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INTRODUCTION.

THE purpose of this work is to give, by a clear and con-
cise description, combined with superior illustrations, the
most complete directions for the use of SyrrH, BECK, and
BEeck’s Achromatic Microscopes and the accessory appa-
ratus.

The publication has been much delayed by various
causes which it is unnecessary to explain at length. ikt
may, however, be mentioned that a considerable amount
of matter is now included in the work, which it could not
have contained at a much earlier issue ; such, for instance,
as a deseription of Wenham’s Binocular Body, the third-
class * Popular Microscope,” and several new pieces of
apparatus.

By giving more time than was at first intended to
the preparation of this treatise, the Author has heen able
to allude more particularly to some of the peculiar fea-
tures connected with the illumination of objects under
the Microscope. Great care has also been bestowed upon
the delineation of test-objects; for, preceded as this
work has heen by many others upon the same subject,
no one has given satisfactory evidence, by illustration, of
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that superior performance which belongs especially to
the English Microscopes.

This treatise is strictly confined to the subjects already
mentioned ; for although the improvement of the Micro-
scope is intimately connected with much that has been
done by its aid, it is impossible in this work to make any
satisfactory reference to that wide range of observation
which is so continually extending with the increase of the
power of the instrument.

In concluding this introduction, the firm of Smirh,
Becxk, and Beck have gratefully to acknowledge the assist-
ance they have received, whilst improving the Microscope,
from the suggestions or from the contrivances of many
amateurs, and especially from those of the late Mr. GEORGE
Jaoxson and Mr. WeNmam. But it is not with a simple
mention only that any author on the Achromatic Micro-
scope is justified in passing over the name of Mr. Listen,
all the manufacturers of the improved instrument in
England being indebted to him for that theoretical and
practical information at the outset, which has enabled
them to advance it to its present state of perfection.

From Mr. Lister’s designs and suggestions various
improvements were made in the arrangement and the
appendages of the Microscope; but his attention was
especially directed to the object-glasses, for the construe-
tion of which he not only determined the principle, but
also recommended those combinations of lenses which,
either unaltered or with modifications, are adhered to at
the present day by the best makers.




o L ey 4L
L L il L 18 B 188 Ll B 1AL Li 1. ] LN
r ) i I 1 14 - 3 = =1 3 s r
. 1 : L8 L Y L |11 AL LRI w & o] bl = Fa =







CONTENTS.

Firsr- A¥D SEcOND-cLASS AcHROMATIC MICROSCOPES. . .. ........

Microscope-Stands ; The Stage ; The Mirror; The Sub-

stage; Revolving and Folding Bases; Eyepieces; Ob-
ject-glasses ; Universal Serew ; 5lsth Object-glasses,

Direcrioxs por Uvse oF Microscore ; Trawsurrrep IuruminaTiow |

The Mirror ; The Diaphragm ; The Achromatic Condenser ;

Tests for Object-glasses ; Adjustment for High Powers;

The Podura-scale ; Methods of measuring Aperture ;

“ Lined Objects” as Tests; Nobert's Lines; Oblique
Tlumination.

T TOMEN KTTEN EROME ABOTE vo i ais 5u o uiainis i aa s winin s sin aie sca'e s ss
Side Condensing-Lenses; Side Silver Reflector; Lieber-
kuhns; Foreeps; Opaque Disk-revolver ; Splinter of
Lucifer Match ; Podura-scale ; Tarsus of Spider ; Feather

of Pigeon ; Arachnoidiseus Japonicus.

Dape-FIELD TLLUMINATION . . .......
Enecrine-Grass ror Low PoweR AxD DIsSSECTION . . o000 v v e or o

Povarrzen LicHT, As APPLIED T0 THE MICROSCOPE. . .. ..........

Nicol's Prisms; The Selenite Plate; Darker’s Retarding-

plates of Selenite ; Darker’s Selenite Stage; Tourma-

lines ; Polarizers for large objects; Experiments with
Double-image Prisms ; Crystals to show Rings.

