
This view is taken by bringing a plane, passing through
the centre of the tubes, into distinet focus. The dotted lines
a a represent the situation of the quiescent line in both
joints. A wavy line is now seen, indicating clearly the
outline of the internal membranous axis, between which
and the external glassy tube, with its cellular lining, the
currents exist. The membrane i1s seen most distinctly
where it is thrown into waves by the passage of masses of
the floating particles, as at  and y. The arrows without
the joints shew the direction of that part of the current
most distinetly in focus, seen between the wavy line and
the external tube. The arrows within point in the same
directions, for they indicate the course of parts of the
same currents, which are not so distinctly in focus, and in
the present situation of the branch are passing upon the
internal membrane around the quiescent line « a. This
may perhaps be better explained by reference to the dia-
gram in fig. 31, which is a horizontal section of the stem.
Here the outer tube with its lining of cellular structure is
seen ; the latter wanting at « a the quiescent lines, where
the internal membrane e f adheres to the outer tube; d is
the axis enclosed by the membranous sac. The dotted
D
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line & ¢ indicates the plane which we have distinctly in
focus. The rotating fluid with its particles is seen between
the membrane e f and the outer tube, Suppose the side ¢
the ascending, and & the descending current, we should
see the currents and internal membrane distinctly where
the line b ¢ passes through, and have also a less distinct
view of those parts of the currents above the line; they
would appear ascending and descending, as shewn by the
arrows within the joints in fig. 3 ; but the quiescent line a
could not be clearly defined, as it must be considerably
out of focus to obtain a good view of the plane shewn by
the dotted line b ¢, fig. 34. That the moving fluid is
within the green cellular structure, may often be well seen
at the extremity of a branch, where the outer glassy tube,
as at ¢, fig. 3, has developed beyond the green lining, a
portion of which is seen at &; but this is also proved by
the fact, that on approaching the lens to a specimen of the
nitella, the green cellular structure always comes into
focus before the particles which float in the rotating fluid.
Secondary rotations of masses of globules are sometimes
observed directly beneath the quiescent line, evidently
receiving their impulse from the two currents. This may
arise from the rupture of the internal sac, and the
entrance of particles from the external currents into its
cavity ; these collect in a mass in the dense fluid of the
axis, and are made to rotate by the passing ascending and
descending streams. This is shewn in the diagram, fig. 4,
where the dotted line a a is the situation of the quiescent
line; the principal streams are marked by the large
arrows, and the motion of the mass of particles is indicated
by the three smaller ones. It is a curious fact, that the
particles seen floating in the currents have the colour and
usually the form of the cellules composing the green
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lining of the tube in which they are rotating. The moving
particles are, however, sometimes very irregular in form ;
they then appear to consist of small equal cellules, but
adhering in different numbers ; the same small cellules are
then observed to unite and form the larger bodies of which
the lining of the glassy tube is composed. Examples of
this are seen in figs. 5, 6, 7, and 8. In fig. 5, a, are seen
globules taken from the circulating fluid in a specimen of
the mitella; in b is represented a portion of the green
lining, seen in this case to be composed of bodies exactly
analogous to the particles in the currents. This form
appears generally to exist in newly developed parts of the
plant. In fig. 6, a, are globules of rather a different
appearance from the last; they present lines indicating a
formation by the aggregation of smaller particles; bodies
analogous to the latter are seen floating in the rotating
fluid, as well as the larger particles shewn in the figure.
At b 1s a fragment of the lining from the same tube, shew-
ing its composition of parts similar to the floating particles,
but receiving some slight alteration in form, evidently by
compression. In fig. 8 is another specimen at a of the
floating particles; they here consist of smaller bodies
adhering irregularly : these smaller particles, by their
aggregation, appear also to form the larger bodies of the
green lining in the same joint of the plant as seen at 6.
In fig. 7 are shewn spherical balls often seen floating in
the circulating fluid ; they appear of quite a distinct nature
from the particles above described, being colourless, trans-
parent, and perhaps composed of a dense fluid insoluble
in that of the currents. They may, perhaps, be globules
of fluid escaped from the internal membranous sac before
mentioned ; they are sometimes rendered rather irregular
by small bodies adhering to their surface. There are
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occasionally small and very irregular particles in the cir-
culating fluid, which appear to arise from accidental
circumstances, as they rarely occur in healthy plants. In
fig. 9, @ is a joint of the nitella, having an appearance of
light and dark rings on its outer tube. The light rings
are produced by incrustations of crystals of calcareous
matter, similar to the coating of the chara vulgaris, but
here occurring only at pretty regular intervals, the inter-
vening dark portions being the usual green colour of the
plant. At b, in fig. 9, is a magnified portion of the outer
glassy tube, the fluid and green'linhlg being removed ; the
latter, from its slight adhesion to the tube and its excessive
brittleness, is easily separated by a little pressure. Here, at
x and ¥, the incrustations of crystals are seen upon its outer
surface, being an excretion from the plant. Small masses
of erystals ave seen dispersed over the plant’s surface, even
when growing pretty vigorously ; but these circular incrus-
tations are usually seen in sickly and dying parts. It may
be stated that the above observations on the circulation in
the nitella apply equally to that of the chara vulgaris, and,
no doubt, to all the natural order characee.

