Half-a-Crown
Nett.

1he lllustrated =
. Annual of Microscopy
1575

London:
Percy Lund, Humphries & Co., Ltd.,
Amen Corner, B.C.



- THE ILLUSTRATED
ANNUAL OF MICROSCOPY.



The [llustrated

Annual of Microscopy.

LONDON
PERCY LUND, HUMPHRIES & 03, LT,
AMEN CORNER, E.C






CONTENTS.

Tue rutnemia Grovr orv ]ﬂu.L’ILI.I.. SOME POINTS IN THE MoORPHOLOGY QF 1TS
Mempers., DBy Jxo Eves, M1

FProro=-Miceosrardy. Dy ] W rirFGRD
A Few Worns o Ken Mites vouryn oy Fersn Watre, DBy Coas. 1Y Soaw

PREPARING, CUTTING, STaiwixag an MNouvsrtisa Secrions or DBorasicar Tissues.
By Mawnw | Cowe ..

Tur Microascore 1 iRgy. ReEviEw oF New Arvaratus, By D Ilesr Van
Hevrck, Ilon. FRM.S, B1c, Proressor oF DoTtasy axnp |MEECTOR 0OF THE
Bortamicar Garkpexs at Axtwewy, Hox, F. New Yore MS., How, F. Toomwons
M S, Erc

MurLTirrre Corour InresmmaTtion. By Jonius RERINRERG

0w SURFACE ANTarcTio Thatows By Hewey Storrtesrorn, MDD .

Tue Varve oF Tuk Mickoscore Fok VETELRINarY Puorroses. Dy Proressor Horoay,
FPICCN S, Kovar VeETErRINARY CoLLkse, Lospox, NAY

A Very Cowmorx Watrr Frea (Unvooros Sromeices). Hy D | ScouvrriELn

Some Porxes i owne History oF BACTERIOLOGY AND 1Ts Arenication o Mopirs
Memciye, By WO O Pakes, DPHO(Cam) F.CS, mrC.

Prerarine Hyprozoa For THE Nicroscore, By Georcoe T, Harwris

AcnrovaTics v, Arocnromatics. By Eosmuxp [ Seirra, MM R.CS (Ewg ) LROCP
(Loxn,), F.IR.A S .. .

= o= (] § 4

A T'LEA FOR THE STUDY OF THE Nicro-Fungt, By Greexwoon s, §LAL ..
Ox e Exmmirion or Live ANiMaLs a1 Somrees. Dy Marces Hawrtoc, 1D.5c, MoOA,
Tue FreMeEsTARY THEORY oF THE Microscore By Coxnran BecK
MurtirLe IMAGES 18 THE CORNEA OF A DEETLE s EvEe
avisag Acamr ArTiFiIciaLLy propuceEDd.  Is ot A Faor ?
UsiFoRMITY AxDk Acctracy., By M. 1 Crass

AMATEUR BACTERIOLOGY, Py Wrv Ww Seees, M A, PO S, FEMS, Avrnow

aoF "RaMBLES aND REvVERIES 0F a4 NaTrrapisT,! BTC

Focossivg Mecuamisy vor Pooro Microararny, By Aveert Norsmay, LILC P,
LRRCS, LM, Eniy

Proro-Microorarny, DBy Procerea .. -
Tur Kaovar, Miceoscorical SocieTty. By oa Feroow
Tue Querkert Microscomoan Croe. By G0 O Kawow

Microscorical. LUITERATURE

L5

20

P

44
AT

(2

79

53
(p2

99
144
145
140

L4

L5
155
100
141z

LLEY



PREFATORIAL.

T has been freely stated during the past few years, that microscopy does not

I attract the studious amateur in the manner that it is entitled to do, and there
is superficial evidence of such a state of things in the [act that several journals
devoted to the subjeél have ceased to be published, and columns in scientific
journals have been closed for lack of interest.  Added to this, many societies
originated for purely microscopical work have gradually become transformed into

photographic and natural history clubs, or have closed their doors and disposed
of their collected instruments and materials.

This 15 not altogether a hopeful state of things, but we emphatically
repudiate the idea that the amatear microscopist is a diminishing quantity,
Rather is it that microscopy has been raised to a higher level and is pultsue{l n
a more sglentific spirit than it used to be. The work oftentimes done, though
not such as to arouse enthusiasm at a society’s meeting—it is often just the
reverse 1n effledt—or of a charadter that would make |_|r|F111]ar readling, assists

materially to a better understanding of Nature's mysteries and wondrous laws.

There 1s immensely more printed matter concerning microscopical
investigations than evarl'tmfanT but it is diffused through the numerous scientific
and medical publications.  Specialisation has induced this, and it is only patural
that the man who is putting his hest efforts into some one branch of research, he
it medical, geological, botanical, or entomological, should desire his reasonings
and conclusions to be submtted to those who are snoilarly interested, through
the medium of a society devoted to a particular subject, rather than through a
cosmopolitan microscopical society or journal.

The microscope has become so extensively used for educational, medical and
protessional purposes that to a large extent amateur eflorts are overshadowed,
but it cannot be disregarded that the pre-eminent position which the microscope
occuples amongst instruments of precision has been alimost entirely due to the
original theoretical and practical work of enthusiastic amatears,  Men having
scientific tastes who pursue microscopy as a hobby are hetter able to think out
improvements in detail than those who employ the microscope for purposes of
necessily.
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Microscopical work in luboratories has been frequently carried on with

instruments of inferior calibre, and alithoush highly meritorions and original
research may have been accomplished with but peor means it is becomin

I
i

increasingly recognised that o good microscope used in an intelligent manner.
enables work to be done with inereased facility and accuracy, and the more
enlightened of the professors and demonstrators are eager to avail themselves and
place at the disposal of their students each practical improvement that is brought
forward.  The Juboratory worker can teach the amatear much that would be of
assistance and interest to him, and the amalenr can be and is a distinétl aid to
the laboratory, it would, thercfore, be mdvantageons if he could become
more  Inlly - acquainted  with ils  necessitices, ['or instance, the olbjectives
that are most  capable of resalving diatoms are not always  the best
suited for  hacteriological  and general  histological examinations, and those
which are most in favour wimongst professional workers, apart from the question
of price, are not those which would he considered the finest for the purpose by
the *brass and glass™ amateur,  There is a constant cry for a “Harter field,” and
tor lenses that will stand a lairly large cone of illumination without becoming
hazy'; to obtain these qualities a lens of small aperture 1s constantly seledted and
used. The amatenr would render a great service to the labaratory 1f he could
induce opticians to embody these virtues in a lens of maderately proportionate
aperture o its power,

[t hias been represented o us that an Annual which gave details of work in
various departments of research, in which the views, difficulties and achievements
of different investigators could find expression, would be of value and utility to
the working microscopist; it would also be the means of bringing the professional
and amateur together to mutual advantage, and might tend to the further develop-
ment of processes and instruments.  We have huad presented to us in this volume
articles from all classes of workers, theoretical and practical.  Cause and effect
can be traced m “The elementary theory of the microscope ' ¢ the latest additions
to the enormous variety of instruments which are cons antly being introduced
are reviewed m ““ The Microscope in 18g7,” and a glimpse is obtained of the work
which is in progress from a perusal of the various other articles.

We desire to acknowledge our great indebtedness to the contributors of the
various papers, every one of whom is g master of the subject on which he has
written.

T'he very cordial co-operation that lias heen accorded (o us in the preparation
of this first issue and the expressions of approbation that have been received
Eﬂﬁrning it, lead us to believe that it will he found acceptable and conduce
to a keener and more consolidated interest in microscopical work, and that

next year an annual equal if not superior to the present cowapilation may be put
forth.
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THE DIPHTHERIA GROUP OF BACILLI;
SOME POINTS IN THE MQORPHOLOGY
OF ITS MEMEBEERS,

Jno. Eyre, M.D.

N 1883, Klebs first described a hacillus he had found in NNCroscopic specimens
] prepared from the membranous exndation upon the throats of diphtherna
patients.  Loffler, in the following year, isolated this bacillus, cultivated it
upon artihcial media, and by means of experiments upon animals proved that
it was the ac‘tual cause of diphtheria; and so closely are thoase two names
associated with the organism in question that it is frequently spoken of as
the Klebs-Loter bacillus,  Their observations were soon confirme by other
workers, notably Roux and Yersin in France; Klein in England; and after a
longer interval by Abbot and Welsh in America.

The method of demonstrating the Bacillus diphtherie in the membranous
exudation of cases suffering from diphtheria, may be summarized as follows. A
platinuim wire loop, mounted in a handle of glass or aluminium, is sterilized in the
flame of a Bunsen burner, and then rubbed over the surface of the membrane,
The charged loop is gently smeared over the slanted surfice of sterile animal
blood serum, which has heen solidified in a test-tube by prolonged exposure 10 a
temperature of about S0 C.  Then without recharging, a second, third and
fourth serum tube is * inoculated ™ in the same way. (Instead of, and T might
say in preference to, the platinum loop, one may use a six nch length of soft
iron wire, having some absorbent cotton-wool twisted round one end, and kept in
a stout test-tube plogged with cotton-wool, until required —the whole apparatus
having Dbeen previously sterilized by an exposure of forty-five minutes to a
temperature of 150" )

The tubes are now placed in ap incubataor regulated at the hody temperature,
e, 37°5° C. After an interval varying from eight to twenty hours (generally the
latter, as no growth is usually visible to the naked eye under eighteen hours), the
macroscopic examination of the surface of the medium will show the presence of
colonies, small, numerous and lying closely together in the case of the tubes first
inoculated ; but larger, fewer and more widely separated in those planted last,

The growth is not usually a pure one, that is to say, the colonies represent
more than one species of bacterinm, and consequently viry more or less in their
naked eye appearances, with regard to size, shape and celour, ete. Microscopically
the organisms commonly found associated with the B. Diphtherie in the membrane
are coccs, either in masses (staphvlococer): in  pairs (diploceced): or chains
(streptococet) : various kinds of bacilli, and yeast cells,

In seeking the 5, Diphtherie advantage is often taken of the [act that Lpon
bleod-serum it grows better and more rapidly than its associates: and a tube
planted from diphtheritic membrane will sometimes, at the end of eighteen hours'
incubation, appear to contain a growth of the Klebs-Loffler bacillus only ;
although if examined after another six or eight hours, a luxuriant growth of

many different bacteria will probably be found.
&
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Now although the naked eye appearance of the colimies of the /i, Ihphtheria
15 1o a certain extent characteristic, there are many other orgamsms, notably
those included in the same gronp. and some of the staphylococel, which produce
similar eolonies, and a large amonnt of Cxperience s necessary in order to
diflerentiate them with any degree of accuracy; still the tollowing description will
serve as an indheation of the kind of colony o which special atlention should be
given and of which microscopical examinations should he meade.

Coroxies o THe L Ienrnekir cron Broon Sepcs, Large, roughly
cirealar, moist, shining, opaque, greyvish-white plaques, of one to four nim.
diameter, shghtly ruised above the surface of the medium, and more opague and
heaped up in the centre than at the periphery, The edge isirregular and notehed
aml the surface coarsely granular.

The naxt step is to make stained specimens, teovered-ship™ preparations,
from likely colonies; these must be exmmined microscopically, using the one-
twelfth-inch oil immersion lens.  Colonies which under these conditions are tound
to consist of any of the varied forms of eocci are to be neglected, and only those
composed of rad-shaped organisms need be considered,

Having beiefly indicated the method of conducting the carly stages of {he
bacteriologieal investigation of a case of diphtheria, we have now reiched a poimt
where it only remains to say whether the particular bacillus in owr preparation s
the IWlebs-Loffler hacillus or not:; but so far from our diffienlties being over, an
entirely fresh set now confronts us.  The diphtheria group includes several
vareties ol bacilll which morphologically closely resemble each other, but vary
greatly i their potentiality for evil when introduced into the human frame : and
again, the diphtheria bacillus itsell appears under at least two forms, equally
virulent, but very dissimilar in their microscopical characters,

The relationship existing between these haeilli, imperfectly understood even
now, and still more obscure twelve years ago, gave rise to much confusion—a
contusion worse confounded by the system of nomenclature then adopted.  For
instance, Houx soon detected an organism in the threats of patients suffering fromn
diphtheria, and sometimes in healthy throats, as well 15 in other sitnations, which
could not be distinguished from the H. Dipktherie either by its morphological
or cultural characteristics, but which had enbirely Jost its pathogemeity, and its
introduction into the living body was not followed by any ill effecls; consequently
the name pseudo-diphtheria bacillus was suggested for it,

In the light of later knowledge, this name would appear to be inaccurate as
well as ill-advised, for we know now that many pathogenic bacteria will, under
certain conditions give rise to a race that is harmless, and to such we apply the
term “non-virulent.”  Reasoning from analogy this deseriptive prefix would seem
maore applicable to the present case than the term * pseudn.” so long in vogue.,
The virulent variety of the B. Diphtherie was called by carly workers the “long ™
lorm, and the one designated below var. “sheath,” the medium form.  To
complete the simile the name * short " form was applicd to an arganism, belonging
to the same group, which von Hoffmann isolated, about the year 1835, from the
mucus of cases of chronic catarrh of the nose. More recently, however, there has
been a growing tendency to apply the name of its discoverer to this last bacillus.
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The next member of the group, the Nerosis bacillus, was jsolated by Neisser
from a foul wlcer of the leg, and has been found since by many ebhservers
associated with diseased conditions of (he eve. It 1s only latelv, however, that
its life history has been fully worked out. It is perfedtly innocuous, but its
remarkable sitmlarity to the I3, Diphthevie clothes it with an mportance hardly

warranted by our present knowledoe of the rife it plays in the cconomy of nature.

Before discussing the microscopical appearances of these bacilli a few words
with regard 1o the staining reagents, may not be amize.  Undonbtedly the stain
which has, in my hands, given the best all-round results e carbolic methylene
blue, or more shortly C M., prepared in the following manner - Place about
to grammes of methylene blue (Gribler) in a well stoppercd bottle, and acdd 50
to 6o cubic centimétres of absolute alcobiol ; allow it to stand for three or four
days, occasionally shaking the bhottle vigorously. At the end of this time the
resulting saturated alcoholic solution of the stain is filtered through Swedish
paper into a small drop-hottle ready for everyday use.  To the undissolved stain

m the mixing hattle more alcohol is added and forms o reserve stock from which
the drop bottle may be replenished.

Methylene blue, it may be remarked, improves with age, and when used for
the purpose of staining the diphtheria bacillus, every month that it is kept
increases its value for demonstrating the phenomenon known as metachromatism,
By the side of the M.B. bottle, upon the hench, one keeps a larger hottle
contaiming a supply of a 5% solution of carbolic acid. When about to stain a
cover-shp filin, five or six drops of the M.B. are dropped into a4 watch-glass, and
sufficient carbolic solution added to 1l the glass,  The C.M.B. stain thus
prepared is taken up in a pipette (provided with an indiarulsler cap), run on to the
surface of the film and allowed to remain there for about fwo minutes. The
coverslip is then thoronghly washed in water, dried and mounted. A small
rubber *“change mat,” such as tradespeople use upon their counters Lo receive
money, makes an even more convenient rest for the covershps than Cornet's
forceps and has the additional advantage of taking several at one time,

Loffler’s blue is also a handy stain, but to my mind does not give such rood
results as the stain above described.

Saturated alcoholic solution of gentian violet is also useful, This stain
appeiars to swell the bacilli, an effect probably due to the fact that it stains the
whole of the bacillus, including the thickness of the sheath, very evenly.

Carbolic fuchsin, prepared in a similar manner to the C.M.J3. (vide supra) is
an_excellent stan for the purpose of showing up involution and degeneration

forms in old cultures. Tor this particular purpose, too, palychrome methylene
blue (Griibler) is extremely useful.

We propose to describe the morphology of the varions members of the
diphtheria group, as illustrated by blood-serum cultivations which have heen Zrown
at 37°5"C.—taking first a young culture 16 10 18 hours old, and then examining the
same culture after another g4 to 56 hours' sojourn in the incubator.  In order to

avold confusion the nomenclature adopted for our present

purpuse 18 as
follows :—
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1.—L. Daphileria.

2.—B, IMphtherie, var, V" sheath.”
3.— 8. Dephtherie, var, ¥ non-virulent,”
4.—B. of Hoffmann,

5103, Xerasis,

I.—B. ThruTHERLE

Eighteen-hour blood serum cultures (fg, 1),

The B. Diphtherie occars as straight or slightly curved rods, varying in
lenath from 2 or 34— 04 and in breadth from o'5,4 — 1 4, the ends rounded, and
frequently one or both ends slightly swollen. The arrangement of the bacilli in
the field is extremely irregular and confused, and has been compared, not inaptly,
to Chinese heiroglyphics.  In unstained specimens, examined by the hanging-drop
method, the bacilli are found to he motionless, and the albove-mentioned swollen
points appear bright and glistening. (For some time these refractile points were
supposed to be true endospores.  IFurther investigation, however, has shown that
the B. Diphtherie will not stand exposure to a temperature of 58°C. for more than
ten minutes—proof positive that it is not capable of spore formation ; and in point
of fact, reproducdtion takes place by fission only). When stained, these points are
found to take the dye most deeply.

Although in some specimens of the B. Diphtherie of this age, the protoplasm
stains evenly and equally throughout the length of the bacillus, still many show
what 1s terimed * segmentation,” or in other words, that the cell protoplasm has
in some situations become altered in its constitution so that it no longer takes the
stain well, and we consequently have bacilli appearing as short chains of dark
round or oval beads, separated from each other by unstained er faintly stained
irregular intervals, and the whole enclosed in a well-developed and plainly visible
sheath, (The accompanying * schematic ” diagram of the bacilli will explain my

meaning.)

Diagraim

Sevenly-two-hour blood serum cultures (fig. 2).

If this same cultivation he examined again after three days’ incubation at the
body temperature, one finds but few individuals resembling those described
above, for the Diphtheria bacillus is an organism that quickly degenerates, and
what are termed “involution™ forms now preponderate,

These forms vary greatly in shape and size, some are short, deeply staining
pear-shaped bodies: others, squat forms showing alternate bands of darkly-stained
and unstained protoplasm, and resembling a spinning top; many have a long
slender stem and a greatly swollen club-shaped extremity ; some again look like
overgrown cocci, and are probably the large oval ends of some of the club forms,
escaped from the sheath (Diagram B). Many of the bacilli, more closely
resembling the young forms in shape and size, are either but faintly stained or
have not taken up the stain at all, All those forms that are stained (especially
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when matured C.MLB. has been used) show nwore or less metachromatism, and this
featlure is particularly well marked in the swollen club-shaped extremities.

2,—DB. DIPHTHERLE, VAR, “*SnpeaTH.”
Eighteen-hour blood serum cultures (hg. 30

In young cultures this organism occurs as a straight, or very slightly curved
rod, tapering to a fine point at either end, of about the same size as the ordinary
Diphtheria bacillus grown under similar conditions.  Here the resemblance ends,
for the segmented forms and those showing terminal enlargements are conspicuors

by their absence,
’ $ \

Dingram 13,

[n the variety now under consideration, that portion of the cell protoplasm
which takes the stain most vividly, is aggregated into an elongated lozenge-shaped
miss, situated in the centre of the bacillus, and having its long axis in that of the
bacillus.  The unstained or faintly stained and therefore presumably altered
protoplasm, surrounds this central mass, and enclosing all will be observed a well
developed sheath, which usually, although not invariably, takes the stain right up
to its pointed extremity, somewhat less deeply than the central body.

By some observers it has been stated that the ‘“sheath ™ variety is much
shorter than the ordinary Klebs-Loffler bacillus, and if one measures the central
deeply-stained mass onfy, this is correct. If, however, the organism is measured
from point to point of its sheath it is found to be of the same size, or, if anything,
a little longer than the B, Diphtherie.

Multiplication takes place entirely by fission, a remark which applies equally
to all the members of the Diphtheria group. The whole process may be watched
mn a hanging-drop cultivation, binary division being completed in about thirty to
forty-five minutes, the time varying with the temperature. In stained speci-
mens, too, one may oflen notice a narrow unstained horizontal line, or even a
broader space, marking the short axis of the central lozenge-shaped mass, and
converting it into a couple of triangles. This marks the point where division
would have taken place if development had not been arrested.  Very rarely some
segmentation of this central mass may be noted (Diagram C).

4

H

Diagram C,

Seventy-two-hour blood serum cultures (fig, 4).

Cultivations at three days, like those of the B. Diphtherie, from which they
can hardly be distingunished, show numerous involution forms, and stainéd speci-
mens are characterized by marked metachromatism. The club forms are quite as
numerous, the only difference being that the short swollen forms are less common
and the individual bacilli may appear somewhat more slender.  The well-marked
sheath, so prominent a feature of the younger cultures, can hardly be detecled.
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A few words are necessary as o the relationship existing between the I3,
Diplitherse and the “sheath” variety.  Although it is rare® to ind a cultivation
from a diphtheritic throat, to consist solelv of the sheath variety, it 1s also rare for
one to be unable to find seme sheath forms among the numbers of ordinary
Klebs-Loffler bacilli, in such a preparation. I a tube of melted AgAr-agar is
moculated from a single colony of the B, faphiherie (which microscopically does
not appear to contain any sheath forms) and a “plate’ cultivation poured in the
usual way, mcubated at 37-5%c., and cach colony appearing at the end of, say,
twenty-four hours, examined scpurately, at least one, sometimes many of them,
will be found to consist of the sheath variety only,  This variely may be sub-
cultivated upon blood serum for many generations, and will remain unaltered :
but 1f it 15 planted upon alkaline potato and grown for some days, and then
transferred 1o blood serum, it will be found to have reverted completely to the
ordinary type, and the sheath, mstead of being the most prominent feature of Lhe
organism, has now to be carefully sought for hefore its presence hecomes apparent,

3.—D DIPHTHERIAG vAR, * NON VIRUTLENT.

Maorphologically this organism is identical with the ordinary B. Diphtherie,
only differing from this bacillus in its want of viralence: the microscopical
characters deseribed under 1 therefore apply to Uhis variety also.

4.—H. o Horrsann,

Eighteen-hour blood serum cultures (fig. )

l”|i

Dingram D,

This organism occurs as a short rod-shaped or oval bacillus 0%y 1*5. in
length, and from 0'3u — o5, in breadth. The ends are either both rounded, or one
rounded and the other tapering to a point.  Unlike the B. Diaphiherie there 1s a
certain dehnite arrangement of this bacillus 1o be noted in stained cover-slips.
It is usually disposed in pairs, either two organisms placed end to end, or side by
side | frequently one finds a combination of these, that is to say, small groups of
four.  Hoffmann’s bacillus usually has but one darkly staining “ageregation  of
protoplasm, roughly triangular or perhaps conical in shape, with its base closely
applied to one end of the hacillus, and a very faintly stained interval between its
apex and the sheath.  More rarely one may detect an extremely narrow unstained
line dividing the aggregation into two portions, Lhe enclosing sheath, it should
Iwe remarked, is as a rule, Dadly defined and takes the stain faintly (Diagram D)

Seventy-two-hour blood serum cultures (fig. 6).

In preparations from old cultures, numerous involution forms are present,
and these very seldom assume the club form so common with the K. {iphitherice.
short oval, egg-shaped, and irregular spherical forms are present, together with
many resembling the younger individuals, but staining very badly, Many of the
individual bacilli reach a considerable size, but the increase appears 1o affect the
breadth only, never the length of the orgunism,  Metachromatism is rare.

" An erperbeoce ol Iu:l'a.'t_-:-n 000 and gooo cases of suspected Hphtheritic throats, would Tead me o give the
proportion of enliures where the sheath variely eeevrs ynmixed with

the ordinary B. Déphtherse 1o those
where e s absent or greatly outnuwnbered by that organisin as aboul ane Lo seven or cight
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5.—B. XErosts,

This bacillus when first planted from the human subject upon blood serum,
does not grow rapidly. and its colonies rarely become visible to the naked EYE
under thirty-six to forty-eight hours.  Subeultures npon serum, however, grow
well in eighteen to twenty-four hours s preparations made therefrom may be
described as follows ;-

The bacilli are generally straight or very shightly carved, often occurring in
pairs, attached either at a slight angle, or in the same straight line.  The length s
aboul 1-50 and the breadth ofip, The characteristic vronping of the organism

is in small clumps or rosettes of 15 to 35 individuals,  The bacilli stain well and
a fair amount of segmentatation is to be noticed.  In some a distinet swelling of

one extrennty has taken place, and dehnite club forms :are to be seen (h, 7).
Seventy-twa-hour blood serum cultures [hg. 8,

Al this date the Nerosis bacillus so closely resembles the Klebs. Loffler
bacillus as to be pradtically indistingnishable from it.  The individuals are
clubbed, or segmented, or both forins may be seen in one and the same hacillus,
Short pear-shaped and irregular bodies, transversely striated are noticed : and
metachromatism is 'a very common feature. ‘T'he grouping of the bacilli into
small bunches is, however, fairly constant,

In conclusion it is necessary to mention the most recently  described
member of the group, the 1. corvzae seomentoses, an organmism isolated by Dr,
Cauntley from the nasal muocus of cases of severe o influenza cold,” and
evidently considered by him to be the specific  cause of this condition,
Personally, I have been unable, up to the present time, to isolate specimens of this
bacillus, but from the published descriptions and the admirahie photo-micrographs
which accompany the description, it is evident that the microscopical appearances
of the bacillus closely resemble those of the Xerosis bacillus in the early cultures
upon Agar-agar, but with increase in age more nearly approach those of
Hoffmann’s bacillus.  No mention is made of the characters of the bacillus upon
blood serum, so that it is only fair to conclude that this medinm was not used by
Dr. Cautley in the course of his investigations.

PHOTO-MICROGRAPHY.
J. W. Gifford.

’ l YO write an article on the microscope, even if one confines oneself to “ bryss
and glass,” is rather a large order.  Let me therefore assume that my
readers already know something of that instrument, and console them by

saying that 1 have only a few things 1o say about photography with the micro-

scope, and so, while warning them that they may have heard most of these things
before, go on at once (o my subject,

For phatography with the microscope, a wood firm stand is indispensable,
and nothing 1s better than Messrs: Powell & Lealand's splendidly rigid instru-
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ment.  But it by no means follows that good work cannot be done by something
much more modest.  Swilt’s ** Challenge ™ is the stand with which the illustra.
tions shown on opposite page were made. A binocular instrument e of course
unnecessary, but the tube should slide and he graduated, so that it may be set at
any length from 250 o 160 millimétres (say, from 10 to 6 inches), [ have so
often found that a really good object-glass will only work with the short tube,

cspecially & magnificent oil-immersion made for me by Zess, which was quite
inaccessible until I had my tube altered.

Lhe most important point about the stand is the fine adjustment, which
should work smoothly, and with as little “ loss of time” as possible,  Messrs,
Powell & Leuland in their first-class stand bring this about by the use of a long
lever arm on the free end of which a delicate screw works, Other makers have
adopted other adjustments, a very good one among them being Campbell's
differential screw,

The stage may be of the horseshoe form with sliding-bar as in the Nelson-
Curties medel made by Mr, Baker. This instrament also has the Campbell fine
adjustment, and when provided with mechanical motions for the substage, is the
most satisfactory mstrument of the cheaper sort [ have seen, For photographic
purposes the microscope must of course be nsed horizontally, unless an Eyeplece
camera or vertical camera is nsed which I do not recommend, When pur-
chasing, it is therefore well te ascertain that when inclined, the tube is ap-
proximately level, and if not to have the stop readjusted,

So many forms of photo-micrographic apparatus are in the market that one
hesitates about going into details,  Let it suffice that they, most of them, consist
of some form of long-extension bellows camera arranged to slide in a groove on a
table and attached to the microscope tube by a sleeve or other device for making
a light-tight connection. A long tod actuates an arrangement for focussing from
the back of the camera.  But perhaps the most simple and satisfactory arrange-

ment of all is the following, for which an ordinary photographic dark-room is
almost all that is required.

A hole should be made in one of the walls which often happens to be a
wooden partition, and this hole may be fitted with the Hange of an ordinary
photographic lens, - Having removed the lenses and put them away, for they are
of no use for our purpose, the tube can then be screwed in and connected to the
tube of the microscope, which should be placed on a table outside, by the cloth
sleeve.  The table must of course be pushed up close. A disc of fairly limp
DMackened cardboard with a hole in it just large enough to receive the end of the
eyepiece, and of sufficient diameter to projeét well over the edge of the tube in the
wall, is a good substitute for the sleeve and takes less time to make. Another
small hole in the wall, well © bushed " with [elt, admits the focussing rod, and the
whole thing is complete.  All that remains to e done is for the operator to
provide himself with another table of the right height, a block of wood with a
groove in it, which will slide about on the table, a white card and a photographic
plate, and having arranged his object in the microscope, and taken these things
into the dark-room, to shut himself in. He then focusses accurately on the white
card having hxed il upright by means of the groove, carefully removes it and puts
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in the photographic plate without moving the block, and sits down until the
exposure is over. If the exposures are likely to be long as with the high powers,
1t 15 easy to arrange a curtain over the door of the dark-room and to darken the
room outside, so that the operator may get out and go in again without fopging
the plate. This plan is a very simple one, and | am sarprised that it is not more
[requently put into practice, especially as most microscopists who photograph
generally have a dark-room ready at hand. Provided the room is long enough
there is practically no limit to the size of the plate that may be covered, whereas
i the ordinary way one is tied down to the size of one’s dark shde,

The optical part of the microscope may be as good, or, | was going to say,
as bad as you lhike, for provided certain precautions are taken with the illumina-
tion, good results may be obtained with quite third-rate objeclives. But apochrao-
matics by first-rate makers such as Zeiss, and Powell and Lealand give a very
much flatter held of view than the cheaper objectives and for this reason and the
larger available aperture are well worth their apparently high price.  Of these a
1-inch, f-inch and ;-inch oil immersion embrace all that is generally required.
The P4-inch should be of 1°3 N.A. which 18 more convenient to work with than
14 N.A. | havein my possession objeftives of 174 and 1°5 numerical aperture,
but have found no great advantage attend their use. They are extremely
costly.

lixcept for the purpose of finding and adjusting the objective no eyepicces
are absolutely necessary, but it is far more convenient to use one of the two pro-
jection eyepieces usually sold, and highly desirable if the objectives are apochro-
matics, as these lenses depend for their complete correction on the eyepiece. Of
these projection evepieces Zeiss (other makers have, 1 believe, followed) makes a
low power, which magnifies the image given by the objective three times, and a
higher power magnmfying six times. The low power i3 generally recommended
for use whenever possible, avoiding the high power unless extreme high amplifi-
cation is absolutely necessary. I have, on the contrary, found no difficulty what-
ever in using the higher power, and generally prefer it, one can for instance use a
in-inch objeclive with it, instead of a Jf-inch with the lower power, and in this
way oblain a more cven illumination and a flatter field provided the % -inch has
as great an aperture as the Jg-inch.  The theoretical objedtion to the high power
eyepiece 15 that the corves of its lenses are steeper, which among other disadvan-
tages causes a greater loss of hight. It appears to me, however, that this
objection would apply to the object-glass as well.

For substage apparatus there is nothing better than Messrs. Powell and
Lealand’s apochromatic condenser with an aperture of about g5 N A, v will
perhaps be said that such an aperture is comparatively amall, but, as 1 shall
show, this is of no disadvantage.  T'he fact is that an objective that will work
with an aperture of 100 N.AL, stands at about the top of the tree as regards the
possibilities of lens construction up to the present time,  An objective of larger
aperture when illuminated axially, must be limited o this, Ly stopping down, or
will give a woolly image.  This is due to the want of success on the part of
opticiang, in centreing light pencils of greater obliquity to the axis, 1 would
refer those who would like to lollow this further, o the last edition of Dr.
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Carpenter’s ““ The Microscope,” in which Dr, Dallinger and Mr., Nelson have
expounded this and Professor Abbe's Diffraction Theory at some length, It is
sufficient for my purpose (o say, that these researches have conclusively proved
that all results obtained by any other than etrictly axial illamination are utterly
unreliable, and that although oblique ilumination may give certain appearances
not otherwise obtainahble, we have reasons for believing them to be mere effecle,
An oil-immersion condenser, therefore, of 1:3 N.A. and upwards 1s of no use,
except for studying these effects.  But resolutions of difficnlt test-objedts com-
parable with the most difficult formerly obtained by ohlique illumination, may
now be made by mounting the test-ubject, such as a diatom, in a medium of high
refractive index. Of these, phasphorus is the easiest to work with, but harbours
unpleasant possibilities, especially when a bit happens to get under one of the
fingernails of the operator and is lost sight of for the time. It i almost sure to
go oft some short time afterwards, and his pain and astonishment are great.
Phosphorus mounts are alse always spoiled by working with  direct sunlight,
which is occasionally desirable. T much prefer realgar, which has an even higher
refractive index, or rather a mixture of realgar with sulphur, which is perhaps
strictly speaking a higher sulphide of arscnie, intermediate between realgar and
orpiment. It is prepared by heating together equal quantities ol clear red
realgar and stick brimstone (flour sulphur is apt to be full of dust).  In order to
prepare the mount a drop of the solution containing the diatoms must be dried on
a very thin cover-glass and the diatoms then burnt into the glass by passing it,
diatoms nppermost, through the flame of a spirit lamp, A small piece of the
medium 1s then placed on the glass slide which is carefully warmed in the same
way by passing 1o and fro through the flame, until the medium melts, and while
both are still in the flame of the lamp, the cover is turned over and carefully
lowered until contact is made with the medium.  As soon as it has spread out to
the edges, a clip must be put on, or the medium will crack off in cooling, which must
take place very gradually,  The best thing is to put the mount still liot, into a
small tin box, previously warmed, and place the whole in a vessel containing
boiling water and put aside to cool.  The water must, of course, not wouch the
mount. ‘There will be many failures, but when a good mount has been made, it
will be well worth the pains taken.  This medium is very yellow, but as will be
presently seen. this is no objection.

For examining and photographing fresh tissucs, minute dissections, etc., I
have found nothing so good as glycerine.

As regards other apparatus, a good bull's-eye to concentrate the rays from
the lamp on the substage condenser is almost a necessity, DBy this means the
entire field of view is easily filled with light, T'he best is Mr. Nelson's aplanatic
bull’s-eye, which is generally made of glass. But Mr. Neleon has very kindly
computed a quartz aplanatic condenser especially for me, and 1T have found that
exposures have, thereby, been much shortened, (Juartz 1s considerably more
transparent than glass cven for the visible rays, and | am unable to speak too
highly of the performance of this quartz doublet,

If the finest results, even with apochromatic abjectives, are sought, it is well
to use a light filter. For the vellow realgar mounts a piece of signal green glass
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(or peacock green) is all sufficient. Such an arrangement provides for light which,
analysed by a prism, gives a single band of light in the green. Of course to work
with this a green sensitive plate must be used. Lumiére’s vellow-green sensitive
plates are very good for the purpose.  For objeéts mounted in waler-white media
it is better to use a methyl-green screen,  Malachite green answers quite as well,
but a slightly longer exposure is necessary.  The most simple way to prepare
one temporarly 1s to dissolve the dye in water and fill with it a glass zoophyte
trough such as that for use on the stage when the microscope is placed horizon-
tally. In the trough, and standing in the coloured water, is placed the piece of
signal-green glass before referred to, and this has the effecl of cutting off some
extreme red rays which otherwise find their way through the dve and upsel the
focus.  After locussing the glass may be taken out, It is well to do this as
much more light gets throngh without it.  DBut if such a sereen is required
permanently it is much better to build up a cell on signal-green glass with a metal
ring and gold size, us for liquid mounts, and seal in the hquid permanently,  1n
this case it is better to use glycerine instead of the water (see fourn, K. Mur. Soc.,
1394, pp. 164-7: and 1895, pp. 145-7). The blue and the violet aniline colours
may be used similarly, but I do not recommend thewm unless with speclally cor-
recled objectives, DBy the use of these screens and photographic plates sensitive
to the rays they pass, alinost as good results may be oblamed with object-glasses
of the cheaper sort (ordinary achromatics) and having inferior colour corrediions,
as with the most costly, provided they are fairly free fram spherical aberration,

L

water trough ust be provided to eliminate the heat ravs.,  With this, an
exposure of ten minutes, even with a -inch objective is the very outside
necessary, and such a power is really never needed. By using the lime-
light the risk of alterations of focus from temperature changes and vibration is
minimized. The bright spot on the lime must be focussed by the substage con-
denser on the object without the bull's-eye, which should be afterwards interposed,
It 15 hardly necessary to say that the eyes must be protecied by using smoke-
tinted spectacles while focussing, or they will be injured.  The simple apparatus
tor.producing the gases now placed on the market by the = Portable Limelight
Syndicate,” will probably prove invaluable for photo-micrography, affording as it
does, an ever ready means of obtaining the light without any previous preparation
wmid without the use of the cumbrous and dangerous cylinders of compressed g

The best source of light is undoubtedly the limelight from a mixer jet. A

as.

But an ordinary petroleum lamp such as Rowatt's Anacapmc”™ with a wick
about 1§ inches broad, used flame end on, answers most purposes, if carefully
facussed on the object in the same way, and if, like the writer. vou have a cellar
in the country where there is nothing to fear from vibration.  With this lamp, the
quartz aplanat, amd a methyl-green screen, [ have made EXposures ex
as long a time as nincteen hours and obtained quite sharp negatives.  If the
temperature changes are likely to interfere, 1 obviate these 'y the use of a con-
stant temperature apparatus consisting of the -I'_'eril'lFl[':,.“ Bunsen regrulator attached
tu the gas, of which a jet is kept burning.

tending over

The photographs  facing page 16 were all abiained by stricily axia]
U lumination.
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A FEW WORDS ON RED MITES
FOUND IN FRESH WATER.

By Chas., D. Soar.

N IVEN a good microscope and an easily accessible pond, and whal a field
(J' for research is still open to the student in natural history! What a lot of
Nature's little secrets are yet left unread | In the vicinity of a good all-
the-year-round pond a small local cluly would have sufficient material to keep it
going always. If the club did not number many members, the pond would
furnish enough different subjects to allow each member to study a different group.
For instance, one member could take Nofifera, another the Euntomostraca, another
the Diatoms, etc., etc., and they would sometimes find their independent studies
of great mutual assistance. Not a few of the greal army of pond hunters (or
puddle rakers as they are sometimes called in derision by the unthinking) are
looking forward to the formation of a Fresh Water Biological Station in England,
on a similar plan to that at Plon in Ilolstein, Germany, When this takes place,
which we all hope it will, we shall be in a better position Lo study the life history
of various forms of aquatic life of which we are now so ignorant.

Now there is one form of pond life in particular to which I wish to draw
attention, and that is the Hydrachmide (Fresh-Water Mites). They are very
beautiful both in colour and form, and they are fairly common, but very few
pond hunters, if they take one when collecting, know more about it than that it is
a member of the acarina. 1 have often asked microscopists when they have bren
collecling to kindly save me any water mites they might find of a particular
genus, but they invariably answer 1 only know the common red one,” and are
very much surprised when they are told that there are between twenty and thirty
distin¢t species of red mites found in fresh water in England.

In England we know of twenty-six distinct genera, and seventy-two
identified species, only two of which have been named by Englishmen —1hyas
petrophilus (Michael) and Awrrenwras novus (George). The red mites which |
know, are distributed as follows:  Arrennrus three, Piona one, Nesea five,
Limnesia, three, Hydrachna two, Hydrodroma two, Marica one, Lwiplodonins one,
Fylais one, Bradybates one, Limnochares one, Thyas two. This list will no
doubt be added to later on. T only wish in this paper to mention a very few
of the red mites, chiefly to show the difference in the external structure of these

beautiful creatures, to mention and figure all the known British red mites would
take up too much space.

Water mites, as far as is known, generally deposit their eggs on the leaves
and stems of water plants.  Fig. 1, the under side of a leal of Awacharis is
intended to show how the ova of a beautiful red mite with blue legs—L imnesia
histronica—(Hermann) were deposited. The egus were not red, but deep
orange-yellow.  After a number of days, the time varying in different species, the
larva (hg. 2), which is hexapod, is hatched out. During this stage many if not all
larvee become parasitic on some other form of pond life. Fig. 4 is a small red
mite in the larval or parasitic stage, taken from the leg of a water-boatman
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Corixa Geoffroys ; it is very small, and had not taken up its abode verv long,
because the legs are still visible, when they have hived on their host for some time
and have grown ver§ considerably, the legs have cither disappeared altogether
or have shrivelled up into a very small compass, being of no further use to the
little creature.  Fig 3, which is the leg of a Corixa Geoffropi with two parasitic
water mites hanging on by their suctorial organs, will explain what 1 mean.
These last mentioned are, 1 believe, the larval stage of Limnesia histrionica, (e
a different species to fig. 4, which | helieve to be one of the red Arrenwrus.  So
little 1s known at present about the larval stages of water mites, that it is almost
impossible to name the species correctly from the larvie.  After having spent
some time in the state just mentioned they become free swimming, with eight
legs, and are now very much like the adults, so much so, that vou can now tell
with tolerable certainty the species to which they belong.

All the members of the genus Arrenwrns are hard-skinned mites, the males
only have tails, the females being without these appendages.,  Fig. 5 is the male
of Arrenurus tricuspidator (Miller), a very brilliant red mite. It can easily be
recognised by the peculiar formation of its tail (see hg. 6, which 1 have drawn
larger to make it more distincl}, Fig. 7 is the tail of another red mite of the
same genus A. crassipeliolains (Koenike), fignred in Sedence Gossip, January, 13g7,
and I think rather rare, as 1 have only seen two specimens, both of which were
kindly sentto me by Dr. George, of Kirton-Lindsey. Fig. 8 is the tail of
Arrenurns emarginator (Miller), a very large red mite. 1 believe we shall have
several more red mites to place in this genus later, becanse [ have several red
females that 1 cannot name until the males are taken,

The genus Hydrackna contains soft-bodied mites, which can be recognised by
the mouth organs projedling as lar forward as the palpus.  In this genus we have
two red mites. I'ig. 11 is I1. erwenta (Mull), easily known by the patch on the
dorsal surface behin:d the eyes,  19g, 12 is I, globesa (De Geer).

The genus Hydrodvoma s also represented by two red mites, also
dhstinguished for the patch on the dorsal surface.  Fig.  is I, vabra (De Geer),
Fig. 10 is H. helvetica (Haller).

The genus Nesea has several red mites. 1 have only drawn one to show the

difference in shape to those mentioned before, Fig. 13 is Ner a sufus (Koch) a
very bright red mite, with dark brown markings,

Of conrse, all fresh-water mites are not red, all colours being represented
in these beautiful creatures more or less, but 1 think I have said enough to
show that instead of anyone capturing the common red water mite it is much
more likely that he has only captured a mite of a common colour.
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PREPARING, CUTTING, STAINING,

AND MOUNTING SECTIONS OF
BOTANICAL TISSUES.

By Martin J. Cole.

“T VHERE s no branch of Practical Microscopy more interesting than the
study of the structure of vegetable tissues, a marvellous variety of which

can always be readily obtained, and [ now propose to show how easily
such specimens can e prep”rw'j

Hakpening anp Fixing., —Stems, roots and leaves should be gathered, cut
into small pieces about half-an-inch long, and placed in a small hottle of methy-
lated spirit; change the spirit every day until no colour comes away from the
tissues. They may then be cut into selions or be kept for any length of time.

SECTION Curring.—Sections of soft stems and roots may be cut by hand with
an ordinary razor,  llold the specumen between the thumb and forefinger of the
left hand.  Keep the finger straight, so that its upper surface may form a rest for
the razor to shide on, Take the razor, hold it firmly in the hand, and keep the
handle m a line with the hlade, and draw it through the tissue from heel to tip
towards yourself.  While cutting, keep the razor well wetted with methylated
spirit, and as the sections are cul place them in a sancer of clean water. When
specimens are too small to be held by the hand, they may be embedded in carrot.
Take a piece of carrot, about an inch long, cut 1t in half longitudinally, place the
tissne between the two halves, and tie together with some twine, then proceed to
cut the sections as before.  Hand cutting is all very well for rough work, but it is

very difficult to get good even sections, and 1 would suggest that all students
should have a good mrcrotome of some kind.  The best 1 know of for all-round

work is that made by Messrs. W. Watson & Sons, 313, High Holborn, who supply
it complete with punches and knife for £1 145, 6d.

Serew the microtome firmly to a table, and with the large brass tube punch
out a cylinder of carrot to fit into the well of microtome. Cut this in half
longitudinally, and with one of the smaller
punches scoop out enough space in one half
ol the carrot to take the specimen: then
place the other halt of carrot in position, and
make sure that the specimen is held firmly
hetween them, but, of CONTSe, it must not be
crushed. Now put the cylinder of carrot and
specimen into the well of the microtome and
cut the sections.  While cutting, keep the
knife and the surface of the microtome well
wetted with methylated spirit, and as the
sections are cut place them in a saucer of
water.

=11

In order to investigate the struciure of a plant stem corred tly, it is necessary
to have a longitudinal seclion as well as a transverse. To obtain this, cut off
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about }inch of the stem transversely, and place it horizontally in the groove

of the carrot, with its flat ends against the walls of the cavity, then place in
microtome and cut sections.

When the specimen has an irregular surface it must be imbedded in parafhn,
Take some paraffin wax and melt over a water bath.  Place the specimen in the

well of the microtome in the desired position, pour in enough paraffin to cover it
and allow to cool, then cut sections as hefore.