Wesean's Bixocvrar Bopy ror Acomomaric Microscore .. ....

IR A R R e e e
Live-boxes and Trough; Screw Live-box; Lever Com-
pressor ; Wenham's Compressor ; Reversible Compress-

8-23

$4-56
36, 37

748

48-55

55-T0



Viil CONTENTS.

ors; Frog Plate ; Camera Lucida; Micrometers; Indi-
cator; Double and Quadruple Nosepieces; Leeson's
Goniometer ; Maltwood's Finder; Microscope Lamps
and Table.

Cases vor Fresr- axp BecoNp-onass Microscorss . ... .. ..ot

Tae THIRD-CTAS8 MICROBCOPES .. .. vvivievavrvvinrasananas
The FPopular Microscope ; Series of Object-glasses ; Descrip-
tion of Stand ; Diaphragm ; Side Condenser; Forceps ;
Glass Plate ; Pliers ; Case; Binocular Body ; Mechanical
Stage ; Achromatic Condenser; Licberkuhns; Dark
Well; Parabolic Reflector ; Polarizing Apparatus; Ca-
mera Lucida; Micrometer; Live-box; Trough; The
Educational Microscope ; Diaphragm ; Forceps; Tray
for extra Apparatus.

Tue Fovera-crass Microscore. Toe Usiversar .. ..........

Object-glasses ; Eyvepleces; Forceps, Pliers, and Glass

Plate; Extra Apparatus and Box; Mechanical Stage ;
Combined Body ; Binocular Body.

SINGLE MICROSCOPES AND MAGNIFIEBS .. .....0covvvvninnnnns
Darwin’s Dissecting Microscope and Apparatus ; Improved
ditte, with Binocular arrangement: Patent Achromatie
Binocular Magnifiers and Stand ; Hand-magnifier and

Stand for ditto; Coddington Lenses.

INSTRUMENTS USED IN PREPARING OBJECTS .. .. ivinnnn cnennn..
Knives ; Points: Hooks; Needle-holder ; Scissors; For-
ceps; (Quekett's Forceps ; Wood-cutting Machine,

InsTRUMENTS AND MATERIALS USED I¥ M0UNTING OBJECTS .. .. .. ..
Glass and other Slips; Catting and Writing Diamonds ;
Thin Glass ; The Disk-cutter; Canada Balsam ; Brass
Table and Lamp; Page's Forceps; Deane's Medium ;
Farrants’ Medium ; Glass and other Cells; Gold Size
and Asphalt ; Cell-machine ; Glass Cells; Labels ; Small

(7lass Bottles; Case for Instruments and Materials.

CaBINETS AND MIcRoSCOPIC OBIBCTE . v v - v v vt v s i vnennasannns

93-101

102-113

113-119

119-130

130-134




A TREATISE

L

ACHROMATIC MICROSCOPES.

Description of Construction.

A Compounp AcuroMATIC MICROSCOPE consists essentially
of two parts, an object-glass and an eyepiece—so called be-
cause they are respectively near the object and the eye when
the instrument is in use. The object-glass screws, and the
eyepiece slides, into opposite ends of a tube termed the
“body,” and upon the union of the two the magnifying power
depends. The microscope-stand is an arrangement for carry-
ing the body; and is combined with a stage for holding or
giving traverse to an object, and a mirror or some other
provision for illumination.

Microscope-Stands.

Three microscope-stands are shown, one-third their size,
in Plates II., ITI. & IV.; they differ from each other in con-
struction, but the following explanations will apply to all.

; B
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CONSTRUCTION OF STANDS.

The joint at (A) allows the body (B) to be placed in a
vertical, horizontal, or any intermediate position ; and for the
adjustment of the focus of the object-glass, a quick motion
is obtained by turning either of the large milled heads (C),
a smaller one (D) giving a slow motion.

The Stage.