In fig. 10 is represented a small portion of the Aydro-
charis morsus rane, or frog-bit, of its natural size. It
is an aquatic plant common in ditches and streams. Sur-
rounding its leaf-buds &, are very transparent scales, as
at ¢, which may be examined under the microscope with-
out farther preparation than placing them on a slip of
glass in a little water, and covering the whole with a thin
piece of tale. We then have the appearance represented
im fig. 11, in which are seen a few flattened cells of the
cuticle or outer layer, with the spiral vessel « & beneath
them. In each cell we observe a motion of the fluid,
marked by very regular oblong green globules, which ereep
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round and round the parietes of the vesicles, the arrows
marking the direction of this rotatory movement in each,
which will be seen to follow no particular law. The
globules are not ngzry numerous in each cell; they some-
times follow their course singly, at others they collect in
masses, and still continue their movement around the
cell. When two or three adhere, we often observe a wavy
line between them and the axis of the cell, as at d; appa-
rently an indication of some internal membrane, as de-
scribed in the nitella. Nearly all the globules are found,
in some cases, to collect in a mass, as at ¢, figs. 11 and
12, and then thewr movement ceases. In the flattened
cells of the figure they usually fall on the border of the
cell, but are sometimes seen to cross it. The motion of
these green globules is noticed by Meyen, in a memoir on
the movement of the sap in the cellular tissue of plants,
published in the Transactions of the Academy at Bonn,
in the 13th vol,, 1826. He also deseribes a motion of
particles in the hairs of the root. In fig. 11, a portion of
one layer only of cellular tissue is shewn ; as the cells are
much flattened, and not always exactly in one plane in
each layer; a second is usually partially in focus at the
same time : this I have not represented in the figure, to
render it less complex ; it will be seen in fig. 12. Fig.
12 is a section of the stem of the Aydrocharis (see a,
fic. 10) : the cells here are large and arranged in rows;
between them, at @ and &, are seen portions of a spiral
vessel, torn away in the interval, and thus exposing a
series of small very elongated cells, which in the entire
plant surround the spiral vessel, and appear a stage be-
tween cellular and woody tissue, as they occupy the
situation, and perhaps, in some measure, perform the
functions of the latter in this plant. In the larger cells,
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the rotation of the fluid is similar to that described in the
cellular tissue of the scale. The globules appear here to
follow the walls of the cell rather less closely, and in
some instances cross the cavity, entering the current on
the opposite side. At x y z is seen part of an under
layer of cells, in which the globules move in the same
manner. As the boundaries of these cells do not coincide
with those of the upper layer, their currents will often
appear to pass by an inter-cellular partition, giving rise, on
first inspection, to the idea of a continuity between the
cavities of the cells. It will, however, in these cases
always be found, that the current belongs to one layer,
while the partitions are those of another series of cells,
both being in view at the same time. This will be readily
understood by reference to the figure. In the small elon-
gated cells around the spiral vessel, a rotation of the
fluid is also observed ; it is rendered perceptible by very
small particles, which travel round and round, as in the
larger cellular tissue ; but as the particles are very minute,
they may often be observed only on one side of a cell,
which at first sight may lead the observer to conclude
that there is only one current in each cell, and that these
communicate, or are, in fact, continuous tubes. This error
is corrected by witnessing the progress of the particles at
the termination of one of the tubes, where they will be
seen to turn round and descend on the opposite side to
that on which they ascended : examples of this are given
in the drawing. Another fact, which might lead to the
same erroneous conclusion, is, that when a section is made
the spiral vessel is seen frequently covering one side of
the small cell, and consequently hiding one of the cur-
rents ; this is seen at d, ¢, and f. The terminations of
these elongated cells are seen with difficulty, and they
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may easily be mistaken for continuous tubes. May not
the vital vessels of Schultz be of the nature of the above-
described cells, as he states them to be found surrounding
the spiral vessels in monocotyledonous plants? By some
a motion has been supposed to exist in the spiral vessels
of the hydrocharis, but 1 think this must arise from the
movement in the small subjacent cellules, seen through
the membrane of the spiral vessel. Since making the
drawings for figures 11 and 12, I have observed in all the
cells of the hydrocharis a very transparent nucleus, shewn
at f, in the cell e, fig. 11. This appears exactly similar
to the nucleus of the tradescantia; and, as in that plant,
we also see in all the cells of the Aydrocharis a circulation
of very minute particles, either following the course of the