BreacHinG. —Vegetable sections usually require bleaching hefore they can e
properly stained. Chlorinated soda is used for this purpose,

Take of dry chloride of lime, two ounces ; of common washing soda, four
ounces : and distilled water, two pints.

Mix the hme in one pint of water an
dissolve the soda in the other.

Mix the two solutions together, shake well, and
let the mixture stand for twenty-four hours. Pour off the ¢lear fluid, filter throngh
paper, and keep in a stoppered hotlle in a dark place, or cover the bottle with
black paper.

Place the seftions to be bleached in a bottle of distilled water, and soak until
all trace of spirit 18 removed, pour off the water and add bleaching fluid, cork
up well and let it stand for from one 1o twelve hours, according to the nature of the
specimen.  As a rule, the tissue should be quite white, but some parts of sections
will never lose all colour, for instance, Rhizome of Pteris Aguilina; in this

case, as soon as the hard black sclirenchyma turns yellow,

stop the bleaching,
Pour ofl heaching

Hud, add water, and keep on changing the water until all
trace of smell of chlorine 15 removed, then give a linal wash in distilled
proceed with the staining, or the sections may be bottled up
until requirer.

water, and
m methylated spirit

STAINING,—Sections of ovaries and yvoung stems that do not contain much
woody tissue, should be stained in Heematoxylip,

Hoematexylin ..o 0 10 grains,

....... A ounces,
Distilled water .. .. ... T I I .
Glycerine ... ... ... ... ... ... .. . e 3 .

Ammonia alom. . ..

......................... 30 graing
CGlacial acetic acid

.............. i o3 drams,
[Mssolve the hiematoxylin in the aleohol, and the alum in t

he walter ; then add, to
the latter, the acetic acid,

Mix the two solutions together, and let the mixture
stand for at least 2 month belore use. This stain 1s rather lroublesome ta mialke,

it 1s helter 1o buy a bottle ready made, most of the leading opticinns supply it,

. Add about 30 drops of the solution of hamatoxylin Lo an ounce of distilled
water, and stain the section for fifteen to twenty minutes.

2. Wash well in distilled water,

3. Soak for a few minutes in ordinary tap water until the
blue.

- Place in strong methylated spirit and dehvdrate for at least ten
5. Place in clove oil to clear for about five or ten minutes,
. Mount in Canada balsam,
Most stems, roots and Jleaves ¢
solutions

colour hecomes

minutes,

an e donble stained with the fgllnwing staining
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RBOEAY CARMINE,
PuTe CATIINE . i e e e e e 1 dram
[LLig. ammonia .. ..... CE e es e e e 2 drams.
Dissolve the ammonia and add twelve ounces of saturated solution of borax in
distilled water ;. filter and keep in a stoppered Lottle,

-

'ace the sedtion ina little of the above stain in o wateh glass for about
five minutes,

Wash well in methylated spirit,

3. Take of hydrochloric acid, 1 part; and of methylated spirit, 20 parts.
Mix together and souk the sedtion until it becomes of a bright scarlet
colour ; 1l over stained, until the excess of stain s removed.

Wiish well m methylated spirt.

Make up an alcoholic solution of Griblers’ acid aniline green in methylated
spirit, about two grains to an ounce of spirit, filter and immerse the
seclion for ten to fiftecn minutes.

b Wash well in methylated spirit ; if over stained with the green, soak
until the excess of colour is removed.  The different parts of the
specimnen should be distinctly visible to the naked eye —woody tissues,
green . parenchyma, red,

7. Dehydrate in methylated spirit.

3. Clear in clove oil,

g, Mount in Canada balsam.

The acid aniline green can be obtained from Mr. C. Baker, 244, High Holborn.

MouxTing 1v Canapa Bavrsasm. Take three ounces of dried Canada balsam
and dissolve in three fluid ounces of best benzole, filter and keep in a stoppered bottle,

Clean a glass slide, take up a little balsam with a glass rod and place a few
drops on the centre of the slide, take the section out of the clove oil on a lifier
and place it in the balsam on the slide. Clean a cover glass, and with the aid of
a pair of fine forceps, carefully put the edge of the cover into the balsam, ease it
down se that no air bubbles may be included in the mount.  \When the balsam
has completely covered the under surface of the cover-glase, press gently on its
upper surlace with the point of the forceps, this will squeeze out any excess of
balsam, and set the section quite flat.  Now put away for about twenty-four hours
to dryv.

When the balsam has dried, take a soft camel's-hair brush with rather
long hairs, and with a little methylated chloroform carefully wash away the exuded
balsam from around the edge of the cover-glass, drain off the chloroform and
allow the slide to dry by exposure to air only. When dry, place the slide in a
turntable and run on a ring of some good shellac cement. | have found an enamel
used for bicycles answer very well. It is known as Tringham’s Enamel, and it
can be obtained at most cycle depits.  As sold, it is rather too thin for micro-
scopical work, but this difficulty is easily overcome by allowing it to evaporate for
a few days. Having applied a ring of cement, it must be allowed to dry for about
twelve hours, then take a piece of soft rag and some turpentine, and carefully
wash away any trace of balsam and chloroform, dry with a ¢'can cloth and apply
a second coat of enamel.

v
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scopes, which they call “Continental Madel,” the larrest of which (No. 51)is

very convenient for all ordinary research.

carrylng a series  of blue glasses for modifying  the

illumination,

Finally we will call attention to two small instruments:
1st. A photographic shutter, which is placed imme-
diately above the lens (fig. 4), and which is formed of a
tube in which slides a plate with an eccentric o

permitting thie admission of the light at

Among  their new
stands of the “English
type ' we may mention
the “ New form portable
binocular national micro-
scape,” which 1s intended
for Aravelling purposes,
The feet fold up, the stage
and substage can be re-
moved, and consequently
the whole occupies very
little space, and can be
packed in a small box
easuring 13 x 74 x 3l
tns. (fig. 1), Another fresh
type is the “Mew form
binocular national micro-
scope,” having  a large
square stage and a re-
movable substage (fig. 2.)

For observation, and
especially for photo-micro.
graphy, Messrs. Beck
have lately construéted an
achromatic condenser (fig,
3) having a numerical
aperture of 10, This
instrument, which is as
nearly perfecl as it is pos-
sible to make it, is fur-
nished with an Iris
diaphragm, a rotating
disc containing stops for
dark-ground illumination,
and a
second
0O n e

pening, Flg. 3.
any given moment. The part of the
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apparatus in which this plate slides turns freely on its own axis, 50 that the
button by which the plate is manipu-
lated can be placed in the most con-
venient position for use,

Fig. 1.

2nd. The New Medical Centrifuge (fig. 5),
an apparatus serving to precipitate rapidly
blood, urine, pus, milk, etc. It makes five
thousand revolutions per minute, and its
principal parts are made of aluminium. The
ellect of this rapid revolution is that the
corpuscles suspended in the liquids are
rapidly driven to the bottom of the tuhes _
and deposits can be almost immediately § raracr es
obtained, which would ordinarily only form |
at the end of one or two days., For the
study of micro-organisms, and especially for
chiatoms, this instrument is very useful.

Hexky -Croven, Loxpon,— Mr. Henry
Crouch has of late been successfully m-rupie;]
in improving his stand and his lenses, of
which latter he has succeeded in increasing

(1 b

the numerical aperture and considerably
correcting the aber-
rations, while at the
same time produc-
ing them at very
low prices,

U

Fn'%l = |:-|_|t Iz

R. Fuess, StiecLiTz, NEAR BERLIN, has intraduced a
small camera (fig. 6) which can be adapted to any micro-
scope. Thisapparatus, which is sufficiently explained by
the accompanying figure, is made entirely of aluminium,
and takes plates 41 % 31 ins.  [tisfixed in a few seconds,
and is always ready for use, whatever the position or
place of the microscope. 1t is very useful, for if during
i an observation one notices any objects of which it is

desirable to keep a record, il can at once be used. The
cost of this apparatus is very moderate.

Fig. G.

I'. KorisTka, Miran, has also been actively employed in the improvement
of his existing apparatus. The stage of the principal instruments has been coated
with ebonite, and some small models have been added to the series already existing,
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A stand, specially designed for mineralogical investization, has been added to
the ordinary instruments of research. To the colledlion of lenses has been added
a fsth in, semi-apochromatic.  This lens costs 200 fre. (£4), including two com-
pensating oculars, and serves for all wark where photo-micrography is not required.

The series of phota-micrographic instruments has been increased by the
addition of a simplified vertical camera, which is supphed at 75 Irs. (£3) and
takes plates g x 12 com,

LEeire, WeTZLAR, has introduced several modifications into his stands, and
two among them, Nos, 12 and 11h, have been furnished with a tripod, after the
English style.  Two new instruments have been added. One is a school
microscope, which can be easily passed round from one person to another. The
other, the ** Schlitten-M ik uskop™ (Sliding microscope), 15 an instrument intended
for the examination of large histological sections, also for the study of bacleriological
culture plates.  The plate is about 20 mm. long and 16 mm. wide, and the tube
of the microscope and the slide are attached 1o each other by a groove, and can be
quickly removed in favour of magnilying glass carriers.

In the large stands, the arrangement of the apparatus for lighting has been
altered. The Abbe condenser can be lifted from the optical axis by means of a
hinge, and the Iris diaphragm immediately put in its place.

Among the new lenses construdied by M. Leitz, we must notice a {.th water
immersion, and one of about 8 mm. focus, furnished with an Iris diaphragm,
intended only for projection purposes. In addition, there are three special
photographic lenses of 64 nim., 42 mm. and 24 mm. focus respectively.

A small instrument, which we have in daily use and which we can particularly
recommend, is the ocular camera lncida, which is formed by the permanent
unon of an eve-piece and
a priem ; by reason of this
combination made once for
all, under ithe best condh-
tions the manipulation of
the inslrument 15 an easy
matter, and the wearicome
adjusting so general with an
independent camera lucida
15 entirely avoided,

Herr Leitz makes two
models of this useful acces-
sory, the one intended [lor
the vertical microscope (fig,

7); the other for the sloping ' .,.F,,,,;,ii_-l_
microscope (fig. 8), ig. 8.

[

Flg. 7.

Nacuer T Fius, Paris.—The ald and well-known firm of Nachet, of Paris,
has just mmcreased its importance by becoming incorporated with the old firm of
Hartnack-Prazmowski {Bezu, Hausser & Cie., sucrs.). They have therefore
centralized in their workshops the highest grade of French microscopy.

This firm has during late years noticeably improved the construction of its
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lenses by the introduétion of Jena glasses, Ity lenses for immersion, among
others the 2th and Jgth, are very beautiful and rival the apochromatics for
histological work. Some new stands have also been made during the last few
:,.'!_!.i-l.l"'!'-i..| rlf- I_]'H"HE_'. Wi 'H..-"i” 'ITH"'I:'ILII[:II'I .

The microscope with a wide range of vision for exaumining large surlaces, an
instrument which has lately been imitated by several other makers.  The

FFig. o
mechanical arrangements represented in fig. g show the wvaried applications
of this microscopse  The stage which is of glass and of large dimensions
(1o 14 cm.) is carried by a frame G, which can by means of a rack, BB, be
moved laterally ; the support of the body D, carrving Lhe optical portion, turns

horizontally on an axis, by means of a langent screw V, and gives ample
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, . iy [ - " 1
movement up to 14 cm.  The systematic examination of the preparation then

takes place : 1st, by the longitudinal displacement of the stage, by means of the
rack BB, and 2nd, by the transverse displacement of the optical combination
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circulating on the preparation, which offers the advantage of suppressing the

transverse movement of the stage.
['he illumination is obtained by means of a large flat mirror, which will light
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the surface of the largest preparations, or of a concave mirror for ubservations
with strong magnifying powers; in this case, the glass stage can be replaced by
one of ebonite. The whole of the instrument is thoroughly well made.

The micrometric screw M, and the rack for coarse adjustment are constructed

i
F
'c
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Fig. 11.

with the greatest perfeclion and permit the use of lenses of high power. The
body, of a large diameter, carries a special eyepicce of wide angle which, combined
with the lens No. 1, permits a field of so0 mm. diameter to be embraced when
magnified five times ; with No. 1a (special) an extent of 18 mm, magnified fifteen
times, and with No. 2 an extent of g mm. magnified twenty-four times.
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and. The large model, No. 4 (fig. 10}, 18 very solid, and to be recommended on
account of its constiudtion, finish and elegance, ]| possesses a mechanical stage,
which allows of considerable displacement in every direction, an Albe illuminating
apparatus with Tris diaphragm, which can be quickly nmuule cccentric, and a
cylinder Iris diaphragm in a copola.

Among the photo-micrographic instruments, a new model called the
“¥Yertical Camera, large model,” has been added to the previous series.  This
apparatus 1s composed ol a pedestal carrying two metal pillars between which
slides a g x 12 camera, provided with bellows which have at the lower extrenity
a connection by means of which the camera is joined to the microscope.  The
union is composed of two tubes
shiding one insule the other, but
completely independent,  The
lower tube screws on (o the
body of the microscope, of
which the draw-tube has heen
previously unscrewed ; this is
the arrangement for photo-
ﬂl‘ﬂ['-hillﬁf with the lens alone.
When it is desired to photo-
graph with the projection ey
piece, the bellows and the nupper
tube are removed, and into the
lower tube another one with
special eyepiece is screwed,

By means of the bellows
with which the camera is fur-
nished, the ground glass can he
moved nearer or further away
to make the images larger or
smaller.

Further it is only necessary
to raise the bellows in order to
separate them from the micro-
scope and to lurn the camer:
round one of the pillars, as
shown in fig, 11, 50 as to be

able, without any inconveni- Fig. 12,

ence and without allering the highting, to use the microscope and to arrange the
preparation.

introduced any changes into its constructions. Its stands and lenses are,

however, all of the best quality, and the firm can scarcely fulfil all the orders
which it receives,

Powerr & Learann, Lonpon.—This firm has not, during the last few years,

CarL REtcuirT, Viesxa (Austria), has not introduced any noticeable
alterations into his ordinary models, but Nos. 111, and VIIL. have been provided
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with a tripod after the English style. A new and interesting maodel (hg. 12],
No. VIII. {15h), is intended lor the examination of opaque objects, and especially
of fractures and corrosion in metals. The rays emanating from a flame IF) are
refle¢ted on the objedt by means of a transparent glass I,

IHerr Reichert has lately given his special attention to the improvement of
instruments for photo-micrography, and we have received photographs of a large
and beautiful apparatus which 18 now in course of construction.  The base and
the slides are made entirely of cast iron and the whole is perfectly rigid,

The series of lenses is still the same as in 18g3, but the maker has consider-
ably improved the correction ot the aberrations, so that the present lenses, thal is
to say, the achromatic ones are as perfect as possible,

Fig, 13, Fig. 14.
o

Ross Lrp., Lospox. NMessrs. Ross Len. still sopply their old  well
known muodels, the “Wenham's Radial Arm,”" and the ¢ Koss Zentmayer,” but
:l]llﬂ;_{ with these t]‘li—‘.}’ now miake a series ol stands which are in I'L':llil'}' continental
microscopes,  Such are the “New Inclined Eclipse™ and the * Dillar-TT oot
Eclipse ” (fig. 13), which are no other than the old large Harinack microscope,
with an Iris diup-ht'ﬂ;m (fig. 14).

The “Anglo-Continental” combines the precision of English instruments
and the simplicity of the slow movement usually ﬂppli!:*{i ta continental
instruments (Ag. 15).  This apparatus can be procured either with a circular
foot, as shown in the Aigure, or with a tripod.

W. & H. Scisewar, Wertzrar, DBesides its large model, which it still
makes, but to which it has added a remaovable mechanical stage (hg. 16), this
firm now manufactures a series of extra strong pattern, the type generally
adopted in Germany,
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Special mention should be made of this firm’s condenser, large model. It is
the one instrument of this class which permits of the most rapid change from
lighting by a condenser to lighting by a simple mirror.

Fig. 11,

To effect this, it is only necessary to withdraw the condenser (hg. 17), which
1s adapted by sliding below the stage. From this moment, an lris diaphragm
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comes into play supplying the place of a diaphragm of the old pattern,

These makers have also lately improved their lenses, which have, however,
long been known as excellent, and which
are sold at reasonahle prices.  We will
mention especially the apochromatic of. 15
focusand of N.A, 1-40, which we frequently
used during the last few years and which
only costs about ¢ 20,

Warson & Sons, Loxpon, who have
acquired such a high reputation for their
stands, have again lately introduced some
new models, among which we will mention:

The “Grand Model Van Heurck
Microscope™ (fig. 18), which was shown at
the exhibvtion which has just been held at

russels.

This model is characlerized h}' s

Fig. 1.

mechanical  stage, which revolves com-
pletely on its own axis; by the perfect stability afforded by the spread of its tripad,
by its large mirrors of which the plane one is optically worked, thus giving only
a single reflection of the flame.  The optical centre of the instrument, when it is

placed horizontally, is exactly 10 ins.—the distance of normal vision —above
the table.

The “Ldinburgh Students’” Tripod™ is also a new madel. Itis a simplified
Van Heurck microscope, for the use of ohservers who do not require the highest
precision and who can only give a limited sum for an instrument (fig. 19).

A form of the Van Heurck microscope, intended for mineralogy is also in
course of construction.

In the series of condensers, we
must  specially  notice their * Para-
chromatic Condenser,” N.A. 1o, which
is intended for the most delicate re-
searches. Fig, 20 suffices to show the
details of its construction.

A series of objectives bearing the
name of “ New Parachromatic Lenses,"
and ranging from 4 inches to J;th of an
an inch (all dry objeclives), has lately
been brought out.  These glasses are as
achromatic as possible, and resemble in correction the apochromatic objectives,

In the domain of photo-micrography, Messrs, Watson & Sons have, during
late years, constructed a “ Vertical Camera for Instantaneous Photo-micrography ™
made according to particulars supplied by Mr. Andrew Pringle. In this
apparatus, which resembles the “Van Heurck Camera,” a pneumatic bulb
placed outside the camera works the shutter inside, giving time or instantaneous
exposure as desired. The image can also be seen by means of a mirror, which

Fig. 2o
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Fig. 18,



Fig. 1.
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reflects it upon a disc of ground glass fitted in a tube at the side of the camera,
thus the shutter can be opened exaclly when the oliject s in the position and
place desired by the observer,

Fig. 23,
We hope to be able, in next year's Anpnual, to give a more delailed
explanation of this instroment, together with an illustration.

The firm of Carn ZEiss, oF Jexa, which continues to hold the first place
In contemporary micrography, has lately produced a series of new instruments,

.
"

Fig. 23.

and has introduced considerable modifications into its lenses., The stand 1a
(hg. 21) s made after the ordinary pattern of the firm, but is characterized by a
new mechanical stage which is so construéted that it can be quickly fixed or
removed from the microscope. For this purpose the frame R (fig. 22), which
gives the transverse movement by means of the milled head K, lifts off, after



41
unscrewing the button L. The stage then assumes the appearance shown in the
fiigure.  There only remains the longitudinal movement, which is given by the

Fig. z4.

milled head \W. Two supports F which are fitted into holes, arranged for this

purpose, allow the preparation to be gripped (fig. 23).
D
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Another stand, called “ Stativ VI* " (fig. 24), is derived from the “Oberhauser-
Hartnack" model, and is intended to meet the needs of those with shallow purses.
It has, however, been so constructed that it suffices for very delicate researches,
Its movements are very exadt, but ite condenser, of which we give a separate
figure (fig. 25), only permits of axial lighting.

Flg. 23

The condenser, which slides into a tube adjusted under the stage, can be
removed and replaced by an Iris cylinder diaphragm (fig. 26).
This microscope is also suitable for

travelling purposes, and is then supplied in
a mahogany box, 3o x 30x 17 em, Packed
in this, the instrument is guaranteed against
all shocks when in transit. It is accom-
panied by three lenses and a suitable
revolver nosepiece, a spirit lamp, three

B s ’ 5 . I"-. - 'ﬂB-
flasks in cases, object carriers and objeét- -

Flg. 2.

covers, also a chamois leather.

Among the new accessories, we notice an evepiece of wide
range with an Iris diaphragm, for the superficial examination
of preparations and for drawing. This instrument gives a
surface field more than double that of ordinary eyepieces, and
1s made either like Huygens's evepiece No. 2, or like the No.
4 compensating eyepiece. The upper glass is movable, so that
the micrometer, which can be arranged at will on the Iris, can
Le focussed.  As this instrument cannot be slipped in the
ordinary sliding tube, MM. Zeiss supply it with a thread
(fig. 27) which screws into the wider portion of the tube,
after having unscrewed the narrow upper eyepiece fitting.

A new stand for a magnifying glass (fig. 28) has the
advantage of allowing, by means of a special joint, the lens to be

moved about over the whole surface of the object, equally in
any direction (fig. 28).

In the domain of photo-micrography, we must notice specially the new
camera which can be used horizontally or vertically, and which answers all
ordinary purposes, although the price is relatively very low (fg. 29).
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As for the Zeiss lenses, which are certainly the best of this time, we will say
little about them, for we have already had in hand for the last two years, a
somewhat long work on the evolution of apochromatic ubjectives, In this work,

Fig, ==

which we hope to publish very shortly, we shall examine every one of these
lenses from every point of view. We will merely say that now, by reason of

T Ao fapi
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using new materials, MM. Zeiss have succeeded, not only in perfecting the
images given by these lenses, but also in diminishing the price, and
guaranteeing their perfect durability.
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MULTIPLE COLOUR ILLUMINATION.
Julius Rheinberg.

T is the natural desire of all who possess a microscope 1o look at their objedls
to the best advantage. For those who employ the microscope in the pursuit

of science, it is a necessity, and for those who use it as a pastime it is
equally pleasurable to know that they are seeing as much as can he seen, given
their particular object and their particular lenses.

Now what is the secret of doing this? It lies simply in the mode of
illumination, and I purpose in this article to treat of some comparatively new
methods or illomination particularly calcalated to show up numerous classes of

objects to great advantage, and which at the same time give very pleasing
effects.

[t is now some five years since | first began to make experiments with a view
o finding out how it might be possible, without staining, to cause an object and
its background to appear ol different colours, and so secure a greater contrast
than usual.  Up to the present T have found three different ways by which we
can make uncoloured objects assume any colour we wish, and our background any
other colour. In many circumstances we can also make definite parts of objecls
themselves assume different colours—if so desired.  These effefls may be pro-

duced so simply that any amateur may make many of the experiments himself at
the cost of a few pence,

In all microscopes fitted with a condenser in the substage, there is, under-
neath the condenser lenses, a ring or some form of holder to take stops for
dark-ground illumination.  Now let us cut out a disc of red gelatine (such as is
used for crackers) to fit this ring, then punch a hole in the centre about a third of
its diameter, and stick over the hole a piece of hlue gelatine of the same size (fig.
1a). Then we place this colour disc in the holder under the condenser,” and use it
in the same way as we would use the dark-ground stop.t We will suppose we are
using a 1" obje@ive. The result to those who have not seen it before will he
astomshing. The objects, for instance a slide of Polycystina, or some living
Rotifers, will appear perfectly red, and the background perfectly blue. The great
contrast throws the objecls up ina most striking manner. Of course, if we wish
to vary our colours, all we have to do is to vary the colours of the gelatine; a
yellow disc with a blue centre will show the ohjects yellow on a blue ground, an
uncoloured disc with a green centre (fig. 11) will show the object white or
whatever may be its natural colour on a green background, and so forth, We
must take care, however, in ‘making the discs that the central spot which gives
the colour to the background is comparatively darker than the other part
of the disc,

Now we will vary the experiment and make a disc like fir. 1d, of four
sectors ; the two opposite ones red, the other two blue, and on it paste a black

*An Abbe candenser with the top lens removed is the most suitable,

t Even wlibow a E‘-I?I'I11-EI:IE-L'I.'_ we miy make the experiient, by hxing a bulls eye or plann-convex lens at a short
distanece beneath the objest he exack place must be delermined by trial) plane side upwards. The colour
disrs are then ii:::'pl:,.' lald wpon the plane surface.
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central spot. Using the disc we will look at a small piece of silk mounted in
Canada balsam (a morsel of a Japanese silk handkerchief does excellently) and
notice the result: It is as if the silk had been woven in two colours—all the
horizontal threads composing the warp being blue; all the vertical ones which
form the weft being red.

Having made these experiments let us stop and consider the cause of these
rather startling results.  Why did the objeét ostentatiously appropriate to itself
all the red light, and why did the background appear blue only when we used the
disc like fig. 1a? The answer Lo the last question is simply that without having
an object in the held no red light gets into the microscope tube, hecause the cone
of light admitted Ly the 1" objeciive is no larger than the cone of light coming
from the condenser through the blue central “portion of the colour disc, as seen
in fig. 2.

Theexpressions, viz:—“ Aperture” of an ohjective or condenser, and * Cone
of Light” admitted by an objective or condenser are of somewhat [requent
recurrence in this article. It may be useful to some readers to have these terms
explained, an exact comprehension being essential to understand the subjedt,
When we use a condenser we bring the light which passes through it to a focus
on the object; and the shape of the passage of light is a cone with its apex at the
object and its base the condenser lenses. The cone is represented by the triangle
FAB of fig 2. After passing the focus the light again forms a cone, inverted
this time, and the whole or some part of this cone may be taken up by the
objective (FXY fig. 2), The cone may be wide or narrow: for inslance the
cone I'XY Is relatively narrow to the cone FAB. As a matier of {act, conde nsers
are always made of large “aperture,” i.e., they are always made to give a large
cone of light, and it is usual to narrow them down when desired by an iris
diaphragm. But objeclives are made of fixed “apertures” which differ VEry
greatly, according 1o the power of the chjective, a low power like a 1" objective
having an “aperture’ much smaller than a 1" objeclive for instance—or, to pult it
in other words, the *‘cone of light”” admitted by a 1" objedtive is relatively small
as compared to that admitted by a 3",

Now as regards the objecl, there was light knocking up against it from all
sides— partly blue light, partly red—and as we may for our purpose regard an
objecl as a collection of little prisiis of various shapes, which turn and twist the
light falling on them in varicus direclions according to the laws of refraction and
refleclion, we can easily see that a lot of this light which hit the object, had its
direction changed so as to fall within the cone of light admitted by the objeclive.
So that plenty of the red light, which would otherwise have passed outside of the
objective, has now been thrown up into it by the object, and depicts the object
in that colour in consequence. ig, 3 illustrates this. Of course this has not
prevented the blue light also forming an image of the object in blue, but you will
notice that the difference in area between the red and blue portion of the dise (fig.
1a) is considerable, in fét the former is about eight times as great as the lalter,
and as a consequence the red image will be roughly speaking about eight times as
. strong as the blue one, which causes the latter to be swamped out as far as the
eye 1s concerned.,
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We will now proceed to a dilferent method of illomination. The above
method was limited to the use of objectives of not higher power than L but the

illumination now to be described, as well as the third methed, is applicable to
all objeciives, no matter of what power.

We will suppose we are looking at some diatoms with a 1" ohjechive, and we
will put a colour dise below the condenser as before, one with a red centre and a
green rim this time. The red centre should be of ruby-coloured gelatine, which
can be easily oblained, but the particular green gelatine lor our purpose is difficult
to get, and the best thing to do is to buy a little of the stain known as malachite
green, dissolve it m alcohol, and then add a little of the dissolved stain to some
colledion. A little of the dyed collodion should then be poured over the ordinary
yreen gelatine, which can be bought ready. 1t quickly evaporates, leaving a thin
film of the gelatine of a beautiful blue-green colour such as we require.

[t is a well-known fact that white light is made up of light of all colours, and
that by means of a prism the rainhow colours can be re-combined to form white
light. It has also been practically demonstrated by Ives, the inventor of the
photochromoscope, how three so-called fundamental colours, viz., green, red, and
blue-violet, can be re-combined so as to appear white. But it is not so generally
known that, il correctly chosen, two colours only are needed to give the
impression of white light to the eye, when combined in the proper ratio.  Such
however is the fact, and this is the principle we are going to work with. If we
can mix the ruby-red light of the central portion of our eolour dise with the green
colour of the rim 1n the right proportion, we can obtain light the colour of which
to our eye appears almost white.  Now the mixing of these colours is exceedingly
simple, provided our condenser has an iris diaphragm to it.

Let us look down the microscope with the iris quite open, then the field or
background appears quite green, for this time we are using an objective of wide
aperture, one which will admit a cone of light much wider than that proceeding
lrom the central red portion of the disc only, and as already pointed out, when
there is a large excess of hght of one colowr over that of another colour, the
stronger swamps out the weaker. We now gradually close the iris diaphragm,
thereby shutting out maore and more of the green light, the colour of the
background will then be seen to change o a fainter and fainter green and a point
will be reached where it appears neutral tinted or almost white.*  Fig. 4.

Not so, however, the object; on this white ground the diatom shines forth
resplendent o the hues of red and green more or less undiminished in intensity,
the ridges and higher structures appear green, the other parts red, For it is clear
enough that the dilferent parts of the diatom will not have the red and green light
falling upon them or be throwing the light up into the objeclive in the precise
ratio to form white light. The ridges catch a deal more obliqque Light, which
happens to be green, and much of the finer and more transparent structure catches
and passes up an excess of red light in the objective.  Again, wherever there are
very fine perforations ar holes in the shells of the diatoms these appear pure red,
because so very little of the obliquely falling green light passes through the holes

*1f we continued closing the iris the beld woold of conrse change from the neuatral tint to a pure red, as soon as
all the green light had been shot ont,
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into the objective, and thus to the eye. This enables us to say at a glance and
with certainty, that such and such spots are perforations in a membrane, whilst
others are small raised prominences, etc., things which in the ordinary way it is

exceedingly difficult to determine, and upon which many controversies have bheen
held.

I'or the best elledts with the kind of illumination Just described (which hg. 5
lustrates diagrammatically), the total utilized cone of light from the condenser
should fill from two-thirds to three-quarters the aperture of the objective. The
way to see whether this is the case is to take the eyepiece out of the MICroScope

and look down the tube, then we can see the back lens of the objective, and to
what extent 1ts aperture or area is filled with light.

Now we will proceed to the third method of multiple colour illumination—
one which depends upon a quite different set of principles to the other two, viz.,
on the class of phenomena known as diffraction. But, as belore, we will let
practice precede explanation. We take some small microscopic cover glasses of

the thinnest kind, choosing them of such a size that we can drop them from

above on to the back lens of the objeétive which we are about to use, say a 4" or
t" objective.  They must, of course, completely cover the back lens. We
transform these little cover glasses into colour discs by coating them with stained
collodion, for gelatine such as we used for the discs placed under the condenser
i1s not nearly sufficiently clear and homogeneous for the present purpose. The
best way to make the stained collodion is to dissolve the dye (fuchsine, methylen

blue and malachite green are suitable dyes) in pure alcohol, and then add it to

the collodion, which may be bought readv. I would, however, strongly

recommend those who wish to make the experiments also to make their own
collodion by dissolving a little of Schering’s celloidin in cqual parts of ether and
alcohol. This gives very much better results than the ordinary ready-made collodion.
With a pipette or a glass rod we drop the dyed collodion on the little glass cireles and
let it evaporate, which it does very quickly, Then with a needle we scratch the
film off the glass except where it is required. Il we want to make 2 red dise
with blue centre, we coat the one side of the glass with a red, the other side with
a blue film.  All the blue excepting a small central spot about one gquarter the

diameter of the top lens of the objelive is then removed, and on the red side the
film is scratched away from the central area to correspond.,

Having dropped our little disc into the objective, we first focus the latter on
to our object, a section of bone, let us say, or if prelerred, we may look at
diatoms again, as there is nothing to compare with these for experimental
purposes. Then we remove the object, and carefully focus our condenser on to
the same plane. [f the condenser is properly focussed, the back lens of the
objective should be filled with light when the eyepiece of
out and we look down the tube. Next, we close the iris diaphragm of the
condenser, looking the while down the tube, till all the light is cut off from the
red part of the disc, and only just fills the blue central part (fig. 7). Now we can
replace the cyepiece, bringing the object in position a ain, and the object will
appear clearly and distinétly red on a blue ground, and we shall notice that the
diatoms appear to stand out almost stereoscopically, and that the thicker parts of

the microscope is taken
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the bone section, which appear hazy if looked at with the same objective without
a colour disc, have become much better defined. O course with a colour dise
having a blue central spot withont the red rin, the object shows up in its natural
colour on a blue ground.  Viee versa, if the disc is completely blue with only a
central spot uncoloured (the size of which, however, must not exceed one-sixth

to one-eighth part of the diameter), the ohjed shows up blue on an uncoloured
ground.

The diffraction of light passing by and throngh the object 15 the chiel cause
of our results in this instunce.  Without going too deeply inlo an explanation of
diffraction, which would involve discussing the laws of wave motion, 1 need only
mention that whenever a ray of light* (R, fig. b) meets an obstacle (S, fig. 6),
this point becomes a centre for waves to spread out from.  Now the crests and
hollows of all the waves of light produced at this point and n the immediate
vicimity intermingle and interacl on on: anather. and thereby Decome regnlated
in such a way that one portion of the light, R’, travels on undisturbed as a
continuation of the original ray, whilst other diffracted rays (D1, D2, D3} are
produced (differing only from the last-named one in that they are not quite so
luminous), which proceed from the point of the obstacle at various angles to this
direclion. The whole forms what is known as a diffraclion fan.

In ordinary vision we need take but little account of these diffrafied rays,
but 10 vision with opticil instruments and especially with the microscope they
play a large and fundamental part, for one of the fundlions of the objective 1s to
collect these rays, starting from a point of the object at different angles, and
bring them altugether back into one focus at that sput where an image of that
particular point of the object is formed. A peculiarity about diffraction fans is
that the smaller the structure which causes them, the more spread out are the
component rays of the fan, and that at least two rays must be taken up by

the objective to show up the struclure at all, except as a sort of indefinable
blur.

‘T'o return to the colour discs, we can now comprehend how any rav (R, fig.
8), gets split up into the rays R1, d1, d2; the first one of which passes through
the blue part of the disc before being brought to a focus up near the eyepiece, the
others through the red part of the disc. The greater number #et the Lest of it,
and so the most of the structure appears in red.  Of the whole abject, onlv the
very coarse structure would appear in blue, because the rays of the diffraclion

fan produced by this are so crowded together that they all pass through the blue
centre of the disc.

Incidentally I may say that by having colour discs ground in a peculiar
manner, it has been found possible to get the separate images of an object formed
by the blue and red portions of a eolonr disc side by side, the one of which shows
only the coarsest structure, the other all the finer structure,

Refraction of light also plays some part in determining the colour of the
object in this third method of illumination, but having dealt with this already in the
other methods, I may leave it to the reader’s own observation how it acts here.

* The ordinary expression * Rays ™ of light, it should be noted, is an abstract term which I used for convenience,
and stands for the direétion in which undulations of light may be travelling,
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It is curious to observe that in this method we have employed &
comparatively very narrow cone of light from the condenser, with an objective
of large aperture, just the exact reverse to what we did in our first method.

That in this method the colour of the background is simply determined by
the colour of the only light which gets into the microscope-objective, when there
1s no ohject placed in the path of the light 1ays (Lo wit, blue in our example],
stands to reason (g, 7). _

It only remains for us now to see where the use of multiple colour illumina-
tion comes in, and what is its scope.  For the pretly results therehy obtainahle,
though very good in their way, and calculated to call forth expressions of
delighted surprise from our non-microscopic friends, ire not the most worthy abyjedi
of the microscopist’s ambition. To sve a ruby-red rotifer disporting itself in a
cl&cln green sea, (o look al muscle fibres with alternate red and blue bands, in
short, Lo see our objects highly coloured, like the Lord Mayop's Show, what is
the use ?

The use may be summed up by saving that we increase our knowledge of the
object hy,

I. Increased alality to see it.

2. Increased ability to draw conclusions from that which we see. When we
go out on a sunny day in the country, we put on a broad-brimmed hat, so that
Lhe light of the sun may be kept from our eyes, and we can see the lamlsmpe
better. Il we want to see particularly well we even shade our eyes further by
holding our hands up to the brini.  That is just what we usually do not do when
we look through the microscope, for we gaze at the full glare of our light, and if it
15 too strong we merely shut some of it ofl withont stopping to distinguish between,
or to consider whether, it is image-forming or background forming light ; never-
theless we expect our eyes to distinguish all they might be capable of doing.

Again, if we go and take the train, we observe the sigmal-boxes fitted with
red and green lights which long experience has shown that the engine-drivers can
distinguish most readily., But in using the microscope we do not usually troul:le
about the sensitiveness of our eyes to colours ; in other words, we are much too
apl to forget that whilst our eyes are very sensitive optical instruments, we nusl
pay duoe regard also to their physiology,  This then is the keynote to the way in
which multiple colour illumination adis in sharpening the vision. We et wreater
perception of detail, of depth, and of solidity or gencral forn.

At the same time knowing how we have arranged our coloured lights to fall
upon our objects, and noticing which parts are lighted up in the various colours,
we are able to draw additional inlerences as to their size—even in matters of
wave lengths—as to their shape, and as to whether what we see is the trpe
ohject, or a false light elfet, for such may frequently oceur with bad iHlumination,
and bave caused innumerable discussions. It is a lesson in microscopic optics in
itself to study the appearance of air or oil bubbles in water with different kinds of
multiple colour illumination, and 1 may safely say that most readers w
ment with these kinds of illumination will know considerably more a
microscopes after than before,

ho ex|ri-
bout their
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The scope of multiple colour illumination is a large one; it lends itself well
to the study of botanical and physiological preparations,* to the study of living
organisms, o investigations on diatom structure, lo commercial purposes, as
examining fibres, papers, eic., and to photo-micrography.

[t has been my endeavour in this article to convey an idea as to the methods
and theory of multiple colour illumination in an intelligible mannner, without

gomng too much into techmicalities, and those who are sufhiciently interested in
the subject, 1 would refer to my papers in the journal of the Royal Microscopical
Society of 1890, pp. 373-88, and in the Quekett Clul Jowrnal, 1897, p. 346, and 438,

EXPLANATION OF DIAGRAMS.

Fig* 1. Yarnous Colour Discs.

Fig. 2. First Method of Multiple Colour Tllurmnation—No object in the
field.

Fig. 3. First Method of Multiple Colour Illumination —Object in position.

Fig. 4. Second Method of Multiple Colour Illumination—No objeét in the
field.

Fig. 5. Second Method of Multiple Colour Tllumination—Object in position.

Fig. 6. Diffraction Fan produced by a ray of Light R passing by or
through an obstacle 5.

Fig. 7. Third Method of Multiple Colour Illumination—No object in the
feld.

Fig., 8. Third Method of Multiple Colour Illumination—Objeét in position.

D, Colour Disc; C, Condenser; S, Objeét: 0O, Condenser: G, Iris
Diaphragm. '

Dotted vertical lines represent the passage of white light,

Slanting shading represents dark space.

*1 ought perhaps o mentlon bere that wultiple colour illumination does not come into competition with the

staining of objedts, as the purposc of this is scledtive absorption of colouring substance according to their
chemical constilutions.

o0s
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ON SURFACE ANTARCTIC DIATOMS.
By Henry Stolterfoth, M.D.

HE study of the lowest forms of vegetable life will always be an attractive
one to the microscopist. In the case of diatoms, not only have they the
maost  beautiful  siliceous  skeletons, buat they are the most widely

distributed of all microscopic objects. Given water, or even moisture, you will
find living diatoms, and moreover there are vast deposits of these minute forms
hoth on the land and at the bottom of many seas and fresh-water lakes,

Fig. r.—Uarethron craphilum.  Cast.  [(Magnificd 190 Jdinmeters

In the Arctic regions, where all other forms of vegetable life disappear, you
will still find diatoms, and the important part played by them is well shown in
Nansen's Farthest North, Vol. 1., p. 39. The lubours of Prof. Cleve, of Upsala,
furnished Nansen with one of his strong arguments for the drift of the “ Fram *
across the Polar sea, and his words are well worth quoting :— These- diatoms
“are decidedly marine—i.e., take their origin from salt water with some few
“ fresh-water forms which the wind has carried from land. The diatomous flora
““in this dust is quite peculiar, and unlike what 1 have foumd in many thousands
‘““of other specimens, with one exception, with which it shows complete con-
* formity, namely, a specimen which was colleéted by Kellman during the Vega
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Fig 2 —Corethron erfophilam.  Cast, (Magnifed oo diameters.)
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“ expedition, on an ice-floe off Cape Wankeren, near Behring Straits.  Species
‘“and varieties were perfectly identical in both specimens. Cleve was able to
“ distinguish sixteen species of diatoms. Al these appear also in the dust from

Fig. 3.

“ Cape Wankeren, and twelve of them have been found at that place alone, and
“nowhere else in all the world. This was a notable coincidence between two
“such remote points, and Cleve is certainly right in saving @ ¢ It is indeed fuite
*“remarkable that the diatomous flora on the ice-floes off Behring Straits, and on

Fig. 4. Fig. s.

“the east eoast of Greenland, should =o completely resemble each other, and
“ should be so utterly unhlke all others, It points to an opeu connection belween
“ the seas east of Greenland and north of Asia, Throngh this open conneétion
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“ (I continued in my address) drift ice is therefore yearly transported across the
“unknown Polar Sca.  Ow this same dvift ice, and by the same voule, il must be no
“oless possabie to transport an expedi-
“fom.

From this we see that the
Arctic diatoms have been care-
fully examined by Prol. Cleve.
Not so, however, with the Ant-
arctic forms, Now that men's
minds are turned to the investi-
gation of the South Pole, it is
well 1o enquire what 1s known
abont these unexplored regions,
and naturally we again turn to
diatoms. There are two ways of
examining the diatomous flora.
First, we have the forms living
on the surface; secondly, the
dead siliceous skeletons which
cover the bottom of the ocean.

The first Antarctic surface
diatoms I ever examined were
from the * Challenger,” which,
in its voyage from the Cape of

e (Good Hope to New Zealand,
passed south of Kerguelen
Island to S. Lat. 67°, E. Long. 80° to 100°, and made several deep-sea

Fig. 7. Fig. &

soundings, bringing up material from the bottom. In the * Proceedings
of the Ioyal Society,” Vol. XXIV., there 1s a map ol the ocean bottom,
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on which is marked * Diatomaceous ooze ”—an area more than half the size
of Australia. [ have examined this ooze, and many of the forms are given in
Count Castracane's Report of the Scientific Results of the Voyage of H.M.S,
“ Challenger,” Vol. 11., Botany. At the same time a few surface gatherings were
made. It will not be out of place to describe shortly how these surface gatherings
arc made. A bag of sailcloth about three feet long and one foot wide is attached to
a hoop. This hoop is fastened by four cords to a rope, and this is dragged in the
water after the ship or hoat, either keeping it at the surface or a few feet below.,
After it has been dragged for a certain time it is drawn up, turned inside out and
washed in a jar or pan of pure water—this water must be allowed to stand some
hours in the dark, when the surface water is poured away and the sediment put

into bottles for preservation. This simple process for colle¢ting diatoms 1 have
used for many years, and it

is applicable to either fresh
or salt water. In the case
of salt water, it is sufficient
to add half spirit as a pre-
servative, [ can strongly
advise all those who have
the opportunity to use this
method, as many rare forms
of diatoms may thus be
collecled. At the seaside
and on our own coasts we
can hardly go out in a hoat
without finding in our tow-
net that most wonderful of
all diatoms, Bacillaria Para-
doxa W Sm, and many
others. I had for examina-
tion only one * Challenger "
surface dredging. This is
described in the Royal
Society's Report, and one
of the new forms is figured

which consists of bundles of twisted rods, [t is unnamed, and may be only portions
of an undescribed Corethron, 1 have in my own collechion several slides of this
particular gathering. In the year 1894 1 received from Prof, D'Arc y Thompson
cleven small bottes of surface gatherings from the Antarctic Sea, made from a
ship that sailed [rom Dundee, partly for whaling, partly for scientilic worl,
These small bottles proved most interesting.  They had no latitude or longitude
marked on them, but the farms showed that they must have grown in some
locality where huge icebergs were melting.  And here, exactly as Prof, Cleve has
remarked, we find many fresh-water forms mixed with the brackish and salt-water
species, My own idea is that many of these icebergs are portions of fresh-water

glaciers which break off from the land and gradually melt, forming a lake of
fresh-water in the midst of the sea. I received eleven small bottles in all, marked :

Vol

iF

ﬁﬂl )

.

Fig. a
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(Xa 1893) (2C. 12.1.63) (2D 30.1.93) (2G 31.1.93) (2K 13.12.93) (zL}) (20Q))
(2R) (L) (*rygz Dovald) (21).

These were all marked Antaretic,
and in some cases had dates which show
that they were made in the midsummer
of the South Polar regions—namely,
December and January. T first washed
away by decanting, all traces of salt
water and spirit, and as a preliminary |
burnt the forms on a platinum spatula on
the glass cover. 1 then mounted them
in balsam. DBy this process you get the
forms less broken up than by any other
plan. T also boiled some of them 1n acid
to get rid of the protoplasm and other
vegetable debris, so as to study their
minute siliceous structure. I will now
go through the different bottles serzatim.