The stage has a ledge (F), upon which the object is most
frequently merely placed, but if necessary it can be clamped
by carefully bringing down the spring-piece (G); the ledge
will slide up or down, and the object may be pushed side-
ways*: these are the only provisions for moving the object
in the plain stage (Plate IV. fig. 2); but in the other * stages
with actions ” this arrangement forms the coarse adjustment,
—finer movements in directions at right angles to each other
being effected by the milled heads (H, I); and that part also
to which the ledge is attached will rotate.

The Mirror.

The mirror (K) is flat on one side and concave on the
other; it swings in a rotating semicirele (L), which will slide
up and down the stem (M), or can be turned on either side.

The Substage.

As the mirror alone is insufficient for many kinds of
illumination, some provision has to be made for holding vari-
ous pieces of apparatus between the object and the mirror.
In the first-class instruments a cylindrical fitting or * short

* In the plain stage the spring-piece () is almost invariably used, to supply
some slight resistance, and thercby to steady the side movement of the object,
which is directly dependent upon the fingers.

P T




OBJECT-GLASSES. 3

body " (T) is mounted perfectly true with the body, and
can be moved up or down by rack and pinion connected with
the milled heads (U, Plates II. & III.). In the second-class
instruments a short piece of tube (Plate IV. fig. 2, R), equally
true in its position as in the former case, fits by a bayonet-
catch into the bottom plate of the stage; but it has no rack
movement. The way in which the several pieces of appa-
ratus fit into these substage receiving-pieces will be explained
in each particular case.

Revolving and Folding Bases.

In the two first-class instruments there is a revolving fitting
on the base (N), by which means the microscope can be
turned round without being lifted from the table. Fach of
these stands can also be made exceedingly portable for their
size by the application of a folding base and a removeable
stage ; the exact dimensions of their cases under such circum-
stances are specified in our priced catalogues.

The Eyepieces.

There are generally three eyepieces, distinguished by the
numbers 1, 2, or 3 (see Plate V.): but it is not unusual, in
the examination of many object-glasses by test-objects, to
employ eyepieces of still higher power, and we then supply
a No. 4 or a No. 5 in addition; the latter magnifies about
twice as much as the No. 3, and the former is intermediate.

The Object-glasses.

The object-glasses (see Plate V.) are numerous, and vary
in many particulars; the list of them on page 5 may there-

fore require a few explanations.
B 2



4 OBJECT-GLASSES.

The “focal length” is in each instance that of a single
lens magnifying the same as the object-glass.

The numbers given under “ linear magnifying power ™ (or,
as they are sometimes termed, “ diameters”) must be squared,
to give the superficial measurement or real increase of size.
The magnifying power is increased with the same object-
glass by changing the eyepiece from a lower to that of a
higher power, the extreme range being from No. 1 to No. 5;
and also when both the object-glass and the eyepiece are
the same, by pulling out the draw-tube of the body. This
tube, shown at full length in Plate II. fig. 3, serves several
purposes, which will be alluded to further on; it may, how-
ever, be mentioned here, that the graduations of inches and
tenths on this tube should generally be kept on the left-hand
side.

The “ aperture ” is the measurement in degrees of the cone
of light admitted by each object-glass.

The erecting-glass (Plate V. fig. 4) has a special notice
at p. 36. Many particulars connected with the use of the
object-glasses are supplied in other parts of this treatise;
and we will only add here, in connexion with the list, that
we have made most of these object-glasses for many years.
The construction of some of them was for a long time peculiar
to ourselves; and although both this and their nomenclature
have been copied by others, we are still persuaded that the
attention we give to them in every respect obtains a large
amount of favour with microscopists.