larger green globules, or as seen in the figure crossing the
cell. These small currents, in most cases, have some
relation to the nucleus, either appearing to pass over its
surface or near it. The nucleus itself is sometimes seen
to be carried along with the green globules, but it is
usually stationary; it has a granular appearance, and
perhaps consists of a number of the small particles in a
state of adhesion. The smaller particles in the common
cellular tissue are similar to those which are seen in the
elongated cells surrounding the spiral vessels in the section
of the stem. If there exist in the cells of the hydrocharis
any internal sac separating the currents, as in the nitella
or chara (and the presence of this axis is indicated by
the wavy line before mentioned), then it is evident that
both sets of particles must be external to it, and both float
in the same fluid, as he observed the lesser following the
larger globules, and sometimes one of the green globules
traversing the cell in a current of the smaller particles,
and apparently forcing its way along a channel which
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will scarcely admit it. The nucleus Leing i counexion
with the currents, must also be external. That there
exists some axis round which the currents revolve, can
hardly be doubted, for if not, why should the globules
always follow the parietes of the cells, when the cavities
of the latter would be filled with one continuous fluid?
Their analogy to tradescantia, in which this appears to
exist, might, with the wavy line above mentioned, be
considered almost sufficient ground to warrant this con-
clusion ; but in microscopic research every observer should
record strictly those facts only of which he is perfectly
convinced, for it is only by the coincidence of the results
of many investigators that we can arrive at accurate con-
clusions. It is a curious fact, that by making the sections
of the stem of the frog-bit we at first deaden the circu-
lation ; but on remaining a short time in water, it recovers
its former velocity in the cells which have not been
wounded. The small cells around the spiral vessel appear
to retain their energy from the first, and seem little affected
by the section : this may arise from their being less hable
to injury on account of their size, or the membrane of
which they are composed may be of a firmer character;
this being usually the case in the more elongated forms
of cellular tissue approaching to woody fibre,

In fig. 13 is a slightly magnified representation of a
hair from the filament of the fradescantia virginica. Its
beaded nature is there seen, each bead being composed
of a distinct cell, in which we observe a large nucleus.
In the drawing, about a third of the whole extent of the
hair is shewn. When more highly magnified, we observe
each cell presents minute longitudinal strie on its sur-
face. These I have not shewn in figs. 14 and 15, as their
principal object was to explain the circulation. Fig. 14
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is a magnified view of the terminal head. It will be
seen that each cell consists of an outer, glassy, colour-
less, case, enclosing the colouring matter. The nucleus
a is in this case situated at the base of the cell, and the
currents of small particles, shewn by the dotted lines
accompanied by arrows, appear to pass near it, or over
its surface. These currents may often be traced through
their whole course around the cell : this is shewn in the
figure, where they are seen ascending in one part, descend-
ing in another, and sometimes two uniting into one. The
same facts may be observed in fig. 15, which is one of
the more elongated beads : here the nucleus a is also near
the base of the cell, and the cwrrents are seen ascending
and descending in the direction of the arrows. The
‘nucleus may hold various situations in the cells, as will
be seen in fig. 13; it 1s of a rounded form and granular
appearance, colourless and transparent, perhaps composed
of particles similar to those existing in the currents,
The structure of each cell appears to be an outer glassy
tube, presenting the above-mentioned longitudinal stria ;
between this and the colouring matter, the moving fluid,
with its particles, exists. The coloured fluid of the hair
seems to be enclosed in a membranous sac, which forms
an axis around which the moving fluid revolves. The
nucleus must also be external to the sae, as it is in con-
nexion with the currents. Sufficient evidence of this
membranous axis is given in fig. 16; a view of three
beads which have been punctured and the fluid allowed
to escape. The sac is here seen to have collapsed, and
the nucleus « is evidently without it. That the colouring
matter must be enclosed in a membrane is clear, even
when the cells are unbroken, as a transparent, colourless

margin is always seen between the colouring matter and
E
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the external case. The circulation in the jointed hair of
the filament of the tradescantia was first observed by
Mr. Brown, and is described by him in a memoir on the
orchidee and asclepiadee, where he also notices the exist-
ence of the nuclei and the longitudinal strize upon the sur-
face of the beads. A nucleus exists in the cellules
throughout the plant; and I have lately observed its
accompanying circulation of small particles in all the cells.