1. (X aogi)., 1 should have taken
this, had 1 not been otherwise informed,
for a surface gathering made on an
English lake. In fadt, it is very like a
surface gathering made on Windermere.
The form that at once atrrated my
attention was Asterionella formosa, var:
gracillima Grun; we also find Pleurosigma hippocampus W, Sm, Cyclotella
compta Ehr, Iragilaria-capucina Desm; and many other fresh-water diatoms
that are common to this country. 1
cannot help thinking that this gathering
was made in a calm summer sea, as very

little motion would soon break up the
spiral arrangement of Asterionella or the

delicate film of Iragilaria. It i1s just
possible that the gathering may have
been made on a pool located on an
iceberg, but the bottle tells me nothing.
The bottles (2C) (z12) and (2G) reseinble
each other much, and all contain abun-
dantly a form I had never seen before,
which has only been seen figured from
fragments by Castracane. Fig. 1 shows
a general slide burnt on the cover glass,
and from a study of this plate, which is Fig. 11.

a photograph from the slide, a good idea i
may be formed of the growth, and how fresh bundles of setee or bristles are
being formed in the tube hefore a fresh valve is produced. In Fig. 2, at the




Fig. 14.

Fig. 11

Fig. 12.

Fig. 15.
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point marked A, there is a dark rim, and in a slide which has been eleaned in
acid this dark rim is spread out and is shown in Fig. 3. These appear to be

hooks, and their only use seems to be to keep the
longer setce together in the tube. This diaton
seeins Lo be purely a surface form, and the bristies
help to keep it Hoating. The two bottles muarked
(2K} and (2L) are almosl clean gatherings of
KRhizosolenia setigera Brightw: and appear to he
identical with what are found in the estuaries off
our own coast.  The four bottles marked (20))
(21t) (22} and (2 1) contain chiefly Corethron and
Cheetoceros, and a few others.  The bottle marked
(* 192 Donald) contains many forms of Rhizoso-
lenia, but very few specimens of Corethron.
Having reviewed the different gatherings generally,
I will give a hist, with photographs of the rarer
forms which I have found in these eleven bottles,
and which may be ol use to those who at some

future dav mav have other Antarctic ga£}1urings to examine.

Fig. 4. Eunotogramma varabile Grun,

no 5 Coscinadiscus tubercolatus Greg x 500,

AR + N

124 LR LR

Same as

w7+ Molleria Antarcticus Cast:  this is probably the

Fucampia Zodiacus W. Sm.
1

Fig. 17
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Coscinodiscus notabilis 1at,
I'ragilaria linearis Cast,
Tabellaria flocculosa Kuty.
stephanopyxis turris var Arctica Gran,
Ihizosolenia inermis Cast.,

" polydactyla Cast.
. sima Cast,
- Antarctica, N.S,

Lrightwellia Murrayi Cast,

Chetoceros criophilum Cast,
. Atlanticus Cleve.

Hemiaulus, new species,

The few forms [ have sclected are full of interest, and will, 1 think, be new
to many of my readers. If I bhad only known the exacl localities in which these

Fig, 18 Fig. 19.

gatherings were made, my paper would have been more complete and interesting,
One word as to the illustrations: they were taken from the roughly mounted
slides, and all that can be said of them is that, being photographs, they represent

- truly what was on the slide, and will, 1 hope, prove sufficient for the purposes of
wdentification,

&
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THE VALUE OF THE MICROSCOPE
FOR VETERINARY PURPOSES.

By Professor Haobday, F.R.C.V.S,
Royal Veterinary College, London, N.W,

ERHAPS in no sphere of medical science has the use of the MICroSCope

P been extended during the past ten or fifteen yeiars with greater ardour than

in that of the veterinary surgeon.  The strides which have been made are

s0 greal as to be almost incredible ;) indeed, the modern velerinary surgeon con-
siders the microscope ilmnst as essential as the scalpel,

In the college, as a student, he males its acquaintance during his first year,

when desiring to acquire an intimate knowledge of the structure of the parts

forming the bony skeleton, whilst during the second, third, and fourth periods of

—
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*Flg. 1. Showing one of the varicties of Mange
parasites of the horae. = 58

‘Fig. 3. Showing Tuberel s Bacilli from
horse's spleen. ® pooo,

study it is his daily companion for the recognition of facts connected with
histology, pathology, and the history of the numerous parasites which cause so
many of the diseases which he will afterwards be called upon to treat,

Without its aid in certain diseases treatment would only be empirical, and
thus carried on in the “hit or miss" style of the old cow leech and farrier. A

5 an
aid to clinical diagnosis it is inv

aluable, especially for the recognition of malignant
turmours, parasites, and micro-organisms : by its use many of the diseases of man
and animals have been proved to have a commuon origin, and to be produced by
identically the same organismes.

By way of illustration, let us take the case in which an anmimal is suffering
from the presence of tumours in some part of the body ; the removal of these

* For the plates | wn entirely indebted 1o Professor MeFadyean, M.B, LS, MECV.S. Dean of the Reyal
Veterinary College ;
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growths may or may not give complete restoration to health and vigour, and were
it not for the microscope it would be impossible to say accurately whether or not,
if the growths be excised, a cure would result. With a knowledge of the patho-
logical appearances, all that has to be done is to remove the whole or a portion

of one of the tumours, prepare it in a certain way, make seftions and place them
on the microscope stage.

With the skin parasites, too, diagnosis is much simplified by microscopical
examination ; for example, take whal is commonly called “ mange ™ in the dog.
In the dog there are two varieties of parasite which give rise to this disorder—
viz., the savcoptis canis and the demodex follicwlorwm. For the latter no cerlain
permancnt cure is known, and treatinent is only undertaken in animals of greal
value, whilst the cure of the other is a comparatively simple matter.  During a
certain period ol “mange™ it is often a matler of doubt even to an expert in
canine work, to say with absolute certainty from which the animal is suffering,
particularly as some ol the non-parasitic skin diseases also give rise to somewhat

*Fig. 5. Showing Anthrax Bacilli from *Fig. 4. Showing Glanders Bacilli from
spleen of 0x.  « 1000, aculiure, = oo,

similar clinical manifestations. When a certain stage has been reached, the
microscope can be brought to bear upon the point and a definite decision given.

Similarly in the horse, one variety of mange is not very difficult 1o get rid of,
whilst another causes a lot of trouble.

Now with reference to micro-organisms—and these, of course, are now
recognised to play a very important part in the causation and spread of disease—
it is almost entirely owing to microscopical research thal their presence has been
demonstrated. The micro-organisms which cause actinomycosis, or * wooden
tongue,” in cattle, scirrhous cord and certain other inlammatory growths in the
tissues of the horse, tetanus, tuberculosis, anthrax, glanders, swine fever, and a
host of others, would never have been revealed to us had it not been for the
microscope, proving conclusively that its use and results are of the utmost
importance and value, not enly to the profession but also for the protection of the
public at large.
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What, for instance, would become of the agricultural community, or indeed
{}[ l'|'IE Whﬂ]F‘! l'latiﬂu, i[ such r]iﬁi—!ﬂ aes as anthrax WO .'I.”:‘.!".'.'{-'.l_l ] IIL:\-‘;iStﬂ,tE COAr
herds without recognition or restriction, and particularly is the danger greater in
the case of those diseases which are communicable to man,  Enormons expense
to the Government, and certainly ruin to the breeders of animals, must result.

With, however, the microscope as an aid to clinical symplotns, recognition is
simplified and made certain, and protective measures can at once be adopted.

Velerinary science owes Lo Lhis instrument a great debt of gratitude, and it is

only by utlilizing the means placed at our disposal to the fullest extent that we
can ever hope in any wav to repay 1.

Bl
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A VERY COMMON WATER-FLEA.
(CHYDORUS SPH/ERICUS).

By D J. Scourfield.

N spite of the fact that the subject of this short sketch is one of the commonest
I of those exceedingly common little aquatic creatures, the Entomestiraca, being,
indeed, absolutely the commonest of the division Cladocera, it 1s probably b
very imperfectly known to the vast majority ol even those microscopists who
devote themselves to the collection of pond-life, This is due in part, no doubt, to
the comparatively small size of the animal (maximum length, 4 m.m.), bat in a
larger degree to the general luck of interest taken in the study of the whole group
in this country at the present time —a circumstance which cannot be denied,
although much to Le regretted.  DPerhaps the following remarks, by showing
something of what is already known and mdicating a little of what is still
unknown with regard to a species which can be obtained everywhere and at all
times, may serve to awaken a little sympathy, if not exactly enthusiasm, for our
“eommon U water-fleas, and especlally, it 18 hoped, for the smaller forms, which
have necessarily been most negledted,

As already mentioned, Chydorus sphavicus belongs to the Cladocera, which is
one of the three most importagt groups of the Entomostrica, the other two being
the Ostracoda (Cypris, Candona, ete.) and the Copepoda (Cyelops, Diaptonens, etc.),
Its position in relation to its allies may best be shown, perhaps, by giving the
families into which the order (or, more strictly, sub-order) Cladocera is now
divided, together with a few of the best known examples of each.
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( Fam. 1. Sidude, e.g. Sida erystalling.
2. Holopedidae, e.r. Flolopedivn gibberum
- w 3 Daphnida, e.. Daphuia pulex, Simocephalus veluins,
ﬁ v 4. Bosminidae, e.g. Dosmina longtrosivs.
(S 5. Lyncodaphnidie, e.g. Macrethrix laticornis, .
% [ e.g. Ewrycercus lamellains, Pevacantha riwcata,
= | v e Lynowina, { Alona quadrangnlariz,
S | t CHYDORUS SPHAZRICUS.
w7 Polyphemula, ez, Polyphenus pedicutus.
S Leptodoridae, e.or. Leplodora liyalina.

The family Lyneeida, of which Chydorus sphaericns may be considered almost
a typical representative, comprises animals which are, on the average, very much
smaller than those of any of the other families except the Bosminidie.  Morpho-
logically, these forms are in general distinguished from the others, especially from
the Daphnidze, by (1) the very prominent rostrum, (2) the constant oceurrence of
three joints to cach branch of the second (swinmiming) Antenna, and the possession
by the latter of only seven, or at most eight, swimming bristles, (3) the compara-
tively large size of the simple eye which often equals and sometimes exceeds the
compound eye, (4) the coiled intestine together with the absence of anterior cieca
and presence of an anal ciecum, (5) the position of the anus on the dorsal edue of
the post-abdomen at some considerable distance from its extremity, and (6) the
stall number (two as a rule) of ordinary or “summer " egps placed at one time
in the brood cavity,

The above-mentioned points, it will be seen, are very well illustrated by
fig. 1 on the accompanying plate, which 1s a lateral view of the form of Chydorus
spharicns usually found—ie., of the female producing the so-called * summer "
egus,  This hgure also shows, of course, a considerable number of further details,
and, 1f taken in conjunction with fig. 2, which is the dorsal view of a similar
animal, will give a fairly good notion of the appearance and organisation of this
form without the necessity for a lengthy description, There are one or two
features, however, which seem to deserve special notice. Thus, as repards
general outline, it should be observed that although the animaly as seen from the
sicde, is remarkably well rounded, being almost circular in some specimens, there
are a couple of minute charadteristics which separate it from nearly all the other
members of the genus. These are the angulated ventral margin and the truncated
posterior margin.  As seen from behind (or in front) the outline is extremely
broad in comparison with most of the other Lynceids, but it is very typical of the
genus Chydorns, the flattening of the head being especially characteristic. A
second point that may be referred to is in relation to that portion of the shell
which may be termed the head-shield (cephalostegite of 1luxley). This, it will
be seen, not only protects the head, but extends considerably more than half-way
down the back.  Tts anterior portion, ending in the sharply-painted rostron, is
normally very closely approximated to the shell-valves, and as it is also to some
extent movable, it can be brought down so as to actually touch the anterior
margins of the latter,  In this way the ammal can shut itself in its shell almost
as completely as an Ostracod, aml there can be no doubt that this is at times of
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the greatest importance as a protection against enemies and even against moderate
desiceation.  As regards the internal struétore, the most striking features are the
colled intestine and the large anal caecumi. There is only one remark that 1 wish
to make about the former, and that is that the coils always proceed from the right
side of the animal to left, and never vice versa.  This rule is constant throughout
the Lynceida, so far as 1 have observed, with the exception of Ewrpeercus
lamellatus, The unal capcum demands a little more attention. Tt is, if one may
judge from its large size in this and many other specics, a very important organ,
but ats fundtions are at present problematical, and further observations are badly
wanted in this connection. Tt consists of a roughly triangular sac possessing very
delicate walls, except dorsally, where large glandular cells occur, Tt is constantly
dilating and contracling, but the former movement is rather slow and may easily be
overlooked, During dilatation water istaleen in through the anus, and it is not im-
probable that one of the functions of this curions organ may beof arespiratory nature.
But the cacum also serves as a temporary receptacle for the feces which seem to be
invariably passed into it from the intestine before being finally ejecied from the hody.

Leaving the ordinary, or parthenogenetic female, a few words may now be
devoled to the very much rarer * ephippial "' female, so called lecause it is the
homologue of the form which, among the Daphnide, produces the structure
known as the “ephippium.” It is the sexually mature female, and produces the
so-called ** winter " or resting cggs, which, unlike the * summer” eggs, require
fertilisation in order to develop. This form can usually be distinguished at once by
the naked eye, or with a pocket lens, owing to its dark colour.  Under the micro-
scope it. 15 seen that the darkening is not uniformly distributed, but that it is
grealest in the posterior dorsal portion of the shell. The outline of the latter
(see fig. 5) is practically the same as that of the ordinary form, but owing to an
extraordinary thickening of the chitin along the posterior third of the hack, there
1s seen in that region what appears to be a highly refractive spindle-shaped body
(¢.t.). 1n addition to the foregoing outward differences, the * ephippial ** female
also exhibits differences in relation to the ovaries, These produce (one at a time)
eggs of a quite different type to the ** summer " eggs, and by a peculiar process,
the details of which cannot, however, be given here.,  Scon after the extrusion of
one of these special eggs into the brood cavity, the * ephippial * female undergoes
a moult and the egg becomes lodged in the thrown-off shell. ‘The head-shield
soon parts company from the rest of the shell, and then the anterior portions of
the valves break off along a line of weakness indicated by the dotted line in fig. s.
T'he egg with its covering now appears as in fig. 7, though very much darker than
shown, and is ready to undergo the vicissitudes of frost or drought or foreign
travel,  Compared with the highly evolved ** ephippium ™ which is formed by the
Daphnida for the protection of their resting eggs, the arrangement in C. spharicus
(and other species ol the Lynceida) is manifestly very primitive, and although
both are fundamentally the same, I would suggest that Lhe simpler structure be
distinguished as a proto-ephippium,

So far as concerns the production of the proto-ephippium and the actual
formation of the resting egy, the “ephippial’ female is quite independent of the
male, but 1f the resting egg 1s to be released from the ovary it is necessary that
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fertilisation should take place. At least this is the general rule among the larger
forms of the Cladocera, as shown by Weismann, and the tollowing facls seem to
show that it is true in this case also. I'wo females with the outlines as shown in
fig. 6, and with rudimentary resting eggs in the ovaries were isolated for
observation. In three days both had moulted and then appeared as in figr. 5, i.e.,
as typical “ephippial " females. The resting eggs in the avaries, were also much
larger. In three days more the animals had moulted again and appeared as at
first.  The resting eggs, however, had not been placed in the thrown-ofl proto-
ephippia which were quite empty. In a further three days another moult took
place and the animals carried proto-ephippia for a second time. These were
thrown off three days later but again without the eggs, which still remained in the
ovaries. After a further six days, the animals remaining without change, the
observations were discontinued.  As touching the necessity for fertilisation, the
foregoing is only negalive evidence, it is true, but as the fadls are pretty conclusive
in other cases, there is little doubt but that it was the absence of a male which
caused the apparently wastelul phenomenon of the production of proto-ephippia
time after time without the resting eggs leaving the ovaries,

In company with the “ephippial’ females there are probably always to be
found, if searched for, a few at least of the rare males of the species. A lateral
view of one of these is shown in fig. 5. The male is always somewhat smaller
than either of the forms of the female, measuring only about .4.", and it is also readily
distinguished from them by the following peculiarities 1 {1} The more angulated
shell, (2) the blunt rostrum, (3) the larger Antennules, (4) the prominent hook on
each of the first pair of feet, (5) the peculiar post-abdomen, and (&) the testes,
Two of the foregoing characters are worth considering briefly. First, the male
Antennule (fig. 8) is not only relatively but absolutely larger than the same
appendage in the female (hg. g}, and it possesses a greater number of special
sense hairs.  In the female the tip of the antennule is furnished with nine hyaline
setae—the so-called olfactory setae—each with a little refractive pellet at the
extremity, and at the base a little chitinous bead imbedded in the antennule. The
number nine, it may be explained in passing, is apparently constant among the
temales throughout the whole of the Cladocera with the exception of the families
'olyphemide and Holopedida:. The male of C. spharicus has twelve such setm
on each antennule, and there is also present a special sela having the proximal

half very strongly chitinised. The little pointed lateral seta is the same in both
SeXes,

The other characteristic of the male to which attention may be called is the
post-abdomen (hg. 10). This differs from that of the female (fig. 11) very
markedly, being only about one-third of the breadth of the latter and completely
destitute of teeth on the dorsal edge. The terminal claws are also reduced and
are without the basal teeth, although the fine lateral hairs are still present. Now
the peculiar feature about this male post-abdomen is that in the stage prior (o the
adult, it is exactly similar, both in shape and armature, to that of the female, and
the whole of the changes take place therefore at a single moult.  The vpenings
of the double vas deferens are near the bases of the terminal claws. The whole
arrangement of the male post-abdomen shows quite plainly that it is employed
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Lo introduce the spermatozoa into the brood cavity of the female, although, so far
as 1 know, this has never been aclually observed, The spermatozoa it may be
mentioned are exceedingly minute spherical bodies devoid of movement.

Having now disposed of the few structural and physinlogical points selected
for special reference, u little space may be given to a couple of biological questions
connected with the species under consideration.

First, as regards distribution and some allied phenomena.  As becomes an
ammal which is evidently one of Nature's fit ones, C, spharicas is not only very
much at home in these islands, but appears to thrive in most parts of the
world, for in addition {o its generally recogmised commonness over the whole
northern circumpolar land area, it has already heen recorded from several
localities in the southern hemisphere.  As a gencral vule Lhis species prefers
pieces of water of small or maderate size wilh plenty of aquatic vegetation,
but so great is ils power of adaptation o surroundings that it may be
found in almost every conceivable situation. The place where it is least
hikely to be found is out in the clear water of large and deep lakes,  Under
sume circumstances, however, it may be found even here, as Apstein and others
have shown. The chief condition necessary for this pelagic habit seems to be
the presence in the water of such alg:e as Clathrocystisy to the comparatively large
colonies of which it no doubt clings when tired of swimming and upon which, as
they disintegrate, it can readily feed,

The times and causes of the oecurrence of males and “ephippial " females,
and the concomitant production of resting eggs, is another subject which dare not
be left out of any account, however short, of this species. My own experience
has been that, considered as a whole, this species exhibits two periods of sexual
aclivity each year, one in April and May and the other in November and December.
the former being decidedly the most important.  But it must not be supposed
that all the colonies of the species are affected in the same way. It is, on the
contrary, almost certain that many colonies never have a sexual period ar all or
only at very long intervals.  This has been testified to again and again, and it is
the only way in which I can explain the faét that several of the ponds that 1 have
searched most thoroughly have never once vielded a male or “ephippial” female.
Again, of the two periods mentioned, the earlier affedls as a role only those
tdividuals which live in tiny pieces of water likely to be dried up in the summer,
whereas lowards the close of the year it is the colonies living in moderate-sized
ponds which sometimes prodoce the sexually perfedt individuals,

The factors leading up to the sexunal periods, in this and other species
of Cladocera, have not yet been satisfactorily determined. At first siecht it
scems plausible to believe that the diredt action of unfavourable surround-
ings, such as the gradual drying up of a pond, the gradual fall in temperature
and such like, should automatically cause the colonies aflected to produce
the individuals which alone have the power to form resting eggs, and so
save the species [rom extinétion.  But Weismann has shown, both theoreti-
cally and experimentally, that there are very considerable difficulties connected
with this view of the matter, and he advances the explanation that the
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production of sexually mature individuals depends upon the mner constitu-
tion of the species, and further that it is connected with definite generations.
Fven this idea, however, is not by any means satisfactory, and the facét
remains that notwithstanding the really marvellous work of Weismann in
this connection, we have not vet got to the bottom of this matter.  [n conclusion
I would heartily recommend any one wishing to know of a piece of original work
worlh doing, and within the power of an earnest amateur, to take up the study
of this question of the times and causes of the appearance of males and
“ephippial” females among the Cladocera. And further, as a special olyect of

attention in the enquiry to recommend to his notice the very common little water-
flea, Chydorus spharicus.

EXPLANATION OF PLATE,

CHYDORUS SPH/ERICUS.

Side view of ordinary (parthenogenetic) female, x 130.
Darsal view of # T 30.
v 3. Side view of male, » 1130,

Fig. 1.

[n the three foregoing figures the shell-ssculprure, which consists of very fine but quite
distint hexagonal markings, has been omitted for the sake of clearness.

4. Chitinous IJI;-LLE attached to Labrum.
»w 5. Outline of * ephippial ” female.
. D, . . » after throwing oft the “proto-cphippium.”
v 7o Hesting egg enclosed in ** proto-ephippinm.”
»» 8. Antennule (1st Antenna) of male.
v G . . female.
w 10, Post-abdomen of male.
sy 11, - female,
at  Iirst Antennae, l l.s.  Lateral seta,
e Second E . Muscle,
a.c. Anal caecum. - wr. Mandibles,
ai. Anus. | . Nerve,
w5, Abdominal seta, | o, Optic ganglion.
e Compound eye. 0.5, Olfactory seta,
et Chitinous thickening, or.  Dvary.
eii. Llmbryo in brood cavity, fa. Post-abdomen,
f1-f% Feet (5 pairs). r, Eostrum,
v, Ganglion, re.  Resting egy.
k. Heart, 5 Stomach,
Ik, Hook on frst pair of feet of s Simple eye.
male. { Testis,
. I ntestine. vul.  Vas deforens.
. l.ine of jundétion between head i Wrinkle in shell membrane
shield and carapace. surrounding resting egp.
la.  Labrom.
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SOME POINTS IN THE HISTORY OF
EACTERIOLOGY AND ITS APPLICATION
TO MODERN MEDICINE.

By W. C. C. Pakes, D.P.H, (Camb.), F.C.8., etc.

W LTI the death of M. Pasteur, the birth and infancy of hacteriology have
become history.  She no longer toddles about with the uncertain steps
of childhood, but walks along with the proud consciousness of healthy

adolescence.  Her influence on medicine and sanitary science has heen enormous.

She has revolutionised the methods of surgery and converted the paradoxes of

the last generation inte the truisms of to-day. The diagnosis and treatment of

disease [alling more and more into the hands of the bacteriologist,  Every year,
diseases which were thonght to be due to bacteria are being proved o be so, so
adding not only to our knowledge of disease, but to our powers of prevention.

Although the term bacteriology strictly speaking means the science of
baleria, the badleriologist interests himself in all micro-organisms, whether
anmimal or vegetable.

Micro-organisms are divided into two classes: those of vegetable and those of
animal origin.  Those of vegetable origin are further divided into three,
the moulds or hypomycetes, the yeasts or blastomycetes, and the bacteria or
schizomycetes,

Bacteria may be conveniently divided into three sub-divisions: bacilli or
rod-shaped organisms, cocci or spherical bodies and spirilla or corkscrew-shaped
L'J]'E{ﬂ.[]lﬂrﬁﬁp

The cocci are further sub-divided into staphylococci, streptococei, sarcine,
tetragena; whilst the spinilla include vibrios (or parts of the corkscrew) and
spirochieta or corkscrew drawn out,

As long ago as 1671, Kircher and Lange expressed the opinion Lhat the
purpura of lying-in women, measles and other fevers were due to worms and
anmmalculee, A few years later Leeuwenhoek made the first microscope worthy
the name, and was able, by its aid, to describe minute hving and moving bodies
hitherto unseen. He examined water, stools, saliva, ete., and spoke of the
various forms of bacteria.  Andry, as the result of his work, evolved a germ
theory of putrefaction and fermentation which gained such credence that the
mercurial treatment which was then introduced, was so exploited for the purpose
of killing these germs,

Pleuciz, a Viennese doclor, even went so far as to insist upon the specific
character of the infective agents, and in corroborating Linna'ns’ observations
came to the conclusion that putrefaction was the result of the growth of micro-
organisms. This, owing Lo the imperfect methods of the time, he was, however,
unable to prove.

The next important step was the attempted classification of these organisims
by Miuller of Copenhagen, who also described what are now known as spores.
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Needham, as the result of his experiments, believed in Spontaneons
generation: Spallanzani criticising the experiments, upheld the view that the
methods of sterilising were faulty, or that the organisms, which he thought were
in the air, had got into Needham’s flasks. In 1836 Schulze contrived an
apparatus which completely disproved the spontaneons generation theory,

With 1837 begins the history of modern bacteriology. It had been shewn
in the previous year that meat infusions when sterilised could be kept from
putrefaction, and from this time onward the great abiogenetic controversy waxed
hot.  In this year Cagniard, Latour and Schwann announced that the yeast cells
described by Leeuwenhoek, found in grape juice, elc., were the cause of
fermentation; and Bassi described a form of yeast which produced a disease in
silk worms.  In 1840 appeared upon the scenes a man who, by his talents and
labours, has put the study upon a firm scientific basis M. Pasteur. He entered
the arena on the side of the anti-abiogetitists, and for years he was pitted against
that great chemist Liebig. [t would take too long to recount how, inch by inch,

he cut the ground from under Liebig's feet and finally brought the scientific worlil
to the side opposed to spontaneous generation.

All the work hitherto undertaken had been on most unsatisfactory lines,
as it was almaost impossible to obtain pure cultivations.  Pasteur soon found ont
that certain organisms flourished best in distinétive media.  For instance, that in
saccharine solutions, yeasts grow better than the putrefa‘tive bacteria, and he
took advantage of this fact by sowing the yeasts in this medium in order to et
rid of the other organisms, and in this manner was able to prove that sour heer
and muddy beer were caused by yeasts which he termed * wild " veasts, At best
this was a long and difficult process, and Klebs, as an alternative, proposed the
method of dilution, Having an impure culture he diluted the broth with sterijle
water and examined 1t under the microscope to determine how MANY Organisms
were contained in a single drop.  If now such a drop contained 1o bacteria, he
added one drop to 1o c.c. of sterile water, and taking 10 flasks of broth, inoculated
each with 1 c.c. of his diluted solution. If he happened to have one organism
In each c.c., as theoretically he should, all his flasks contained growths: but he
generally found that some flasks showed no growth, and congequently he could
not definitely point out which of the remainder contained the result of the increase
of one organism. It was not until Koch introduced broth rendered salid by the
addition of gelatine that researchers were able to satisfy themselves that they
were really dealing with pure cultures. When, later, agar-agar, blood-serum and
potato came into general use the study was made easier and more satisfactory,

Whilst the controversy as to the relations between yeasts and fermentation,
and bacteria and putrefaction were being fought, the kindred question of hacfteria
as the cause of disease was also discussed. In 1850, Davaine, working at
Anthrax, was able to discover a bacillus in the blood of all animals dying of
splenic fever. He then experimented with a large number of rabbits, injecting
healthy ones with a drop of blood drawn from one dead of the disease. 1le Wi
able to give as many as one hundred ammals the disease successively,  Organisms
were also found 1n other maladies, such as certain skin diseases, seplicemia,
pyemia, quarter-evil and symptomatic anthrax,
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In 1876 Koch succeeded in cultivating the anthrax bacillus, and demonstrating
the spores, whilst subsequently Pastenr was able to sub-cnltivate it through
several generations and then kill rabbits with the cultivated bacteria. He also
found that under certain conditions the bacilli could be rendered non-pathogenic.

From this time our knowledge has increased by leaps and bounds. The
knowledye of the life history of the hacteria led to the discovery of the poIsons
they produce —the toxins,  The produdiion of the toxin again paved the way for
the anti-toxins and so on.  Now-a-days a student with average intelligence and
a hittle pradlice can diagnose several discases with certainty by the application of
the microscope and test tube.

Various media are used for the growth of bacteria, among which are hroth,
nutrient gelatine, nutrient agar, blood serum, potato and milk.

Broth is a solution of meat extract in water to which peptone and common
sall have been added. In order to obtain a solid medium, gelatine or agar is
added to the broth. Gelatine 1s used when the badlteria are to be grown at the
roomn temperature, i.c., 20°C, Agar possesses Lhe property of remaining solid at a
much higher temperature than gelatine, even as high as 40"C.  Milk and potato

are the natural substances, Blood-serum is the clear serum which separates from
ox or sheep's blood after it has been allowed to coagulate,

Belore using these media it is necessary to be certain that no OrgAnISns
are present in the prepared substances, and in order to ensure this, it becomes
essential to put them through the process of sterilisation,  As the addition of any
disinfectant would prevent the growth of the organisms we want to study, as well
as killing the organisms which we do not want, it is evident that they cannot be
used.  Heating them 1s the only means at our disposal.

All the glass vessels are sterilised by placing them in what is
known  as  the hot-air EtﬂTiliEEl‘, and alluwing thein to remain at a
temperature of 150°C. for half an hour to three-gquarters of an hour. The media
themselves are sterilised by placing them in the steam steriliser for twenty
minutes on each of three successive days, taking care that the steam is streaming.
The reason for this elaborate sterilisation is that spores are generally present, and
they are very much more difficult to destroy than the bacteria themselves,

Among the enormous number of bacteria there are a few which are the causes
of disease in man and the lower amimals,  These fall into three classes: 1st, those
which are pathogenic to man only, or, rather which only produce natural diseases
m man; :m|, those which i_‘ln]_'l,' pr-:u:lu::e natural diseascs in the lower animals; andl
rd, thase which produce diseases in hoth.

Organisms may be pathogenic in various ways, By pathogenic, we mean
causing a condition which is not compatible with the idea of perfet health, They
may give rise to a small pimple on the skin which is slightly painful, but which
gives rise to no dangerous symptoms : they may be the cause of a more extended
local inflammation which becomes then painful. They may give rise to a distinétly
local inflammation, but at the same time produce powerful poisons which are
absorbed into the system and give rise to very dangerous symptoms; or they may be
present in the blood and tissues, and so alter the whole conditions of these as to
render life impossible.  There is still a further way by which bacteria are able to
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mjuriously affect us, and that is by growing in our food and producing poisons of
a different nature than those mentioned above, the ingestion of which is sometimes

fatal. "The bacteria which produce these latter poisons are generally innocuous
themselves,

When an organism is accepted as the cause of any disease some or all of
certiin conditions should be fulfilled,

1st.— T'he organism must be sulliciently distin@ive and always present in the
patient suffering from the disease.

2nd.—It should be capable of growth oulside the body,

jrl.—The inoculation of pare cultures into the bady or blond of an animal
must produce symptoms similar (o those uharaﬂﬂrjﬁing the original
disease,
1'he ficst of these conditions must of course be fulfilled. If the second were
absolutely essential, some diseases, which are accepted as being due to micro-
orgamsms would still remain non-proven.  For instance Leprosy, all attempts
have as yet failed to grow this bacillus outside the body. Malaria in man and
Coccidiosis in rabbits would also fall into the same category.

L

The tubercle hacillus is one of the mast important orgamsms with which we
have to deal, It is the active cause of many diseases both in man and in the
lower animals,  In a man it is [ound causing a large number of different patho-
logical conditions, as for instance consumption, inflammation of the lining
membranes of the brain, inflammation of the bowels, and peritonenm, curvaty
of the spine, lupus, and diseases of the eve, Kidney, hip-joint, throaut, ete,

The bacillus is one which is somewhal easy to identify but difficult to
cultivate. Of all the various bacleria which have been described only three have
been found to have the same staining reactions. These are the tubercle, leprosy,
and smegma bacilli. The great majority of bacleria stain well and easily with
some of the aniline dyes. These three do not stain so readily, but when they are
stained they do not part with their colour so quickly as do the remainder of
bacteria.  This fact is taken advantage of in trying to identify any of these three
organmisms, Suppaose that it is necessary to see if any tubercle bacilli are present
n a specimen of sputum.  I'he Sputum 1s spread in a thin lﬂ}'t‘rlﬂll a thin cover.
slip and allowed to dry in the air. When it is dry 1t is passed three times through
the flame of a Bunsen burner in order to coagulate the albuminous material, wand
50 fix the specimen to the cover-slip. The slip is now placed in a small vecgel
containing what is known as carbol-fuchsin the fuchsin is warmer until the
steam just begins to rise, and the slip is allowed to remain in Lhe stain for ahout
five minutes., It is now taken vut and washed well with water.  If the specimen
were now mounted and examined under the microscope it would be found that
everything on the slip was stained : instead of mounting, it is dipped in a mixture
of strong sulphuric acid, one part, and water three parts ! the colour will be seel
to turn at vnce a pale yellow ; the slip is again washed well in water, and if it has
been long enough in contact with the acid, the preparation will have a faint pink
colour. [f now the slip be examined under the microscope, the whole of the

re
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groundwork will be found to be of a pale red colour.  Before mounting per-
manently, however, it is customary to dip the slip in another stain, carbol-

methylene blue for three seconds, in order to colour the groundwork of a different
colour than the bacilli which we want to find.  After the slip is washed for the

last time in water, 1t 18 allowed to dry and is then monnted in Canada balsam on a
clean slide.  The reason for all these different treatments s as follows :—The first
staining with carbol-fuchsin colours everything on the slip; the 254 sulphuric
acid almostinstantly removes the colour from everything except the tubercle bacilhi ;
these latter will sometimes resist the aclion of the acid for as long a time as ten
minutes, whercas the rest of the organisms and the tissue elements are certainly
decolorised within thirty seconds,  After these have been decolorised they are
again stained with the blue in order the more easily to find the small red rods
under the micrascope,

The tubercle bacillus, as has been said, is not easy to cultivate outside the
body, and like many other orgamsms, the more virnlent it 1s the more dificult it
is to cultivate, When it is at all virulent it does not grow on the ordinary media
which have been mentioned before ; it is necessary to add glycerin to these media
in the proportion of about six per cent.  Kven on glycerinated media the growth is
much slower than most other organisims, and tns [act makes the i1solation of the
bacillus from other bacteria difficult.

lf, therefore, it 15 suspedted that a patient 1s saffering from a tuberculous

disease and no tubercle bacilli can be found, it is customary to inoculate a suscep-
'ti.l:l']ﬂ nn;['l]“.l 51."_":] ilis tllﬂ :_;'U.i]!f_'ﬂ. }Jig? H.III'] to ﬂ.\'ﬂ'ﬂ.;t cvents,

Until recent times it was considered that consumption and other tuber-
culous diseases were hereditary.  Of late years, however, it has been forced
upon the scientific world that this is by no means so certainly the case, and
the disease is now classed with the rest of the specific fevers. This is a step in
the right direclion Decause it makes people take precautions which they would
not otherwise take. Perhaps one of the reasons why the fact is not more widely
appreciated by the people generally is that the disease is a very chronic one, and
the period of incubation is slow and uncertain, Added to this is the fact that the
bacilli may oblain entrance into the body and lie dormant for months or even
years, and spring into aclivity after some enfeebling illness. How often do
apparently healthy children succumb to tuberculosis in some form or other after
measles and whooping cough, and adults after typhoid fever !

The sooner-that tuberculosis is recognised by the public as an infeftious
disease the soomer will it be possible to try to eradicate it.  One has only to see
the reckless manner in which those suffering from consumption spit about in
rooms, 'buses, etc.,, to realise how great is the danger to which we are all exposed,
The Brompton Hospital for Diseases of the Chest issue very wise directions for
the guidance of their patients, and 1t would be well if all such institutions would
or could do the same,

There is yet another danger to which we are all to some extent, and young
children to a much greater extent liable, and that is contracting the disease from
cattle. A large percentage of all the herds in the United Kingdom suffer from
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tuberculosis ; this means that both the meat and the milk are from time to time
infected with the haeilli.

Several experiments made for the Royal Commission on Tuberculosis shewed
that ordinary cooking does not destroy the bacilli, and consequently, when we eat
underdone meat we may bhe allowing the germs to gain access into our brodies,
If butchers were always careful in the seleftion of the beef and in {he I-:il]in;:r of
the animals all might be well,  The prosecutions which are instituted every now
and then, however, shew that they are not by any means careful. Milk purveyaors
also are not always beyond reproach, Cows occasionally suffer from tuberculosus
discase of their udders; when this is <o the tubercle bacilli gain access to the milk.
As milk is rarely boiled, owing to the peculiar flavour that it has, the bacilli are
simply drunk with the milk.,  The writer has himself examined a sample of milk
which at a low computation contained one million tubercle bacilli to the pint,
and this milk was actually heing drunk by a considerable number of people,

The previous attempts to produce a curative for, or preventive against this
dread disease have not been very successful.  Koch's latest extracl is yet on its
trial and it remains to be seen whether it will be successful.

o L3 -

Diphtheria is a disease that is almost entirely confined to man. The only
uther animal in which it 1s found is the eat. T'his probably accounts for a certain
number of cases in children which cannot be otherwise accounted for.

The disease is in the early stages characterised by an exudation upon the
throat which is at times so tenacious that it can be pecled off and appears as a
definite membrane. Inthisexudation are the baci|li Gencrally they cannot be found
elsewhere, and although one observer claims to have isclated them from various
organs, other observers have failed to do 50, In children whose air passages are
narrow, the amount of exudation is sometimes so great that the air passages are
blocked up with it, and the children are suffocated from want of air. If this were
the only danger of diphtheria, the disease would not be so fatal as it is, for the
operation of tracheotomy would save perhaps the majority of those so affected.
But this is not all, the bacilli in their growth, elaborate a powerful toxin as well
as a ferment, both of which are absorbed into the blood. The ferment continues
to produce more of this toxin, and at length there is s0 much in the system that
it begins to poison the patient. The especial actions are— first, weakening the
heart; and second, causing paralysis of certain muscles. The action of the heart
15 the more important, for it is so great that if the patient has even a small amount
of exertion, he is liable to die immediately from heart failure.

In order to diagnose this disease a little of the exudalion is removed from
the throat and smeared on the surface of an inspissated blood-serum tube, This
1s kept at a temperature of 35°C. for about eighteen hours, and then from it a
cover-slip preparation is made secundam ariem an examined under the microscope,
If the exudation be examined it may be possible to find the bacilli, but two facts
militate against the possibility.  First, the bacilli are not so typical in appearance

[rom the exudation as from the blood-serum ; and second, there will be many

more bacieria of other kinds on the preparation from the exudation direct, as
F
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most of these will not grow on the surface of the blood-serum in so short a time
as will the bacillus of diphtheria.

The mortality of this disease has been greatly reduced since the introduction
of the diphtheria antitoxin. This antitoxin owes its discovery entirely to bacteri-
ology and to vivisedtion., It was [ound that if an animal were given doses of a
bacillus which were not sufficient to kill it, increasing doses could be given to it,
until it can stand a dose enough to kill several amimals, At this moment the
serum of this animal has the property of neutralising the pathogenic properties of
the bacilli when introduced into other animals ; so that if enough of the bacilh to
kill an animal were introduced into its system, and at the same time a small
quantity of the serum ol the amimal wiich has been immunised against the
bacillus, the inoculated animal would not die.  One fact was noticed which has a
very direft bearing upon the treatment of the disease, that if the bacilli were
injected a considerable time before the serum, the animal died.  This seems Lo
show that when the toxin is once well-established in the body, the antitoxin has
not so much power for good. The obvious inference is to inject the antitoxin as
soon as the possibility of diphtheria is diagnosed. It is held by a few that the
antitoxin may do harm, but this is so unlikely, that it is better to give the anti-
toxin to a patient who has not got diphtheria than to omit to give it early to a
patient whe subsequently proves to have the disease.

] ® ]

Typhoid fever is a discase which attacks the rich and poor alike, and is one
which is transmitted by direct contact, by water and milk.

The Dbacillus of typhoid fever is known as the bacillus typhi abdominalis, or
bacillus typhosus. 1t is an organism which is easy to grow but difhcult to catch,
It is by no means an easy thing to get the bacillus from the dejecta of patients
known to be suflering from the disease, although they are almost certainly there.
In the urine, however, it is possibly more easily found, but too late to be of much
use in diagnosis.

Until quite recently, this orgamsm has been confounded with two other
groups of organisms, those belonging to what are known as the “ Coli” and
“ Enteritidis of Gértner” groups respectivelv, Recently, however, several fresh

tests have been applied which have brought out the differences to such an extent
that the chance of mistaking them 1s more remolte.

There is no doubt that many of the old observations regarding the discovery
of the bacillus of typhoid fever in fieces, drinking water, etc., were not correct,
the observers having mistaken the bacillus coli communis or the bacillus enter-
itidis of Giéirtner for this organism,

In order that an organism may be said to be the bacillus typhi abdominalis,
it should possess the following characteristics :—

It must be an aclively motile bacillus.

It must produce no indol when grown in broth,

It must produce no gas when grown in glucose media,
It must not clot milk at 37"C,

It must produce a slight amount of acid in lactose solutions.
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It must produce thin spreading sulcate colonies on gelatin plates.
It must produce an almost invisible transparent growth on potato.

- In addition to these tests, there is yet anather which was introduced by
Gruber and Durham. That is that it must shew what is known as a clumping
reaction when mixed with the serum of an animal immunised against the typhod
hacillus. The introduétion of this test has done three things, Iirst, it has
enabled us to determine the identity of the bacillus with more accuracy ; second,
it has made more certain the connedtion between the bacillus and the disense ;
and third, it has given us another test for the disease.

If the serum of an animal rendercd immune against this organism readts,
i.e., causes the baeilli to clump when 1t 15 mixed with them, it appears obvions
that if typhoid fever is caused by this organism, the serum of a patient suffering
from the disanse Il‘ll[.’;hl‘ also readt. Widal wae the first to publish a series of cases
shewing that this was so, and the reaction, as I think wrongly, goes by his name.
The reaction itself surcly belongs to Gruber and the application of it to Widal.

The reaction itself is obtained in the following way. A small quantity of
bleed is collected from the ear of the patient and allowed to clot; the clear serum
is then obtained in a pipette and is ready for use. An 18 hour-old broth cultiva-
tion of the bacillus typhi abdominalis is prepared and mixed with the serum, in
definite proportions. There are various ways of diluting the serum, differing
only in the details. Some experimenters use 10%, others 5% or even 2% and 1%.
All agree that it is useless to use the undiluted serum, because many normal
people may give a reaction.

In considering the value of the reaction in the diagnosis of typhoid fever, it
must be remembered that the test is essentially a quantitative one und not merely
a qualitative one, The serum of normal people will not react when it is dilute,
and it would appear that when the serum forms under 10% of the mixture, only
that derived from those suffering from typhoid fever will thenreat. On the other
hand, patients suffering from uudoubted typhoid fever, will not always give a
reaction. Many cases are on record where the serum has given no reaction until
the tenth day of the disease ; other cases are also on record where the strength of
the reaction has vaned considerably in the same patient from tume to time.  The
reaction persists for some time after convalescence ; the majority of patients will
give the reaclion as long as two years after the disease, some have given it as
long as six and even ten years after.

When, therefore a patient is suflering from a disease which is supposed to be
typhoid fever, and we wish to clear up the diagnosis by the application of this
test, it becomes necessary to know, first, whether the patient has ever had typhoid
fever or any disease simulating it before, and secondly, how many days he has
'been ill before applying the test. 1n addition to this, we must be careful to dilute
'the serum sufficiently, and to continue the observation for a definite and short
ip:-ern::u‘l This interval, known as the “ reaction time " is now generally accepted
“as half-an-hour. If, then, a reaction is obtained with the serum of a patient in a
“dilution of 5% within a reaction time of half an hour, and the patient has not
Tprewnu::]y had an attack of typhoid fever, he is in all pl'l:lbﬂh:llll}' suffering from
! the disease at the time the serum is collected.  If on the other hand, the serum
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does not react with equal parts of serum and cultivation v or after the tenth day
ofillness, it 1s extremely improbable that the patient is suftering from typhoid
fever,

That typhoid fever is a water-borne disease, and that the materies morbi is
actually carried by drinking water is well known,  The bacilli zain access to the
waler through the dejecta of typhoid patients, and their presence in the water
will be accompanied by other evidences of sewage contamination, both chemical
and bacteniological,

The detection of the typhoid bacilli in water is attended with great diffi-
culties. This arises from several reasons. In the first place, the suspicion that the
water 1s spreading the disease often does not arise unfil several cases have occurred,
all of whom have been drinking the same water, and as these cases will not arise
until about three weeks after the actual pollution and infection, it is uite possible
that the organisms may have disappeared from the water v the time it comes to
be examined. Secondly, the typhoid bacilli will never be at any time in any great
numbers in the water; never in anything like such numbers as the bacillus coli
communis. Thirdly, the presence of other organisms, particularly of the bacillus
coh communis in the artificial media tends to the disappearance of the bacilli of
typhoid fever, .

In view of these facts it will he seen that, although the typhoid bacilli should
always be searched for in any suspe=cled water, the failure to find it will not be
much evidence in favour of the water. Fortunately other evidence is often forth-

coming which is quite sufficient to condemn it on the ground of sewage
contamination.