Another list of object-glasses, which we term our Edu-
cational Series, is given further on, in the deseription of our
third-class instruments,




OBJECT-GLASSES, 3]
List of Achromatic Object-glasses.
Linear magnifyving power nearl Degrees
E:t“h eyegpi-[;cua ¥ of angle
Focal length. ! Gft:xﬂ
ih"u. 1./ No. 2. No. 3|No. 4.{No. 5. abgut
Draw-tube closed | 12 20 40) 48 T4
3 inches Ditto if drawn out, m:]{]
for each inch . 2 4 i 7| 10
Draw-tube eclosed . 20| 38| 70| 85| 130
2 inches { | Ditto if drawn out, add I 18
for each inch ...... 4 6| 8| 12| 15
Draw-tube closed . .. 30 | 56| 100 | 120 | 190
14 inch { Ditto if drawn out, add 23
for each inch ...... 5 71 12 15 29
Drow-tube elosed ....| 70 | 120 | 220 | 270 | 410
% inch Ditto if drawn out, add 35
for each inch ...... B| 14| 25| 27| 48
Draw-tube closed ....] 120 | 210 | 370 | 460 | 710
1y inch Dittoe if drawn out, add } 5%
for each inch ...... 14 24 34 45 T :
Draw-tube closed ....| 146 | 255 | 460 | 560 | 890
i inch Ditto if drawn out, add 90
for each inch ...... 13 | 32 48 G Bl]
Draw-tube closed ....| 200 | 340 | 590 | 720 119[5
 inch Ditto if drawn out, add 75
for each inch .. .... 24| 42| 68| 85| 120
Draw-tube closed ....| 225 | 400 | 700 | 860 |1450
1 inch Ditto if drawn out, add 25
for each inch ...... 18| 35| 60| 80| 130
Draw-tube closed ....| 225 | 400 | 700 | 860 |1450
1 inch Ditto if drawn out, add
for each inch ...... 18| 385 ) &0 | 80| 130
Draw-tube closed ....| 500 | 870 1500 [1850 (2800
£ inch Ditto if drawn ont, ndd: 120
for each inch ...... ! 60 | 100 | 180 | 190 T0
Draw-tube closed . . 900 (1570¢ 2750 (3450 4950
5 inch Ditto if drawn out, M]{l _ 140
for each inch ...... I 80 | 150 I 300 [ 350 | 900

The list of magnifying powers, as given above, is only approximate ; but if
the exact power of any ohject-glass be required, it may be casily obtained in
the way described at page 63.




6 ONE-TWENTIETH OBJECT-GLASS.

The « Universal Screw.”

All the object-glasses in both lists are made with what is
called the “universal screw "—a standard size which the
principal microscope-makers of England have adopted for
the attachment of the object-glass to the instrument. When
this uniformity of screw was proposed by the Microscopical
Society of London, we immediately approved the suggestion,
and also established a series of gauges connected with Whit-
worth’s standard sizes, which have been found to answer
most satisfactorily*.

The 'sth Object-glass.

The most important addition we have made of late to our
object-glasses is the 4'th. This high power is constructed for
the examination of those objects which require the greatest
amount of amplification, but not that extreme angle of
aperture which involves the employment of the very thinnest
glass and the most careful preparation of the object. The
3oth will adjust through any covering-glass not more than
‘005 in. thick; and, when in focus, there is sufficient space
between the front lens and the object to admit of its use in
the examination of ordinary preparations: under these con-
ditions it can be employed with the same facility as an object-
class of only half the power.

In Plate XXIV, are illustrations of two objects, selected
from the animal and vegetable kingdoms; these are shown
as they appear under a 5th, with the No. 1 eyepiece, the
linear magnifying power being about 900 linear. Fig. 1 is
the under side of the head and thorax of the Demodex folli-

* Quarterly Journal of Microscopical Science, July 1859, * Remarks on
the Universal Serew.” By Richard Beck. (Itead May 26th, 1859.)
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culorum, a minute parasite infesting the sebaceous and hair-
follicles of the human skin. They are easily obtained by
pressing out the contents of the follicles on the sides or bridge
of the nose: if this matter be gently stirred up with a small
camel’s-hair peneil in a little olive oil, the parasites become
disengaged, and should be removed to a small quantity of
fresh oil, with a piece of thin glass placed over; and under
this pressure they will retain their life and correct appearance
for one or two days. The legs are very short, apparently
composed of three joints, and the last one is terminated by
a single claw: each leg is moved in a very deliberate manner,
and deseribes a semicircular course at its extremity; during
the backward stroke the claw is retracted, but it is jerked
out again rapidly at the commencement of the forward
movement.