Thus, in fig. 17, which represents a beautiful, colourless,
jointed hair, projecting from a portion of cuticle d taken
from the calyx of the same plant, we perceive in each
cellule a nucleus, with the currents usually having some
connexion or communication with it. This hair is com-
posed of three elongated cells, resting on a broader and
shorter cell, which forms its base. The terminal joint d
tapers to a point, and from its minuteness the circulation
and nucleus are seen with difficulty withm. I have in
some cases observed both ; but they are not delineated in
the figure. In the succeeding cells ¢ and b the nucleus
is very distinet, and a complete ascending and descending
current are marked by the arrows. A single current only
is introduced, but they are very numerous in each cell,
and present similar appearances to those of figs. 14 and
15. In the cell a, at the base, several currents are shewn,
which perform the circuit of the cell, and pass around
the nucleus. In the cells of the cuticle d the nucleus is
shewn, and the small currents, which are too numerous
and complex to be indicated by arrows. They are seen in
the small cellules which surround the stoma e. They
appear like a cobweb stretched across the cell; and it is
only by patient observation that the motion of the minute
particles can be perceived. Similar nuclei and currents
are seen throughout the plant—very distinctly in the
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petal, even when entire, and in all sections made of the
stem and leaves. There is a perfect analogy between the
circulation observed in these cells and that of the smaller
particles in the cellules of the hydrocharis.

In fig. 18 is a magnified hair taken from the throat of
the corolla of a species of penstemon. This hair x y is one
continuous cell, which pmjec.ts from the cuticle a. In
this we observe currents in which minute particles are
floating ; and these take various directions, some conti-
nuing to the summit of the hair, whilst others turn and
descend in several places: their direction is indicated by
the arrows. Two currents here frequently unite in one
channel. 1 have not observed a nucleus in these hairs,
The existence of a circulation of fluid is, no doubt, very
general throughout the cellular structure of plants; it
has, I believe, been noticed in other instances than are
above explained, but the observations require repetition.
I must be allowed here to state, that I have derived great
assistance in the observation of minute circulation from
the very excellent triplet lenses made by Mr. Ross, upon
the principle of Mr. Holland ; an example of which will
be seen in fig. 3, Plate V. of the present volume.

In figs. 19 and 20 are portions of tubes taken from
the stipulee of the ficus elastica, described by Mr. Schultz
as vital vessels, in which he observes a fluid containing
globules of a regular form to be circulating. A single
current occupies the whole of these tubes, which inoscu-
late in all directions ; and, from his descriptions, we must
figure to ourselves a circulation very similar to that seen
in the web of a frog’s foot. By tearing off a transparent
layer from the stipule of the ficus, and placing it in water
under the microscope, I have seen a rapid movement of
the fluid and globules in one direction ; but at present it
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has to me always appeared more like the escape of a fluid
from a tube, than the result of a-continuous circulation.
However, I cannot pretend, from the few observations I
have been enabled to make, to set up an opinion in con-
tradiction to the experience of M. Schultz. In fig.19 isa
portion of one of these vessels dissected from the surround-
ing tissue. It appears to terminate conically; but there
will be seen at that extremity a small opening, which
was, perhaps, in contact with a similar tube. In fig. 20 is
a short fragment of one of the same series of vessels ; but
in this we observe distinct branchings at @ and 4. The
direction of the current flowing from this tube is indicated
by the arrows ; and at @ and ¢ are masses of the globules,
which, from some action of the air or water upon them,
adhere in a mass as soon as they are exposed, and the
liquid trickles out between them. Can these branchings
be explained by the juxtaposition of elongated cells, and
obliteration of the inter-cellular partitions, as seen 1in
fig. 21, a specimen of cellular tissue from a part of the
same stipule, where, as shewn at a, the intervening septa
appear to have been obliterated? Or may there not have
been two currents in these tubes, which are, perhaps, very
elongated cells; and these two currents becoming of
course united in one, and escaping together as soon as
the cell has been ruptured ? 1 mention these circum-
stances as objections which might, perhaps, be raised to
the observations of M. Schultz, upon which he appears to
have generalised too quickly. I have endeavoured to
repeat his experiments on the leaf of the chelidonium
majus, but have never succeeded in perceiving a circula-
tion whilst 1t was attached to the branch; but on its
being cut off, a rapid flow of the abundant juice was im-
mediately perceptible. This may, of course, arise from
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