T'he organism which is looked upon as a sign of sewage contamination is the
bacillus coli communis. This bacillus is an organism that is found normally in
the intestinal tract of man and most if not all mammals. So long as it remains
localised to the intestines, it is not only harmless, but probably very useful.
When, however, it leaves this position and gets outside, it may do a considerable
amount of damage ; it is frequently found as the canse of perityphlitic abscesses,
and in abscesses in other parts of the body.

IT we are fortunate enough to have isolated the bacillus typhi abdominalis
from a sample of drinking water, we should, of course, condemn the water at
once, If, however, as often happens, we cannot find it, the great question arises,
does the presence of the bacillus coli communis render the water unfit to drink ?

The points to be considered are 1st, to what extent the bacillus coli
communis must be considered as evidence of sewage ; 2and, the source of the
water ; and 3rd, the actual number of these bacilli found.

The bacillus coli communis, as has been already said, is an organism that is
normally found in the intestinal tract of the lower animals as well as man. 1f,
therefore, any of the excreta of these gets into water, that water will contain the
bacillus coli communis. As cattle frequently foul the river whose water they
drink, and as dogs, rats, ete., by no means infrequently contaminate rivers, it is
to be expecled that the bacillus coli communis will be constantly found, even
when the river does not receive any sewayge effluents.  In comparison with the
enormous hulk of water, however, the amount of contamination from sources
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other than sewage will be extremely small, and the number of Dacilli per c.c.
Il.limltﬂ, When an untreated Sewnre ﬂﬁluunt enters a river Lhere is al onee g
very great increase in the number of organisms and in the number of this
particular bacillus,  As the river lows, Lthis number rapidly  diminishes on
account of the nitrifying action of the bacteria des rved from the soil, the action of
the light and sedimentation, The nver, therefore, some distance below the
effluent will not contain many more organisms per c.e. than just above the
effluent, and in consequence the number of coli will also have greatly diminished.

[fwater is drawn from a river, it should be drawn above the place where any
sewage enters, and therefore above the portion of the river which contains many
coli, If then this is done the water actually delivered to the consumers after
ellective sedimentation and filtration should contain so few coli that they can only
be found with difficulty,

sewage, instead of being turned into the nearest river, is frequently run over
land, and allowed to percolate. By this means the organic matter in the sewage
15 got rid of by the nitrifying organisms in the sml; the organic matter amd the
bacteria disappear together if the soil is doing its work properly,  Any excreta
which is deposited on land ought therefore to be freed from coli before the water
off the land reaches the drains, and the surface wells which are beneath these
drains ought not to contain any coli.

From these considerations, I think we are justified in assuming that the
presence of coli in drinking water is presumplive evidence of sewage contamina-
tion, because the amount of water which we can examine 1§, in comparison with
the whale bulk of the water fram the river or well, so very small,

The next point to be considered is how many <ol are to be allowed in water
without condemning it. About this there are, of course, different opinions,
Some observers have stated that coli is present in every specimen of drinking
water they have ever examined, and unless they are present i every c.c, of the
water, 1t ought not to be condemned. Others maintain that cvery water con-
taining coli ought not to be drunk.

A position between these two is probably a correct one provided that the
source of the water is always taken into account.

We can consider that nearly every supply of drinking waler for large
communities—is drawn from rivers or wells, superficial or deep,  If the water is
dravwn from a river, and not filtered, we may expect to hnd coli, and yvet not be
able to prove contamination by human excreta. I it is properlv fltered, about
9g% of the organisms should be removed. The unfiltered water should not
contain moere than quite a small number of coli per c.c., let us say five as a
maximum, In other words, river water containing more than this number of
coli should not be used even to filter. In 100 c.c. of such a water there would he
500 coli,  After removing gg% of the bacteria, there would be five coli left in the
10O C.C., 1.&., one coli in 20 c.c, A sample of water containing this number, has
been passed by an eminent badleriologist as perfecily safe,

If the water is derived from a surface well or spring, the sewage and its
bacteria should have been completely destroyed in its passage through the s0il,
- and the water should be consequently free from coli. However. {he soil may
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crack in dry weather; drains are eften constructed to carry off the sewage below
the surface of the soil, and these ae frequently imperfedt and leak ; in eilther case
the séwage percolates through a soil, which, being below the level of the nitri-
fying organisms, has not the power ol oxidizing the harmlul constituents,  In
point of faét, surface wells often show evidence of such contamination, and the
presence of coli in water derived {rom these sources is sufhcient to render it
suspicious in whatever numbers they may be present.

If the water be drawn from a deep well, thal is, from one below the imper-
meable layer, the only ways in which coli can get access are: first, when there
are fissures extending into and through this layer, as sometimes happens in chalk
strata, and second, when the pipe is imperfect,  In the case of deep wells, there-
fore, the presence of coli must mean the percolation of sewage, and their presence
in numbers, however small, ought to condemn the water absolutely,

As cows do not suffer from typhoid fever or from any disease caused by the
typhoid bacillus their milk does not contain these organisms. When the milk is
the cause of an outbreak of typhoid, the contamination is always the water with
which the milk has been diluted, or the cans washed. Most ol my readers have
been to farms, and seen the various processes of milking, scalding, ete., which take
placeonthese farms.  They have also seen the ulnquitous pump and heard of, if not
seen, the almost as ubiquitous cesspool.  Now Lhis cesspool, in the ordinary course
of things leaks or overflows, it ought not to, but it does. The overflow perco-
lates through the soil below the layer containing the nitrifying organisms, and is
therefore not destroyed. As the well from which the pump water is derived is
nearly always in the immediate vicinity of the cesspool, the overflow of this latter
has not far to travel before reaching the well water.  The pump water is always
used to wash out the milk cans, pails, ete., if not to dilute the milk, and therefore
we can say that the cans are washed out with contaminated water.

Should one of the inmates of the farm manage to contract typhoid fever, the
excreta go as usual to the cesspool, and the overflow from this, now containing -
the bacillus typhi trickles into the well, The vessels which are washed out with
this water are necessanly contaminated when the milk is put into them. The
bacilli multiply in the milk and the epidemic is started,
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FREFARING HYDROZ0OA FOR
THE MICROSCOPE.

By George T. Harris.

F l MMILE animalcule trough of the microscopist knows no lovelier occupants than
a colony of hydroid zoophytes, Iresh from the sea, their vigour un-
impaired by a sojourn in the imperfectly wrated water of a temporary

aquarium, cach polypite emerges cautiously from its calycle and soon the tropho-
some bears that resemblance to a plant luden with flowers that gained for it from
the naturalists of a bygonc age the name of **animal-plant.”  What can equal
the microscopical beauty of a4 colony of Clytia Jolmstoni or Campanslaria flexvosa
when it has recovered from the shock of being transferred to the zoophvte trough,
**and the embossed tentacles are thrown out over the margin of the little crystal
dwelling, some drooping downwards, others standing almost erect (like a circle
of guards) around the central proboscis.” Truly it is a matter for surprise that
naturalists having once seen the extreme loveliness of a living colony under the
microscope should ever remain content with mounting merely the chitinous
pelypary without the polypites; of prescrving the dwelling, lovely though it may
be, without the graceful occupuant.

However difficult it may have been in the past to prepare hydroids with their
tentacles properly expanded, present methods of narcotisation are so perfect that
the naturalist is left without an excuse for not killing his objects in an extended
condition.  Modern zoologists have helped themselves so liberally from the
chemist’s laboratory in the matter of anasthetics that the array now placed at
the command of the naturalist is distinctly embarrassing to a beginner. Each
class seems to have allotted Lo it a particular narcotic : and almost this is so, for
in practice the naturalist finds that a certain narcotic is by no means universal in
its application, Hydrochlorate of cocaine, with even its general uselulness, fails
signally among the Vorticellida ; in some species acting fairly well on the ciliary
wreath, in others on the contractile stalk, but with almost all forms the bells part
company with the foot-stalk before narcotisation is sufficiently advanced to admit
of successful killing and fixing. Even when dealing with a single class we often
find the various families comprised in it demand varying treatment to get the
organism fixed in a life-like form. The two primary divisions of the Hydrozoa
are especially illustrative of this fact; with the various Calypteblastic species,
hydrochlorate of cocaine gives perfect results with the greatest,facility, but for
the Gymnoblastea it 1s by no means an ideal narcotic, and one is well-advised in
selecting quite a different method of operation.

Among the Calyptoblastea the microscopist will find his most attractive
objects, indeed the microscopist who is not also a specialist will probably pay but
little attention to the Gymnoblastic forms, which, lacking the dainty calycles and
variously shaped gonotheca of their more ornate relatives, do not so readily invite
the attention of the microscopist desiring simply an effeclive mount. Fortunately
it is with the Calyptoblastic forms that success is most readily obtained, provided
they are dealt with shortly after having been collecled ; for | myself have found
when keeping them several days in small tanks that the polypites do not so
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readily emerge as when recently taken from the sea, or that Lhe polypites on one
part ol the trophosome are extended while their neyrhbours obdurately refuse to
be coaxed from the bottom of their calycles. Such a condition of affairs is rather
a fortunate one for the student of this class, however, as it enables him to study
the calycle rim and the extended polypite in the same mount.  But the average
microscopist will incline rather towards a full theplay of extended tentacles, and
with this end in view let him seleét under the dissecting microscope a clean epray
of suitable proportions, and clearing away adherent particles of loreign matter
with a camel-hair brush, remove the seledted picce to a walch-glass of filiered
sea-water.  In a few moments the polyps will have recovered from the rude
handling and be spreading their tentacles in all directions.  lave at hand a 1 o,
solution in sea water of cocaine hydrochlorate and with a pipette add to the colony
in the watch-glass abont ten minims.  The probable result will be an immediate
retraction of all the tentacles, [ollowed in a few moments by an effort 1o accustom
themselves to the presence of the narcotic. Ten minutes alter the first application
a similur quantity may be cautiously added, which they do not seem to mind in
the least, though care should be taken net to administer any shock to the colony
that would be likely 1o canse retraction of the tentacles: for | have ahserved that
when a semi-narcotised colony retract their lentacles they are never re-expanded
satisfactorily, and nothing short of removing them to fresh sea-water will effeci

tecovery. At the end of half-an-hour narcotisation is usually sufficient to allow
of killing and fixing, for which purpose osmic acid is an ideal ngenl.

The strengths given in the text-books of osmic-acid solutions for killing
is generally a }% and %4, but in the case of Hydrozoa the strength 1 per-
sonally prefer is that of 19, of which about fifteen minims should be taken in a
pipette and the narcoti$ed colony quickly deluged with it.  If narcotisation has
been thorough, and killing should not be attempted until the tentacles shew
insensibility to the prick of a needle, the colony is now perfectly killed and fixed,
though it is best to leave them in the osmic solution until a shight browning of
the tentacles is apparent,  When this makes its appearance the colony is washed
cither by removal to another watch-glass of filtered sea-water, or by withdrawing
the osmic solution with a pipette and subslituting plain sea-water, which is the
betler course.  Several changes of water having been made they are ready to be
“eleared.” At one time 1 contented mysell with a very thorough washing after
osiic, but however carefully perfomed the mounts in time always darkened more
or less; now, after using osmic 1 mvariably clear the preparation with hydrogen
peroxide or cyanide of potassium, preferably the former. 1t is usually recommended
to mix the hydrogen peroxide with 70 methyl. spirit, but I have not found it
nzcessary to do so, and it is certainly more convenient to leave out the spirit.
The peroxide as obtained from the drugyists is either a 10 or 20 vol. solution, the
1o vol. being the more convenient | one part of a 10 vol. solution and two parts
of water is poured over the “fixed ™ hydroids and left for five or ten minutes when
the brown tinge imparted by the osmiic acid will have quitc disappeared, and the
colony be indistinguishable in form and colour from a living trophosome, A very
shght washing frees sufficiently from the peroxide when the preparation is ready
for mounting, or it may be stored until a more convenient time; in either case
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formalin l:Eil‘:,f_;‘ the preservative. One part of the 40 %, formahn solution diluted
with sixteen parts of water heing the most suitable strength.

When working away from home it is, of course, convenient to defer mounting
operations until the return, simply storing the “ fixed " and * cleared " hydroids
in collecling tubes with the formalin solution; but where the best results are
wished for there can be no douht about the desirability of finishing the mount at
one operation. The stored hydroids are almost certain to suffer in some way ;
particles of foreign matter dislodged from the polypary become entangled with the
tentacles and require a considerable amount of care and patience to remove,  All
things considered, the additional time and trouble involved in mounting away
from home are éll‘npl}' rewarded hy the superior (nality of the mount, and now
that excavated slips are so readily and economically procured, the labour invelved

Campanularia flesuoso,

1s nolb very great. Taking a clean slip, a ring of gold size is run round the outside
of the excavated cell and put aside for half-an-hour to slightly dry ; the hydroid is
then placed in the cell and the solution of formalin previously mentioned adder
with a pipette, until a slightly convex surface is formed. Usually on adding the
formalin the pinnae and tentacles assume the torm they had when fixed ; if they
fail to do so they must be carefully arranged under the mounting microscope
before the cover-glass is laid on.  This should be lowered carefully upon the
convex surface formed by the formaln, and pressed down into contact with the
partly dry gold-size, when the cell will be found completely hlled and free from
air-hells,

In dealing with the Gymnoblastie forms, cocaine, as [‘]t‘m'i{‘msly mentioned, i=
not nearly so successful; in tact, personaliv, | have never had the least success with
Coryne when using it.  The tentacles, however cautiously the cocaine i1s added,



N2

are gradually contracted until they are little more than protuberances on the
coensarc, Some of my best Coryne mounts have heen obtained by suddenly
deluging the colony, placed in a watch-glass with saturated solution of picric acid.
This kills them instantly before retraction of the tentacles can tuke place, and has
the interesting effect of causing the nematocysts to discharge their filaments. So
that when killed and fixed these flaments stand out rigidly all over the capitulae
of the tentacles, verily * like quills upon the fretiul porcupine.” Unfortunately,
however, it is not easy to retain them uninjured through the various processes
that [‘iI‘-EEF.'dE ml:-unting. After ﬁxing with Pilf‘.l'ii'. acul, a pt'fﬂungﬂd washing and
soaking in 70% methylated alcohol (100 vols. of methyl. alcohol and 31 vols. of
water) is necessary to rcmove the acid. when the organism may be mounted
au natwrct, or stained and mounted in balsam,  With Clesa and Pedocoryne 1 have
certainly found cocaine act fairly well, but have never been able to obtain the
maximum extension they assume in life unless some rapidly operaling agent like
sublimate was used.

When collecting hydroids for the microscope, a large amount of labour is
obviated by a judicious selection of the collecting ground. On sandy or muddy
shores the littoral forms are so encrusted with mud, sand, and diatomaceous
growths that it is almost impossible to obtain clean mounts. Therefore it is
important to choose localities where the water is fairly free from suspended
matter ; nor is this so difficult as at first sight it might appear. Often in half a
mile of foreshore one is able to selecl spots strewn with seaweed-covered boulders
forming rock-pools, perfectly free from =and and silt, During the summer of
1897, when collecling on the Welsh coast, | was much dismayed at finding the
polyparies of nearly all the littoral forms encrusted with sand almost beyond
recognition ; however, by selecting my ground a mile or so further away, 1 was
able to obtain the same species comparatively free from extraneous growths and
malter. It 1s a good plan to clean the trophosome before commencing to
narcotise, by holding it under water with a pair of fine forceps and cently passing
along it a soft camel-hair pencil ; this operation, performed carefully several times
in fresh waters, will materially help in obtaining clean mounts,

Such is the process that has given me perfectly satisfactory resultsin working
among the Hydrozoa ; but to avoid misconception, it is perhaps desirable to state
that the method in its simplicity is one well known to biological workers, Cocaine
was applied similarly by Richard so far back as 1885, osmic acid is a well-known
killing and fixing agent, whilst formalin has already revolutionized modern
preservative methods ; hence my part is the very modest one of racontenr, wherein
I' detail the working of classical methods in my own practice.

&
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ACHROMATICS versus APOCHROMATICS.

By Edmund J. Spitta,
M.R.C.8. (Eng.), L.R.C,P (Lond ), F.R.A.8.

two very different things. By this is meant that it is [ar casier to recognise

special characteristic features in anything with which you are familiar, than
to discover new details about the obje€t for which you are neither mentally
prepared nar have practised your eye to see. This is especially true with the
microscope and applies very strongly in determining the relative value of lenses by
different makers, but perhaps more especially so when a definite decision has to
be arrived at—which gives the betler image the achromatic or the apochromatic ?
1o the tutored eye small differences in definition, powers of resolution, blackness
of shadows, Matness of field, ete., are all at once easily recogmsed ; but to
the less experienced it becomes a tax of much greater proportions and often
necessitates a regular training of the eye to thoroughly appreciate. The same
remark of course applies to the comparison of photographs produced by the

I T has been said that ** seeing what you know and knowing what you see” are

different lenses—unless you know what to look for and how to look for it, It is
the aim then of this article to assist those less acquainted with the subject to do
this with a little practice for themselves.

Before however uppru:ac-hinp; the adhual Hl]hjl!-l’.“: itself, it 1s necessary hrst to
touch upon the theoretical difference which underlies the manufacture and con-
struction of these different classes of objectives, not from a mathematical point of
view, for that is not within the scope of this paper, but in what it is hoped may be
consilered a practical manner,

Probably every reader of this book knows full well what is meant by the
word Spectrum—the rainbow effect that s produced by a beam of light passing
through a prism of glass. Such an experiment most of us have heen the
unconscious witnesses of when we noticed the colours produced by the sun shining
on one of the pendants of the glass lustres which used to often adorn old-fashioned
mantelpieces,  The actual path of the ray of light passing through the prism is
in exaggeration, shown in the adjoining figure, which everyone must recognise
who has even glanced at a textbook on light. It will be seen, first, that the
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tm-merging beam of white light is broken up into several c-merging rayvs which
are now all of diflerent colours; and secondly, that these emergent pencils,
althongh their edges are continuons one with another, do not overlie each other
but d ppear fuir]_v well Sul'?iuil.'r.t.'if, the wviolet ]u’!in_l_'.r the muost bent, then the blue,
next the green, lollowed h_'g-‘ the yellow, whereas the red is the least bent of all,
This difference in hhliﬂi[]f_j of the rays, 1t 15 we.l l-qn(_:u-.\'n' 15 El]tij'[—_:]}l' due to the
difference in the respective wave-length of the individual colonrs.  1f we pursue
our experiments a little further, we shall find that the more dense the glass
becomes of which the prism is made, so much the more usually are the colours
bent as well as separated out, euch separation being technically known as
“dispersion.”  But this is not all.  When comparing the dispersion produced by
different kinds of glass, that is, glass in rhe manufadture of which different
minerals are used, we notice another peculiarity and it is this, that although two
glasses may not perhaps differ so very largely in density, yvet prisms made with
them do not produce the same kind of spectra.  One glass, for example, will
spread out the violet end and yet hunch together the red and the yellow, whereas
another will largely spread out the red and the vellow and afford but little
digspersion of the colours in the violet end of the speftrum. Such peculiarity is
rightly called the “irrationality of the spedtrum,” and the colours introduced from
this cause inan image are said to resnlt from the non-elimination of the secondary
spectrum.”

L.et us now consider for a moment what all this bas to do with our subject ?
To hx owur i1deas we must hrst bear in nund that an image of the illuminant is
formed by each colour, so that if the sun had illuminated the Prism in our previous
experiment, with suitable arrangements we shonld have seen an image of that
lurmpary 1n each colour,  Then, secondly, as simple lens is nothing but a
congeries of approximated prisms varying only in size and shape, so it is not
difbicult to understand that along its axis there would have been represented a
consecutive series of sun-images in all the colours of the rainbow, not one of
which would have lain in the same plane as any other.

In theoretical achromatism then for colour, what the optician of course would
wish to do is to be able to make all these colonrs bring their respeciive images to
ane and the same focus on the axis of the lens, irrationality of the spectrum being
for the moment disregarded.  In the manufacture of achromatics however, this
Is an absolute impossibility, and the optician has to be content, so to speak, with
comhining certain colours for visnal purposes to give the best resulting image—
vellow or yellow-green for seeing with, and vellow and blue-violet for photo-
graphing with, leaving all the others outstanding.  Prof. Abbe some years Ago
gave a large amount of attention to the theoretical aspect of the case and came to
the same conclusion as others had done before him, that no improvement could
be effected in achromatism, especially in the elimination of the secondary spedtrum,
until the nptician WS pl‘ﬂ\ridl:d with new kinds of glﬂ';'r:;'. pDESE.‘-iFriI:Ig prgper[iﬂt; at
that time only dreamt of in theory. At length, however, Jena glass was introduced,
which gave to the world many of the kinds of glass that had been wanted, thus
creating quite a revolution in lens-making. The words *many kinds" are used,
because for the present they do not seem able to make a description having the
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same pecuilar properties possessed by the mineral * fluorite” up to the present so
absolutely necessary in the construétion of the apochromatic. [Having the new
kinds of glass at command, Prof. Abbe originated his celebrated system of A po-
chromatism, which, he says, differs essentially from all others hitherto designed.
Apochromats realize simultaneously two conditions not hitherto ful filled by anyother
optical combination : (1) By the union of three colours in one point of the axis which
enables the optician to eliminate the secondary spectrum; and (2) the correcting of
spherical aberration for fwe different colours in contradistinétion to the hitherto
usual correction for one colour only in the brightest part of the spedtrum.

To fix' our ideas then, let us put the matter another way. With the
achromatic the greatest sharpness of the image hitherto formed was limited to
one colour, or two at the most, of the light transmitted {yellow or perhaps vellow-
green for visual lenses and Dlue-violet for those used in photography), while all
the other rays of the speétrum gave more or less confused images, appearing as
coleured images (fringes surrounding the sharp image), and partly as a general haze
spread over more or less the entire field. With the new system, however, the
images are nearly, il not absolutely, sharp for afl colours, hence the quality of the
finite image whether visually or photographically considered is independent entsrely
of any special colowr of the illuminani. It is easy therefore to understand the great
value of these lenses in defining difficult struétures and how it is that they give
such sharp and excellent photographs, let alone such white and colourless images of
objecis like diatoms.  Again too, Prof. Abbe pointed out that in achromatics colour
correction was only ebtained for ane zone of the objective, the others being more
or less defective, but that in his apochromatic system the chromatic aberration
was corrected equally in all parts of the ficld, That affords a reason why the
resuiting definition is so fine becanse the image produced by each colour is
said to perfectly coincide with that of the rest.

But there are yet two other points of interest which must he mentioned and
they are:—(1) That owing to all these perfeciions mentioned so much more light
is obtained. Dr. Dallinger has stated that an ordinary achromatic of the hest Lype
would only pass 140 parts, but an apochromatic, 225 out of a possible j300.
(2} That also owjng to the perfection of their performance the apochromatics
permit the use of eyepieces of extraordinary power without producing what is
technically known as a “rotten image.” Anachromatic will only permit the use of
an eyepiece having at the most the initial magnification of about 4 to 6, but so
perfect is the performance of the new system that it is easy to use eyepicces
magnifying 8 to 10 dinmeters, often 18, and in special cases 27, with rare instances
of even 4o. The evolution of thought 1s so peculiar that a fuestion 15 often here
asked : “If this property for bearing high eyepieces be true, and certainly it is,
what is the use of making high power objectives at all, secing that so much
magnification can be done at the eye-end with eyepieces? To reply to this must
be our next subject,  In olden davs up to about the year 1874, power per se was
all that was thought to be cfledlive in making an object distinct, and its details
plainly visible. It is not a little strange to think that up to that date there appears

to have been an entire absence of knowledge, even by experts, both in theory and
. pracltice as to the real optical principles that enable one to see an image produced
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by the microscopic objective, Bul in 1877 or thereabouts, Prof, Ahbe gave to
the world his great diffraction theory which has imaugurated an entirely new epoch
m both the theory and construction, as well as the adaptabion and use, of micro-
scopical lenscs.  But before this time, however, as knowledge had grown and
experience accumulated, it had become Lo be slowly recognised that a “ something
bevond simple magnification affected the defining power of objectives, and at last
it Was in a great measure traced to the fact that the reason why one lens defined so
much better than another, although of the same initial magnifying power, was due
to the fact that one had a greater aperiuve than the other. Hence to increase
the aperture rapidly became the aim of the optician.  But here it should be
distinclly stated that the aperture, or numerical angle of #he objective must not be
confounded with the still older idea that excellency of result depended on the
angle of obliquity at which the light emevged from or fo the object, involving as it
did some specially assumed property of a special kind in the obliquity taken as
suck, for Prof. Abbe made a most careful and profoundly scientific enquiry into
the matter, and found that there was no basis whatever for such an assertion,
No, it had been formed on wrong conceptions, and wonderfully did he expose and
demolish the theory in a manner too long to enter upon here in a short article of
this nature. 7he angle is that formed in the ebjective, T'u put the matter in anolher
way, perfect definition is wholly and absolutely dependent wof npon the obliquity of
the rays fo the object, as before believed, but in truth upon the obliquity they bear
to the axis of the microscape. To repeat then, to increase the aperture of the olyective
18 found to be {he means for improvement of definition. But Prof. Abbe went
further into the matter and found that increased aperture seemed to admit “a
something™ more than the true dioptric image, and this ““something” he ultimately
discovered by a series of elegantly and well-contrived experiments to be nothing
‘more or less than the diffvaction rays which proceeded from the object itself. Pressing
the subject to its logical conclusion, he found that the more of these rays that
were admitted to the optical combination, i.e., the greater the numerical apertare
of the objective, Zhe more the similarity that wonld exist hetween the ohjeét and
its image. We are now in a position to reply to our question, and the reply is
simply this:—The higher the defining power of the ohjective, the greater 18 its
numerical aperture (usually written thus *NUALT), and as the definition depends on
the greatness of this aperture, so it directly follows the Mgher the power used the °
better the final result. Two photographs are appended, the first (fig. 8) is taken
with an objective of very high N.A. and a low eyepiece ; the second (fig. g) with
an chjeclive of low N.A. with a high eyepiece to get the necessary magnification,
One more remark on this portion of our subject and we will pass on. Seeing that
achromatics, especially the higher power ones, cannot without great difhculty be
made with such high numerical aperture as those built on the apochromatic -
system, so the former cannot on this ground—if on na other—he expected to give
the results that the new system affords: still, on the other hand, 1t must not be
omifted to be said that owing to the introduction of the new Jena glass, ordinary
achromatics have been most wonderfully improved and some of the most recent
lenses have reached a perfecition hitherto thought mmpossible; such, for instance, as
the new inch, by Ross, N.A. -3; Leitz one and-a-half mch, and his tenth ; a new
twelith by Beck; No. 6 by Reichert, and others. This statement is of importance
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to the student, but still there is no getting away from the fa¢t that by the use of
apochromatic objectives of the highest order, we wverily believe all the great
discoveries of the present and probably of the [uture will be done.

We have now to eempare the performance of the achromatic and the
apochromatic lenses visually and photographically.

It is presumed the reader knows the value of employing what is called
“eritical light,” and how to obtain it ; lest, however, such should not be the case,
the following is the method of obtaining it: Critical light is said to be obtained
when the substage condenser and the objective are both in focus on the object. This
is easily done as follows :—First focus the object in the usual manner and then
rack the condenser up or down until the edge of the flnme of the lamp is distinétly
seen in the feld accurately focussed., To those unaccustomed to this class of
tllumination it may appear objectionable, but no lens can be said to be performing
at its best except under these conditions. The light, if the objeclive be of low
power, may be too intense ; 1f so, the Iris diaphragm may be closed until the image
Inses its flooding of light, so long as the-image does not suffer in definition,
because, cutting down the licht by the iris will lower the N.A. of the objective,
but seeing that the low powers have much less aperture than the high ones, a
certain amount of contraction of the iris will do no harm and will much improve
the image. Great care must be exercised however, when attempting to do this
with high powers, for fear as before explained, of reducing the N.A, of the
objective, which of course means spoiling its definition ; should the light still he
too intense with low powers however, then smoked glasses or monochromatic
onés should be interposed between the illuminant and the condenser.

Lastly it is important that the condenser should be suited to the objective so
far as relates to its N.A, Theoretically, both should have the same aperture, but
practically, no objective will stand thiz except perhaps when looking at or photo-
graphing bacilli: but on the other hand it is necessary in order to obtain good
results not to use the condenser with foo low a N.A,

As before stated, a small amount of cutting down by the iris is justifiable
under certain conditions, and most authorities set the maximum lmit at about
a thivd of the diameter of the back lens of the objedtive, excepting when employing
the microscope on bacilli, Then lastly, to obtain the best results, certainly when
photographing with the microscope, an achromatic condenser is a necessity, and
the use of an apochromatic one i1s better still. Messrs. Powell & Lealand have
recently brought out an excellent dry apochromatic condenser of g5 N.A., whose
performance leaves little to be desired. It may seem as if these remarks on the
condenser were uncalled for considering the nature of the subject under consider-
ation ; but attention is called to all these details as it is positively certain no
objective will perform at its best, unless the greatest care be exercised in the
application and suitability of the condenser and the arrangement of the light.

Before actually comparing lenses, suitable test objects should be chosen and
carclully studied. The Proboscis of the blow-fly for low powers is good, Dut
besides this a Podura Scale and some finely marked diatoms must he obtained
and lastly, il it can be possibly procured, a really good specimen of the Amphipleura
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Pellucida mounted in realgar.  The observer should make himself a master in
readily obtaining * critical light,” and in illumination generally, for the relative
excellence of one glass over another may very largely depend on a fortunate
illumination.  Then too he must possess himsell with an unbiassed mind,
remembering to compare objeclives so far as passible of similar N.A., and not to
be content with a desultory off-hand exawination, but rather that he should
examine the performance of each lens step by step as the programme given below
proceeds. He must dispossess himeelf too of any extravagant expectation, for this
may beget a beliefl that cestain performances ought Lo be present which perhaps
may be even theoretically impossible with the aperture employed ; and on hnding
them absent, such absence of the ideal may induce g strong and unconquerable
feeling of disgust that adds a heavy load to be overcome before ebming to an-
unbiassed final judgment.

Let us take now an inch achromatic and an inch apochromatic to campare
their performance, using ordinary eyepieces for the former objective and compens-
ating ones for the latter, and use the proboscis of the blow-fly ag the test object,
The programme suggested—although it is not intended to be exhaustive—may be
conveniently arranged as follows :— .

1.—Ilatness of field.

2.—Blackness of shadows in the image,

3.—Brilhancy of the illiminaton.

4.—Resolving power., &

5.—The absence or presence of colouring fringes around minute
objects such as fine hairs, or the dots in diatoms.

1. Frarness oF Freeo. By this is meant that after focussing the centre of
the abject, the edges of the field, if the specimen reaches so far, are equally sharp,
The antithesis of flatness of field is called roundness or curvature of ficld, these
two terms being in this paper considered synonymous, althongh some writers do
draw a difference between them. It will be seen that the flatness is ofttimes of
larger area—reaching further to the edges in the achromatic than with the apo-
chromatic, but that the definition in the centre is superior in the apochromatic
than in the achromatic image. In some “inches " by first-class makers, such as
in the new inch by Ross, -3 N.A., and one by Leitz & Reichert, it is not eaAsy
without close attention to discern any inferiority of image to that presented by the
apochromatic, for the improvement afforded by that type of lens does not become
so very evident when compared usually with excellent achromatics using low .
eyepieces, until a little higher power is employed, although apparent in photo-
graphy. But note one thing, that the curvature of the field and the consequent
loss of defimition at the edges presents this difference in the two cases. In the
achromatic no amount of refocussing will render the periphery sharp, but with
the apochromatic the slightest turn of the screw renders the edges of the field as
good as the centre—hence the mind can rapidly acquire a mental picture of the
whole image by a touch of the screw. With the achromatic, however, if the edges
be required to be examined, that portion of the specimen must be brought to the
centre of the field before focussing renders the definition as good as possible.
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2. Brackness oF THE Stapows or Dark PorTions oF THE [Mace.—Notice
whether the dark ribs, or trachez as they are called, of the proboscis are really
black, and see which lens renders them the more so. TLook carefully to see if
there be a haze over the whole image like a veil which no management or adjust-
ment of the light, condenser, or otherwise will get rid of except by sacrificing the
definition of the objective by closing the iris diaphragm. The apochromatic to
the practised eye will here show a superiority.

3. Brivviancy or Ismage.—Here a good deal of praclice is necessary, as
much depends on the actual illamination of the moment ; but rapid change of the

lenses nearly always affords a ready method of perceiving the superiority of the
apochromalic,

4- Resorving Power,—This is direftly proportional to the N.A. of the
objeclive. By resolving power is meant, speaking popularly, the power possessed
by the lens of breaking coarse details into still finer ones, and of rendermg the
[ine details so distinét as to merit the term of heing pu:lmd out.” The black
markings of the trachea should with the inch look picked out and so sharp and
clean-cut, that they ought to give the impression that they are drawn with a pen on
paper. Remove now the proboscis and place on the stage a large diatom, such
as an Arachnoidiscus, and notice how the fine markings are shown by each lens,
and how white and colourless is the image in the apochromatic,

5. ApseNcE oF Corour Fringes.—Aronnd and about the markings of the
diatom, and between the strias or between the Jdots, there will be seen a certain
amount of colour fringes with the achromatic, which are entirely alisent in the
apochromatic owing to the elimination of the secondary spe‘trum. Return now
the proboscis slide and look at the large hairs and note the difference in their
fringe-like appendages.

The same specimens will do when comparing the images produced by two
hall-inches, each being of similar aperture, when it will be found the contrast in
the images will be more marked. Use also a diatom with well-marked striz such
as a Navicula major. 'When comparing two lths, a podura scale may be also
employed. The light wants careful arrangement to use this test. The markings
should look ** punched out " and very black with a central white streak ; diatoms
should be tried for colour fringes, especially the Navicula, An eighth and a twelfth
uninersion require much more careful testing, A podura scale should show the
white centre to the note of exclamation as it is called, with a narrow constri¢tion
near its broad end, and its point as a fine straight line extending some long way
down in the black. Diatoms possessing the finest markings should be now
resorted to comparing the quadrilateral dots in the Surirella Gemma, the hexagonal
markings in the Pleurosigma Angulatum, the canaliculum in the Pleurosioma
Balticum described by Dr. Van Tleurck, and the small central portions of the
Aulacodiscus Sturtii. To these may be added by some authorities the resolution
of the close rulings in Nobert's lines.  When using oblique light with a condenser
of high N.A,, the lines in Amphipleura Pellucida, should stand out well defined,
il the specimen De well marked.  In all these tests the performance of the

apochromatic is unapproachable by the achromatic, especially in the case of
G



0o

photography with them. Tt must be here remarked that all high-power objectives,
aceording 1o a great authority in lens construclion, can be made for special obj

lo give much more excellent results than those lenses corrected for general
purposes, but then the objeftive is so restricted in its application that it
necessitates others being obtained each for its special use, which involves great
expense. Dy this is meant a lens constructed to show bacilli with a flat field may
not perform so well for resolving the fine markings on diatoms; and one especially
corrected to separate lines with * oblique light ™ may often not be such a good
“all-round 7 lens as another which does not perform under these circumstances
quite o well.  This constitutes a great dificulty when comparing the performance
of different lenses.  When using ordinary achromatics for photography, a great
falling-off in results is evident at once unless they are specially corrected for the
purpose. Ol lale years, however, objectives have been made which give very
fair results as photographers with good performance as visual lenses, and it is
with these that the comparative photographs shown at the end of this article have

been taken, so as {o compare the best results of the achromatic with the per-
formance of the apechromatic.

Space will not allow explaining what is meant by penetrating power, which
is of course the reciprocal of the resolving power, or how the numerical aperture
can be measured by the Abbe apertometer ; neither can room be found to show
how delinition may be affected by bad centring of the lenses by which is meant
the irregularity of the alignment in the optic axes, the parallelism of their pl;m'
or in the sctting of their planes at right angles to the optic axis: neither can the
reader be afforded information upon the effects produced in the performance of a
lens by using a solid . cone of light from the condenser or a hollow one: axial
illumination or the other form to which the term “oblique light” is usually
applied, these remarks are somewhat foreign to the comparison of achromaties

with apochromatics, and would more properly be found in a brochure on lens
testing, or in a textbook on the microscope.

(XPLANATION OF FIGURES.

IFigs. 1 and 2 are paired group of diatoms. Fig. 1 being photographed with the
apochromatic 1in.; Fig., 2 with a 1} in. achromatic. It will be seen on
comparison that the fine markings on many of the diatoms are better shown
in the former than in the latter photograph,

Figs. 3 and 4 are photographs of the Probescis of the Biow-Fly, taken respectively
with a 11n. apochromatic and an excellent 1 1in. achromatic. The superiority
of the resulting image is apparent. T'he trachew were focussed in each
CilSE. '

Figs. 5 and 6 are photos of the secondary markings in Coscinodiscus A steromphalus.
Fig. 5 being taken with an apochromatic 3 mm. N. A, 1-40, Powell & Lealand’s
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apochromatic diy condenser, F line screen. Fig. & with an excellent achro
matic 2 gmm. N.A. 130, also with the F line sereen, and a Zelss achromatic
condenser. Compare the relinement of detail in fig. 5 (apod) which is shightly
more magnihed,

Fig. 7. Photograph of Padura Seale. 3 mm. NLA. 4o apochromatic Powell
and Lealand's apochromatic dry condenser, NLA, ‘5. T'his1s to show the
perfection of chromatic corrediion which only apochromaties display, Taken
with white light the photo shows the notes of exclamation minutely defined,
The constriclion about the head and the l_'l['IJlll]'I:’__:'rit'il"ul'l'l ol the while streak are
well shown if examined with a magnilying glass.  Achromatic objectives
show so much colour that these minute details are in a phota blurred and lost
owing to the non.climination of the secondary spedlrum.

Figs. 8 and g are both photos of Naviewla lyra with apochromatic objectives.  In
Fig. 8 an objective of high N.A. with a low eyepiece was ntilized, In fig. g
an ohjeclive of low N.A. and high eyepiece, These show how resolving

power is dirt:nﬂ:l}r due to the NLA.

Fig. 10.  Amphiplewva Pellucida.  x 2300 diameters. 3 min. apochromatic N.A.
1'40, eyepiece 27, Powell & Lealand apochromatic dry condenser, N, A, ‘g5.
Taken direct with F line sereen and oblique light from a specimen prepared
in realgar,  The lines are 76,000th of an inch apart. If an ordinary hair of
the head be longitudinally divided into 400 slices, one of these slices would
approximately lie between two of these lines. At this magnification it is
almost, if not absolutely impossible to photograph these lines direct with an
achromatic, as they will not stand sufficient eyepiecing.

Fig. 110 Plewrosigma Angulatum, % 2700 diameter. 3 mn. apochromatic, N A,
140, eyepiece 18, Powell & Lealand apochromatic dry condenser. Focussed
on the upper surface of the valve and subsequently enlarged.

Fig. 12, Swrirella Gemma. In realgar, x 2000 diameters. Photographed direct
to show the stri resolved into dots. Taken with 3 mm, apochromatic, N.A.
1°40, eyepiece 27. Powell's apochromatic dry condenser.
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A PLEA FOR THE STUDY OF THE
MICRO-FUNGI.

Greenwood Pim, M. A,

HE domain of natural science is now su vast that no one person can deal in

I any detail with more than a small section or sub-section if he wish to do

any serious waork, and not to be merely a scientihc butterfly, flitting

about from one thing to another. Hence it follows that specialisation becomes

inevitable, and this is as true in microscopical science as in any other department,

and the possessor of a microscope must choose the subject at which he desires to

work, and stick toit; but he must, of course, acquire sufficient knowledge of the

immediately kindred subjects to be able readily to distinguish his own specialities
from those which most nearly approach them.

To those whose taste lies in the direction of botanical rather than zoological
investigation, and who may be in doubt as to what group to take up, I would
submit the claims of the smaller Fungi—those which in general require the
microscope for their determination, as contrasted with the larger forms which are
readily recognised by the naked eye or hand lens, and which only need the higher
powers for the elucidation of their minute anatomy, as in the phanerogams and
higher cryptogams  These microscopic fungi present many points of advantage
over their larger brethren. They are extremely varied in structure, but some of
them are to be found almost everywhere where organic substances exist: on
living leaves; on dead branches, twigs, leaves and stumps; on jam and paste;
on old shoes; on chemical solutions; some even on living, but unhealthy fish
(salmon disease) and on insecis. In general, they are easily preserved as herbarium
specimens, and in mounting for the microscope need but little exceptional
apparatus or skill in manipulation. Many are exceedingly beautiful, being
surpassed in this respect by fey, if any, other microscopic objects. Again,
although England and Scotland have been fairly explored by hunters of both
macro and micro-fungi, I think few will assert that these countries are by any’
means exhausted; while, with the exception of two or three small districts,
I[reland is a ferra sncogmita, and 1 think a good deal still remains to be done in
Wales, Hence there exists among these lowly plants a far better chance of
coming across forms new to the British Flora, or even to science, than is the
case with other divisions of the vegetable kingdom, such as mosses, alga,
liverworts, etc.; and only those who have experienced it know the pleasure of
discovering even a humble mould which has nol been hitherto recorded.

Given a fairly good microscope with 1 inch and 1 inch objectives or their
equivalents, the remaining necessaries are the usual glass slips and covers, a
scalpel, a razor, a forceps, a few needles and a botile of Dean's medium. In very
many cases it is sufficient to pick off a small portion, say of a pustule of Puccinia,
place in a drop of water, put on the cover glass and flatten out, moving the
glass to separate the spores, when the main characteristics will be easily made
out. To get an idea of the entire struclure, and its relation to the nidus on
which it is growing, a section of the leaf should be made. This can readily be
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done by placing the leal in a slit piece of elder pith, and cutting both leaf and
pith with a sharp razer.  With a little practice it will be found that taarly thin
se‘tions can be made withant much dithealty.  The aset and spurtdia of the
Sphweriacei may be abtained by crushing the conceplacles under the cover glass,
Moulds of the Aspergillus nature are not so easilv dealt with,  Their spores ire
attached very loosely, and the whole character is dependent on the attachment
and gronping of these. Hence, if placed directly in water the spores would be
washed away, and the specimen become valueless,  This difficulty can be
overtome in a great measure by placing the piece intended for examination on
the glass slip dry, adding a drop of absolute alcohol or acetic acid, and then a
drop of Dean's medium. If glycerine jelly be used, the alcohol sometimes
precipitates the gelatine in a cloudy form, but with Dean's medium there is less
trouble, and the alcohol gets rid of air bubbles, which are ntherwise very
annoying.  In specimens mounted without alcohol, bubbles can be got rid
of by boiling gently over a spirit lamp, but this cannot be done with moulds.
When the specimen is not wanted permanently, a mixture of glycerine and water
makes a good temporary mountant ; in this it will remain for a long time withont
drying up.

I now propose to give a very briel outline of a few of the principal groups of
Micro-fungi.

Uvedinea and Ustdagimee.— These are the Rusts, Brands and Smuls which are
found on corn and many other plants. They are true parasites, occurring on
living leaves, and are characterized by a great development of spores in proportion
to the vegetative portion or mycelium, and were formerly called Coniomycetes,
or Dust-fungi, for this reason. As examples, we may take Phragmidium
bulbosum (rubi), which is exceedingly common on the hramble in summer and
autumn, and forms little sooty patches on the under side of the leaf. Under the
microscope it is seen to consist of obleng bodies divided into four or live sections,
and having a kind of handle al one end ; these are the teleutospores.”  Mixed
with the teleutospores will probably be some globose warted vellow hodies,
formerly placed in a separate genus (Lecythea), but now known to be only
another stage of the Phragmidium, and ealled uredo. {or brand) spores. Other
species occur on roses—often doing them much injury—on raspberry, barren
strawberry, etc.

In the closely-allied genus, Puccinia, which forms the rust of wheat, and of
which ather species are found on a great variely of wild and cultivated plants,
the teleutospore has only two compartments, and in addition to the uredo-spores
which occur on the same plant as the tElE!llﬂSpﬂl‘EE—lHua“}" earlier in the season
—a third form of fructification is met with in many cases, which i1s so unlike the
Fuccinia that it was placed in a separate order and genus, called Acidium,
popularly Cluster Cups. These are generally found on entirely different kinds of
plants from the Puccinia, and form groups of tiny cups, usually yellow or white.
with fringed margins and yellow spores within. They are now described as the
“acidiospores " of the Puaccinia.  One of the commonest is that found on leaves
and fruoits of the gooseberry ; in the former the leaf is red above, and the cluster
ot cups beneath yellow, forming a very pretty low-power object for the microscope.
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We have thus a most remarkable alternation of generations, lor the spores of the
berberry AEeidium if sown on wheat plants will give 1ise to the wheat Puceinia,
and the teleutospore of the latter will produce the berberry Aleidiom.  This has
been proved hy numerous experiments by Flowright, D¢ Bary, and others, not
only in the case of the wheat Puceinia, but in many other species,

Various species of Puccinia may be met with on violets, grasses, plums, beans,
willow-herb, primroses, thistles, ground vy, box, periwinkle, and very many
other plants. FEcidium forms oceur on colt's-foot, primrase, ancmone, berberry
willow-herb, buttercup, dandelion, nettle, etc.