There are two organs (A, B) at the side of the head, which
are perhaps palpi; they are constantly moved up or down
during life, and are apparently provided with two flaps as a
means of clasping. The parts occupying the central portion
of the head may represent the mandibles and a labium ; but
this parasite is altogether a remarkable instance of the dif-
ficulty of determining the exact organization of a transparent
object. The magnifying power is abundantly sufficient
for the purpose; but, owing to ‘the refraction of the light
through the denser parts, and the upper and the under sur-
faces being equally apparent in the thinner parts, it has only
been after an examination of many specimens for several
days that we have been able to determine the structure so
far as it is here shown, whilst we know there is still much
left in perfect obscurity.

Figs. 2 and 3 are respectively the front and profile
views of the stinging-hairs from the stem of the common
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nettle (Urtica dioica). It appears at first sight somewhat
surprising that these hairs, which are known to enter the
skin with so slight a touch, should have a blunt bulbous ex-
tremity ; but this is the very provision for the peculiar effect
they produce. When any slight pressure is brought upon
the extremity of the hair, the bulbous part breaks off, leaving
an exceedingly sharp-cutting point (see fig. 4), admirably
adapted for entering the skin, at the same time making an
aperture at the extremity of the hair, from which the contents
of the cell escape and enter the puncture. When the hairs
are young and unbroken, a beautiful circulation is visible.
Objects of this class can be examined under the J;th with
as much facilify as under a —&-th; the conditions being such
as to cause many high powers of large aperture to be per-
fectly useless, -

Directions for Use of Microscope.—Management of the
Light.

For general purposes the body of the microscope is inclined
as shown in the Plates, but this position is varied according
to circumstances.

The light should, if possible, be on the left of the observer:
the best is that from a white cloud on a bright day; but a
most satisfactory effect can be obtained from a wax or
Palmer’s candle if protected by a glass, a good oil-lamp, or
an argand gas-burner, provided they are not more than 10 or
12 inches from the microscope: but with all the artificial
means of illumination there should be some arrangement for
raising or lowering the light, and for holding a shade as a
protection to the eyes (see Description of Lamps).

In the examination of an object choose the object-glass
that appears best suited for it, remembering that in investi-
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gation it is best to begin with the lower powers for a general
view, and afterwards to ascend to the higher, which give
greater detail of minute parts.

The right management of the light is indispensable for
obtaining beauty of picture and fine definition, and is only
to be acquired by practice; for the illumination must be
varied with different objects, and often even with the same
to exhibit every feature.

Every microscopic object may be said to be either trans-
parent or opaque: this is not strictly correct, as will be seen
hereafter, but the distinction is made here for the sake of
division.

The Mirror.

The illumination of a transparent object is most frequently
produced by" reflexion from the mirror (K) below, which
should generally have its centre coincident with the axis of
the body. The flat side is sometimes preferable when there
is abundance of light by day; but artificial light almost
always requires the concave mirror to condense the light to
a focus upon the object.

The Diaplragm.

With the y%;ths and lower powers the light is generally
in excess, and has to be diminished by one of the smaller
openings of the diaphragm (P), which is attached to the
under part of the stage: its perforated plate will revolve, and
each hole when central is stopped by a weak spring. If it be
necessary to remove the diaphragm altogether, it will slide
off at its fitting (Plate II. fig. 2, R); and the plain circular
ring (S) which is then left can also be detached from its
bayonet-fitting to the stage, by turning it in the direction of
the arrow.



10 THE ACHROMATIC CONDENSER.

With the higher powers there is seldom too much light ;
but the diaphragm must often be removed altogether; and
the mirror requires the most careful adjustment by its dif-
ferent movements, especially that by which it can be moved
up or down on the stem (M), to ensure its exact focus being
thrown upon the object. It must be borne in mind that by
daylight the rays are parallel, and then the focus of a con-
cave mirror will be much shorter than by an artificial light,
which cannot be used advantageously at more than 10 or 12
inches from the microscope.

The Achromatic Condenser.

When the nicest illumination by the mirror fails to exhibit
the structure of an object, or the best definition of an object-
glass, an achromatic condenser must be employed: this is a
combination of lenses by which the light is concentrated to
a minute spot upon the object, without the colour and other
defects which would be produced by a single lens alone. Of
the two mirrors, the flat one should be invariably used; but
as this gives a somewhat imperfect reflexion which interferes
with the very best definition, a right-angle prism (Plate VI.
fig. 4), which fits on the mirror-stem of the best instrument,
is sometimes employed instead of the mirror; or the lamp
may be placed at the end of the microscope, in a direct line
with the body.

In the first-class instruments (Stands Nos. 1 & 2) the achro-
matic condenser is mounted, as shown in Plate VL fig. 2,
and fits by its tube () into the top of the cylindrical fitting
(Plates 1L & III., T) under the stage; in the second-class
Stand, it slides by its fitting (Plate VL. fig. 1, ) into the
short tube under the stage (Plate IV. fig. 2, R). When
the achromatic condenser is in use, it must be central with
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the body of the microscope: this may be tested by screwing
a low power on the instrument, and if the top of the con-
densing-lens should not appear in the centre of the field of
view, the necessary movements can be made by turning the
small milled heads (e, ¢); and these, to be convenient for use
with the right hand, should be in the position shown in the
drawing. The change of object-glasses involved in this plan
of centering may be cobviated in the first-class microscopes
by sliding into the lower end of the cylindrical fitting (Plates
II. & III., T), the diaphragm (Plate VI. fig. 3), when its
smallest opening should appear as a bright spot in the middle
of the field of view (see fig. 7). The achromatic condenser
may, however, be so eccentric as to require a larger opening
in the diaphragm to be used first. Or if the spot of light does
not appear defined on the edge (see fig. 5), the cylindrical
fitting must be moved up or down by either of the milled
heads (Plates I1. and IIL., U). The small milled heads (¢, ¢)
are used under the same circumstances as before mentioned,
and full illumination is obtained by turning on the largest
opening of the diaphragm.

The achromatic condenser in the second-class Stands will
slide up and down in the circular ring (Plate IV. fig. 2, R);
and if slightly rotated at the same time, the movement can be
made very exactly. In the first-class Stands the cylinder (Plates
II. & III., T) will rack up or down by turning either of the
milled heads (U). This rackwork, if connected with the
achromatic condenser, serves for the adjustment of its focus,
which should generally be thrown upon the object. When
such is the case, the image of the flame by artificial light, or
of the window-bars or objects in the landscape by day, will
be seen in the microscope at the same time as the object.
Moving the mirror or right-angle prism will not alter the
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adjustments, and any particular cloud, or part of the flame,
can be selected for the illumination. Another essential point
is the aperture of the condensing-lenses; this is reduced
from 65 to 40 degrees by removing the front lens (Plate VI.
figs.1&2,d). But in the most complete arrangement a
perforated plate (fig. 6) is inserted at the back of the lenses,
as shown in fig. 2; in this position it can be rotated om its
axis (¢), and the openings near its circumference can be
brought in succession behind the lenses, each aperture of the
plate being stopped by a slight spring when central. Five
of the openings vary the aperture from 90 to 45 degrees with
the front lens (d), and without it from 50 to 25, whilst the
other three apertures cut off the rays of light in the centre
and admit only those at the circumference.

Some additional instructions for the use of the achromatic
condenser will be found in those parts of this treatise where
the higher powers, and test-objects, are considered.

&

Tests for Object-glasses.