The Smuts, Ustilaginea, are usually intensely black and very generally occur
I the floral organs, stamens, ovary, seed, cte., while the Urodinem arc mostly
brown and yellow, and chiefly aflect the leaves and stems of the host plants. The
best-known example—Smut of oats —may be found in almost every cornfield in
autumn, the parasite converting the ear into a shrivelled mass of sooty powder.
The conidia or spores are excecdingly numerous and very small.  Another
common, but easily overlooked specics is the Bunt of wheat. This is entirely
enclosed within the ear, and is not seen till the seed is crushed which, instead of
alfording white flour, gives only a Dblackish evil-smelling dust,  Its conidia are
much larger than in the smut of oats, and delicately spinulose. They give rise on

germination to curions secondary spores.  Other smuts are met with on the goats-
beard, scilla, carices, scabious, silene, stems of buttercups, etc,

Perisporiacei.—This is-another group of true parasites of which the Mildew of
the vine and of the rose are the best known, if not very typical examples,
masmuch as their fructification is. rarely seen. 1n their earlier stages most of
the species produce a white bloom on various leaves, consisting of a well-developed
mycelum, from which arise jointed threads: these readily break apart at the
Juints, and are capable of reproducing the plant; the vine and rose mildews
seldom get beyond this stage. In other cases, however, spherical bodies, called
conceplacles, are found amongst the mycelium : these usually have appendages
which are very various in form ; they also contain asci, or sacs, cach ascus
enclosing the spores.  The appendages are often very curious and beautiful.,
In the mildew of the garden pea they are long Mexuous threads.  In Phyllactinia
guttata, found on the hazel, ash, etc., they are needle-shaped with a bulbous base.
In the mildew of the sycamore and maple (uncinula), they are divided at the
extremityand recurved, resembling the sign for the constellation Aries in astronomy:
in that of the poplar and willow they are curved into a spiral.  Microspharia
grossulariz, common on gooseberry leaves, has the appendages divided dichoto-
mously at the tips and so on. The mouldy appearance is readily visible to the naked
eye, and the conceptacles, if present, can be seen with a pocket lens. In mounting,
one or two should be crushed so that the number of asci in the conceptacles, and
the number of- spores in each ascus can be ascertained. A fragment of the leaf,
with conceptacles in situ, makes a pretty opaque objedl, while some must be
detached and examined by transmitted light and a somewhat higher power to

make out the details as to appendages, etc. A few forms referred to this group
are saprophytes, growing on dead straw, paper, etc,
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In the Peranosporea we have a third and very diferent group of parasitic
fung, although somewhat resembling those described in the last section.  Lilee
them the mycelum forms a delicate bloom on the leaves, nsually on the under-
side, but it also ramifies extensively i the parenchymatous tissue, the fertile
hyph® finding their way out through the stomara, They then nanally become
somewhat branched, cach branchlet bhearing at its tip a =imple ovoid or rounded
conidium. This conidium readily falls off, and in a drop of water the contents
become divided into aboul eight zoospores, which escape and swin freely by means
of their cilia. Soon they come to rest, and il in a suitable nidus, such as the leaf
of the plant they prey on, germinate and insert a hyphua-tube through a stona;
this ramifies through the tissne and very soon reaches maturity.  Thus in
moist weather the plant is reproduced with great rapidity.  The two best-known
examples of this gronp are the potato disease FPhytophthora infestans, and the white
rust of cabbages and other crucifers, Cystopus candidus, but other species are
commonly found on lettuces, onions, various umbellifers, clover, etc.  In many
instances a resting-spore is lormed in autumn in the decaying leaves and stems.
This develops a hard, sometimes rugose, coat, and in this stage remains over the
winter, and as the weather becomes warmer, germinates and restarts the cycle,
Resting-spores are found in many species of Peronospora, but so far are unknown
in the potato hlight,

The * damping off " of seedlings so well known to gardeners is due to varions
species of Pythium, which belongs to a neighbouring group. It some cress seed
be sowed very thickly in a pot, some of the young plants will soon be found to
bend over and often break off.  If one of these weaklings be placed in a drop of
water, a crop of Pythium will soon be developed. .

Somewhat allied to these are the curious saprolegnize, which are nsually ound
on animals, insecls, etc., in water, one species causing the well-known * salimon
disease.,” In these we have two forms of fructification, zoosporangia, which give
rise to swarm-spores, and oosporangia, containing nospores, which are fertilized
by spermatozoids produced in antheridia, which are branchlets speciahised for the
purpose.

In the black and white moulds, found on all kinds of decaving substances, we
have a very great variety of forms, formerly, and to some extent still, classified under
the order Hyphomycetes, in allusion to the great development of their hyphie or
thread-like vegetative system, and with them were ranged in older works most of
the Peronosporewe.  Many of the IHyphomycetes are now known to be forms in the
life-cycle of higher fungi of the ascomycotous order, but for those whose
development has not been as yet certainly traced out it is still a convenient
resting place.  The black moulds or Deéematiel occur mostly on dead wood and
stems; the white moulds (Mucedines) on alimost every conceivable organic
substance, such as leaves, herbaceous stems, jam, fruit, bread, paste, leather,
etc.  In both series ‘we usually find an abundant mycelium, light or dark eoloured
as the case may be, from which arise the fertile hypha, bearing the conidia, as
this type of spore is commonly called. The manner in which these conidia are
arranged largely determines the genus and species of the individual under
consideration. Thus we may have them in tassels as in Penicillium (blue moulds)
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when the hypha divides somewhat palimately prior to the formation of the conidia,
and also in Aspergillus when the hypha ends i a swollen portion which bears the
conidia. They are horne on irregular branches in Dotrytis and Polyactis; in tufts
arranged in a racemose fashion in Dotryo spornm, a beautiful snow-white mould,
common on decaving herbaceous stems.  In all these they are more or less
globose and unilocular, but they are pear-shaped and septate in Dactylinm, very
long and with many transverse seplain Helminthosporium, while in Macrosporium
they are septate both longitudinally and transversely, giving rise to the structure
known as “muricate.”  In facl, the variations are almost endless, and it is very
difficult to convey an accurate idea of their stracture by words without figures.

Another group, alse popularly called moulds and which grow in similar
situations, and often on dung, are the Mucorini. A pot of jam or paste is thickly
studded with apparently very lang slender pins, cach with a small round head.
I'ms s Mucor mucedo.  The round head is found to be a sporangium or capsule
filled with spores, which readily germinate in : suitable medium, and give rise to an
abundant mycelium which again produces the sporangia in a very short space of
time.  But under certain circumstances we may finda very different form of repro-
duction, similar to what is found in many alga, and called zygospores. They
originatethus: twon cighbonring branchesof the hyphe approach each other tip to tip,
hecome swollen or club-shaped; a septum is formed cutting off the terminal
portion of each. The portion so cut off is called a gamete. The two gametes are
at hrst separated by their respective cell-walls, these soon disappear and one large
cell is left suspended from the two original branches. The wall quickly thickens
and assumes variously warted or spiny appearance externally and has the
property of retaining its power of germination for a long time. Through the

genera Pythium and Saprolegnia already referred to the Mucorini approach more
or less closely the Peronosporca.

Space will admit of notice of but two more sections of microscopic fungi—
the Phacidiacei and the Sphaeriacei, Both these occur in general on dead leaves,
stems, or wood, while a few are parasitic on living plants, on grasses or living
insects, which latter, however, they ultimately kill,  All have spores barne in asei
and contained in perithecia or receptacles very like those in the Perisporiacei,

In the Phacidiacei the perithecium opens by valvular teeth, in the Sphaeriacei
by a central pore ; of the former a familiar instance may be found in the Khytisma
acerinum which forms black patches so common on sycamore leaves, the fruit
being perfected in spring, as the leaves lie decaying on the ground. Others, such

as Stegia ilicis and Trochila lauro-cerasi, are to be found on almost every dead
holly or laurel leaf. .

In the Sphaeriacei the conceptacles may be quite naked, as in many species
of Sphaeria, or more or less immersed in a stroma or bed, which may be incrusting
the branch as in Diatrype ; formed into masses of various shapes as in Xylaria
(the candle-snuff fungus), Hypoxylon, and other genera. In Nectria, one species of
which 1s exceedingly common on dead stems of currant, etc., the perithecia are
usually clustered together and of a rich red colour, resembling under a low power
a basket of strawberries. The spores, too, are VEry various; some are simple,



G7
hyaline, and shortly ovate or rounded, others of various degrees of length, and one-
or many-septate, and coloured ; some drawn out into veritable needles.

Some of the Hyphomycetes, as already mentioned, are known to be conidial
fruit of certain ascigerous fungi; a third form of fruétification is met with in the
form of winute perithecia containing naked spores, formerly grouped under
Sphaeropsidei ; in a fourth, long glutinous tendrils, consisting of myriads of simple
spores are et with, while in some cases—Sphaeria herbarum, for instance—na
fewer than five forms, once considered distinct genera and species, are now united
as different stages in its cycle of existence.

Thus it will be seen that there is a great field open to the investigator in
working out the life history of these organisms, which, though lowly and
seemingly insignificant, are in many instances of greal economic impartance from
the injuries they cause to valuable crops and trees. Such are the potato-blight,
wheat-rust, vine-mildew and many more.

As to books of reference, to the beginner, Dr. Cooke's # Micrascopic Fungi ™
(Rust, Smut, Mildew and Mould) will be found of great assistance.  ‘T'he earlier
editions were written when the relations between Puccinia and Aleidium,
Peronospora and Cystopus, ete., were scarcely known, but probably the later
editions have been brought up to date. For the Uredine® and Ustilaginea the
student may consult “ Dr, Plowright’s Monograph,” and for most of the other
groups—except the last two, on which T know no modern work in English—
Mr. Massee's « British Fungns Flora,” With reference to plants injurious to
trees and crops, we have Mr. W, G. Smith’s * Diseases of Field and Garden

Crops,” and especially the English edition of Tubeuf's * Diseases of Plants
induced by Cryptogamic Parasites."”

In conclusion, I wish Lo say that the groups have not been dealt with in any
sort of systematic order, They have been taken rather in a kind of biological
sequence, according to the nature of the substances on which they live. [ have
used the word Spore throughout as indicating the reproduclive body, no matter
how 1t has been lormed—whether naked, in asci and so forth, Within the
lnits of such an article as this it has heen impossible to touch more than the
extreme fringe of the subject, which to treat in detail would occupy not one but
suveral large volumes, My leading idea has been to stimulate persons desirous
ot doing some microscopic work, and in doubt as to what branch to choose, to

select this most fuscinaung study, and to leave them, not satiated, but rather like
Oliver Twist, “asking for more " information.
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ON THE EXHIBITION OF LIVE ANIMALS
AT SOIREES.

Marcus Hartog, D . 3¢, M.A.

ITE exhibition of Palyzoa, Hydrozoa, Ratifers, Crustacea, et has always

I been a matter of difliculty, and the following details of a method which

avoids the constant need of watching to prevent evaporation, etc., may
be found of interest.  The anmimals are mounted in a hanging drop of water on the
under side of the cover glass, luted on to a cell of parafined millboard. In this
condition I have preserved Lophopus and other Folyzoa for forty-eight hours,
mcluding two nights’ exhibition, The following details may be found useful.,

The cell 15 composed of a piece of millboard about 2" x 1+"; in this a circular
hole, §"—4" in diameter,is punched by a wad-punch, as sold Dy the gunsmiths,
The cell is then immersed in a bath of melted parafin candle, so long as bubbles
rise ; it is then placed on a glass slide, about 4" 2 2" and left to cool; the side of
the cell which bears the burr from the punch must, of course, be uppermost, or
else it will not lie flat and stick to the slide; a number of these may be prepared
at the same time, as they keep for vears, and travel very welll When the time
comes the cover-glass 1s laid on a flat surface, and the weed bearing the objects is
placed on it a needle may be used (o arrange, if necessary ; or the drop of water con-
taining swimming organisms is gently put on it with a pipette. The margin of the
cover must be then wiped with a corner of the handkerchief or a piecce of thick
blotting-paper, by a succession of circular movements, each over a short segment
of the circumlference ; it is then left for a little till the moisture dries off from the
wiped edge, and it appears quite clean and shiny ; then, if necessary, a httle more
water may be added in the centre with a dropping-tube, a fine pipette, or even a
pair of fine forceps. The cover is next pushed (0 overhang the edge of the flat
surfice on which it has been lyving, taken up with the fine forceps (which must be
gquite dry), and dexterously turned over and lowered on to the prepared cell so that
the drop is well over the centre of the hole. The edge of the cover must then he
luted on; the instrument 1 use is a coarse hairpin twisted into a ring near one end,
produced beyond the turn for hall an inch, and bent at a right angle, the ring
serving as a reservoir of heat.  With this it is easy to melt shreds of parafin so
as to seal the cover to the cell, both fast and hermetically. It is best to seal at
two opposite -points first, so as to fix the cover at once and then fill up the
intervals. Objectives up to the Zeiss D (low angle 3") ure available.

- Besides the other advantages of this system, we may note that the animals
are evidently much more at home in this prison than in any of the ordinary
devices.  The shyest tubicolous Rotifers and Polyzoa came forth readily, stay
well exposed, stand a good deal of motion without shrinking back, and when they
do withdraw return into view with the least possible delay ; and free swimming
animals may be so confined by limiting the size of the drop as to keep them in
the field under relatively high magnification. | am free to admit that the method
15 more troublesome than putting between two pieces of glass, a thick one and a
thin one, but with the paraffin cell, once done, all is secure lor the evening, the
only possible dangers being those that all microscopic mounts are liable to.
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THE ELEMENTARY THEORY OF THE
MICROSCOFPE.

By Conrad Beck.

DO not propose in this paper, to attempt to enter into the more difficult and
I abstruse problems connected with the theory of the microscope,  The.

manufactyre of a microscope is complicated, and even by the light of
theoretical text-books, its optical construction appears too difficult for the ordinary
microscopist. It is, however, my objecl o show that the explanation of many
of its properties is far from difficult, if it be studied by a rational method,

The theory which I am about ta apply to microscopic problems is that of
Gauss,  This theory has within the last faw years been tardily acknowledged by
a few Eunglish writers; a resumé, or reproduction of Gauss' beautiful mathe-

matical exposition has even been given, but it has not yet been developed in
this country in such a manner as to be of practical use to practical men.

By means of the Gauss system: the elemen tary theory of lenses and
combinations of lenses, however complicated, is rendered entirely simple, and
moreover, the theory is rigidly correét within certain limits, It is true that it is
only correct for that portion of the light which passes through the centre of the
lens, but it is the duty of the optician to so correct his microscopical lenses, that
the light passing through their marginal portions shall behave in an approximately
similar manner to that passing through their centres. Thus the principles of
well-made microscopes may be explained, without sensible error, by confining our
altention to the action of the central light alone. It is also true that this theory
is not applicable to very oblique pencils of light ; the microscope is, however, an
instrument in which a comparatively small field of view is made use of, while of
that held it is only the central portion which is of much importance, and the
centre of the field of view is not formed by oblique pencils.

The Gauss theory, satisfaclorily explains what Inglish text-books [ail to do,
and what must be explained before one can grasp the adtion of an optical instru-
ment ; namely, the effect of thickness on lenses, and of intervals betw
however complicated their form and arrangement.

At the risk of repeating * what every schoolboy knows," it will be fecessary
to refer to some of the well-known properties of light.

een lenses,

At one time il was
supposed that objects were rendered visible by means of some emanation from
our eyes. That, as with our ingers we could touch, so, with some external invisible
tentacles from our eyes, we could sce. It was not Luly established till the
eleventh century that the visibility of objects must be due to something emitted
by the objecl itsell, and not by the eye. That something, which renders external
objects visible, is termed light, and is now understood to be a form of vibration,
It moves at such an inconceivably rapid rate that in one minute it wounld cover
more ground than could be travelled over by an cxpress train running at full speed
for twenty years.

Bodies, as revards light, are divided inta two classes - L uminous, those which
emit light: and Nox-Lwwinous, those which only refleét or ccarter the hight which
falls upon them. The words reflected and scattered do not mean the same thing.
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A Dhody with a smooth polished surface like mercury, will reflect a beam of light
which fulls upon it in one particular direction, dependent only upon the angle at
which such light meets the surface: while an unpolished surface like that of
white paper, will scatfer any light that may fall upon it in all directions.

It has been proved by experiments which need not be here described, that
except under certain unusual conditions light travels in straight lines.

The light emitted by a luminous object such as a candle, travels in straight
lines away from its source in all directions as fast as it is, so to say, manufaclured,
If this light meets with an obstacle, one portion of it is scatfered in every direction:
another 1s reflecled, according to the laws of reflection ; a third s extinguished, or
absorbed Ly the obstacle ; while a fourth part passes through the body, provided it
be transparent, and 15 said to be transmifted. Tn this latter case the transmitted
light is in general bent ar refracted.

The refraction of light in its passage through glass is the principle which is
made use of in the construction of the microscope.

A further property of light which has been established by experiment is, that
each individual portion is independent of the rest and may be treated separately.
If a row of trained soldiers be marched against an enemy, and some of the row
be shot, the remainder will be able to proceed as before ; whereas, if the soldiers
had been chained together like a gang of conviéts, disabling one would have
interfered with the progress of the remainder. Light corresponds to the row
of trained soldiers, one set of laws controls the whole, but the action of one
separate unit is not affected by that of its neighbours, Thus any one of the
straight line elements of light given out by a luminous source may be selected,
and its behaviour under particular conditions may be investigated. Sucha straight
line of light is called a ray of light; a small bundle of rays is called a pencil ; and
the centre ray of such a bundle is called the axfs of the pencil.

A pencil of light may be convergent, parallel or divergent.

A Convergent pencil is one in which the rays of which it is composed are
coming towards or focussing fo a point.

A Parallel pencil is one whose rays are parallel to each other,

A Divergent pencil is one whose rays are proceeding Jrom or emerging from a
point.

Light diverges from a candle. A pencil of sunlight diverges from the sun,
but the point of divergence is so far away that we have no means of detedting
that it is not a parallel pencil. Converging pencils are seldom met with in nature,
but the burning glass converges a parallel bundle of light from the sun to the
focus or burning point.

A ray of light which falls upon an object is said to be incident upon it, and
is called an Incedent ray ; while one that passes from one material or medium
into another is termed an Emergent ray, i

As we have pointed out, we shall for the purpose of this in vestigation only
have to consider transmitted light, and further we shall only deal with materials
which are transparent, such as air and glass, and which are also homogeneous,
that is to say, of equal density and transparency throughout.
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Light will probably penetrate any known substance, provided a thin enough
layer be used ; on the other hand, even such a transparent material as glass offers
considerable resistance to its free passage and fetards it, thereby reducing its
velocity. -

A ray of light which is incident upon a piece of flat glass in a direction
exactly at right angles to its surface, will pass into the substance of the glass

without change in its direftion, but with a reduced velocity. If, however, the
incident ray strikes the surface of the glass at an oblique angle, it is not only

A

Fig. 1.

retarded, but as a result of this retardation its direction is changed, and it is bent
or refracted,

For the present it will only be necessary to note that the incident oblique
rays (B C D, fig. 1) going from air into glass, i.e., from the lighter into the denser
medium, are always bent towards the line at right angles to (or normal to) the
surface of the glass; and that whereas the ray A A exacltly at right angles to the
surface, is not changed in direction, the more ohlique the ncident ray becomes,
the greater the emergent ray deviates from its original direélion.

If the light passes from glass into air, that is to say from the denser into
the lighter medium, we find that exactly the reverse action takes place. Fig. 1

Fig. 2.

need only be turned upside down to represent it, and we might consider the
the rays as coming from A'B'C'DY out of glass into air towards A B C DD. Let
us now examine what takes place in the case of a parallel plate of glass.

The ray A A"A,"” fig. 2, passes through both surfaces without alteration.
The ray B is bent at the point O, inlo a direction O O,' meeting the second
surface at some point O'; here it is again bent upon emerging into the air, and,
due to the fact that the two surfaces of the plate of glass are parallel, it meets the
second surface at the same angle at O' as it left the first surface at O. It is



102

obvious, therefore, that it must be bent to exactly the same extent as was the
case when it entered the glass, but in an opposite direction; consequently the
emergent ray O' B" is parallel to the incident ray B O; and the light in passing
through a parallel plate of glass, has suffered no alteration in its direction, but
has merely been displaced laterally. The same reasoning applies to the more

oblique rays C and D, but it will be observed that owing to their greater obliquity,
they are displaced to a greater extent.

)
!
|
!
‘0
=

. B’ »
Fig. 3. ’

Suppose, however, that the two surfaces of the glass had not been parallel
asin fig 3. The ray B, after the first refraction, does not now meet the second
surface at the same angle at the point O," as it left the first surface at the point O,
and is therefore not bent upon emergence into air at the second surface, in a
manner to compensate its original refraction: In faé, in the particular case
shown in fig. 3, the ray O O’ being at right angles to the second surface, passes
directly through it without alteration. Thus the ray B alter having passed
through both surfaces of glass, is deviated from its original direction. A plate of
glass in which the surfaces are inclined to each other is called a prism. A prism

deflects light as illustrated above, and always in a direction away from its apex,
or towards its base.

Fig. 4. X Fig. 5. Fig b

Let us. now consider light coming from the point O, fiz. 4, in one medium,

say air, and entering a denser medium such as glass.
If as in fig 4, the shape of the glass surface be such that each of the rays of
light OA,OB,0C, 0D, OE, meets a facet exactly at right angles to its
direclion, they will all pass into the glass without refraclion; and if the surface
of the glass be made with a sufficient number of little facets of the right shape,



I'Hj
every intermediate ray of light, as for instance those hetween the rays O A and
O B, will also enter without deviation, The whole body of the light from O will
pass onin the same course exaclly as if there had heen no glass surface inter.
vening, This condition will ohviously be satisfied when the shape of the glass
is spherical—having the point O asits centre, [, as in fig, 5, the glass surface he
lat, every ray except the centre one or axis will be bent or refracted: the outer
rays O A, O L, being more bent than the inner ones, due to the [a¢t that they
meet the surface more obliquely.  The total result of such a flar surface SYRTTH
the bady of light coming from point O, will be to render it less divergent, turming
it inwards towards the axis.  But suppose, as in fig, 6, we arrange our facets in
such a manner that instead of destroying refraction as in . 4, we increase it,
It will then be possible to so place cach facet that every ray of light proceeding
from the point O, will he refracied or bent to such an extent, that they will all
converge to another point upon the axisat ()." When the surface is composed of
a sufficient number of facets to refract all the rays to this point, this surface will
have become a curve,  Instead of using one curved surface lo converge the light
to a point O' in glass which diverges from the point O in air, a plate of glass may
be used with two curved surfaces.

Fig. ». Fig. 4.

These surfaces may have their shapes so arranged that each curve will do a
portion of the refraction or bending as in fig. 7; this constitutes a simple lens. One
of the problems which is set to all opticians is to so construct a lens or series of
lenses, that all the light emerging from one point as (), fig 7, and entering the
lens, shall be brought exactly to another point on leaving it, O, fig. 7. It might
appear al first sight to be merely a question of making the two sides of our lens
of the required curves, but unfortunately the only curves that the optician can
make with accuracy are portions of spheres; and spherical curves are not the curves
required.  Hyperbolie, parabolic, or elliptical curves are neeessary. A lens with
spherical curves bends or refraéls the rays that pass through its margins more than
those which pass through its centre as shown in fig. 8. This error is called
sphevical abevvation.  We shall not consider it further, because Lhe optician, by
means of properly arranged lenses of different shapes, can so nearly correft this
error, that we may examine our microscope by confining ourselves to the [ays
passing through its centre; feeling confident that the marginal portions will
Lehave as if such a thing as spherical aberration did not exist.

Provekries or Lewses. If light from a point O (g, 7) pass thiough a

lens, and is brought accurately to another point (), these two points, O and O,
are said to be conpugate focr, the point Q' being the conjugate focus of the point

L]
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0, and in hike manner, if the direction of the light were reversed, the point O
would be the conjugate focus of the point (. Now if the point ) be moved back
lo the pont P, the posibon ol 1its conjugale focus will be altered to P'; b it be
moved to () the position of its conjugate focus will be moved to ('; and if it be
moved off to an infinite distance, as for instance to the sun, the conjugate point will
be at ¥, which is called the principal {ocus, or focus of the lens, Thus F' i1s the
conjugate focus for a pomnt which is situated at infinite distance, or, to express it
differently, it 15 the focus of the lens for parallel light.

The position of the conjugate foci of a lens follows a very simple rule, which
15 algehraically expreszed as follows :—

1 1 1

al X &

Where x represents the distance ¥V O of the oniginal point from the lens: x! the
distance V O! of its conjugate focus; and ¢ the distance V F' of the principal
[ocus from the lens. 1t should he understood, however, that the letters 1, x and
¢ represent not only a distance expressed by a number, but also a direction
represented by a sign + or —. Thatis to say, with reference to Fig. 7, we must
remember that the point that is assumed tao be fixed and known, 1s the position
of our lens represented in this case, where we neglect its thickness by the centre
point ¥V, and this will be the known centre from which we measure the variable
quantities &, r and v, or we might say V is the fixed point, and O, O" and F
the variables.  Now distances on the right hand of V are always considered as
positive or -, and distances to the left as negative or —. Thus if the point
O be three inches away from V, we consider that this — 3 (¥ = — 3), if the point
O is 1% inches from Vit is + 13 (2! = + 14). DBut it is evident that a lens has
a focal point on each side of it, one at F' for the position where parallel light
incident from the left is brought to a focus, and the other at F, to which parallel
light incident from the right is conveyed. Thus a lens has one focus on the right
hand of V, and another on the left. There would seem to be no reason why the
focal length of a lens should be either positive or negative. One focus has a
positive, the other a negative position.  To overcome this difficulty the focal
distance of the lens is always considered as that formed by parallel light travelling
from left to right. In I'ig. 7 the light travelling from left to right will be brought
to a focus at F' to the right of the lens, and the focal distance V F', or ¢, is
positive ot <+, and the lens is called a positive lens,  1f the lens had been concave
instead of convex, the foeus for parallel light would have been to the left of V,
and the local distance ¢ would have been negative or — ; such a lens 1s called a
negative lens.,

Assuming as above that VO = — 3 — x, and that ¢ = 4 1, our equation
for the position of the conjugate foci becomes

I 1 1

o (—3) 1

which when solved gives 1 = | 14, showing that the point O' lies 13 inches to
the right of V,
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By the proper attention to these signs the position of any conjugate foci can
be obtained with a thin lens of any focus, whether convex or concave, and it will
be seen later how exadtly the same formula applies equally well to thick lenses,
or systems of lenses, however complicated.

It has been pointed out that with a lens a certain portion of the refra‘t on, or
bending may be accomplished at each surface ; and it will e convenient in the first
instance to investigate the action of a lens which is o thin that the interval
between its two surfaces may be neglected. Let Fig, g represent such a lens
where we may consider that both refractions take place simultaneously on the line
V'V V", instead of at the two surfaces.  Let the focal points of our lens be at F
and F'. It is required to find the point at which all the light passing through A
will meet after having passed through the lens, 1f we draw a ray of light A F V",
passing through the focal point, it will emerge fram V" parallel to the axis, and
in the direction of V" 1; because it is the property of the focal point that light
passing into the lens parallel to the axis from right to left will pass through T,
Let us also draw from A the ray A V', parallel to the axis, this will emerge

through the other focal point F’, and the point [ where these rays meet will
evidently be the conjugate focns of A.

-
=

e
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Fig. 9.

It will now be noticed that the line A [ joining the conjugate points, pasces
through the centre of the lens V, proving that a ray from A would pass through
the centre of the lens without refraction. It is universally true for infinitely thin
lenses (subject to the limitation as to very oblique rays already mentioned), that
a ray passing from any point to its corresponding conjugate point will pass
through the centre of the lens without refraction.

It a series of points on the line A B C, at right angles to the axis, be taken,
and their conjugate points be ascertained by the system adopted in Fig. a, it will
be found that all these conjugate foci lie on the line 1 ] K, or that every point on
the line A B C has its conjugate point on the line 1 ] K. In fact that the line
1 | K is conjugate to the line A B C, or as it is generally expressed, a plane at
A B C, at right angles to the axis, has its conjugate plane also at right angles to
the axis at 1 | K. Tt is obvious that the position of these planes being known, a
line drawn from any point, as for instance C, through the centre of the lens V,
will indicate the position of its conjugate point K, in the conjugate plane | ] K.

To those interested in Geomeltrical problems, it will be readily seen that the
equation I 1 I

al X B
is immediately deduced from Tig. q.
H

#
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Having examined the case of a thin lens, let us proceed to note what occurs
in a lens that is not thin.  Suppose we commence to geometrically construct a
diagram, Fig. 10, by means of which, as in the case of a thin lens, we may
ascertain the position of the plane that is conjugate to the plane A B C; and the
point that is conjugate to the point A, We might draw the ray A I through the
focus, meeting the lens at S; we know that after it has passed through both
surfaces of the lens this ray will emerge in a direction parallel to the axis of the
lens ; but we do not know from what point upon the second surface it will
proceed, and therefore, although we know its direclion, we do not know at what
distance from the axis it will be situated. Again, if we were to draw theray AT
parallel to the axis, we know that this will pass out of the second surface in a
direction through the focal point I'; but, as before, we do not know from what point
it will emerge. It is only in thin lenses that a ray will pass through the centre
without refraction, and thus this method of demonstration is useless, and con-
sideration will show that, with a series of lenses, the plan would be even more
impracticable ; whilst analytical methods on this basis are still more hopeless.
The German mathematician, Gauss, has, however, conceived a theory, by which
all the simple methods applicable to thin lenses may be applied to lenses of any

Fig. 10.

tkickness, and any number, however complicated. It is this system that | will
now explain. It must always be borne in mind that the method does not apply
to uncorrected lenses, as it only deals with central light, as previously explained.

Tue EquivaLesT Pranes.—In any sysltem of lenses there are two planes,
at right angles to the axis of the lenses, from which all the refraction appears to
take place. We have assumed in Fig. g that the lens was so thin that it might
be considered to be a straight line, and that all the refraétion, or bending, took
place upon that line (V' V V" Fig. g). The discovery of Gauss shows that in any
combination of surfaces or lenses the same simple laws that govern the aclion of
thin lenses may be applied.  All that is required is that the single line or plane
that is taken to represent the thin lens, shall be replaced by two lines or planes
situated at certain definite positions, dependant upon the composition of the
optical system under consideration. These planes 1 prefer to call the Equivalent
Planes, and the points where they cut the axis the Eguivalent Points.*

* In the case of an optical systom where the last medivm into which the light passes is not the same as the first,
there are two pairs of planes, cach possewsing certain characteristics, and called respectively “ Prinelpal
planes and * Nodal ” planes.  Whete, however, as in the case of most optical [nsiruments, the light passes
from alr through the optical system into air, and the first amnd last media are the same, the Principal and
Nodal planes ierge into one pair, possensing the properties of bath, and [ preber to 2all them whens this

combined the Pquivalem planes, 1t simplifies nomenclators bocanse the Equivalrnt Focus, a term |n grneral
use, i8 the focal length of & lens system measuced from the Equivalent plane.
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Equivalent PPlanes have three properties :

(1).  The twe planes are conjugate tv cack other, that is to cay, all light which
: betore untﬂring the: lrns Systemnm, 'jn'-:_u_l;-.i_*-.ll.-;. Losyan e p{‘ril‘lt an the
first Eauivalent plane, will, after having passed throngh, emerge as

it came from a point an the secoml Equivalent plane.

(2} Any poini on the Siwst equrvalent plune, as L, g, 1o, kas ifs conjugate point on
the second  equivalent plave al a point, as L, hg. 10, at an egual
distance from the axis: e, LE — L' |,

(3)- Any rvay of light incidend tn a divection tosards the fivst equivalent point, E,
. 10, il emerge, after having passed through the entire oplical
system, as 1f it came Sfrom the second equinalent foint ', fig. 10, and in a
divection parallel to the fncident vay,

By making use of these properties we shall be now able to ascertain, in fig.
10, the position of the plane 1 ] K, conjugate 1o A B C, and of the pont 1,
conjugate to A. Let L. EM and L' E' M' be the first and second equivalent
planes of the lens; from A draw the ray parallel to the axis, meeting the first
equivalent plane at L; we know that this ray will emerge as if it came from L/,
where EL = IV I, we alse know that, entering parallel to the axis, it will
emerge through the focal point I'; it will consequently proceed in the direction
L' 17" 1; the actual conrse of the light, within the lens chosen, is from ¢ to w: if
the lens had been of a more complex nature the course of the ray might have
been less simple, but in any case the apparent direction is from A to L and from
L"to I. The ray from A to the fiust equivalent point E emerges as if it came
from E"and in a parallel direction, The ray from A through the focal point F,
meeting the first equivalent plane at M, will emerge from M’ where M E — M' E’
and in a direclion parallel to the axis. The point 1, when the rays meet, will be
the conjugate focus of A, and the plane 1 | K, at right angles to the axis, will be
the conjugate plane to A B C. Thus it will he noticed that the principle
governing the action of a complex system is precisely similar to that of o thin
lens,

It we tuke a thin lens, of the exact refracting power of the entire system, and
place it in the position of the first equivalent plane while we are considering all
rays of light enfering the lens system ; and then, when considering the rays that
emerge, we shill it julv the position of the second equivalent plane ; we can apply
all the simple methods of a single thin lens to thick lenses or any number of
lences. It is also evident that the focus, or focal distance, must be measured
from these two planes, because the focus is 1 measure of the bending, or
refracting, power of the lens, or lens system, and as the bending or refraction,
considered as a whole, takes place from these planes, it is evident that no true
measure of the focus can be given except the distance of the focal point from
these planes.  Light, parallel to the axis, which enters the lens (hig. 10) towards L
will be refracted from L' to I, and therefore the focal distance is I F' or
similarly E I ; and a thin lens with the same focal distance V I/ (hg. ) equal to
E' F' (hg. 10) will give precisely the same optical results, as the lens in fig. 10,
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with the sole exception that there isa space lost, as it were, in the gap between
the two equivalent planes.*

Thus it is evident that the comple fornaka, for the pocitions of the conjugate
planes, is applicable to the thick lens ar lens systems, with the sole alteration
that the distances are measored from the two crpnivalent planes respectively,
insteud of the lens cenlre.

1 | 1 ro— 1. 13
— . — — .'I." — I‘:-r
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Thus taking one previous example—when v — (—3] and ¢ — 41 therefore

= { 1%.

It 15 the funchion of the microscope 1o produce an enlarged or magnified Image
of an object in order that we may study its minute strudlure; and having
explained the elementary theory upon which lensss refract, we must consider what
are the necessary optical conditions to produce a clear image,

Let LEM, L'E"M' (g, 11), represent the equivalent planes of some lens
syslem, and IY and IF' the focal points on either side.  The system may be one or

a number of lenses, Lt niy Tie Ct‘:ll'ﬂ}:-|l(:;|1t'.l.| or HiHIIJ!I:F it makes no diflerence to
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the problem. The shape and arrangement of the lenses is designed by the
optician tocorrect those errors which this theory assumes to have been annihilated.,
All we require to know, are the four cardinal points, F, E, E', F'. Let A
represent a point upon an object AB3BC, “This pomt, we will assume, is brilliantly
iliminated, and 1s radinting haht an all directions,  Let us suppose that of this
particalar light, the cone L AM is all that can pass through the lens system,
We know that all the light included in this cone will be conveyed to its conjugate
pomt 1 we also notice that the point T cannot rveceive any light that passes
throngh the lens systemn, exeopt what is included in the cone 1. A M, for instance,
no ray of light that passes through the point C can reach the point 1, because we
know that any such ray will be refracted by the lens system to the point K.
Thus the pamt T being illumimated only by the light radiated from the point on
the object at A, it will be a reprodoction of that point. It A s bright, 1 will be
bright 7 af As green, T will be green.  And thus every paoint in the objeét A B C
will have a corresponding peint in the plane 1] K, and an exact picture or image
of the object A BC will be formed on 1] K. If a piece of while paper be placed

*lhe term equivalent locus s generally given to the focal length of alens system.  This merely means the
measure of the refracting, or bending, power of a lens system - its focus  but s focus measured from the

correct place. That is 10 say, from the first equivalent plane on one side of the Jens, and from the second
equivalent plane on the other
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in the yplane I] K, the image of the object, if sufficientls In'ehtly illuminated,
will be wvisible upon the paper.  Animage of this kind, which is actually existing
in space, is called a read 1mage.

A secomd for of image, called a wirdval 1mage, 1= lormed in another manner.

suppose the lens system to be similar to that of fig. 11, bt place the objedl
at A B C (fig. 12) and we shall find, by adopting our previcus method of fig, 10,
drawing the ray from A parallel to the axis to L it will emerge from L' throngh
I, by drawing the ray from A to I, this will emerge from E' parallel to A E, and
it will be noted that the conjugate point to A is now at I, because the riVS
proceed as il they came from that point.  There is no real image of the objedt
AR Coatl J H, hut th& Hglll emergoes from our lens 54:,,'5:1r;-|1| e 1l lllBlL’ WL, altd the
eye looking from the right-hand side would see the object A B C, as if it really
existed at 1 [ K. This is called a wirfual image., The lens system, depicted fig.
12, Is a simple microscope or hand lens and it will be noted that the eye placed
on the right hand of E: say between E'and F! will see an enlarged 1mage of the
object A BC at I]K, consequently the system adls as a microscope and

magnifies the object,
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Tue Sivere Microscors.— The simple or hand microscope consists of a single
lens or a combination of lenses, so close together that they may be congidered as
one. It may be made of two or three ]r:nhr:s, either cemented or in close _'juxla-
pDEiliu:‘l, but when this is done it 15 for the pur pose of ilnj.u ;_n-lu;_: Lhie t]ll:l]il}' of
the image by corredting the aberrations alluded to, and does not affect the
elementary optical principles nupon which the image is formed. Tt is necessary to
know the shape and composition of a lens system in order to calculate the positicn
of its equivalent planes. But as they may readily be found Ly experiment it is
unnecessary 1o know the precise construction for elementary purposes: what we
require are the positions of the equivalent planes, and focal distances.

Lenses of different shapes, and different combinations of lenses. have their
equivalent planes in widely different positions and it will be evident later on how
this fact is made use ol in the construction of compound microscopes. Fig. 13
shows a series of lenses with the position of their equivalent planes indicated.

Let us now consider certain matters connected with the formation of imopgcs
by a lens system. It is unnecessary to draw the lens system itself, merely
indicating it by its two equivalent planes, E E', fig. 14 and 15, and its two
foci, F F.
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In fig. 15 we have the case of an object, situated at A B C, on the left hand
of the focal point, its image at I [ K, on the right hand of the other focal point,
If we move the obje@ A B C towards the lens, it inage will recede further away
from the lens, until when the abject is in the focal plane, its image will be at an
itinite distance on the righr-hand side, and the rays emerging from any point on
the ohjedt through the lens will be parallel [or may be said to meet and form
an image at anfinity),  This image is a real image of the object which, if
we had inserted a screen as for instance at 1] K, fig. 15, we could have
demonstrated, 1s actually projected into space.  [f we proceed to move the object
A B C still closer to the lens beyond the focal point, then, as in fig. 14, we obtain
a virtual image | | K, which as the objedt is approached from left to right still
turther towards the lens, moves from left to right from infinite distance up to the
sccond equivalent plane; when the objecl is at a distance half-way between the
focus and the first equivalent plane, its virtual image is at the first focal plane,
when the objecl has been moved up to the hrst equivalent plane, its image is in
the second equivalent plane. It is well for the student to thoroughly grasp the

Fig. 3.

relative positions of the two conjugate planes, and a few examples should be
considered, which may either be sketched geometrically or worked ont algebrai-
cally {rom the [ormula

I 1

1
- 1
L& ¥ i

where ¥ — distance of object plane from first cquivalent plane (E B),»' = distance
of image from second cquivalent planc (B Jrand ¢ focal distance from E F or
E'F |

Suppose ¢= <+ 1 inch

when r= — = 1
. . I Rl

x e X = i

x o ' = O

A b da'= 4 j

e 1 V' = oo

It i1s noticeable that, as the object is moved from left to right, its image will

also move from left to right, and vece versa—i.e., the object and its image always
move 1 Lthe same direction,
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The two hgures 14 and 15 represent the two methads of image formation in
the compound microscope. Fig. 1y is the method which s alwavs emploved in
the simple or hand instrament.  If we consider what are the properties of the
eye, we shall observe why tlis must be so,  T'he normal eve is an oplical
iustrument, which forms an image within itselt of external ebjects; and is so
canstructed that it will give a clear pichure of everything situated between infinite
distance (such as a star), and a distance of about ten inches from ihe cye, called
the near point. “That is to say, it will produce a clear vision by means of rays

diverging from an objecl at a great distance, which may be considered parallel,
or by means of rays diverging from any point not closer than about ten inches,
The normal eye will not give clear vision by means of any other rays, as for
instance, those converging to a point, or those diverging from a point one inch
from itself. Consequently if we form an image by means of an optical instrument,
that image must be situated in front of the eye at a distance not nearer than about
ten inches, If the eye were placed at the point M, fig. 15, it could not see the
point C of the ohject, because the rays of light from that point are converging to
a point K; the only position in which the eve could be placed to see the image of
the point C would be at such a position as Z, at leasl 10 inches away to the right
of K, sothat the rays from the point K should be diverging from a point at least
ten inches from the eye. In the case of fig, 14, the eye may be placed at the
posilion Z, close to the lens and will see the image of the point C, hecause the

rays are diverging, as if they came from the virtual image at K, suppused to be
at least ten inches away from Z. These then are the two methods by which a
lens can produce an image visible to the human eve, Tig. 14, in which the
object is placed between the [ocus and the lens so that a virtual image 1s formed
not less than ten inches away from the eye. Fig. 15, in which the object 1s
placed further away fram the lens than its focus, so that a real image is formied
on the other side of the lens and the eye is placed not less than ten inches away
from that image,



Now it is evident, that in the latter case 1he eye placed at M (hg. 15) could
only colledt a very small numher of the rays that pas< through the lens, and that
although it might be able to sce the point C, it could see but i very small portion
of the objel at one time, and the pomnts B and A could not be observed while C
Was 10 view,

On the other hand, in fig. 14, it will be ohaerved that the whole body of the
light from the lens passes through a comparatively small area in the neighbour-
hood of Z, and if the eye be placed at this point it will collect all the light from
the objedt: and the whole of the object A B C will be visible at one time,
apparently emanating from the virtual image | J . This is the reason why the
method of using a lens or system of lenses, for a simple or hand microscope, is
wlways that shown in fig. 14, and the position which the eve unconsciously takes
up al Z, in order to secure as large a field of view as possible, is called the eye
point. -

In moderately thin single lenses the eye pomnt is generally theoretically
within the surface of the lens, and the closer the eye can be placed to the lens the
larger the field of view. It will be seen that in a compound microscope the
eye point is outside the instrument.

Macrirving Power.—To ascertain the magnifying power of a microscope
might appear to be a simple matter, but it is necessary to clear our ideas in order
to thoroughly grasp the principles upon which it depends.  Magnifying power is
a comparison of the actual size of an objecl with that of the picture of it formed
by the microscope. The size of the picture, divided by the size of the object,
represents the magnifying power. It is always staled in what are called “linear
dimensions.” Thus a 1 inch square if magnified twice wauld be understood to be
a 2inch square; as a matier of fact four 1 inch sipuares could be contained in the

area of a 2inch square, but we should not say in dealing with the microscope
that it was magnified four times, but only twice,

But now we come to the question, * What is the size of any object ¢ We
say that a halfpenny is aninch in diameter.  Where we are dealing with actual
images formed in space by a lens (see fig. 15) in such a manner that a sheet of
paper may bhe held at the pasition T JK, and the image be investigated, this

method of expressing size by inches without reference to any other element is
satisfactory,

We can lake a foot rule and measure the aclual image on the paper at I K,
and compare it with the measurement of the object in inches in order to see how
much the objeét has been enlarged,

But in a simple microscops, as we have pointed out, the image is not formed
in this manner § there is no aclual picture that we can measure with a foot rule.
The light is coming into the eve as if it came from a picture, but it is only a
virtual image, and measurement in this way would be impossible. It can
be calculated, but in this case we must mtroduce another element into consider-
ation, namely, the distance of the object from the eye.

We sometimes hear that the moon is the size of a plate, a Dutch cheese, or
a piece of chalk, None of these give an adequate idea of its apparent size. It
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will be found that a good sized pea, held at arm’s length, will just obliterate it :
and it is evident that in order to explain the apparent size of any object, we must
compare it with some known object at a definite distance from the eye.

It we were to look at a pea through a microscope, and this microscope pro-
duced a picture of it as large as the moon and at a distance equal to that of the
moon ; the picture itself would be larger than the pea, but bemng so far away it
would not appear to be so. A two inch ball at a distance of twenty inches would
appear to be the same size as a one inch ball at ten inches ; and in order to form
a correct comparison of their relative sizes it 1s evident that we consider both at
the same distance from the eye.

This applies to the comparison of an enlarged image, formed by a microscope,
with the object itself. In considering how much that object is magnified we must
consider both the object and its image at the same distance fmm the eye.

For convenience a standard distance has been adopted, With normal eyes
there is a position, varying from about eight to twelve inches from the observer,
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Fig. 16

that is the most comfortable place at which to place any small object under
examination, and as being a convenicnt number, the distance ten inches has been
chosen as the standard distance.,  T'o say that a microscope magnifies six times
or diameters, means that it shows the object six times as large as that object
would appear when held at ten inches from the eye,

The importance of clearly appreciating these simple points will be understood

when it is pointed out that in a hand microscope we do not know how far from
the eye the virtual image is actually formed.