The principal points on which an object-glass has to be
examined are, the spherical and chromatic aberrations, the
aperture, flatness of field, and workmanship. When the
term * achromatic”* is applied to an object-glass, it is in-
ferred that all the errors consequent upon the refraction of
light through its lenses are reduced to a minimum; with
such a result the object-glass is called * corrected.” And in
connexion with the spherical and chromatic aberrations, the
term “under-” or ¢ over-corrected” is applied as the right
point is exceeded or otherwise,—a single lens being regarded
as *‘ under-corrected.”

# Achromatic really signifies the absence of eolour only.,

lin . i s o s s ————— e o oo




ADJUSTMENT FOR HIGH POWERS. 15

Spherical aberration, which is the extension of the focus
of a lens, can be entirely corrected, so that an object shall
appear sharp and defined in one decided plane ; whilst, with
a proper object, the appearance a little within, or as much
beyond, the point of distinet vision will be the same.

It is impossible, so far as is yet known, entirely to correct
chromatic aberration; but this aberration or separation of
light into various colours, with which every one is so familiar
in connexion with prisms and single lenses, can, by a proper
combination of lenses, be so far counteracted as to leave only
a pale green, resulting from the union of blue and yellow,
which 1s inoffensive and quite immaterial.

Adjustment for High Powers.

In the higher powers, both of these aberrations are con-
siderably affected by variations of the thickness in the covers
of objects; for if an achromatic object-glass be corrected for
an object which is completely uncovered, a piece of thin
glass or any fluid, placed between the object and the object-
glass, will alter that correction and produce indistinetness.
It is not perceptible in the lower powers, but in the higher
powers the error caused by the thinnest covering-medium
becomes injuriouns.

To provide against this, the 1%, 4, &, and 45 object-glasses
have a moveable collar divided into ten divi- __ —  —
sions (¢) (see accompanying figure), by turn-
ing which the distance is varied between the
front lens and those behind it.

When the object is uncovered, 0 on the
serew-collar should stand opposite the small
screw (a), and the line on the small piece
of brass (#) which is let into the tube (d) should coincide
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with the line (¢) engraved “ uncovered”: this is as far as the
collar will go in that direction.

For covered objects the collar must be turned from the
uncovered point, so that the numbers 1, 2, 3, &e. come in
succession opposite the small screw. It is best in practice
to have the object-glass on the microscope, move the collar
a little at a time, focus for each alteration, and carefully
- watch the appearance of the object until the best definition
is obtained. This mode of adjustment can be easily and very
correctly made if the object be well known to the observer, or
if its structure be simple and distinetly marked : the latter is
peculiarly the case with the Podura-scale, and as it is easily
obtained we consider it one of the very best tests.

The Podura-Seale.

The Frontispiece shows the correct appearance of a small
but coarse specimen under different object-glasses with the
No. 3 eyepiece; but Plate VII. more directly refers to the
matter now under consideration. FEach of the first six figures
in this Plate represents tyggth of an inch square, con-
sequently the magnifying power is about 1300 linear, ob-
tained by the {th object-glass and the third eyepiece. The
illumination employed is that of a small
lamp, close to the microscope, with its light
reflected by the right-angle prism so as to pass A}
through the achromatic condenser, which, besides &
being carefully centred and focused, is found to
produce the best effect in this case with the
smallest aperture and without the front lens. e
The light will be reflected most brilliantly when
it is placed a little behind the right-angle prism, i
as shown in the annexed diagram; being the light, & the
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right-angle prism, and ¢ the direction of the light passing to
the achromatic condenser. Good daylight will answer quite
as well ; and nearly the same results can be obtained with the
concave mirror alone.

The drawings referred to have been very carefully made
by aid of the camera lucida (the use of this piece of appa-
ratus is described at p. 61); and whilst some size and pro-
minence have been given to the features, great care has been
taken not to exaggerate any one of the appearances.

Fig. 1 gives a representation of the markings when there
are no errors in the object-glass. Its adjustment is known
to be correct by the object presenting the same perfectly in-
distinet appearance (fig. 2) when thrown a very little either
within or beyond the focus, and also, when this is done,
by each marking dividing equally, somewhat as shown in
fig. 3.

If the adjustment be incorrect, the appearances within
and beyond the focus are never similar, but on the one side
there will be strong lines (fig. 4), and on the other side a still
areater indistinctness than that shown at fig. 2 (see fig. 5);
whilst the best focus under such circumstances shows the
markings in a general fog (fig. 6), without either the sharp
black sides or the white central spot shown in fig. 1.

The exactness with which an error in adjustment ean be
detected is one of the best qualities of a test; and with this
particular structure, using a tth or §th object-glass, a vari-
ation of t555th of an inch in the distance of the lenses, or
about half a division on the screw-collar, can be easily de-
tected by a practised eye.

Any chromatic aberration, as excess of colour, will be im-
mediately seen in the light spaces between the markings of
this object.



16 ADJUSTMENT FOR HIGH POWERS.

The spherical aberration should be entirely corrected so far
as the adjustment by the screw-collar will work ; this varies
in each object-glass: thus the y%ths has a range of about
21 turns, equivalent to 25 divisions, and will correct for glass
about ‘025 thick ; the }th has 2 turns for glass measuring 02 ;
and the one turn of the §th will only adjust for a thick-
ness of ‘012. Whilst on this subject, we would caution some
persons against concluding that an object-glass with a move-
able collar must necessarily possess an adjustment; we have
seen many instances in which such an arrangement made no
alteration in the correction, and other cases in which the
alteration that was made exactly reversed the proper condi-
tions. With such an object as the Podura-scale, it is not at
all difficult to establish a rule for the adjustment which shall
be entirely independent of the appearance presented by the
object; for if, after such an adjustment as has just been
made, we measure the thickness of the covering-glass, first
by focusing its upper surface, which is almost sure to
have dust or spots upon it, and then noticing how many
divisions of the slow-motion milled head of the microscope
it takes to bring the object in focus, a comparison of these
divisions with those recorded in the former observation will
supply the standard. As, for example, the Podura-scale
shown in Plate VIL is covered with a piece of glass, and
when the appearance is correct, the collar of the }th object-
glass is moved five divisions: and it takes six divisions on
the slow-motion milled head to focus from the top to the
under surface of the thin covering-glass; so that if, with the
same object-glass, the cover of another object measure 9
divisions of the slow-motion milled head, 79 divisions must
be taken on the collar of the object-glass.

If the body of the microscope be lengthened by pulling
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out the draw-tube, some further correction is required for
the y%ths: thus, for 1 inch drawn out, add two divisions on
the ecollar, for 3 inches four, and for 4 inches five divisions.
The object-glasses of higher power are not so much altered
by lengthening the body; but with the }th and {th, one
division may be advantageously added for the first 3 inches
drawn out.

In the lower powers an object should not differ in appear-
ance, or require any alteration of focus, if moved from the
centre to the edge of the field of view. This *flatness of
field” is not of so much importance in the higher powers,
and it is seldom obtained in them, especially when the aper-
ture is large; but its absence the Podura-scale will show to a
remarkable degree.

Aperture, as before stated, is the measurement in degrees
of the cone of light admitted by the object-glass; and the
definition is dependent npon it, provided the object-glass is
at the same time well corrected. In the lower powers it is
difficult under such conditions to exceed a certain point,
whereas in the higher powers it may be said there is no limit
within about 170°; but it must be remembered that the use-
fulness of an object-glass is destroyed when the range of
adjustment, or the distance between the front of the object-
glass and the object, is sacrificed to an increase of the angle
of aperture. With the Podura-scale a larger aperture in the
lower powers is evidenced by the mere fact of seeing the
markings, and in the higher powers with the deeper eye-
pieces it gives a remarkable blackness and brilliancy to the
picture; but, as a real test of aperture, the Podura-scale is
not equal to many other objects, more especially to those
siliceous valves of the Diatomacee which show lines under
oblique illumination. After all, however, the only certain
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