In fig. 16 let I£ X" be the equivalent planes ol a hand microscope, and F F’
its. foci, and let A I3 C be an object placed upon the right-hand side of the focus
F. Draw A wmi, parallel to the axis, this ray will emerge [rom m' at a distance

from the axis w' " = m I, but being incident parallel to the axis, it will emerge
through F'y thus ats diredbion wall be Tawe® F'.

Draw the ray A LIt tothe first equivalent point, it will cmerge from T and in a
direction parallel to A E 1 the point I, where these rays meet, will be the position
of the virtual image | ] K. But suppese we had held owr object rather further
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from the lens, at the position A’ B' (', the virtual imaze would then have heen
formed at [ |" K'. Thus according 1o the exact distance of the objeét from the
microscope, so will the virtual wage vary in position.  We know, because
the normal eye does not clearlv see objects much closer than eirht or ten inches.,
that the virtual image T ] K must not be closer to the eye than this distance,
but it may be at any greater distance to the left, and will still be wus clearly
visible, Thus it is, that we do not know at what exact distance fram the eve the
picture is aclually formed. But we chall notice one important fact.  The ray of
light from A, after passing through the lens, proceeds in a direction 1 m' F' from
its virtual image 1 ] K to the eye, and a ray of light from A’ parallel to the axis
must also proceed in the same direction I' m' F', so that wherever the point 1’ is
it will always be on the line I' I F', and wherever the virtual image is, due to the
different position of the ubject, it will always be included in the angle I F* K,
and will, if the eye be placed at I always have the same apparent size whatever
its real size may be.

[f the image at 1] K, ten inches from the cye, is three inches in size, the
image at I' |" K' twenty inches away will be six inches, but they will both appear
to the eye to be exactly the same ; in fact, the image formed upon the retina of
the eye will be the same.

Thus mn considering how much the image, formed by the microscope, is
larger than the object would appear at the standard ten inch distance, it is
evident we must measure the size of the virtual image, when it is formed ten
inches away from the eye, because, as we pointed out before, to compare the size
of two objects they must both be observed at the same distance. The moon at
250,000 miles appears no larger than a pea at thirty inches, but we know that it
is really many million times the size, and to compare their relative sizes, we
should have to place them at an equal distance from the eye.

Therefore we note that, wherever the virtual image actually is formed by the
microscope, we must always consider it, for the purposes of the magnifying
power, to be at a distance of ten inches from the eve. And ta ascertain the
magnifying power we have only to measure the virtual image, at this distance,
and then divide it by the objecl itsell.  If ¥ be taken to represent the distance
A B in fig 16, and ' to represent the distance | ], when the image is at ten

r

¥
inches from the ohserver's eve, then — ... m, or magnifying power. We have,

¥

however, previously pointed out that we cannot take a foot rule and measure the
distance ', but by a very simple geometrical proof we can establish a ratio
between these distances which gives us their value as regards the focus of the lens
system or microscope. It is evident that the triangles 1 | E' and A B E are
exactly similar triangles, although one is larger than the other, because the line
I E"is parallel to A E by construction, the sides A B, B E are respectively
parallel to and coincident with 1 ] and ] E, therefore the similar sides in both
triangles are in proportion,
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[] ] E
AB B L
[ T - JE &
but, —=—and -— =
AB vy — BE ¥
¥y
therefore, — = —
_f E
1 1 I
and we know that — — — = —
a' x ¢
Multiply both sides of this cquation by ' and we obtain :
x' x' x' P — x
I o o = e T -_— o
X ¢ x b
Yy o op—x
Therefore, m = — =
y ¢

This formula gives us the magnifying power of the lens, in terms of the focus
of the lens, and the distance ¢ — ', which it will be noticed is the distance
J F' of the image from the second focal point. But the standard position at
which, for stating magnifying power, we assume the image [ ] K to exist,
is ten inches from the eye; therefore, if the eye be placed in the second focus of

the lens, at the point F', the distance ¢ — %' is ten inches, and the magnifying
power 18 given by the formula

m=—

b
With long-tocus hand lenses the eye 15 not placed necar this pownt, bul is
closer to the lens, at the position as near to the * Eye point " as possible, which
in single lenses is generally inside the lens itself, Suppose the eye to be placed

i an inch away from the second Equivalent plane of the lens, the distance ¥ will
obviously he — 4", and the equation for magnifying power becomes

-+ gl

b
[f the facal length of the lens be three inches -

m -

3+ 9l 12°5
mo= — 4166
3 3
If the focal length of the lens o be ane inch

1+ 9}
M = —_——_— Luf_;
I
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For microscopical purposes a short focus lens is generally used, and the eye
in this case 15 nol far from the second focal point, so that it may be considered to
be at this point without serious error, still the fact that it is not necessarily
there should be boroe in mind where accurate calculations are required, How-
aver, in general we do not consider this qualification, and the magnifying power
of a hand microscope is given by the equation

Lo inches

I = e——
tf
It will be noticed that the shorter our focal distance ¢, the greater is the
magnifying power.  II the fucus be § inch, magnifying power is 20, — % inch, 40,
and =o on, and in fact the only faétor upon which magnifying power depends is
4, or focal length.

It will be remembered by referring back to fizs. 4 and 5, that the method
adopted to bend or refract light to a point, was by means of employing a curved
surface instead of a flat one. and it is obvious that the more curved our surface is,
the greater refraction we shall obtain.  That is to say that the shorter the
radii of curvature of the surfaces of a lens, the greater will be its refracting power,
and the shorter will be its focus,

Thus, to increase magnifying power, we must shorten the focus of the lens,
and to shorten the focus of the lens we must deepen the curves or shorten the
radii of curvature. But when we deepen the curves of a lens certain serious
practical dsadvantages occur. To make a single lens § inch focus the radii of
curvature would have 1o be about {4 inch, and the diameter of a lens with such
curvatyre, even if it were made a complete sphere, could not be more than 3th
of an inch. Its magnifying power would be Bo diameters, and the object would
almost have to touch the surface of one side, while the eye was exceedingly
close to the other. Thus, although such high-power single microscopes are
oceasionally made, they are only used with great difficulty, suffer from many
other disadvantages, and could not give a magnifying power much greater than
about 8o diameters, while many of the investigations for which the microscope is
required, demand a power of at least 1,000 diameters,  To meet this want the

Compound Microscope has been designed.

The CoMmpounp Microscore.—Before going into the question of the optical
means whereby the additional magnifying power of the compound microscope is
obtained, without the disadvantages of the simple instrument, let us look at the
E‘gﬂﬂrﬂ[ mechanical construction of a cnmp{mnd micruz;cupe in its Rimplﬂﬂt form.
The main portions of a Compound Microscope (fig. 17) consist of —

(A) The Body which carries two systems of lenses.

(B) The Eyepiece, which is that system of lenses nearest to the eye of the

ohserver and 1s made to drop loosely into the upper end of the tube,

so that eyepieces of different power may be readily inserted without
interfering with the adjustments of the instrument,

(C) The Object Glass, which is the system of lenses nearest to the object and
which is attached to the lower end of the microscope or Nesepiece (D)
by a standard screw.
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(E) The Drawtube, a telescopic tube in the hody to enable the eyepiece and
object glass to be separated from one another.

(') The Stage, a fixed platform arranged below the fody, upon which the
object under examination 1s placed and provided with an aperture
in the centre, so that the light may be thrown through the object
by a

(Gz) Murror which is attached to the instruments a few inches below the stage.

(H) The Substage, a fitting between the stage and the mirror for carrying
various apparatus for illuminating the ohject by special methods,

The adjustments of the microscope are

(1) The Coarse Adjustment for moving the bedy up and down to and from the
object in order to place (he optical portion of the instrument in focus,
or in the position required to give a clear image. It is usually

. effected by a rack and pinion movement,

(J) The Fine Adpustment which moves the hody in exactly the same way as the
coarse adjustment but is of a much more delicate character and is
generally dependent for its action on a fine screw, either in connection
with a lever motion or acting directly upon the moving parts.

IA
sl RN SRR
F L
E' ' E
" _____ P__. e N
Fig. 18.

Other adjustments are supplied to the more expensive instruments for giving
delicate movement to the iMuminating apparatus and to the object.

In order to consider the optical construction of the compound microscope, it
will be necessary to point out the position of the equivalent planes and foci in a
typical eyepicce and a selected series of object glasses.

It will be observed in the course of an investigation into equivalent planes,
that their position is capable of great alteration according to the arrangement of
the various component lenses, A stiiking example of this is the Telephoto Lens,
used for photographing very distant objects, where the equivalent planes are
thrown so far in front of the lens, that ulthnup;h its focus is very long, the camera
used need not be unduly large, as the lens itself is at a great distance behind its
equivalent planes from which its focus is measured. We shall see further on that
if the compound microscope be considered as a complete system, its equivalent
planes lie outside all the lenses.

Fig. 18 shows the form of eyepicce in almost universal use, composed of two
single plano-convex lenses, hoth flat surfaces being towards the eye. Between these
lenses and near the focus of the smaller lens is a circular diaphragm (A) to hmit the
field. The equivalent planes of this system are situated in an unusual manner.
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The first equivalent plane is at E, while the second is at E', and they have actually
crossed.  The focus for parallel light entering the lens from left to right is at I,
and the focus for parallel light in the opposite direction, I,

Fig. 19 shows a series of object glasses with their equivalent planes and foci.

In the 4", #;th, lth, the equivalent planes are not crossed, but as in an
ordinary single lens shown in fig. 10; in the §rd and Jth it will be noticed that
the two Equivalent planes are crossed as in an eyepiece. In all cases the lenses
are positive lenses, because the point to which parallel light, travelling from left to
right, through the lens, is converged, is on the right-hand side of the first equivalent
plane. Inorder to illustrate the arrangement of a compound microscope it will
be well to take an eyepiece and one object glass as a typical case. IL.et us take
the eyepiece shown in fig 18, and a typical object glass, and place them at a certain
distance from each other, as in fig. 20. (N.B.—The longitudinal distances are in
most of the figures shortened in order to include them in the size of the paper.)

Although the lenses are indicated, the principal planes and foci of the two
systems are the only portions used for the purpose of ascertaining the course of the
rays of light. The object is situated at A B C, at a position slightly to the left of
the focus (I, ) of the first lens system or object glass. Draw the ray A m parallel

T T S

Fig. 1.

to the axis to the first equivalent plane of the object glass: this will emerge from a
point # on the second equivalent plane, equidistant from the axis to m, and being
parallel to the axis will pass through the focal point F'|. Draw the ray A E,,
this will emerge from E', and ina direction parallel to the ray A E,, and the point
A" where the rays meet is the conjugate point to A, indicating where the image
of the object A B C will be formed,after having passed through the object glass.
[f the eyepiece were removed this image might be seen on a screen al A’ B' (',
lLet us now see where the image A' B' C' will be when projected through the
eyepiece. I'he procedure is the same, but the fact that the equivalent planes are
crossed makes it appear somewhat more complicated, The rav n A’ meets the first
equivalent plane of the eyepiece at y, and therefore will emerge [roma point on the
second equivalent plane ¢, equidistant from the axis, but we must now learn in what
direction,  Draw a line from A’ to the first equivalent point E,; this will emerge
from E',, and in a direction 12", [ parallel to A' E,.  The conjugate point to A’
must consequently lie upon this line. Now draw a line A s to the first equivalent
planc parallel to the axis, this will emeree from a point # on the second equivalent
plane equi-distant from the axis. and it will proceed in a direction through the focus
F',: the point where this rav cuts the ray I, 1, is the conjugate point of A', and
the line joining the points » and [ will give the direction of the final emergent ray
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corresponding to the ray # F'| ¢,
Similarly the ray E' A’, meeting the
first equivalent plane at »* will emerge
from a point ¢ on the second equivalent
plane, and by joining the points [ v we
obtain the direclion of the emergent ray
corresponding to 12 A'.  Ina similar
way the rays from B may be taken to
" and ], or from any other point on
the ohject to its conjugate point on the
final image, I | K. The image made
by the object glass lying at A" B' C' is
a real image which enters the eyepiece,
and the eyepiece gives a virtual image
of this at 1 | K, ten inches away from
the eye, the eye being placed a short
distance above the eyepiece at the
eyepoint, where the maximum number
of rays cross the axis,

This is the manner by which the
optical portions of a microscope comhine
to produce the image observed when
looking through the instrument.

When the instrument is used for
micro-photography we do not require a
virtual image projected into space for
the eye to look at, but we require a real
image which, when thrown upon a
photographic plate, shall be recorded
Ly the sensitized chemical surface. lior
this purpose the eyepiece may be dis-
pensed with and the photographic plate
may be placed at the point A' B C',
where the real image is produced by the
object glass, or, if this image is not large
enough, theobject A BBC may be brought
closer to the object glass, thus giving

[ its image A" B' ' further away to the
: ight and cons . highly
/ right , Imrl consequently  more “H.hl}
magnihied.  Or for reasons connecied

with the fac¢t that an objeét glass is
corredted by the oplician to produce the
finest image at one place it is somewhat
better to adjnst the microscope exadlly
as though 1t were to be used for direét
abservation, and o replace the ordinary
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eyepiece by one specially made to produce a real picture of the image A' B’ C
upon the right of the instrument, which acts essentially as if it were anothet objedt
glass. ,

Lot us now observe whal are the advantages of the compound microscope
which the simple instrument does not possess.

The first important advantage is the increased magnilving power. There
are in the compound microscope two complete optical systems, the object glass
which gives us an enlarged picture of the objeclt A B C at A’ B' ¢’ (fig. 20), and
the eyepiece which gives a further enlarged virtual picture 1 | K of the image
A'B' " formed by the objeél glass, Thus it is ubvious that if the object glass
gives a picture A’ B'C' say ten times the size of the object A B C, and the
eyepiece gives an image I ] K say five times that of the image A' B’ C', the
magnitying power of the entire instrument will be fifty; that is to say, the
magnilying power of the object glass multiplied by the magnifyving power of the
eyepicce, ILis thus evident that a great increase in magnifying power is ohtained
by using the compound instead of the single or hand microseope.  Now, by
comparing fig. 20 and fig. 14 it will be observed that the cyepiece acts in precisely
the same manner as a hand or single microscope ; it is simply a hand microscope
used to magnify the image formed by the object glass, and we know that if the
eye of the observer be situated at the second facus of such an optical system the

10
magnifying power is m = — where %, 18 the focal distance of the eyepiece. Inthe
Py 10
eyepiece that we have seleted ¢, = 1-4 and m = — — 7'14.

14

What then is the magnifying power of the object glass. It will be observed

that the objeét glase of our microscope in fig. 20 is a lens used in exactly the

same way as that in fig, 15, and it will be further observed that the relation of

the magnifying power to the distance of the object and image from their respeclive

equivalent planes proved to be correét for a lens giving a virtual image as at

figs. 14 or 16 is exaéily the same for a lens giving a real image of the object as at

fig. 15. If the student will apply the same reasoning as that given on pages 114
and 115, but to fig. 15 instead of fig 16, it will be seen also that

r

¥ '

x
aud we proved earlier on that

1 1 I

x X ¢
In fact both these formule are universal formula for all lens systems. We can in
the last formula multiply both sides of the equation by ' and we get

. X 1!

QP —

x ¢
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or we may write this

.l.f l.n"
_— = — =1
x :_fj-
A x' —dh
Of — = — —
X b
r .-t.' I}'I' rr_#}
but — — — therefore the magnifving power = —
¥ ¥ ¥ P
A.f l'li
Or m o= —
o

The distance x' is the distance E'| B' of the image A’ B'C' fram the
second equivalent plane of the objet glass, and ¢ is the distance of the second
focus from the second equivalent plane of the object glass E', F',. Therefore

" —«» 1s the distance F', B’ of the image A' B’ C' from the back focus of the
object glass Now we showed, in cmnﬂidarin,t.: the case of a single microscope,
that if the image A' B’ C' was situate in the first focus of the eyepmce F,, the
magnifying power would not be altered, so that for this purpose the i mnge ma}r
be considered to be in this position, and the distance ¥ — ¢ becomes the distance
F," F,, or the distance between the back focus of the object glass and the first
tocus of the eyepiece, and the magnifying power of the object glass is

Fll F!!
H'I, = -
b,
with a grd object glass and a distance of six inches between foci of two systems
18
m = — — = — g

And the magnifying power of the whole instrument is the nultiple of the powers
of the object glass and the eyvepiece, and becomes

| SR O 10
mo= — — * -
Py b,
or in the case of frds inch object glass and 1-4 inch eyepiece
m = — g %X 714 = — bg2h

[t is now interesting to note that the magnifying power of the epepiece is
always the same with the same optical construction, The magnifying power of
the eyepiece described will be 14 whatever the object glass used or whatever
be its distance from the eyepiece.

The magnifying power of the object glass will, however, depend upon the
position at which the eyepiece is,  If the P},epu:w be six inches away from the

object glass the distance F', F, which is one of the factors upon which the
magnification depends is EIlld.llEf I;han would be the case if the eyepiece were to
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be moved to a distance ten inches away from the ohject glass. If the eyepiece
be moved further from the object glass to the right than the position shown in
fig. 20, the eye looking through the instrument would not see any image until the
object glass had been moved a litule closer to the objedt A B C, so that the image
A" B'C" nught be formed by the objeét glass in the same position in the eyepiece
as before, and the magnifving power of the objedl glass in the latter case would
be increased. The draw tube, with which all microscopes are supplied, increases
the distance hetween the two optical constituents of a compound microscope, in
order to increase the magnifying power by this method.

It is evident that if a microscope could be made in such a manner that the
distance between the back focus of the objeét glass and the first focus of the
eyepiece were the same whatever eyepieces or ohject glasses were used, the
calculation of the magnifying power would always be simple. Every eyepiece
has, as we have pointed out, a fixed magnifying power, and if object glasses were
always used to produce an image at the one definite distance from their back
focus, each object glass would also have a fixed magnifying power. The
determination of the magnifying power would simply be a matter of multiplying
together two known quantities. The practical inconveniences, however, ol such
A plan are too serious to make its adoption advisable, and consequently tables
of magnifying powers are compiled to give magnifying powers of microscopes
when the different object glasses and eyepieces are used at various distances from
each other, or as it is generally expressed when the microscope is used with
different tube lengths, Nevertheless, the microscopist requires to carry in his
mind an approximate idea of powers, and for this purpose the foregoing important

factors which determine magnifying power should be thoroughly grasped.

The powers of eyepieces present no difficulties, they are a fixed quantity; and
are usually listed by the makers: in general English eyepieces called Nos. 1, 2, 3,
or A, B, C, magnify about 3, 7, 15, respectively, while German eyepieces Noe.
I, 2, 3, 4 5 magnily more nearly 3, 4, 5, 7, 9, respectively, although foreign
makers are less uniform in this respect. 1f the tube of a microscope be of such a
length that the distance hetween the back focus of the object glass and the first
focus of the eyepiece be six inches, the magnifying power of the ebject glass is
obtained by multiplying the reciprocal of the focal length of the object glass by 6,

The following table will give magnifying powers of various object glasses
under this condition.

FoctG s et Pl dione acwrer i Eyepleces,
™ - i [+ T 42
£ 0  ciireienr A5 seaesenns 63
¥ 2 6o ... K4
 ETIITT e 24 ceeveien 1200 ... 108
¥ . 3060 8o ... 252
Q"’r P . 240 seeieen.. 3306
v T - T 360 ... 504

In order that the above results should be quite accurate, it would be
necessary that the mount of an inch object glass should be nearly an inch longer
than that of ¢ inch, such a plan would be most inconvenient, and we are
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In the early days of microscope manufacture it was songht, m order to simplify
the calculations, to manufacture the lenses i such o manner that the olyect
;{liLﬁth were named not nl_.l_i_'.rl'ﬂ'ln:: tu thewr real focal lull;:t'tl_L Eruit r.il._?C'i.Jl't:Ji.It: 10 a
system that should render calculation of power simple, This especially applied
to low powers. Teowas assamedd that the standacd distance hetween the L'f]ll:l'-"Hll:Ill
planes of the ohject glass and eyepiece was ten inches, and microscopes were at
one time made with tubes of approximately the lsnpth o produce this.  Lenses
were then called by oumbers which when divided by this distance, namely ten,
gave thewr adtual magnifyving power, thus a so.called 4 inch had a real focus of
al:out 24 mches, the adtual magmitying power ol this lens was about 42 or 24, and
therefore it was called a 4 inch. This plan answered fairlv well as long as all
mictoscopes had a standard 1o inches between the optical systems, but when
it was found that for certain work a short microscope tube was most
convenienl, the same lenses woere somelitmes used upon one nstrument and
sometimes on another, and this artificial svatem of nomenclature, which u11.|:1n.'_:r|.1|_=:'|1
cortedt for one standard length, being based on a purely arthcial and erroneous
basis, was quite incorrect [or ascertaining the power except at this definite
dhstance., Consequently as tnngs stand at present, the ddeas of magmfying
power are n a4 somewhat confused state, the more so as many of the foreign
manufadlurers list their objedt plasses according to their actoal © focal length,
while most of the English adbere to their oniginal conventiooal method. For exact
work 1t 15 best to adtoally deternmme expenimentally the magnifving power, or
for rough purposes to rely upon the tables published in the catalogues of the
malkers. DBt it would be adwvisable for all makers to mark their lenses with the
old conventional nomenclature in inches for the convenience of the vast body of
workers who are used to the old-fashioned names and also with the correct
erquivalent focus in millimetres.  In the high power lenses the difference between
the two methods of nomenclature is scarcely noticeable, because the error in calcula-
tions arises from the fact that the distance between the object and the eyepiece, was
reckoned from the centre of the object glass to the centre of the eyepiece, instead
of the back focus of the object glass to the first focus of the eyepiece, and this
error 1e small, so that 1t1s chiefly 1o lenses of long focus that the glaring error
AT 1525,

We have now 1o consider the next point of advantage in the compound aver
the simple microscope, nancly the size of the field of view in consequence of the
position of the eye point. We stated that in a single lens employed to give a
virtual dmage as in fig. 14, all the light passed through a comparatively small
puint in the neighbourhood of Z, let us notice more accurately where this point
will he.

I'rom every point of our objeét a bundle of rays is collected by our lens for
the purpose of forming our image, for instance il V V' V" fig. 21, be the front
surface of our lens or system of lenses the cone of light A V V" is the cone of
hight trom the point A, which forms the image at I and the ray A V' to the centre
of the front surface of the lens will be the axis or central ray of this cone of light
and the point Z on the axis of the system where all the axes or centre rays of the
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individaal cones of vays forming the image ot the axis of this svsten, will ol ionsly
he the pont where the (ot 1u]:|j.' of lirht will accupy the sodlest area, and will he
the point where the eve should be placed to receive the groatest number of light rays
that can be embraced by the eyve at ane tine. All these central ravs or ases of the
individual cones of Light pass through a point in the centre of the first surface of
the lens or lenses and also throngh the point Z, therefore Voand 2 are eonjugate
points, all the rays passing throngh the point V will again pass through 2. Thus (o
find the position of the cye point it is only necessary to take the centre ol the first
front lens surfare or where the first surface cuts the axis and find the conjugate focns
to that point, In a simgle microscope this generally lies to the left of the second
'EI]I'I'II"'.-'EI.]EHI‘ ]"Jl:lT‘IF!._, as 1in ﬁ:;‘. 21, and 15 msule the lens, where the evee cannot e
placed. But in an eyepiece this point 7 lies well outside the outside lens of the Ly
piece aud close (o its second focus, which is the point at which we should wish to
place the eye for calculating the magnifying power.  T'he exact position of the
eyepoint varics with different object glasses, but the variation s very small ; with
the grd object glass and the cyepiece which we have selected and a distance of six
inches between the back locus of the object glass and the first focus of the eye.
piece, the eyepoint is *43 inch outside the top lens of the eyepiece,  With the
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same eyepiece amd a }ih inch object glass it is *37 inches above the eyepiece. 1f
the distance between the eyepicee and the object glass be changed, a variation of
a somewhat larger amount is caused, but it is not of sufficient amount to affect
the question of the calenlation of the magnifying power. If the distance between
foci had been ten inches instead of six, the position of the eyepoint would have
been -16 inch above the eyepiece, instead of .43 inch., The advantage of the
compound microscope over the single or hand microscope can here be readily
seen, inasmuch as the eye can be placed in the eyepoint of the instrument, and
if the entire number of rays of light which enter the microscope pass throngh an
area at the eyepoint which is not larger than the pupil of the eve, the whole of
the light which enters the microscope will simultaneously enter the eye, rendering
a larger portion of the nhject visihle at once, and also enabling a larger bundle of
light from each point on the object to enter the eye.

Another and perhaps the most important advantage of the compound over
the simple microscope, is what is here referred to, namely, that a much larger
cone of light from every point of the object is collected by the instrument.  The
measure of this cone of light is called the apertare of the microscope : but the
explanation of this subject is not one that can be entercd into in an elementary
survey. It is interesting to note however, that the fineness of structure that can
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be rendered visihle by the micioscope, is dependent upon this (juestion of the
aperture or the size of the cane of light that can be collected from each point of
the object. It might be suppused that details, however line they were, might be
rendered perceptible if only the magnilying power were sullicient, but this is not
the case.  As the power of anobject glass is incredsed soalso mnst he its aperture,
otherwise although 1t will show upon a lurger scale, ohjects that conld be seen
with a lens of less power, it will not depict smaller objects or more detail in the
same objects | and, as o matter of fact, the power of sccing minute structure is
not imited by magnilying power.  Lenses of higher magnilying power than those
in general use can be made, but they are useless, becanse we cannol get the
necessary additional aperture required for their profitable employiment,

1T the compound microscrope Le considered as if it were one optical system,
and not, as we have done, as two systems (the eyvepiece and the object glass
combined together), it presents some very peculiar optical characteristics,  The
positions of the two equivalent planes will Te found 1o be outside the whole
instrument as depicted in hg. 22, the whole of the microscope being inside the
space hetween the two equivalent planes.  Thus all light entering towards F

Fig. z2.

from left to right will emerge from E', parallel to the axis, We can, if we choose,
geometrically construct our final picture of A B C on the same principle as was
previously adopted for a single lens.,  FFrom A draw a ray to the first equivalent
point A E, this will emerge from E' in a direction parallel to A E. From A
draw a ray to the first equivalent plane Am parallel to the axis, this will emerge
from a point » on the second equivalent plane: the distance E'n being equal to
Em. But the ray Am 1s parallel to the axis, and we know that the second focus
F"1s that point on the axis through which all light parallel to the axis passes,
thus the ray A, after passing through the microscope must emerge through the
point F"and the poinl | where these two rays meet, indicate the position where
the virtual image I ] K of the object AB C is formed by means of the microscope,

The microscope gives one the impression that it is a lens turned inside out.
In a lens, the surfaces of the lenses, the abject, the eye, and the two foci are
outside, and the two equivalent planes from which all the refraction aAppears to
take place are inside; whereas, as in the case of a compound microscope, these

equivalent planes are outside, and the ohject, the eye of the observer, the two foci,
and all the lenses composing the instrument are hetween them.
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When it is remembered that the microscope is used with such a variety of
different eyepieces and object plasses in the course of even one investigation, it
becomes obvious that it is more convenient to treat it as a combination of two
optical systems than as one. From a purely optical standpoint, however, it is
interesting to note that the above exhibits it as a most curious instrument.

My object in this article has been to present to the microscopist a
simple explanation of the general optical laws upon which vision through a

microscope depends. One most important question has merely been alluded
to, namely, The Theory of Aperture. It would be impossible, however, with
such hmited space, to discuss so large a subject. The melhods employed
by the optician to make the many corrections requisite to produce a good micro-
scope, and the explanation of the principles upon which the different lenses are
arranged have not been attempted. All I have wished to achieve will have been
accomplished, if the method which I have employed in dealing with this eptical
problem, proves to be of assistance to any who have hitherto been puzzled by
the necessarily condensed form in which this portion of microscopical theory
generally appears in the texthooks,

MaTtnEMATICAL APPENDIX.—For the complete elucidation of optical problems
by means of the Gauss system, mathematical proofs are necessary, but these may
be of a simple character, and if presented after the plan adopted by Dr. Ferraris,
of Turin, algebra and a slight acquaintance with trigonometry are sufficient for
the full mastery of the subject.

An explanation of the Gauss system by means of elementary mathematics
has not as far as I am aware appeared in the English language, and 1 am there.
fore not without hope that an algebraical proof, although owing to the space at
my command it must be in a condensed-form, may be of service to students not
only on microscopical matters, but as applied to all elementary refracting
instruments.

The method of considering directions as positive or negative according to
whether they are measured to the right or left of the known point as explained in
the first part of this article, will be adhered to, All lenses and combinations of
lenses will be considered as * centred " systems, that is to say, it will be assumed
that the centres of all curved surfaces lie on one and the same straight line,
termed the axis of the eystem. It must always be remembered when applying
the Gauss system to umcorrected lenses that the theory is only true for rays close
to the axis, and at small obliquity to the same. To build up the theory we must
assume a further property of light—the law of refraction—which has been proved
by experiment ta be correct. It states that when a rav of light passes from one
medinum into another the amount of bending or refraction that takes place is
dependent not directly upon the angle which the light makes with the normal to
the surface, but upon the sine of that angle. That is to say, in fig. 1:



T2k

Sin (Angle ol Incidence] Sin 13O0y IS

—— — nro- .
oin (Angle of Refraction s [O0r
where u' represents the refracting power, or refractive inies As il s termed, of the
sccond mediam, and g that of the first.  Fer practical work, the refractive index
of air is considered to be 1, allhough strictly it §s 4 vicuum that has a refraction
of unity.  The refractive index of air is so shghtly above that of a vacuum that
it need not concern us and the law of refraction, when the first medium 1s air
and =T, becomes—

Sin (Angle of Incidence)

— - - — — |”'I

Sin (Angle of Refraction)
ndeed this is the way in which it is often expressed,  The first method is, how.
ever, the better ane, as it is unin:r.-m]]:.- Lrue whiatever the relractive indices of the
two media. '

The further property of this law of refraction that has been proved by
experiment is that the incident and refracted rays always lie in the same plane,
as for instance the plane of the paper.  The propositions contained in this article

I .|.1' - fj,
L .l\._\.‘ : "r L
A
L ..
e e—— v a, Ic. .
iul_ !
Fig. zx,

will only deal with light in one plane, namely, that of the paper; it is obvious
that as all the curves are supposed to be spherical, and as we are not dealing with
oblique pencils, any problem connected with a peint not included in the plane of
the paper inay be solved by supposing this point and the oplical apparatus to be
rotated on the axis of the Syvstem until euch ]':u_‘}int hes in the |_11;1nf-_ of the paper,
S¥sTEMS oF Two Mepia Oswv, SEPARATED By A CURVED SURFACE,—

Prr:rf-f:-sr_l‘.l::m I—

Let fig. 23 represent such a system with the scparating surface cutting the
axis at 'V, whose centre of curvature lies at C, thue VC = » = radius of

curvature. Let w be refiactive index of 1st or Ieft-hand medium, and p' be
refractive index of right-hand or second med;um.

L L = Incident ray. C « — normal to surface at .

L' L" = Refracted ray. Angle of Incidence — 4 4 I. — C uh.

Angle of Refraction = C u K.
Sin Cwuh

Flr
Sin Cv K 4
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Our theory deals only with rays almost parallel to the axis, in which case the

angles ¢ & wand ¢ & n may both be considered to be almost equal Lo right angles,
and

ch ¢k
Sne#h = — alsoSmeuwk = —
C 1 o N
and
Sincu k i
Simcewnk Y
or
ch p'
ck jt

Also as we are dealing only with rays close to the axis, the surface mav be
represented h}‘ its tangent, and we may consider that & coincides with m.

Therelore : An dncident vay confined cuts a plane at vight angles to the axis,
sifuated at the centre of curvature, al a distance from the axis in the proportson of (he

vefractive indices — to the distance al which its refracted ray cuts this plone.
M

Propasition 2 :

Let V (fig. 24) represent a surface separating two media with a centre C.
Let Lo A be the course of an incident ray refracted in the direction i K B, and
let w” C A be a ray incident towards the centre of curvature C. This will

Fig. 24.

obviously pass through withoul refraction because it meets the surtace at right
angles to the point of impact.  Take any ray w' A and join the point m' 10 B, If
we can prove that the line w' B is the course of the incident ray m' A after
refraction we shall show thal any ray passing through the point A will be
reltacted to 13, because this ray ' A mirht be chosen in any other position
without attecting the proot.

To prove this we must show that
A 4 !

Ck¥  Ck
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In the triangle,m Am", b ACandm Ew", 4 5 C
Ch C A C i C B

= and =
m o' m" A m o' m" I3

or dividing the two equations,
C & C A, nw" B

C ok CH, " A

Io the triangle, w' A w", ' ACandw' Bw", &' B C—
C N CA C & C B
— = —— and —
m'm” " A m' m" m" 13
or dividing these equations,
C C A, m" B

P

[ CE, m"A

(o Ch
cK¥  Ch
CK Ch !
Therefore if = —— which latter is by construction equal to — m' B

cCk Ch j
must be the refracted ray corresponding to the incident ray m' A.

Thus as the position of the ray m'A was taken at random it is proved

That all Incident Rays, passing through one point, will after Refraction pass through
another point, such points are said to be Conjugate to each other. Each pair of Con-
Jugate points lie on one stvaight line passing thvough the centre of curvature,

Propesition 3. In fig. 24 Let Va=z, Vb=x', VC=r
For rays at small obliquities to the axis

m'B -3, oA =x, mwWec=r7r
In the triangles m"Am, CAk
AC x—7 Ch
or — S
Am" x e
In the triangles ="Bm, £ B C
BC ' —r Ch
or = @ —
Bm" Fy mm"
dividing the Equations
X=r
x Ch

X =7 Ck




but Ch '
—_— = — (Pmp 1 )
Ch j
x—r p x—¥
S2=20
_.tll PI' &
[his may be written p'x2' — p'ar = px'x — pa'r dividing by 2x'y
4 » f* o
¥ X 4 x
or 3 p P =p
£ S ()
X ¥ ¥

Ifin ig. 24 Aa = y and Bb = '

L ¥ —
3 X' =7
Inserting above in (d)
¥ P P p
R0
i pr’ pr
X X
The latter portion of formula 2 is obtained by multiplying Equation 1 by —
m

IEquation 1 shows that x is not dependant on the value of y, and proves

That all points in a plane at vight angles to the axis have their confugate points in
another plane alse at vight angles to the axis.  Such planes are called Conjugate Planes.

¥
Equation 2 shows that the ratio — is independent of the absolute value of y,
-f,r
and that the relative distance of conjugate points from the axis is only dependeni upon the
position of thewr conpugale planes.
Proposition 4.
In the triangles A m w’, B m m’ (Fig. 24)

we m'
SmecAs - —— Sin A m w'
w' A
m o'
SmeBs = — Sin B m ow'
wi' B
Also
V oa x
m' A — - R
Sin Ao’ Sin A '
Vi iy
wm' B — =

Sin B o' Sin B ' m
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e '

; Sne As =

Sm oA omm S A ' om

I

w o

Sm e B s =

Sm B omm Sin b ow' om

:tlf
For ight at small obliquity the angles A mm', Aw'm and Bmaw', Bm' m
may be considered to be so nearly right angles that their signs may be considered
to be equal to unity and

_ m ni' m m'
Sine A s Sne' Bs =
¥ xt
We may also for these small angles consider the sines equal to the angles,
and f wecall =« v A s = wand o B3 8 — &
{1 x'
Sl
w’ x
| J o
and from equation z P'rop. 3 — =
I% oA
w Ey
= AT )
o "y

From Equation (3') we see that

Lite vatio between the angle sublended by two incident vays passing throngh a point and
the angle subtended by thesr two refracted vays passing through the comjugate point is
dependent upon the position of the conjugate planes, and not upon the position of the points
e these planes.

Definstson of Focus.—If one of the two conjugate planes be situated at infinity
the other is called the Focal plane, and the point where this plane cuts the axis
the Principal Focus or Foecws. It is obvious that there are two focal planes and
foci as it is possible to place a plane at infinity on the right hand or to the left of
our optical system. To distinguish these, the two focal planes and foci, they are
called first and second according to the following definition.

If a plane be sitnated at infinily wpon the vight-hand side of our optical system its
conpugate plane 15 tevmed the First Focar Prang and the point wheve this plane cuts the
axis 1§ the FinsT Focus.  [f a plane be situated ai infisuty wpon the left-hand of the
optical system its conjugate plane is lermed the Seconp Focal PLaNE, awd the point
where this plane culs the axis the Seconp Focus, We shall call the distance of the
first focus from the refraéting surface f and that of the second focus Jif

Proposition 5
If we examine equation (1), Proposition 3, we shall immediately obtain the
values for f and f'. 1f we make &' = o0 2 = f, and if we make » = eo 2’ = 7
and the equation becomes
=Ll —— (4)

f=- N
- p—p B = p

mr pr
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This proves that the two focal distances have always different signs, and
therefore always lie upon different sides of the refracting surface. If the second
Jocal distance be a positive or plus quantity the optical system is termed a positive
or convergent system. = If the second focal distance be a negative or minus
quantity the optical system is termed a negative or divergent system. Thus the
position of the secand focus gives the name to the optical system ; it lies to the
right of a positive and the left of a negative system.

SvsTEMS oF any Numser oF Mepia,—Certain propositions which we have
proved to be true for systems of two media only are also true for those of any
number of media. Their nature is such as to render it obvious that heing true
for media Nos. 1 and 2, for Nos. 2 and 3, or Nos. 3 and 4, they will also be true
for the first and last media Nos. 1 and 4. For instance if light from a point in
medium No. 1 comes exactly to a point in medium Neo. 2, and light from this
point in medium No. 2 comes exactly to another point in medium No. 3, then it
1s evident that light from a point in the first medium will come to an exact point
in the last medium, however many of such media there may be.

‘T'he propositions which being true for two media, are obviously true for any
number are the following.

Propesition 6. All incident rays in the first medium, passing throngh ome point, will
after vefraction into the last medium pass through one point.  Such poinis ave called con
Jugale poinis.

Proposition 7. Al points in a plane at right angles to the axis after vefraciion
through any number of media have theiv conjugate points in a plane at right angies to the
axis. Such planes are called conjugate planes. The relative positions of a paiv of conjugate
points in thewr conjugate planes is independent of thesr absolute position in those planes,

Proposition 8. In systems of any number of media, the rativ belween the angle of
two tncedent vays passing throwgh a point and thai of their tae final emergeni rays is inde-
pendent of the distance of the point from the axis of the system.

It will be convenient to call the refractive index of the 1st, 2nd, 3rd, 4th, etc,,
and last media. p, His Has figs Py p'y and the same method will be adopted
with x and y.

Proposstion g.  Let fig. 25 represent an optical system of some kind with its
axis X X', it is drawn as a lens with two surfaces, but it would make no difference
to the argument if it were a number of lenses. All that we require is that it
should be a system possessing two focal points.

Fig. a5
Let ug suppose that the two focal points arc at I and F'. Take any parallel

ray of light L s travelling from left to right. We know that this ray upon
emergence from the system will pass through F', we do not know in what
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direction it will proceed, but if it were to proceed in the direction ¢ F’, which in
the form of lens drawn would be the case, the continuation of the emergent
ray ¢' F' would cut the continuation of the mecident ray LP at p'. If the lens
system had other characteristics than the one in lg. 25 it might proceed in some

other direction, and the puint where the emergent and incident rays met might
be in some other position, bhut there would always be a point of intersection.

Now let us consider the ray ' ¢’ parallel to the axis incident from right to
left, this ray will emerge through the focus F, and there must be a point of
ntersection of this incident and its emergent ray. In fig. 25 this point is at P
Therefore p 1s a point throngh which a ray L p or its continuation passes, which
emerges as the ray ' F', and through which the ray F s or its continuation passes,
emerging as the ray #'s'.  Thal is to say, two rays of light incident to the point g
emerge from the point " and thus by Prop, 6 p and ' are conjugate points,
and all rays incident on g will emerge from p'. If the optical system be of
a different nature to that shown in fig. 25, the position of ¢ and p' might be
different, but as long as an optical system has foci these points will exist. It is
also evident as the ray I. &' is parallel ta the axis x +' that the distance of p from
the axis is equal to the distance of p'. Trom Prop. 7 we see that il two planes

# P and p' P' be drawn at right angles to the axis these planes will be conjugate
planes,

T'he planes ¢ P and p' ' are called Principal Planes and the points P P’ where
they cut the axis are called Principal poinis. 1n fig. 25 the same argument would
apply whatever distance from the axis the straight line L' be taken, and
therefore a line paralle] to the axis always cuts the two principal planes at two
conjugale points,

It is therefore proved

That in every vefracting system that possesses a focus theve ave two conjugate planes
termed principal planes, in which any point on the first principal plane has its conjugate
point on the second principal plane at an equal distance from the axis of the system

¥
of — = 1|
y
The two principal planes are called first and second. If light be travelling
from left to right the fivst principal plane will contain points towards which incident
rays travel, and the second principal plane will contain their conjugate points from
which emergent rays proceed or appear to proceed,

In systems of two media the focal distance represents the distance from the
focus to the refracting snrface, but in systems of any number of media the focal
distance is the distance P F of the first focus from the first principal point, or the
distance ¥’ F' of the second focus from the second principal point. Thus

— PF =f and F'F' = f

Proposstion 10. In Proposition 4 we say that for the first and second media
- Py Yy

=
=5

o | [ 4



for the second and third media

b | Mg Y
@ py Y
for the third and fourth media : '
e noy
. ) w' Py ¥y
By multiplying these formula together we obtain
w ‘I-"' l}II
o o op

In the particular case where o and ' are measures of the angle of lighl:

passing through a pair of conjugate points in the principal planes as p p, fig. 25,
where

¥
- = I
_ ¥
for points in these planes
ta I
i’ m

If the angles w and o' are small, as it is assumed in this theory is the ecase, the
angles are almost equal to their tangents and

tan. w 'u.'
tan w' fb
but
Pp Pp
tan. o = and tan. o' =
PF FP'F’
FF '
Pi I,"r F
f w
or - = - —

f f

This proves that in systems of any number of media

The two focal distances of any optical system have always diffevent signs and that the

ratio of the first focal distance to that of the second is equal to that of the vefvactive indices
of the last and first media,

Proposition 11—

.ln
.-':. ¥
- !-.,f_']:\ B -
— |8
Ll -} I'“'-_.'F;
LA ~—

Fig. 26.
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Let us take an optical system (fig. 26) as in hg. 25, 10 which P p P'p" are the
principal planes and I I the foci.  Let us suppose N A and N'B 1o be a pair of
conjugate planes.  Then the point A is evidently a conjugate point to B hecause
the ray passing through the hrst focus F mcets the plane N A at A, and thas ray

will emerge in the direction pp' 13, meeting the plane N'T} conjugate to N A at B
for these points.

¥ ON'B O Pp

¥y NA N
but from (Prop. 1o),

t [
w' 0 ¥
therefore
tﬂ P f
o' n NA

Now if we place the pair of conjugate planes in such a position that
¥ N A '
— O —— =

y  Pp j

L
then — = 1 0T w = W',

mf

This proves that

Lhere are a pair of Planes in any opiical system which we calf NovaL PLANES,
witicl possess the property that the angle of two rays incident through any point in one plane

will be equal to the angle made by the same vays when emergent through ils conjugate point
i the other,

The points where these planes cut the axis are called the Nodal Points,

From this it will be apparent that if one of the rays forming the angle w be

the axis of the system, any ray incident to the 1st nodal point will emerge from
the and nodal point in a diretion parallel to its incident ray.

Proposition 12.—It is evident that in the planes N A, N' B (fig. 26), B' is
conjugate to A’, as well as B conjugate to A, and when these planes are in the
position of the nodal planes

J" F‘r Ni Hr L N ﬁ FIJ
—_— = — = — Hﬂd _— =
Yy oow Py ' Pp I
But in the similar triangle, F N A, F p P and F' 4" P', and F' N' B’
NA N'B
FN =FP — F'N' = P
PP P Pl'
P "
FN = FP — F'N' = F'P' —

P 3
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But — I'P — fand P F' = I

a " F = ‘H.
S FN=—f and FFN' = f—
i I
But in proposition 1o we proved that
f Ty

J f
"N = f" and BRI 2
Which proves that

The Fivst Nodal Plane les af a distance from the First Focal point equal to the

second focus, and the Second Nodal Plane {ies ab a distance Jrom the Second Focal point
eqival Lo the fivst focus,

We see, therefore, that in any optical system there are six important points—
two loci, two principal points, and two nodal points. These are called Lhe
Fundamental poinis of a refracting system.

Let us now see how the position of these fundamental points can be obtained
in systems of any number of media. As space 1s imited, | propose first of all Lo
show how they can be caleunlated in a lens consisting of two surfaces and three
media, the first and last of which are air, and afterwards to prove how they may
be calculated for two lenses with an air space between. In this manner a further
combination of lenses may be calculated by considering the first two lenses as

one, and completing the problem with a third lens: again the three being
reckoned as one, a fourth lens may be added, and so on.

The first point to be considered is, that if the first and last media are air, the
two [ocal distances are eqqual in length though opposite n sign, for we know that
'II- Ir]'.l
/! p

but p" and p are in this case both 1,

The focal distance of an optical system with air on cither side will he always
denoted by ¢, and its sign always follows the sign of the second focus, as defined
on page 132-—1e., 1t the plane conjugate to an object at an infinite distance to the

left, 15 pesilive, or on the right-hand side of the second prineipal plane, the focus
of the lens is positive and vice versa.

[t will also he observed that when the first and last media are air, the
pusition of the nodal points is identical with that of the principal points, because
the position of the nodal points is given by the equation,

I' N foaml BN = -
and we know that in this case [ — [ — i}, therefore N and N coincide with

P and P,

I call the superimposed principal and nodal planes The Equivaient Planes.
K
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Let vy WV ome, (g 27) represent one refradting suface with centre C, and let
H! 1'1.]'.5 i"ﬂ.__. I'T..'-E‘.'Tﬂﬂf."rlt i 5[3'::[_!'“{'1 Equﬂl’:l’: "l.'r_ith coentre (—‘.‘.&1 Lﬂt ldll FIL L)E- lh.ﬂ .EL“:i U‘r thE
first surface, and I, 1, those of the second surface. lat L I/ be a ray parallel
to the axas £ E'. The ray L ¢ alter passing through the first surface will be
refracted through F'), meeting the second surface at w,. The ray L' ¢ pro-
ceeding in the opposite direction will be refracted at the surface ¥V, m, through F
tost,. The point ) where these rays cross will ohviously be a conjugate point to
both the points when the line I I, cuts the equivalent planes. This s evident
because the ray L' we, O 6 ¢ will pass through the point ¢ on the first equivalent
plane, and also the ray »n, O m, ¢ will pass through this point ¢ (compare proposi-
tion ), therefore wherever the point ¢ happens to be, we know that the point O is
conjugate Lo it, and that all rays passing through O will also pass through ¢ and
vee versa. The same argument applies to the point ¢, Therefore if we draw the
lines O C,, O C,, which will pass through their respective surfaces, of which C,
and C, are the centres, without refraction, the point where they cut the ray
L L, will give us the positions of the equivalent planes E e and E' ¢, and by
joining up the lines #, ¢ and n, ¢ the courses of the emergent rays corresponding
to the incident rays L' m, and L m, will be given, and the points F and F’
where n, ¢ and #, ¢ cut the axis will he the focal points of the entire system,

In the triangles m, O my, I, O Fyandm, O ¢, ', 0 C,

Or inserting from (d) E' F'

tit, & L, by
——— = (i)
m, M, F', F,
In the triangles E' ¢' ', ¢" m, 2,
E'F' H' e my, v,
£y, My Ny My M,
In the triangles m, V, F' omeyouy, m,
7 !
my Vo Vi Fy
WEg Wy m, on,
Vo F'y x e my
E'M =

m M,
Vi By < G F,

F, F,
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We prove that for two media only
¥ j.t' ¥
f=———andf =
wep P
therefure T+ =
©oor fl=r—Ff
Vo, ' =fand E' F' = ¢ Coliy =r, — f, = [, and if we call the distance
V', V., or the thickness of our lens A
FyFy=na +7, -1,

B = -frl..flu ‘
fa +.f2_.f'1 l

From equation (4]

are |
COVE

‘5+fu_f'1

Similar reasoning gives—

| i
A f,
V,E= —
fa +fa_f'1

This gives the positions of the principal planes and the focus of the lens in
terms of the foci of the individual surfaces, and in order to obtain themn in terms
of the curves of the lens, we have merely to insert the values of the foci from the

L ¥ F_r ¥
and f* = ———— remembering that in the first surface
po— po—
pp is 1, and that in the second surface ' is 1, and we oblain the universal
formulme for a lens.

equations f = —

rv
l,'ﬁl =
. p—1
(b—1) [¥ =r+—a]
.l.l.
r A
VE = -4 - o
=7 _
polr—r+ —a]
i
oA
V E'= — —_— -
p—1
plrf—=r4—a4a]
.ﬁ.

where p is the refractive index of the glass or other material of which the lens is
made, :
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In the case of 'i]"lhﬂi'l‘t"l_"f thin ]l'1‘|5f‘5‘-, where » - o, these lormula become—
I I |
- = =1 L B |
1_,': r '
V1= o LA O e
In the case of 4 plano lens, where & =, the cquations become
y
:‘l-.r
=1
VI = o
FAY
N O
i

Profostfion 14.—The next point to be considered is the formule for ul:taining
the positions of the equivalent planes and the foci of a pair of lenses.
The argument is the same as that of Proposition 13, with the exception that

the equivalent planes of the individual lenses take the place of the swifaces and
centres of the single surfaces.

o my [m, ﬂ | | "?‘F‘"".
o ) F.l- F* __.-“-. L -F'i L& .l‘ . I
- TR 1}_ ;__.f”_fd--'{[, € e e
\ - n“rm |
R L
|
N K
Iz, 2B,

The geometrical construction is similar, except that the line ¢ C, 1s replaced
by the parallel ines ¢ I8y and E,* O, and the line &' (¢, is replaced by the parallel
lines ¢ K, and i, O also the surfaces represented by lines in fig. 27 are
replaced by the pair of equivalent planes belonging to each lens,

The proof of the formulm is cimilar. Let the distance between the
second equivalent pL'mH of the first lens and the first equivalent plane of the
second lens be denoted by A, let the foci be dennted by ¢, ¢, and &, the
distance IF,' Iy will be in this case o — ¢, — $y. The sigus of ¢, and ¢, (fig.
28] it will he nated are both positive as ' F' and ', I, the second foci of
the lenses are in both cases measured from lelt to right, and our proof will
become 1o the tTiEIlgl[}S H‘J'."E ¢! ]‘_‘:r._i, m ., () Erw ].:E H.d ) and yfl m, () F'l FE ),
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In a similar manner we prove that

A by
E,E -

disbiis— A

It will be well belore concluding the mathematical work to prove the
standard formulic referring to conjugate images. If, as before, ¥ and »" be the
distance of the object and image respectively from the first and second equivalent

planes and y and y' the height above the axis of any two conjugate points then
in fig, 11

-AL=x MI=¥ AB=y —1]=y
In the similar triangles A L. M, I' £ M,

i E M
- —= — @
X LM
and in the similar triangles L' [ M': L' E' F'
i) L' E'
-rl Ll hIIJ‘ .
by adding the equation a and b
g s b EM+L'E
T NIRRT S e —_— = T
> x LM
I 1 1
OF == = e e (1)
» x

e ——————eees

Also in the similar triangles A EB, J E' |

¥ o
PRl £
¥ x
by combining formula (1) and (2)
¥ A v
_— — I } — - == | - —
Y ¢ y ¢

By means of these formula which are collected Lelow most of the problems
connected with the simple theory of lenses may be calculated, The student
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interested in the question can readily work out the differences that .will occur

when the first and last media are not air.

Fundawental formula for dealing with lens systems by the method of Gauss,

Lenses,
rr
(1} ¢ =
u—1
(e—1) 1" — r 4 )
F.
Y oA
I":} ".r.' I..- e o — o n I
pe—1
polr —r+ &)
i'..!
r' A
(1) VIR = — _
p—1
polr—r+——a]
‘U.

T hin Lenses,
1 |
A ¢ = (p—1) |— = —
(a) - -]

Two Lenses.

I#IL d}E
(5) #= —8
¢+ by — A&
by A
6) E,E —
'i':. + "#‘: 4
- ¢'= ﬁ
(7) Bk = — — -
1ty — a
Conjugale tmages.
1 1 I
® — - —=—
%' A b
¥ X
@ — = —
yoox
¥ x -y x'
(10) — = 14 — — = = —
¥ ¢ ¢

r = RKRadins of curvature of
first surface of lens.

r' = Kadius of curvature of
second surface of lens.
¢ = lMocal distance or equi-

valent focus of lens
measured from equiva-
lent planes.

A= Distance between sar-
faces of lens on the axis.

po= Refractive index of lens
medimm.

vV E IMstance of first
equivalent plane from
first surface of lens.

V' K" = Distance of second
equivalent plane from
second surface of lens.

A = B'| E, = Distance of
second equivalent plane
of first lens from first
equivalent plane of
second lens. Always
considered positive when
there is an interval
between E'| and E,,
and negative where they
overlap.

E, E = Distance from first
equivalent plane of first
lens to first equvalent
plane of whole system.

E', E' = Distance from
second equivalent plane
of second lens to second
equivalent plane of
whole system.

x# = Dislance on the axis of
object plane from first
principal plane,

x2'= Distance on the axis of
image plane from second
equivalent plane.

¥ = Distance of object point
from the axis.

¥' = Distance of image point
from the axis.
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Experimenial means of ascertaining Fundamental Pomts i posstsve Lens systems.

To experimentally find the position of the fTundamental points of a positive
lens or lens system, we make use of the fact that every lens system will produce
an image of an object situated at double the focal distance from the first equiva-
lent plane, at a position double the focal distance from the second equivalent
plane, and this image will be exactly the same size as the olject. We may

express it algebraically thus: if ¥ — — 2 ¢, then from eruation (8)
¥ = 2
J.'
and from equation () — = —1ory = — ¥, the minus sign indicating that the
_:lul'r

image 18 inverted.

|| B

l FIE' 's'l
V
Flg. 29.

For large lenses or systems of lenses the apparatus required will be a ground
glass screen and an object of a definite size, preferably an aperture, mn a disc,
the exact size of which must be marked on the ground glass. The optical
system must be supported in such a manner that the ground glass and the disc
may be moved towards and away from it so that the centre of each 1s always on
the optic axis, and that each is at right angles to the axis. In fig. 29, let V be
some portion of the lens system from which measurements can be made. Let
the whole apparatus be now pointed towards a distant object, as, for instance,
distant chimney tops. If the ground glass screen be now placed upon the
opposite side of the lens to that of the distant object and moved to and fro.
When it reaches the point F (fig. 2q), a sharp image of the distant object will be
observed on the screen. The distance V F of the screen from the fixed point on
the lens should then be measured. This gives the position of the focus with
reference to the point V on the lens, but does not give the focal distance. Now
introduce the disc with the aperture upon the side of the lens opposite to the
screen, and move both the disc and the ground glass about unul a sharp picture
of the aperture in the disc is formed by the lens upon the ground glass, of such a
size that it exactly fits the shape previously marked upon the ground glass screen.
This will show that the object and image are exactly the same size, and the object
and screen will in this case hbe at S 5. Now meéasure the distance 5 V; then
subtract V F from S V, and this is the focal distance of the system. The focal
distance measured back from the point F will give the position of the first
equivalent plane E. By making a second series of observations, enly looking
through in the opposite directions, the points F' and E" are obtained.

For short focus systems of lenses the microscope used with a low-power
object glass is an excellent instrument for taking these measurements, the lens
system being placed upon the stage of the microscope and adjusted so that it is
central with the optic axis of the instrument. The light from a distant object
should be thrown through the optical system by means of a flat mirror. The
microscope body should be focussed up and down until a sharp image of the
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distant ﬂhjec‘t 5 obtamed, and its position registered upon some fixed portion of
the microscope stand,  The microscope body should now be moved down till
dust on the surface of the front lens of the oplical system s in focus, and the
amount that the body has been imoved from its original position measured.  This
will give the distance IV (fige 24); to obtamn the distance S V, 2 micrometer
with coarse rulings should be placed in the substage of the microscope, and the
size that each division appears without the optical system which is being
investigated should be recorded by means of an eyepicce micrometer. The optical
system being now placed upon the stage of the microscope, the substage carrying
the micrometer and the microscope body muost be moved until they occupy such a
position that the divisions of the micrometer below the stage appear to be of
exactly the same size with reference to the eyepiece micrometer as was the case
when the optical system was not under examination. The position of the micro-
scope hady may be again registered on any fixed portion of the microscope stand,
and the amount of motion that is required to focus the dust on the front surface
ol the lens system will give the value of the distance S V.

Dy this means the fundamental points of most object glasses and eyepieces
in general uge may be readily obtained, and when these points have been found
the investigation of all elementary problems conn

gcted with the ll'JIC['UHEﬂ-pE Inay
be solved on the lines descrilied in this article,

MULTIPLE IMAGES IN THE CORNEA
OF A BEETLE'S EYE.

N a large number of text-books on the microscope it is stated that if the
cornea of a beetle’s eye be placed on the stage ol a microscope, and an
objedt be placed between the source of illumination and the cornea, that

ohject will be seen reproduced in every facet of the cornea, The experiment is
an exceedingly interesting one, but there are very few people who know how it
should be carried out, The cornea must be flattened, not left in the globular
condition of life.  The simplest way to exhibit the effect is to cul a cross out of
brown paper, about 2" long, place this on the mirror of the microscope and
focus the facets of the cornea in the usyal way with a §" objective. You then—
and this is the important stage on which the result depends—gently rack the
objective upwards, causing the structure to appear to go out of focus, at the
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same time moving the cross on the mirror by means of a pointed stick of wood,
[t will be evident when it is best to stop raising the objeclive, for the crass or
the stick will be seen in the facets. Tt then only remains for the cross to be so
sel on the mirror that it appears in the centre of each of the facets. There are
many other ways in which the effect can be produced, a very pretty one Leing
to throw a brilliant light on the face of a friend whe sits al the side of the
microscope, and so arranging the mirror that the reflection of his face falls upon
it and is again transmitted to the cornea. Also Ly a hittde scheming the sccond
hand of a watch can be seen in each of the facels. When wall shown, these
experiments always create astonishment and interest. A little practice soon
enables one to do them with facility,

LIVING ACARI ARTIFICIALLY
PRODUCED. IS IT A FACT??

HILE reading a book* some few years ago, I met with a statement
that some living insecls had seemed to have been produced by artificial

means. ‘The statement was as follows :—

“ A gentleman, named Crosse, was pursuing some E:'{p{:rimuntﬁ mn
crystallisation, causing a powerful voltaic battery to operate upon a saturated
solution of silicate of potash, when the insects unexpectedly made their
appearance.  He afterwards tried nitrate of copper, which is a deadly poisan,
and from that Muid also did live insects emerge. The experiments were
some years after pursued by Mr. Weekes, of Sandwich, with precisely the
same results.  This gentleman, besides trying the first of the above
substances, employed ferro-cyanet of potash, on account of its containing a
larger proportion of carbon, the principal element of organic bodies, and
from this substance the insects were produced in increased wmbers, A few
weeks sufliced for this experiment with the powerlul battery of Mr, Crosse,
but the first atlempts of Mr. Weekes required about eleven months, a
ground of presumption in itself that the clectricity was chiefly concerned in
the phenomenon.  The chunges undergone by the fluul uperated upon, were
in both cases remarkable and nearly alike.  In Mr. Weekes apparatus, the
silicate of potash became hrst turbid, then of o milky appearance ; round the
negative wire of the hattery dipped into the fluid, theve sathered a quantity of
gedalinows maiter, 1 part of the process ol conetderable Importance, considering

W estiges of the Naturul Hiztory of Croeation.,” Muorley's Universal Libsrary,



140

that gelatin is one of the provimate principle:, or hrst compounds of which
animal bodies are formed. From this matter Mr. Weekes observed one of
the insects in the very acl of emerging, immediately after which, it ascended
to the surface of the fluid and sought concealinent in an obscure corner of
the apparatus. The insects produced by both experimentalists seem to have
been the same, a species of acarus, minate  and semi-transparent, and
furmished with long bristles, which can only be seen by the aid of the
microscope. It is worthy of remark, that some of these insedts, soon afler
their existence had commenced, were found to be likely to extend their
epecies,  They were sometimes observed to po back to the fluid te feed,
and sometimes they devoured each other.”

From time to time [ have made enquiries in the hope of ascertaining whether
any of these acari have been preserved, or if anything is known concerning them,
but unsuccesstully., It has cccurred to me to mention the matter in the Annual,
in the first place, because it 15 somewhat interesting, and secondly, in the hope
that some reader might be able to impart some information on the subjedt.
There 15 no doubt whatlever, in my mind, that the matter may be explained 10 a
scientific manner, and if it were at all possible to obtain a sight of the creatures,
conhirmation could at once be obtained, and so set at rest the ideas of any that
might have been disturbed by a statement so contrary to the usually accepted
ideas on the subject.

UNIFORMITY AND ACCURACY.
By M. I. Crose.

() the working microscopist it 1s a great advantage, amounting almost to a
necessity, that the objectives produced by the different makers shall
interchange in the nosepiece of his microscope ; hut many of us have

found that it has been impossible to screw home some objec‘tives we have obtained
until the thread has been eased, and have at once cast blame on the manufadturer.
IHe, however, has not hitherto been altogether at fault, for no doubt he has worked
to his standard gauges supplied |_‘::..r the Hu}'ﬂl Microscopical Society many years
ago, and 15 entitled to aver that his lenses are screwed to the “universal " thread
and that others must be wrong.

Now this “universal " thread has for years been a misnomer, the gauges
issued by the society having been slightly vanable, and admittedly imperfect.

Kecognising the desirability of establishing once for all a standard size, the
society recently placed at the disposal of opticians and others who might wish to
become possessed of such tools, accurately adjusted steel screw gauges. These
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are so constructed as not to interfere * with the interchangeability of previous
object glasses and microscope nosepieces which have been correclly made to the
original standard,” but by means of minute changes in the diameter * a slightly
larger margin for error in individual lenses™ is allowed for.

Microscopists would imagine-that opticians would have gladly made use of a
means which would have enabled their clients to derive so much convenience and
benefit, but on enquiry it will be found that so far from this being the case, nothing
has been done to give practical effect to the recommendations of the society, while
the firm which 1s noted for using the most abnormal “ universal " thread has
shown no inclination whatever o work (o the new gauge. The commitice
appointed last vear to consider the question of this gaunge wais composed of as
practical a set of men as could be selected for the purpose, vet from want of action
on the part of manufacturers, the effort of the society seems likely to be a futile

one.  Wake up, opticians ! do all you can to help those who pay your dividends
it will De profitable o the long ran.

There are several other ways in which opticians could hclp microscopists.
One matter 1s of first-rate importance, and that is the adoption of an universal
size or sizes for eyepieces.  This has been urged on many previous occasions, and
here again it 15 the opticians who are at fault, for so long ago as the year 1882
the Royal Microscopical Society recommended the use of two sizes only, one with
a dhameter of fitting of o'g2 n. for students’ instruments, and the other 135 in.
for microscopes ol large size. Who can say how many different gauges are used
by the various manufacturers for eyepiece sizes? Yet the two sizes recommended
would mect every want. The two features named above are much-needed
reforms, and the only way in which they can be brought about is for workers to
stipulate for the society's sizes and accept no other.

When these alterations have been effected there are plenty more matters that
are worthy of attention, such as making the different eyepieces of a series to work
in the same focal plane; having all evepieces engraved with their initial
magnifying powers rather than such absurd letters as A, B, C, etc. Then it
would not be a practical unpossibality for all the hrass boxes in which object
glasses are issued to be of uniform size or sizes, and for object glasses to be
corrected to one definite thickness of cover glass, which would 1n addition permit
of the carrection collars of all objectives being divided alike, so that values should
not have to be ascertained for each individual lens, If all these reforms were
eflected betore another Annual were issued, many a microscopist would have heen

enabled to do better and more accurate work than hitherto. So much for
untformity, now lor accuracy.

On testing an apochromatic object glass stated by the makers to have
a numerical aperture of g5, some months ago, | found that it was scarcely
Ay D returned i, and received an admission of the want of aperture, but not-
withstanding long and weary wailing the fium  a very distinguished one—has
not been able o ],uudlu..u a lens of the full Aperture. This 15 a trivial il i
compared with some | have exconined where the over-statement has exceeded 209,
[t must be admitted that a shght variation may occasionally occur, and in more
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than one instance I have found an object glass 1o possess i larger aperture than
that attributed to it. Tt is, however, an unfortunate Gl that m the competition
which has arisen in recent vears to give large apertures at a moderate cost,
makers have bheen so unscrupulous as to state the apertures of their olyectives to
be far in excess of that which they actually possess. This is fraud pure and
simple, and it is a temptation which all opticians should have principle enough to
withstand.  Associated with this mistepresentation question is another of only
shghtly less importance; one is, in fact, the outcome of the other. Many
objectives are stated to be of a certain foeal power, hut on testing, it will very
frequently be found that they magnify considerably maore than they should do.
Thus a 4 in., which should vield a magnification of (o diameters at an image
distance of ten inches, will probably prove to 11|a1.:.;n"lf_j.-‘ about 7o diameters. It 1s
obviously easier to give a larger aperture with an inereased magnification in the
objective, but it is no satistaction to a worker to purchase an ostensible 4., lens
of, say, *85 NA., to find that it is actually a +in. of *50 NA. or thereabouts, [t 1s
unperatively necessary Lhat the powers and apertures of objectives he stated as
nearly as possible,

Uniformity and accuracy are more than desirable in connection with the

microscope, and the opinions expressed in this short note are those of a large
section of working microscopists in all parts of the woild,

-

AMATEUR BACTERIOLOGY.
Rev. William Spiers, M.A., F.G.8., F.E.M.S,,

Author of ' Rambles and Reveries of a Maturalist,” ete . ete.

O5T amateur microscopists are content to leave the et udy of bacleria to

M the experts. They suppose that special training and costl y and elaborate

apparatus are indispensable to real work of this kind. [t is, of course,

undeniable that for original research there is a necessity for some considerable

knowledge of what has already been accomplished, and there must also be a fair
proficiency in chemistry, physiology and the manipulation of mstruments.

But even for those who have had no specific training, and whose lenses are
not of the highest order, there is a wide available field for jnteresting and instructive
work in bacteria. Anyone who has dealt aw sésiens with, say, minute pond life,
and possesses a tolerably good student's microscope, even such an one as
Beck's “Star,” with the attachments and lenses supplied for bacteriology, may doa
good deal of useful work, and perhaps be led on ultimately to attempt higher flights,

It is for such as these that the present paper is written. Being based on
actual experience, it is perhaps the more likely to be helpful to those who, as was
the case with the author in years gone by, are dependent mainly on their own
resources in their efforts to climb the steep hill of knowledge.
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History or Bacteriorogv.—It may not be amiss to say a word or two at
the outset on the history of the subject, The existence of bacteria has been known
ever since the days of Leeuwenhoek (1722) under one name or another, and Miller
(1786} used such terms as monas, vibrio, bacillus and spirillum. FEhrenberg,
Dujardin and some others, fifty or sixty years ago, pave attention to these minute
orgamsms, but for want of good lenses were not able to accomplish very much.
schwann indicated the true nature of fermentation and decay, but his snggestion
bore little fruit owing to the wrong theories of Licbig, which for some years led
the world in the direction of error. TFuchs studied * blue milk,” and Henle
announced the supposition that there was some relation between disease and the
growth of microscopic organisms, It was nof, however, until 1866 that any
satisfactory results were reached, when Louis Pasteur published his Kéudes suy le
Vis.  This was followed by his works on vinegar and on beer. Then was
demonstrated the causal connection of bacteria with fermentation and infectious
diseases, and thus were laid the foundations of the modern science of bacteriologry.
Since that time progress has been rapid, and the literature of the subject has
hecome  bewilderingly  prolific. Klein, Metschnikofl, Crookshank, Dfeitfer,
Baumgarten, De Bary, Cohn, Sims Woodhead and a host of others have added
their contributions to the ever-growing multitude of books, and Koch, more than
any other save Pasteur, by lus brilhant achievements in relation to tubercle and
cholera, has helped to consolidate the now firmly-based and highly-developed
science of which we write.

Those who wish for a fuller history of bacteriology and a detailed account of
the successive stages by which it has come to be what it is, cannot do better than
procure the admirable little book by H. W. Conn, entitled The Story of (GGevm Life,
published by Newnes, or the rather larger volume on Bacteria and their Products.

by Dr. Sims Woodhead, published by Walter Scott,

Waat ake Bacteria 2—Bacteria are usually ranked in scientific classification
as minute fingi.  Like mushrooms and toadstools they arc destilute of the
colouring matter or chlorophyll, which is associated with the nutritive Processes
carried on in most plants, and derive their nutriment similarly to the great group
of fungi. At the same time, there is so much in the development of bacteria that
presents no alfimties whatever with fungi that some careful microscopists prefer
to place them in a separate and definite group at the base of the lowest fungi.
LThe name Schizomycetes, by which they are scientifically known, means simply
Srsston-fingé, and it indicates the method of their reproduction, namely, by fission
or division.  In this respect they are distinguished from the veasts, which are
propagated by a sort of budding. It must be stated, however, that many bacleria
produce spores, which in some cases grow inside the organism (endogenous),
in others they drop off from the breaking up of the rods (arthrogenous), while in

yet other species they are poured oul as a glairy mass. DBt we must not follow
these intricate points into all their details,

Bacteria, then, may be considercd as one-celled plants lying at the very
bottom of the botanical scale.  They live everywhere,  In fluids of nearly all kinds
they abound.  No organism, living or dead, is entirely free from them. Ewven
in inorganic materials they flourish and pervade our soils, but when found in the
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air or among inorganic materials it would seem that there must be some organized
substance present to afford them nutrition. They oceur in all decaying structures,
and in that natural incubator, the human mouth, there are generally at least
half-a-dozen different kinds. It is fortunate that most of them are harmless, and
that cleanliness and bodily health are a protection against even those which set
up dhseasc,

In size they vary from 25p to 1°5p in diameter . the case of the sphencal
forms, while the rod-shaped are from 3p to 2 in width ; in LEnglish measurement
from ‘ooooT2 to roooogh nch.,

Thﬂ}" arc D-f LY l‘liﬂ"lj]'ljlli Hh:’-].]'lﬁ!’-'r—l:'ﬂllﬂf.:l._. ﬂ‘.-':Ll. H‘IJiTHl, E}’].‘]I'I‘.'I.l'i-ﬁ'ﬂ.].

Aas ma
be seen by glancing at the figures with which this article 15 illustrated.” Many ari
motionless, while others are provided with flagella which keep up an incessant
movement. They occur as separate organisms, n long threads and cols, and
also In masses (zodgleea) bound together by a gelatinous secretion, These varying
appearances are of much 1mportance in the determimation and identification of
SpECIes.

CrassiFicatiox.—Much confusion prevails in regard to the nomenclature and
classification of bacteria. So far as genera are concerned, the shape of the
organisms and their method of spore formation are sufficient guides, but when we
come to deal with species we have to consider other points, such as colonies,
diseases, oxidation and nitrification.  With respect to genenc names, however,
there is substantial agreement, and these are not numerous, They are as
follows :—

Micrococcus Seed-like or spherical forms.
Sarcipa - - - Cells bound together in defimte numbers,

Bacterium - - Short cylinders, single or united.

Bacillus - - - Cylindrical cells joined together in threads.
Leptothrix - -  Very thin threads.

Beggiatoa - - Threads somewhat thick.

Spirillum - - Short spiral threads or vibriones.
Spirochmzete - - Long flexile threads.

E;ET&:::H _ } Threads with pseudo branches,
Myconostoe - - Threads in gelatinous masses,

Non-PatHocenic Bacteria.—Although bacteria are usually associated in
the popular mind with infectious disease, yet by fur the greater number are non-
pathogenic, indeed many are of great value in the arts, im manufactures, and in
the preservation of health. As pature's scavengers they are of primary importance,
and but for the services they render the world would soon become incapable of
supporting life.  In the manufacture of flax, jute, hemp and cocoa-nut fibre, in
the cleansing of sponges from animal matter, in tobacco curing, in fermentation
and the production of vinegar, in butter-making and the ripening of cheese, in
maintaining the fertility of the soil, in the storing of hay by the silo process, and
in other ways, these minute organisms fulfil most important functions, and it has
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lately been shown that it is by their offices that the great food-cycle of nature is

preserved intact, the nitrogen lost in the interchange of CO, and O, between
animals and plants, being restored to the cycle by bacterial agency.

The typical organism of putrefaction used to be called Bacferium termo (fig. 1),
This does not accurately represent the science of to-day, and B. termo is a somewhat
indefinite term, but it will do for our present purpose. Swarms of these putre-
factive organisms can be obtained in a few hours by the maceration of a few bits
of chopped meat in warm water. Undeveloped monads will also exist in the
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Fig, 1. Bacteria.

crowd, which in their immature condition cannot be distinguished from bacteria,
but later on the monads will be larger and ecasily identified. For want of knowing
this, some earlier observers thought they were warranted in saving that the
bacteria developed into monads,  As this was in opposition to the uniform law of
nature that like produces like, other skilful microscopists, like Dr. W. H.
Dallinger, gave careful attention to the subject., By examining separated forms
and following continuously the whole life-cycle of the monads, the truth was at
length established that bacteria produce only bacteria, and monads only monads,
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Fig. 2. Baeillns

Thus was the false theory of Heterogenesis, as it is called, exploded. Abiogenesis
or spontaneous generation arising from similar difficulties has been as completely
vanquished,

Another very common non-pathogenic form, and one which is easy of
observation, is Bacillus subtilis (Ag. 2). It can be readily got hy keeping a few
wisps of hay for a day or two in water exposed to a moderate heat. L'his species
furnishes a capital example of the rod-shaped forms, and also illustrates the growth
of long hlaments or chains,
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Spirdllum ruguia (fig, 3) is shown as a representative of 4 large number of

species of curved or spival shape, Tt is common in bog-water, and oceurs also in
the slimy coating of the teeth.

Many other kinds of non-pathogenic bacteria can be obtained from different
kinds of infusions, from milk, cheese, fruits and the soil,

Farnocexic BacTERIA.—Organisms associated with discase are perhaps not
so attractive as those which have just been considered, but the investigation of
them is of extreme consequence to mankind.  Certain precautions are necessary
in studying these, or serious results may ensue.  The methods of sterilisation,
the uses of germicides, and the proper modes of manipulating these dangerous

KT

Fig. 3. Spirillum.

organisms, ought to be thoroughly understood before anything practical is
attempted in the way of cultures.  But all the commoner pathogenic species can
be purchased ready prepared and mounted, and this would undoubtedly be the
best step to take first. It 1s necessary to get a general idea of the forms
themselves before thinking of growing them. Some of them are tolerably easy to
identify, others are so similar in size and shape to non-pathogenic forms that only
cultivation and chemical tests can lead to accurate resulls. Something further
will he eaid presently on these points, meanwhile we will draw attention to a few
of the commoner species.
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Fig. 3. B. Tuberculusis,

At fig. 4 are represented a few chains of the organisms which are concerned
in consumption or tubercle of the lung. As is known by everybody, it was Koch
who discovered this bacillus, and he at once set himself to seek an antidote.
After many disappointments he at length used for this purpose the products of the
bacilli themselves dissolved in glycerine and water. ‘This is an entirely different
method from that which Pasteur followed in his treatment of diseasc. The great



153

I'rench scientist inoculated with the virus iteelf alter having weakened it h}-
repeated cultivations ; the German manufictured his fudercniin out of the débris
cansed ].'J}' the ravages of the virus.

At fig. g are several glher pathogenic furms: -
(a) Micrococcus vaccine, the bacterium of small-pox.
\0) Micrococcus urea, the ferment of urine.
(t) M. wvatns, associated with a silkworm disease.

The wvirulent woolsorters' disease, which attacks both cattle and human
beings, is always accompanied by rod-shaped microbes called Bactllus anthracts
(fig. 6). The small oval bodies are spores, the development of which is indicated
by the gradually increasing size of the figures. This is the organism that is found
n swine fever, too well known to the farmer. The blood of infected animals 1s
crowded with it, and it is well for man that the gastric juice has power to destroy

this and similar organisms, for otherwise the human race would soon be
exterminated,
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Fig. 6. B. Anthraeis.

A list is given of the most common discases, with the names of the species of
organisms which characterise them. Those who desire fuller information will
find all they want in Professor Crookshank's Manuai (Lewis),

Anthrax - . . . . . Bacillus anthracts,

Cholera - . . . . . Spivillum choleve Asiatice.
Croupous pnenmonia - - Micrococens pnewmonia croupose.
Diphtheria - . . . . Bacillus diphtherie.

Glanders- - - - - - Bacillus mallei,

Gonorrheea - - - . . Mievococens gonorvhoce,
Influenza - - - - . Bacillus of influenza.
Leprosy - - - - . . Bacillus lepre.

Relapsing fever - . . Spirsitum obermeteri,
Tetanus (lockjaw) - - - Bactllus tetant,
Tuberculosis - - . . Bacillus tuberculosis,
Typhoid fever - - - - Baeillus typhs abdominalis.
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RELATION BETWEEN PATHOGENIC AND NoN-PATHOGENIC I"'orMs. —That there
is a relation between disease germs and non-pathogenic bacteria is believed by
many, but has not yet been demonstrated. In some cases there is a striking
similarity of form, as, e.g., betwen 3, sublilis and H. anthracis,  The Darwinian
theory would require a common ancestry for the two forms, but the matter still
remains in the realms of speculation.

Derences acainst DacTeria—The omnipresence of bacteria and  their
rapidity of reproduction, were it not for the defences which nature provides, would
render us absolutely helpless against them. One single individual becomes two
in an hour, at which rate over sixteen millions are produced in twenty-four hours,
In a week the number that might conceivably result from one individual could
only be expressed by fifty-one figures.  All the seas of the world would be filled
up, and soon the atmosphere would be occupied by nothing else. But the body
in health is guarded against them. It is only in a disordered body that this
defence fails. Then, too, as is now universally known, the white corpuscles, or
phagocytes, in the human blood have the power to absorb bacteria. This discovery
of Metschnikoff, though received doubtfully at first, seems now to have become
fairly well established. The warfare between these guardian cells and our
mvisible foes is constantly going on, and we ourselves are able, withih limits, to
decide the issues of the combat, by careful habits and attention to the laws of
health,

InocuraTion.—Only a word need be said in reference to artifielal defences
against the invasions of bacteria.  For many years vaccination has been practised
in this and other countries. The principle of this prophylactic is, however,
different from that which lies at the base of inoculation, The latter process
consists in introducing into the body a mild form of the virus of the discase
against which protection is sought.  Pasteur obtained this milder virus by
cultivating the organisms of the disease at a high temperature, as in the case of
anthrax. Similar attempts have been made in regard to consumption, cholera,
etc., in which animals have been utilised as culture media, but it must be confessed
that the results so far have been somewhat disappointing. In the case of hydro.
phobia the method adopted by Pasteur is that of injecting the hydrophobia poison
contained in the spinal cord of a rabbit which has died from the disease into the
system of the Dbitten person. The anti-toxine method applied to diphtheria
proceeds on a similar principle.  The poison is collected from an affected animal
and injected into the system of the patient.

There can be little doubt that these methods are scientifically correct, and we
may hope that continued experiments will at length lead to the discovery of
reliable media of inoculation for many of the virulent diseases which now afflict
humanity,

Curtivation oF BacTeria.—No one will give attention to bacleria for long
without wanting to experiment in the cultivation of these interesting organisms,
and 1t must not be supposed that this is a field absolutely closed against the
amateur. Simple cultures of harmless forms can be carried on without any
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unusual apparatus, and even pathogenic kinds can in some instances be grown
with nothing more than domestic utensils. Tt wonld he advisable to experiment
at first with yeast, or H. subiilis,

1The author's first sterthser was nothing more than a cuhical hiscuit tin
covered with thick felt, and a potato-steamer serves admirably for a steam
steriliser.  Not much ingenuity is required to make a metal incubator having a
double wall, and covered all round and at the top with fclt, with a hole at the top
for the insertion of a cork, through which a long tubular thermometer has to be
thryst. These, with a few test tubes, some cotton wonol (sterhsed), a httle

Fig. ¥ Steam Steriliger,

Fig. 9. Page's Gas Regulator. Fig. 0. Reichert's Regulator,

corrosive sublimate and two or three bottles of Pasteur's ingredients for nutritive
media will constitute a very fair amateur's outfit, supposing, of course, that he
has all he needs for microscopical work. Most people will prefer to purchase
their bacteriological apparatus, and a few pounds will be well spent 1n this way.
Messrs. W, & |J. George, Ltd. (late F. E. Becker & Co.), publish an illustrated
catalogue of such articles, and it is remarkable at what low prices everything that
Is requisite can now be obtainéd. A neat steam steriliser, incubator, gas regulatdr
and thermometer registering 200°C., with a few other trifles, may be obtained for
a hittle over three pounds. Everything necessary to amateur work is represented
at figs. 7 to 10, and these articles are supplied by Messrs. George at remarkably
low prices.
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A very interesting experiment is to cultivate a colony of bacteria on potato.
Dr. Sims Woodhead gives a lucid description of the method in his volume, to
which reference has already been made. He also includes in the Appendix careful
instructions as to the Pr[‘:l'n:u':l.[icm of various culiivaton mudia—peptone, agar-
agar, serum, etc.—which we strongly recommend to the attention of any whao
may contemplate taking up this fascinating and useful branch of science. His
charactenisations of growmg bacteria will also be found of the utmaost value in the

wdentihcation of F-FE-CiE-ﬁ.

When it 1s remembered that it s [HJﬁSil.‘-]E |:|:,: moeans of not very ﬂiﬂicu]t
experiments to detect infections organisms in the air of our rooms and cellars, in
the water we drink and in the food we eat, and that it is a comparatively easy
task for the amateur bacteriologist to discover the initial stages of disease by an
examination of the blood and the sputum, no further inducement need be held out

before the intelligent devotee of the microscope to lead him to give some attention
to the :-'.uhjer.t of this paper.

dacecs

FOCUSSING MECHANISM FOR
PHOTO-MICROGRAPHY.

By Albert Norman,
L.E.C.P., LE.C.8., L.M, Edin.

T occurred to me that a method of connefting the fine adjustment of the
microscope with the focussing rod in photo-micrography might be useful
to some of your readers.

A good deal has been written about the difliculty of getting a slow and even
motion to the fine adjustment when focussing at the back of the photo-

micrographic camera, and out of reach of the fine adjustment head. The
[ollowing contrivance has been used for some time by the writer, and with such
comfort and success that he prefers it to any other.

It consists of three parts :—

1. The shaft, about 24 ins. long, carrying at ene end a toothed wheel 11 in.
in diameter, and at the other end a pulley # in. in diameter.

2. A half-inch cog-wheel attached to the focussing rod,

3. The band, connecting the fine adjustment with the pulley.

The shaft with the toothed wheel runs on bearings attached to a framework
of wood, which, again, is fixed to the turntable of the apparatus, so that the
pulley-wheel is exactly opposite the groove in the fine adjustment head. The
cog-wheel on the locussing rod is put into position, so that it works easily in the
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toothed wheel, and it is then fixed to the rod by a screw. The band connecling
the fine adjustment and the pulley may be made of silk or cord, bees-waxed to
prevent slipping.  The tension is obtained by means of a fine, but comparatively
strong steel spring, to which the ends of the band are attached.

For low or medium power work it does not matter where the spring lies, but
for delicate work at 1000 diameters the best position for it seems to be around the
hne adjustment head, the groove of which is slightly roughened. Here it grips
well, and a sharp focus, once obtained, never alters during exposure, excepl [rom
causes unconnected with this mechanism,

Diagram showing connedlion beiween the fine adjostment of microscope and the tocussing rod of
photo-micrographic apparatus.
A Fine adjustment of mieroscope. C  Pulley wheel.

B Tenslon spring attached to cond, I} Cog-wheel on focussing rod.

When visual examination ol an object through the microscope is desired, or
a [resh field has to be found, the locussing rod is withdrawn half an inch ; this
disconnects the gearing, releases the rod from its last bearing, and allows the
turntable to be swung round. The band connecting the fine adjustment and the
pulley is not removed.

‘T'he focussing rod works easily on its bearings, and when the best focus is
obtained, and the weight of the hand is removed from the rod, the two wheels
carrying the band are practically detached from this rod, and, if the tension is
uneven, an alteration in the focus will be at once detedied and rectified. The
writer having with this contnivance phaotographed successfully most difficult
Haggellated organisms, hopes, as the materials necessary are easily obtainable,
that the idea may be found of some use to other photo-micrographers.
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PHOTO-MICROGRAPHY,
By Procella.

HAVE pradtised photo-micrography for the last twenty-five years, 1 began

a considerable time before the introdudtion of the modern dry plale

1879-80.  Colladion was the sensitive medium then used, and as my

business duties only permitted the necessary leisure in the cvenings the practice
was pursued under considerable difficulty  the c¢hicf one being the illuminant,

As my experience may he uselul to others I propose to deseribe very shortly
what it has been and in what way | have succeeded in avercoming the difficultios
incident to the subjeét. My apparatus is a very simple one, and has been all
constructed with my own hands. The base-board of the appararus is of yellow
pine about 3 feet long, about & inches broad and 14 inches thick, 1 fAnd yellow
pine much more rigid than a harder wood, and it is much lighter. The camera is
a quarter plate one, with a bellows having an extension of about two feet.  The
end ol the camera carrying the dark slide is rigidly attached to one end of the
board, wiile the other end of the camera, which is attached to a shding front,
can be moved forward and fixed by a pinching screw at any distance within the
limits of the hellows extension.  The top of the base-board at cach side his narrow
strips screwed on within which the front of the camera slides. The camera front
has a flange screwed with the same thread as the Dallmeyer half-plate R.R. and
carries a tube about 2 inches long which fits it,  The micrescope 1s nne which 1
specially made myself for the purpose, It is mounted on two hrass trestles which
are rigidly screwed to a hoard which slides within the guides on the top of the
base-board. This piece is abont a foot long, and it again can be pinched firmly
at any position on the base-board. The base-board for this purpose having a
groove reaching within 6 inches of each end.  Beyond the micrnscope there is an
upright board of thin wood which has an aperture in it of an inch in diameter
opposite to the optical axis of the microscope. This aperture is used for adjusting
the size of the image wanted, and for focussing by means of a lamp of any kind
placed behind it. A small wooden shutter about 3 inches long, whose shape is
like that of a vertical sedlion of a sugarloaf rotates at the narrow end upon a screw
nail while another screw allows it to fall into position when the lampis removed. Tn
the centre of the broad end of the shutter a piece of hrass tube with an aperture of
aboul {%yths of an inch is screwed, and this tube when the shutter is in position is
exactly opposite the optical axis of the microscope. This adjustment 1s easily made
by means of a low power object glass and eye-picce before the shutter is fixed, and
when this i done in my case with a hxed microscope, all work is ended. Now,
when about to take a photo-micrograph, the microscope and camera are moved
along the base-board, with the lamp behind the one-inch aperture, the shutter
being swung aside on its nail out of the way, until with the object glass used one
is satisfied with the magnification and has obtained a sharp focns. The front of
the camera is then pinched firmly down and so is the board on which the
microscope is carried.  The focus is again examined to see that all is right, a plate
is put in the dark slide, this end of the camera covered with a dark cloth, the
lamp removed and the small shutter is turned into position, the shutter of the
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dark slide is withdrawn, and we are ready for an exposure. 1 do not turn down
the lights in the room. Suppose 1 am using a Zeiss 35 mm, apochromatic as
the objective with a camera extension such as to get 30 inches between the object
and the sensitive plate, I push about three-quarters of an inch of magnesium
ribbon through the aperture in the small brass tube in the shutter and set fire
to the ribbon hy means of a match, and this three-fourths of an inch of
magnesium ribbon, which will barely take three seconds to burn, will give me a
dense negative. [ use no condensers with low powers.  With this illominant
they are not necessary,  The light proceeds - from a small point and the rays
reaching the abjedt are nearly parallel.  Sir Henry Roscoe, in his book on
“Spectrum Analysis,” states that this light is rich in purple and violet light, the
very qualities which affect the sensitive plate most. 1 have used Magnesium
now for over ten ycars, and have constructed more than 2 dozen apparatus
similar to that T have endeavoured to describe for the public laboratories and for
private teachers in the city in which I reside. Magnesium ribbon is easily lighted il
the end is dipped either in paraffin oil or spirit of wine. To give another illustration
ofthe power of the light. 1 recently was asked to produce some photo-micrographs
of sand, one of these being sund fram the desert near Cairo, the other singing sand
from one of our western islands. | took two 3x 1 slides and spread a very little
gum on them, then sprinkled the grains of sand on the gum. | placed the slides
on the stage of the microscope with a piece of black paper behind, and using Zeiss
70 mm. apochromatic, | obtained, by means of the gas in the room, as sharp a
focus as possible, [ then, after the apparatus was 1n order, placed a board
alongside the camera to receive the magnesium oxide as it dropped. T took a
short piece of brass tube and pushed about two inches of magnesinm ribbon
through it, lighted it, and keeping it about a foot from the slide, I hurnt about
eight or ten inches of the ribbon by pushing the ribbon through the tule as it
was consumed, I used no condenser, and in this way I oblained two very fine
negatives.  Lantern slides have been made from these and they excite the
admiration of everyone who sees them ovn the screen. The light and shade in
the prominences and hollows in the sand grains are beautifully rendered. They
are at present being reproduced by a photo-mechanical process in the transactions
of a geological society. 1 have taken photo-micrographs of such diatoms as
Navicula lyra and N. Splendida by means of Zeiss 4 mm. apochromatic without
any condenser by simply burning about six inches of ribhon.

[ cannot admire the persistent way in which photo-micrographers will insist
upon using oil lamps, even though they are assisted by every possible optical
accessory, when they have at their command, if they choose Lo use it, a light so
very ellective as magnesium.  The vapidity  and  power of its action, its
cleanliness, and the ease with which it can be used is all in its favour. Why
waste minutes of valuable time with oil limps, when a second or two will do the
same thing with magnesinm? Wil the above-mentioned 70 mm, objedtive when
I am photographing a transparent objedl 1 usually have to pluce two separate
pieces of obscured gluss hetween the light and the objedt, as otherwise, however
small a piece of ribbon I burn, my plate would be overexposed., | do not need to
allude to any of the other methods of illumination as I have practised this one
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now for so long and find 1t so well adapted to the end in view by its simplicity
and cheapness, that T regard every other, except sunlight, as inferior to it in
every way. 1 invariably use Ilford Ordinary or Empress plates, as from the

photo-micrographs I made of the granulation of the silver in these plates which
were exhiluted at a meeting of the British Astronomical Association Llwo years
aro, | found the silver in a finer state of division in them than in those of

any of the other makers,
L
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THE ROYAL MICROSCOPICAL SOCIETY.
By a Fellow.

PATRON :

Ilis Royal Highness ALBERT LDWAKD, PRINCE OF WALES, K.G., G.C.B, F.R.S., etc.
COUNCILE

President Epwarp MiLres NeLsow, Esq.

Viee-I'vesidents :  RoseErT DBraiTHwaite, Esq, M. D, M R.C.5, FI.5 (President 18g1-2).
A, D, Micnaer, Esq., F. LS. (President, 15g3-4-5).
The Hon. Sir Forp NorTH.
J. J. Vezey, Esq.
Treaswrer ; WiLLiam TrHomas SurFoLk, lisg.
Secrelaries Rev. W. H. DavrLincek, LL.D., FR.S. (President 1884-5-6-7).
R. G. Hees, Esq., M.A,;, M.D,, FR.C.P.
Twelve other Members of Coungil ;

C. Epvmunp Amxin, Esq., BA, MR.C.S. Epwarp DapsweLr, Esq.
Conrap Beck, Esq. Georce C. Karor, Esq., M.R.C.S.
Prof. F. JerFrey Bror, MLA Tromas H. PoweLL, Esq.
ALrFrRep W. BENNETT, Esq., MA |, B.Sc, F LS. CuarLes F. RouvsseLeT, Esq,
Rev. Epmosp Carr, M.A., F.R.Met.5. Jouw Tarnam, Esg, MA , MD MRCP,
T. Comeer, Esq., F.I..5. Rev, A. G. WARNER,
P Curator : Cnavces F. Rovsserer, Esq.

ERE an accurate record compiled of the various forces which have been
-\f \! at work in the development of microscope stands, objectives, and
substage condensers to their present high state of efficiency, we should
be astonished at the amount of influence that had been exerted and the important
work that had been accomplished by the Royal Microscopical Society. From its
inception it has been presided over by the ablest microscopists of the time, the
majority of whom have been men of high standing in the scientific world, and
specialists in some branch of research to which the microscope has been the
handmaid. The president has been aided by secretaries and a council composed
of men who frequently were no less distinguished than himself, who ever placed
their best services freely at the disposal of the society.
The first president (1840-1) was Professor Owen, afterwards Sir Richard
Owen, K.C.B,, D.C.L., M.D., LL.D.,, I'.It.S,, etc., whose scientific achieve-

ments are known throughout the world. At the first annual meeting on the 15th
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February, 1841, the society consisted* of 177 members, of whom no less than
twenty-two were Fellows of the Royal Saciety, and included such well-known
names as Thos. Bell (professor of zoology at King's College), Birkett (of Guy's),
George Busk, F.R.S. (president 1848-g), Sir James Clarke, John Edward Gray
(keeper of the zoological department of the British Museum), John Lindley,
Ph.D., F.R.S. (president 1842-3), John Kippist (the librarian of the Linnman
Society), the Marquis of Northampton (then . president of the Royal Society),
Sir John Tomes, Erasmus Wilson, and Joseph Jackson Lister, I'.R.S., who has
been described as “ the pillar and source of all the microscopy of his age.” In
passing, it may be noted that it was on January 29th, 1840, that the society
adopted standard sizes for the glass slips for objects, 3% 1 in. and 3% 14 in., which
sizes are universally employed to-day. As the list of subsequent presidents is
read over, one cannot but be struck by the fact that they were all eminently
practical men; some of their names are so familiar to us on account of their work
that it seems impossible to dissociate them from present-day microscopy, such, for
instance, as George Jackson, M.H.E.S._{[ng- 3), who gave us the well-known
Jackson form of microscope ; Dr. William L, Carpenter, C.B., F.R.S. (1854-5),
whose book, recently edited and revised by Dr. Dallinger, is the standard work
on matters microscopical (it was during Dr. Carpenter’s presidency that the
standard screw for objectives was fixed and introduced); John Thomas Quekett,
R.S. (1860) and others. Professor Huxley was a member of the council in
1857, and contributed his first paper to the Society's proceedings during the
presidency of Dr, Arthur Farre, F.R.S. (1850-1). | |

“The society was established for the promotion of microscopical and
** biological science, by the communication, discussion and publication of abserva-
““ tions and discoveries relating to (1) improvements in the construction and mode
““of application of the microscope, or (2) biological or other subjects of micro-
“ scopical research.”

How perfectly the society has adhered to the lines laid down, can be seen on
reference to its Journal, which holds a high position amongst the leading scientific
publications. In it are to be found original papers, written by Fellows, which
have contributed materially to the advancement of knowledge in .matters micro-
scopical. It has also for many years been the centre of communication of
information regarding new discoveries and processes in biology, subjects which
have often been closely linked with the material well-being of the world at large.

The society has always been especially strong in the mechanical and aptical
sections of the microscope. Details peculiar to English microscope stands, which
must eventually be more fully recognised by Continental manufacturers—such,
for instance, as the tripod form of foot, the centring substage and fine adjustment
for same, the rackwork draw-tube, the improvement of the fine adjustment and
numerous other details which make for perfection—have been nurtured into
prominence and acceptance by the society.  In the optical section every fresh
effort has been encouraged; the substage condenser has been evolved from a
makeshift to a system which is as carefully made and needs as skilful em ployment
as the objective, while the introduction of wonderful excellence in objectives of

* Y The History of the Rayal Mi.-:rmmgl::ul Society,” by A, D. Michael, F.L.S., eic.
{Juurnal of the Society, 185, Pari 1)
M
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maoderate cost has Dbeen fostered and practically compelled by the constant
criticisms and encouragement of the ellows.  As a result we have lenses at our
disposal only slightly inferior to the apochromats, which have enabled many men
to do original and reliable work without being handicapped by the enormous
expenditure that was necessary for lenses a few years ago.

To maintain the best traditions of a sociely which has done such yeoman
scrvice in the past 15 a great responsibility, and calls for copstant activity on the
part of its conncil and members.  The list of names of the officers which heads
this brief notice will afford a guarantee of the maintenance of its vitality and
entincnce, but this depends in no less degree on the individual Fellows than on the
president and council.  Commumications of investigations undertaken, new
theories, and progress that has been made in any branch of microscopical work,
alwiys receive a courteous hearing from the society, and frequently valuable
assistance 1s afforded by hints from the ripe experiences of the Fellows, The
Journal®, which is issued n-monthly to the members, contains, mn addition to the
transactions, a summary of current researches in zoology, botany and microscopy
throughout the world, and 18 an mvaluable record for workers. The extensive
library and instruments are alwavs at the disposal of members, and the rooms at
20, Hanover Sruoare, arc open daily.

[Represenling, as it does, microscopy in 1ts scientific aspect only, the member-
ship is necessarily limited, and the very high standing of the sociely bas rather
tended to discourage workers from applying for admission to its ranks, but all
really interested microscopists are entitled to claim its advantages by becoming
Fellows, The * toy " microscopist, who uses—or rather misuses—his instrument
for curiosity and amusement, is not eligible, but any person who may be desirous
of gaining a Detter understanding of the theory and methods of employment of the
most fascinating instrument cver dewised, or wishes to be en faif mm current
scientific microscopy, will have no difficulty in finding a Fellow who will nominate
him. The secretarics of the society are always glad to render assistance to such
persons.  The society should have on 1ts roll every earnest worker, and it is the
duty of such to afford his best support w the sociely, not alone for his individual
henefit, but for the pgood of microscopy generally and the vast interests that are
interwoven with it

THE QUEKETT MICROSCOFPICAL CLUB.
By G. C. Karop.

AVING been reguested to furnish a short account of the origin and

H progress of the Q.M.C. for the **Annual of Microscopy,” I gladly avail

myself of the opportunity, the more so as the sources of information are

rather difficult to obtain and the number of those who were associated with its
inception and early career 1s annually growing less.

*Price, ts. per number o non-members.  Each Fellow subscribes £2 g5, annunally to the society and receives the
Journal as issued,  An additional fee of £2 2s. Is payable on admission.
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The club was founded in 1865. Long before that date, of course, the
microscope had been recognised as an indispensable aid to the researches of the
naturalist and had also been eagerly taken up by the dilettanti, in this country at
least, chiefly on account of the wonders and beauties it was capable of revealing,
and partly from the way the instrument lent itself to the invention of subsidiary
apparatus, not so much intended for investigation as for the perfecl exhibition
of prepared objects. The complete microscope of this period with its cabinet
of accessories was a wonderful and costly affair. A scientific body, the
I'r'Iics'u:ir.:upil:{L] EGCiuL:.’ of LUI]dﬂn, ;J.l['ﬁi?ll‘.i}' EE.J'.E-tEd, and met the needs of the
professional man and the wealthy amateur, But at that time a taste for some
kind of scientific recreation was already spreading widely amongst ancther class,
and Natural History Sucieties were springing up everywhere ; an extensive and
well-illustrated popular literature came into being, and with the production of a
cheaper class of instrument, large numbers of intelligent persons were enabled to
purchase and work with the microscope. However excellent in its way the
existing society might be, and indeed was, it obviously did not quite correspond
with the means or requirements of many, and in May, 1863, the following letter
appeared in Hardwick's Science Gossip, then edited by M. C. Cooke :—

“Prorosar. 1o Lonpon  Microscorists.—It appears to me that some
association amongst the amateur microscopists vl London is desirable. which shall
afford greater facilities for the communication of ideas and the resolution of
dilficulties than the present society affords, and which, whilst in ne respect hostile

to the latter, shall give amateurs the opportunity of assisting each other as
members of an amateur society, with less pretentions, holding monthly meetings
in some central locality, at an annual charge sufficient to cover the incidental
expenses—say five shillings a vear—on the plan of the Society of Amatenr
Botanists, By the publication of this letter, the general feeling of the parties
inlerested will be ascertained, and by this future action determined.—W, Gisson.”

A meeting subsequently took place at No. 5, Hanover Square, \W., between
Mr. M. €. Cooke, Mr. Bywater and Mr. Ketteringham, and as the result of the
discussion of the project it was determined to endeavour 1o establich a society of
amateur microscopists, with the title of “The Quckett Club,” and to call a
meeting of certain gentlemen known to the conveners as like:ly to be mterested.
A meeting was accordingly called for June rgth, ot 12, Piccadilly, and was
attended by eleven persons. It was considered desirable to found a society of
amatew nucroscopists and a - provisional committee of five was appointed to
deliberate and report on the best means of carrying ont the abjects of the meeting.
The adjourned meeting was held on July 7th, 1863, at St. Martin’s National
Schoolrooms, Adelaide Place, Charing Cross, at which about gixty gentlemen
were presenl. AL this meeting the title, = The Quekett Microscopical Club,” was
adopted, the date of meetings and the subseription fixed, and an adjournment
mide until August 4th, when the clection of afficers took place.

LThe first ordinary meeting was held on August 25th, 1865, at 32, Sackville
street, Piecadilly, W., Dr. Edwm Lankester, president, in the chair. The
number of members rapidly grew and the mectings were so well attended that the
accommodation soun proved far ton limited, and after a few months the Cluh
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removed to University College, where by favour of the Council it was permitted
to hold its meetings in the spacions Library of that Institution, and continued to
do so until the year 18go. At this time the College Librarian represented to his
Council that the books in his charge were sullering from the effects of the E'as
consumed by the various societies using the Library, and although the governing
body most courteonsly placed another room at the club's disposal, it was quite
unfitted for the purpese, and a somewhal serious crisis arose.  All cliﬂifult}r,
however, was finally overcome, and the club migrated to the new premises of the
Royal Medical and Chirurgical Society, at 2o, Hanover Square, where it has the
use of a hne and well-appointed meeting room with library accommodation, ete.
Druring it hite of thirty-two vears the club has had eighteen presidents, three
treasurers, four secretaries, two librarians and one reporter, Mr. R. T. Lewis
having held this office from the very first.  Twelve volumes of the Journal have
been published up to date, viz., six of the first and =ix of the second series, and
bear witness to the activity of the members in furnishing, and to the editors for
arranging, the matter contained in them. Perhaps the most noteworthy contribu-
tions have been the considerable additions to the Rotifers of this country, as
showing the value of the excursions organised by the club, and also the very
valuable series of papers on optical matters contributed at various times by Mr.
E. M. Nelson.  The cabinet of specimens belonging to the club, amounting in the
agaregate to severil thousands, has been of inestimable use, to beginners especially,
and several revised catalogues have recently been issued, although much remains
to be done. The 11er;+.r:, also contains most of the works required for reference by

microscopists, and is yearly expanding—somewhat, indeed, beyond the space
available for storage.

Altogether, then, the Quekett Club has more than justified the views of its
founders, and taking into consideration the extremely small annual subseription,
viz., ten shillings with no entrance fee, it may be said to be one of the most
5ucr:eq+::t'ul and well-managed amateur scientific societies in the kingdom. May it

long continue to flourish,
-

MICROSCOPICAL LITERATURE.

[CROSCOPY has become so wide in its applications and literature on
the suhject so seattered that it is almost impossible for any worker to

keep in touch with the new processes and improvements that are
constantly introduced. It seems possible that a monthly journal that gave a
resumeé of current events in the microscopical world would be appreciated, and
as no publication at a reasonahble price is now issued, there would appear to bhe
room forit. It would, however, be necessary that a promise of support not
merely by subscription, but by contributions of interest, should be given.
If any readers would be willing to assist in making such a journal a success,
the Editor of this Annual would be glad to hear from them and to receive
suggestions concerning it, :



WATSON & SONS'———
Microscopes, Objectives

AND APPARATUS.

o & tweR MEDALS a7 "”TEHM.T;E}
o GO I Ak,
Finest ' ; wﬂfn% Perfection
Quality : % in
Workman- NINE TIMES PLACED HIGHER every
ship. THAN ANY OTHER COMPETITOR. detail,

WATSON'S ILLUSTRATED CATALOGUE, No. 2,

contains particulars of more than

Twenty Different Microscope

-— —— '

-
including j‘\ suitable for every class of ressarch.
THE VAN HEURCK MICROSCOPE for high-power work and Phato-Micrography,

and the well-known

EDINBURGH STUDENT'S MICROSCOPE, which were introduced and are mann-
factured solely by Watson & Sons.

The above Calalogice will be _ﬁlrl:::afnfn! Pr:.ﬁ-‘;}n: en application.

THE “*FRAM™ MICROSCOPE, a highest class Microscope at o very moderate cost,
See Special Pawphiet.

Special Features of Watson's Microscopes:

One uniform quality of work for all Instruments-— the very best.

All the working parts are designed for hard work,

Compensating Screws are fitted to spring slots in all dove tailed hittings, =0 that any
slackness that may arise after an extended [E:'iﬂ-il o wse may be nt once remelied by the worker,
This is of immense impartance to Microscopists in foreign countries ’

Watson's Fine ﬁ.djuﬂ-tl‘nl!'l‘lt has stood the test af years arie] 1= :wl-u'n'n'..'lwlﬁfd h],- those who
use it to be unsurpassed. It is exquisitely sensitive, slow, and precise in aftion— there i3 no lateral
motion with it.  CavTioN. Do not purchase instruments having an imitation of Watson's Fine
Adjustment ; it requires experience and skill to make effectively.  Watsons have acquired this

Watson's Coarge Adjustment is effedied by 3Pir{ﬂ rack and 1:|-ir1.ir_-w.1. fitted by duwd.  [L has
been written that “no fine adjustment is required for ordinary work with Watson's Coarse
Adjustment —so perfeét is its adtion.”

The Universal Fittings of the Rayal Microscopical Soclety are used throughout, they
include lhe Eyepieces, Objectives and Condensers. A eareful perusal of Watson's Na. 2 Catalague
is urged upon all who are desirous of doing absolutely accurate work,  Watson's Microscopes
afford facilities which are unexcelled by those of any other maker.,

Established 1837,

W. WATSON & SONS, & o L oONDON, w.c.

g | 10, FORREST ROAD, EINNBLURGH.
BRANCHES | 3 sWANSTON STREET, MELBOURNE, AUSTRALIA.
. [ LONDON : (West End) Isenthal Potzler & Co., 85, Marlimer Street, Cavendish Square.
DEPFOTS - GLASGOW : W. Watherspoon Scott, 180, Sauchiehall Street.
. SHEFFIELD: H. Jasper Eﬂliern. 55, Surrey Street.
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W. WATSON & SONS, London, Edinburgh, * e K strati,

WATSON’'S *“FRAM "W’ MICROSCOPE.

(Registered, |

Combines up-to-date Improvements
I inest Workmanship Very Moderate Cost

This Alicroscope is exceedingly strong in con-
strufiion, has working parts giving the smoothest
sl moast im.-ri-uﬂ. artinn A fiords EVEry Convemence
e the work of the 'Ja.hrual.nr}'_ ithe student or the
amatéur

Coarse Adjustment.—Diagonal rack and
11.|1I--n

Fine Adjustment, —\WaTsor's well
knovwn form.

- Stage, -NevLson's horseshoe 3§ % 3§
in

Mirrors.— Plane and concave

Fittings, —Universal sizes throughout
for eyepieces, objectives, and condensers.

Body Length.—i1s5: m, m, with draw-

tube extended 250 mim.
Height. —11 inches.

Spread of Tripod
Complete Foot. 5 inches.
with 1in & }in.,
abjaftives,
AblelTuminator
with Irns

Absalwiely vigid m all
n;':-rﬂ'r'ug Pr-::ﬂ'.r:u

Diaphragm, l]l'lljt:n:tivl:s. 'WAT-
2 E'.'EF'-I_E.{_':_‘.H_ in RON 5 [J-lt‘il.*::.h:l‘Dmalllc
" poce series, arranged to bein
ﬂ Mi Dﬂt tocns when (arned on a

LR L 'l!'i-t!l 'li B,

Price, complete with
bin.amd 1in., or § in.
or & in. parachromatic
vbjeclives, arranged to
work in the same local

plane ;: one evepiece.
and mahogany case,

£6 15s. 0d.

'L,‘, — R g , .
T mew ¥ For suitahe Extras, see
page 3.
Full particulars of the above may be obtained on application to )

W. WATSON & SONS, 313, High Holborn, LONDON, W.C.

! 106, Forrest Road, Edinburgh.
Ernnchesl -;rl'_'-: Swanston Stll'cl:t, Melbourne, Australia.
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W. WATSON & SONS, London, Edinburgh, “* "2, .

- EXTRA FITTINGS FOR - |
WATSON’S FRAM” MICROSCOPE.

&
Achmnmtlc Condenser,
ra N oA with Lis diaphragm . .. £3 5 ¢

Siidi“g Bﬂl’ o Stage, as shown fig 1 D10 &

Compound Substage wih rack

work to focus and screws to centre, to
replace ordinary under-fitting . . . - 117 6

In the construflion of the “Fram'" Microscope,
I

machinery is largely employed, and a.]l the above parts are
interchangeable; they can therefore be added 1o the micro
seope at any time by the user

W[’Igl’lt‘ Finder Stage as shown in fig. .. . .. %0 B 8

(This muost be specified at the time of ordering, or thL cost 1.-.|11 be greater )

Extra E}'ﬂpiELEE, with initial pm-.er ﬁm.r:nu.l up{:u them, all made to work

in same {ocal plane, nickelled tabes .. ; .. aach 0 7 0

Dﬂ“hle HUEEPIEEE, Watson's compact bent form ., . .. 015 O
Watson’s l)ust Prnuf Trlple Nosepiece

(Fig. z) e -« £1 0 0

112 im. Hunm;f: Immn. Objective,

Specially kuitablu for Badleriological and BRiological work,
przg NUAL; ii'I‘-'l.'.H Hat field aml exquisite definiion : with

r:r... a2

-:np-rlhr nf m _ . .. . . .. . 65 0 0
Miﬂl"ﬂ[’l’l&t&r.ﬁ, for Eyepiece, 5/0; for Stage. . . . . 0 5
Polariscope, complete with Selenite, 17,6 and .. . . 180

W. WATSUON & SONS

Parachromatic Condenser,

1o NoA. (Fig. 3.

This is designed for work with objectives of
|u|.ee aperture [L poOtafuaes an {:J{l:lzl:d|[|hl'l,, In.TF:l.:
aplamaiic aperture Fxc::ﬁdmp, 9o N A The mounting
is a very convenient wne, the Iris diaphragm
being divided 1o show the N.A. emploved. The
diameter of field lens is § in.

Hig. 3. Complete with =et of stops .. 23 15 0
See Watson's No. 2 Catalogue. Post-free on application.

%

W. WATSON & SONS, 313, High Holborn, LONDON, W.C.

16, Forrest Road, EDINBURGH.

Branches . |
} 78, Swanston Street, MELBOURNE, Australia.



W. WATSON & SONS, London, Edinburgh, =™ ™c:P0VRE, .

Watson’s Edinburgh Student’s Microscope

Stand B.

Microscope Stand as hgured, with
brest spiral rack and pinion for coarse
adjustment ; Watson's improved fine
adjustment, large stage, cut oul

Lhorse-shoe shape if desired, with one
evepiece ... £% 12 6.

Iitled with two eyepieces, Abbe
I Hluminator, 1 inch and } inch Para-
chromalic Olbjechives ; L'.{:rmplete in

£8 16 0.

mahogany case

Full particulars of the above are given on page 29 of Catalogue No. 2. Post-free on application,

W. WATSON & SONS, 313, High Holborn, LONDON, W.C.

. { 16, Forrest Road, Edinburgh.
Bmmh#s] 78, Swanston El’reet. Melbourne, Australia,



W. WATSON & SONS, London, Edinburgh, =~ “e-seveye,
Watson’s Edinburgh Student’s Microscope stana « 1.

EXTRAS.

Une of the most popular high-class microscopes
extant. “This {5 the most complete Instrument of the
Kdinihwmrgh Student's series of mlcrieicopes, which vary in
price from £3 38, upwards.  Although it comes under
the heading of a Student's Stand, it is in reality, so com-
pPletely furnished as ot render it soitable for the most
precise high-power work  We believe that no micra-
scope, British or Continental, compares with it for the
mechanical canvenicnces and coustructional advantages
it affords at anything like the same eost It has mechani-
cal movements to stage, with stationary milled head
o horizantal movemen: Compond Substage By
lfength and draw tube permit of the use
ol objectives corredied for both Conti-
nontid am! Foglish ol lengths.

Finest workmanship thronghout.
Price with one eyepiece .. . 20 10 0
batted with 2 eyepieces, 1 in. and § in.,

parachromatic objeftives, Abbe illu-

mmator, with irie diaphragm, com

pleto in casc £15 0 0

For Bacteriological Wark, 1-12 in. ol immersiorn obiefilve, 12 NoAL, .. 8 0 D
Double: Noseplece ... ... ... .. . 018 0
Harkwerk Drgw Tube, .. £ & 0 Fine adjusoment o substage. .. 14 8 0

For full particulars of the above Microscope ser pare 42 of Catalogue Nao. 2.
313, HIGH HOLBORN, LONDON W.C,



= = Australia,

W. WATSON & SONS, London, Edinburgh, = ™ct=ovss

For full particulars of this Microscope, see page 8 of Watsons No, 2 Catalogue,

W. WATSON & SONS, 313, High Holborn, LONDON, W.C.

specially  designed for high-power
wirk and photo-micrography.  Intro-
duced amnd mannfaciured solely by
W Walsen & Sons

Fitted  with  fine adjustments of
utmost sensitiveness and precision,
not hable o derangement ]}J'j.' wear.

Has rackwork and sliding draw-
tubes to corredt objedtives for thick
ness ab cover-glss,

Objedtives corredted for either the
Continental or LEnglish tube lengih
can be equally well used on this
stand.

Has fine adjustment 1o subsigee.

The Stand is specially designed to
afurd  the Frealest ]:I[:l!_-i._-ijl_'l-].l_'. Cill-
venience for manipulation,

I'rice, as figured (bot withouol
centreing  screws  or divisions 1o
stage), with one eyepiece, £18 10 0.

Poet-froe,



W. WATSON & S{]NS Lﬂ“dﬂ“, Edi“h“rgh and MELBOURNE,

- Australia.

Microscopic Objects.

Ly

W. WATSON & SONS

Ho. 3 Catalogue.

A NEW EDITION of which is now ready, is a classified list representing

a stock of over 40,000 first-class preparations, many of them extremely rare and
choice, illustrating every branch of research, including

Anatomy, Physiology, Pathology, Bacteriology, Botany,
Entomology, Geology, Diatomacea, etc.

The {v::-llnwing sets of subjedts are fuil}' detaitled m the Catalogue No. 3

Zoology. Set of 12 slides, in case ... . ... X£018 6
Human LEye. Set of 18 ‘-ll.-:]t"-u illustrating the r-.trudme in case . 112 6
Histology,  Set of 24 slides, t.pe-:mlhr arranged for "-e.tmlem S Use, 1N Case 115 ©
Urinary Deposits.  Set of 12 slides, 18/0, 24 slides, in case . 116 0
Bone.  Set of 8 shides, illustrating grmﬂh antl strodture, in case 014 0
Pharmacology. Set of 144 slides, in case ... 70 0
Public Hea]th Set of 36 slides, specially arr: m"t.d f-.:rr H'm!tnt s use,

In case . 210 ©
Hrew El"l.i' ]*ﬂrmnntatlnnq 5&1‘ l:rf ra E‘-]il’luS, in case . . ‘e l} 13 0
Paper Manufaéture., Set of 24 shdes, n casc 116 0
Lest Objects.  Set of 12 for various powers, in case g - 1 1 0
Diatomacem. Set of 24 selected specimens, in case . 116 0

Also Genus Slides, T'ype Slides, and Test L:lldl:'-.

Rocks, Typical. Set of 24, in case . 116 0
Physiography. Set of 12, in case . 014 6
Opaque Objects.  Set of 24 interesting, in case 112 6
Insects. Sets of 12 slides, illustrating the anatomy of an m».u.t ‘several

subjedls, in case . D15 0
Polariscope. Set of 24 beautiful pﬁla.rmnu 511bJeLts. In case ... 1 7T 6
Batamical, Set of 24 Elementary tissues, .er.mg,,ed for Student’s use,

n case 1 & 0
Botanical. Set of 24 Lmnpamtwe '\ml.tmn}' HTI’HHHF!] fﬁl’ Hludpnt S 1188,

In case . . 112 6

am! many oth ETS,

Every slide is guaranteed to be typical of the subject it represents, they are
therefore of special advantage for teaching purposes. Catalogue No. 3 cont: Hning
particulars of above, forwarded post-free on application to—

W. WATSON & SONS, 313, High Holborn, LONDON, W C.

| 16, Forrest Road, EDINBURGH
Branches | -3' Swanston Street, MELBOURNE, Australia,



Stringer’s Improved Photo-Micrographic Camera and Condensing System.

Designed by Mr E. B. Stringer, B.A., and exhibited before the Royal Microscopical Bociety, December, 1897,

(See Royal Microscopical Society’s Jowrral, April, 1598 ) Made solely by W. WaTtsox & Soxs
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This apparatus has been designed to facilitzte the work of photo-micrography, especially with high powers, and to
afford an illuminating system more perfectly corrected, more powerlul, and more under control than has hitherto been

available ; and it is unquestionably the most efficient apparatus yet devised.  After it has once been set n adjustment any
Mwm:ruplbt can with 1t produce phumﬁra]ﬂm of the most difficult subjer:i.a with unfaling success : 1t hf-mg prac tic ’l]h

impossible to do otherwise. At first sight it would appear to be complicated in construction, but in actual use it is perfec ly

simple, and very readily understood. The whole of the optical portion was kindly ¢ omputed by Mr. E. M. Nelson, it being |

throughout of Jena glass.
Camera extends to 40 inches: closes to 11 inches. Every part under control.  The hight is of such brilliance as to

reduce the time of exposure to a minimum.

Description.—(4) Cowl, covering Zirconium Jet (5). (C) Centreing Screws for Doublet Parallelising Condenser, 44 in. diameter.  [{J) Ins

Diaphragm. (£) Carner for trough, coloured glasses. (F) Condenser, 4} in. diameter. () Centreing Screws for condenser.  Cone
between G and H holds water to eliminate heat ravs, etc. (/) Parallelising lens and (I') Iris diaphragm. (%) Shuuer,

Price of the above Camera to take plates 6} x 4§ in.,, without microscope, but built to suit any desired size of
instrument, complete as shown, £66 0 0.
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Full particulars of the above are contained on page 103 of Catalogue No. 2. T'ost-free on application to

W. WATSON & SONS, 313, Hi_gh Holborn, London, W.C.

- . i EDINBURGH ;
Speciality : -PHOTO-MICROGRAPHIC APPARATUS E““h“+ | 16, Forrest Road,

of every description, see No. 3. Catalogue. | 78, Swanston Btreet, MELBOURNE, Aunstralia. | @
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W. WATSON & SONS, London, Edinburgh, = e iratia.

WATSON'S NEW HAND CAMERA

(PATENT),

“THE FRAM,”

(REGISTERED.|

No Guesa Wark,

Successful Results Ensured,

Takes 24 }-plate Films, and gives the whale
Piclure, without loss of margin, no notching w

sheaths being required

Thfs Cansera, briefly described, s of magazine form, the Magazine being an integral part of the Inetromont.  Te
wiirks an a simple swing principle, being plvated at the pop side of the Camera

Method of Changing. When the back is released and the Magazine swung out of the wrpendicular, it causes
twa progect g 1ips an the front of the Magazine, and on which the Films reer, 1o disappear, allowing the fron: :I-';hn
which has been exposed, wo fall forward into a reservoir beneath together with its backing, ‘This action at the zame
tiome throws o two other projecing Hps which engage the Film next o the one exposid, and thos prevent it hm““ .'II'IIiL:I
the reservoir, When the Magazine i swung back to the vertical or normal position the second set of projedions retire
and the whale of the remaining Filins arve pressed forward to the frant af the Magazine, . "
the projeétions frer mentionsd.  This constitntes the whaole aékion of changlin

For Simplicity It Cannot be Surpassed. Nor for the same reason can it fail o adt.

and therc soppeored aguin by

The whole twenty-four Filma having bean sxposed add projedied inte tha reservoir thaoy

! : iy be exiradted
theosugh il lighi-tight door inthe base of the Camera ! L

Lens, This is a Rapid Kectilinear of 5-inch focus HI‘I'I.:-::IL].'!I' !ir'|l"-'"[l'-1 for hand.camera work on avoount of ita Nay
field and dopth of facne,  Te 8 fced with ivis diapheagn, and ean be adjusied to locus objodts wt varying distances

Lhutter nnd Finder. The Shutier Is one glving time and instanoaeons eEposures of wu rying ducailon, and |
hited with a silvered mirror, by which the picture is refleéted an to a Finder measuring 33 inches by 3 Inches ,,.,,_.,:
than half the actwal 5 z¢ of the photograph. Consequently objedts are shown the same slze ag in tha phatugraph, m:d iy
be focussed up o the woment of exposure, thus giving practically the advantagee of 2 T'win Lone Camera in much
reduced bulk and at much less cost

Construciion. The Camera s made of seasonesl wood, coversd In morocoeg leather, and

is of v
apprarance, amil best constroftion throoghowe, Ery mneal

(eneral Detwils. Fvery convenienre that many years of expericnse can suggesl A8 orF vTILiTY has boen
incorporated. including an automatic recorder, showing the number of exposures made : a Finder far use when the
Camera is turped on its side for vertizal pigbures ; a serean to the large fos uwsing Finder, enabling the user to gee the
picture on the gronnd glass in the sirongest sunlight ; and sockers far artaching the Camera o a itripod, alther fug vertieal
or hartzontal views,  Mewal pans where possible are In alominiam.

Mersurements., The Camcora measures B inches by 6F inghies h:_- 5‘1: ing s,

Woeighi. Fhe Clammera weighe with twenty-foonr Fllms, 3 b=, 8 ag,

Price, complete with 2 dozen Films, £8 10g. 0d,
Extra Cost it Fitted with Gorerz Anastigmalt, Series 111, £2 10s. 0d.

Subgedt o a Cash Discount of = per cent

Full particulars of the above together with descriptions of Camera, Lenses. and Accessories of
thie finest possible guality are cantained in Catalogue No. 1, post-free on application to

W. WATSON & SONS, 313, High Holborn, LONDON, W.C.

] |16, Forrest Road, EDINBURGH
Branches | Swanston Street, MELBOURNE, Australia,



W. WATSON & SONS, London, Edinburgh,

- SPECTA

IIII-'L?i.i T
Crenlises” ]'|'ﬂ.~1'n:'|'i|'--

Frames made to Gt the face.
comfort with elegance
tions a speciality.

Full particulars of the above and
similar  gods,  also of  Thermometers,
Barometers, etc., etc, are contained in
Catalogue No. & Fost-fres.

Special illustrared pamphlat on Speétacles,
I'ince nez and Folders, post-free.

THE “ PREMIER”
BINOCULAR GLASS.

Finest quality made for race field or
marine purposes.  Hrilliant delinition, long

range. Covered crocodile skin, complete in
solid leather case £6 0 0
Tritte in alvminiom 810 O
Smaller size E 00
Ditto in aluminium 8 0 0

- Every description of Binocular Glass, for
ficld, thcatre or marine purposes, also of

Telescopes, will be found in Catalogue No 6.
Fost-free.

Magic Lanterns of every descrip.

tion, tor the lecturer. demonstrator, and for
general ecientihe and physical experimants,

Lantern Slides.

Mr. Gambier Bolton's studies bf animals
and many other exclusive and choice snb-

jects are the property of Watson & Sons.

Full particulars will be found in Catalogue
':"':I:l. 4

Animated Photographs.

Watson's Motorgraph. Price, £12 12s,
Can be attached 1o any magic lantern
Films of the latest subjefls.  Apgents for West's
heauliful vachting, etc., films.

See Catalogue No, B 1'ost-Iree.

and MELBOURNE,
= = Australla,

CLES. -

Watson's Heavy Discharge
Coils, as supplied 1o the Admiralty and

Induction

War Department Evervihing of the latest
and best description for producing effedis
with Rontgen's “ X ' rays

Watson's Army Surgeon's Set, as sup-
plied 10 Army Surgeons on the Indian
Frontier and in Egypt. Completely fitted
s0 as not to be liable to damage in transit,
and designed for rough treatment. Photo-
graph and full particulars on application.
I'rices £40 1o £50.

Watson's Hospital Qutfit. Consisting of
10 1n. Spark Coll with Vil Contad
Hreaker, (33 10s; 12.-Volt Accumulator,
44 195 od.: Rheostat, £1 15 3 Tubes,
£5 5%, Tube Holder, 175 6d.:  Premier
Fluorescent Screen, t2xqd in, f5 sa.—
total, £50 18s. 3d.

Iron-bound travelling case for the above,
£1 155 extra.

Watson’s Practitioner’s Outfit. Con-
sisting aof 6 in. Spark Coil, £10 108
" ¥ril" Contact Dreaker, 10s 6d: 2 Tubes,
£3; &Volt Accumulator, £z 148 6d
Hromier Fluorvescent Screen, 1o in., FER
Holder for Tube, 17s. 6d.; Rheostat, {1 1s.;
Strong Travelling Case, f1  1os.—total,
£32 35 6d.

Full l|'l.:lri'4'|:"r:|'-lr'.'l of all the above, aud cverything con-
I'-Flﬂ.'“_-;f with X “-Ray work, are conlaimed i Caralogiie
No. 7. Forwarded post-free on agplication,

SURVEYING INSTRUMENTS are filly described,

ipether with aelails of Mathematical and Drawing
Instruments, ix Catalopwe Mo, 4. Fosi-free.

® ® %
W. WATSON & SONS, 313, High Holborn, LONDON, W.C.

(Established 1837 ) Branches | 16, Forrest Road, EDINBURGH.
| 78, Swanston Street, MELBOURNE, Australin.



e “WORKER”
MICROSCOPE,

PRRPPRRRRP

With ¢ inch and } inch 0.Gs.,

In Mahogany Lock Case, complete,
£3 10 0.

James Parkes & Son,

@ Optical and Matbematical
Unstrument Works, . .

VYVESEY STREET, ST. MARY'S,

i < BIRMINGHAM.

Particulars of other patterns
on application.

W. W. Scolt

180, SAUCHIEHALL STREET, GLASGOW.

i
%

W. WATSON & SONS’

Microscopes, Objectives, and
Accessory Apparatus.

See preceding pages.



We make a Speciality of Printing

Technical
EB Catalogues.

Our Modern Machinery is usually
employed upon Effective

Half-Tone Printing.

CCer

Qur Artist Staff and Large Stock of ﬁ[cu:]-:s

enable us to satisfactorily provide

[llustrations

&@%} for all

classes of Printing,

PERCY LUND, HUMPHRIES & CO,, LTD,,
The Country Press, Bradford ;

and

Amen Corner, London, E.C.



CARL ZEISS, " e

London Branch: 29, Margarct Street, Regent Street, W.

Microscopes

and

Accessories.

Stands Via, with Abhé
Condenser, N.A. 1.0, and
attached 1ris — or  with
cylinder iris or ordinary
cylinder diaphragms.

i::lul-—-:—.l-.-

New Series of

Photographic Objectives

Photo=Micrography and Projection.

SERIES la “PLANAR."
Aperture, fiq.5.

The fArst hive Ohjec-
tives of this series are
specially corredted for

vovererl ol |j.e-|_'1 [

I!""I-'.I. 1 I‘Hilli'ﬁ'il]t!llf rl!.l-...lh. LR III.IIII_ .LI'.l[ _I\-!I

35 m/m, fit the screw-thread of the microscope

The fallowing Hlustrated Caridogoes sent free on application specifyving which required

CATALOGUE OF MICROSCOPES,
CATALOGUE OF PHOTO-MICROGRAPHIC APPARATUS.

Photo-
Micrographic
Apparatus,

Lic.

A small, but very
portable stand for Labor.
Naturalisis® and

Students’ use.

atory,

New

Combined Horizontal
and Vertical Camera

for
Photo-Micrography.

—

Can be used with eqnal
facilitv for cither pasition.

Full deseriptive pamphlet

Iree

New Editlon. |898,
LIST OF * PLANARS.”



C. BAKER,

OPTICAL AND SURGICAL INSTRUMENT WAREHOUSE,
244, HIGH HOLBORN, LONDON.

AGENT FOR......
ZEISS, LEITZ, REICHERT, GRUBLER.

The D.P.H.
MICROSCOPE
£8 8s. 0d.

SPECIMENS.
"}003}S Ul
‘SNIVLS

£3 3s. 0d. Educational Sets a speciality.

A

list of 5,000 Diatoms on application.

jdey Auojeuoqe| sJo|qNdH ‘ug wWod) “0318
‘uekey ‘Yolluy3 Jee surels 1selje| oyl ||y

|

NEW MODELS IN MICROSCOPES.
MECHANICAL STAGE -NEW ATTACHABLE PATTERN.
MICROSCOPE CATALOGUE 1898-9. NOW READY. NEW ISSUE.

ALSO CATALOGUES OF SURGICAL AND SURVEYING INSTRUMENTS, FIELD GLASSES, ETC

WE LEND SPECIMENS.



ROSS’ NEW

el onensl Microscope Stand.
® DD B

This strument has been specially designed to meet
the modern requirements for the varions scientific pur-
poses to which the Microscope is applied, particular
attention having Leen given ta eliminate the weaknesses
and defects existent in Stands of English and foreign

manufacture, while retaining the practical improvements
of both construdiions

Absolute steadiness is secured by making the foot of
a circalar form, segments being cut away from the under
side, leaving a triple support. The short pillars which
sustain the upper parts are sitnated towards the mAargin
of the ring, so that the whale weight is thrown centrally
upon the foot when the instrument is in an upright
position.  When inclined from the trunnion-axis at the
top of the pillars the latter may be turned upon the firm
and reliable ratary fitting upon which they stand, causing
the inclined limb to assume a reversed position over the
circular base, so that the centre of Eravity is again
brought ditedtly over the foot, even when the body is
turned inte the horizontal position for purposes of
Micro-photography.

I Moneeular, ineluding  Rinoeular, inaluding

DESCRIPTION ané Hyepieee, a pair of Eve-pieces.

£ a4, £ & d

NO. 1. Microscope Stand, with circular or folding tripod foat .. 285 0 0O . W B 0 0

No.oz, Dittto,  ditto .. .. .- . . . .00 ... 20 0 0

No, 3 'With circular foot . . 17 0 0O 21 0 O
" With folding tripead . . 17T 0 0

Stands Nos 2 and 3 are similar 1n construdtion to No. 1, diftering onlv in size and in the exceptions

mentioned above. They are recommended when porlability is desired, and all apparatus used will
the largest size may be applied ta these.

For full particulars, s¢e complete Catalogue.

ROSS, LTD., Opticians,

i, 111, New Bond Street, LONDON. W. ...
31, Cnckspur Street, Charing Cross, S.W.,

ESTARLISHED 1830, MANUFACTORY —CLAPHAM COMMON,



ROSS’
New ‘Industrial’ Microscope

_:':-_--_‘.;.—-__.___-J'
SN
Sland with FOR
fine Adjusi- .
ment and Farmers, Horticulturists, and
MNoseplece.

Elementary Examinations

OF ALL KINDS,
B -

The great utility of Microscopical research to purposes of
advanced Agricolture being now so fully recognised, and a less
eostly instrument than those usually supplied for more complex
investigations needed, a Stand with the requisite accessories has
been specially |.r'-m|4.1||t-r1 for the nse of farmers, and in those induostries
that deal with produce and raw materials

A Microscope free from any unnecessary complication, while
combining efficiency with stability, is not only desirable buat it is

practically the only instrument that will satisly this want.

Ross" * Felipse' Student’'s Microscope (which has become so
extremely popular). uniting in itseli these requirements and pos-
sessing a large size stage and general facilities for easy manipulation,
would with switable modifications be eminently efficient. This

torm of construction has therefore been adher.d to in the
new model, and the usual arrangements maintained with the
exception of the fine adjustment, which on account of the
-L.i]. Loy |.'.'II i."!.i_il.lln ls Lo IH: '.J.tl"ﬁﬂl ".'ﬂl,l j:‘l- l.llllil:\.l.'."rhﬂ.l'j".

This JJ.ITllﬂLLﬁLI.LHI.‘-I'I allows of a really ;..lnn-d and effective instroment being produced at a most
reasonable price

Should the refinement of a slow motion be considered essential in individual circumstances, it can
be provided or added at any time at a small extra charge,

The instrument is provided with a glass dish to contain liquids or manifold objects, which may be
moved on the stage to bring the various particles under observation. A fitting beneath the stage
carries a plate with diaphragm apertures to modify the light, and, as Seeds, Fibres and other opaque
nhjects form a large proportion of those to be examined, this substage plate has a space between the
perforations, which, when brought into position, provides a dark ground by preventing the passage ol
light from underneath.  The fitting is removable to allow ol the substitation of an iris diaphragm if

required.

For the better lighting of non-transparent objects a condensing lens may be advantageously used
and is easily adjusied in one of the opemngs that receive the fittings of the spring clips on the stage

Price of Microscope Stands.

With inclining limb, the choice of 14 in, 1in., or ¢ in. objective, eyepiece, mirror, rack

adjustment, subsiage plate, and glass dish .. .. .. . . .. £3 3 0
Additional objectives as named above ‘s . ‘. 012 &
Fine adjustment . . . . . . - . . 1 1 0
Iris diaphragm fitting SldHl: .. . .. .. .. .. .. .. 010 6
Condensing L.ens dillo . . . - . . . 0 5 6
Double Nosepiece . 015 ©
White wood case, stained . . . d . - - . .. O 5 B
Mahogany case .. . ae  aa ‘e .o i - - b : .. 010 0

The above prices are for net prompt cash.



R@SS’ NEW MODEL

Medical School and
Educational Microscope.

This new Microscope, which is a modification of the popular
low” Eclipse Stand, has been designed to provide students at the
outset of their work with a thoroughly good instrument at a com-
paratively small initial outlay, but admitting of subsequent addition
of parts without struétural alteration, rendering it ultimately
capable of doing the most advanced work and making it'a complete
and thoroughly efficient instroment at a less eost than most
students’ [TIiI:TI.'.'IﬁFﬂ}'It'.H. whether English or Continental. Cheap
instruments of this description often have to be abandoned after the
hirst year's work, and a further outlay is then incurred for a more
expensive microscope. This waste may be avoided if the student is
provided in the first instance with this New Stand, which has
simply to be modified at small expense to make it into the high-
class instrument that has by that lime become a necessity. Its
construction is substantial and all its different parts are well fitted,

and it will be found perfledily steady in all posltions, even when
used with the highast power objedtives.

The stayge is sufficiently large to bring into the feld of view
every portion of a bafleriological cultivating wough, being 24 in,
from centre to pillar.

An entirely new but simple device has been applied 1o the
substage for the manipulation of the Abbé Condenser and Iris
diaphragm independently of each other By this means they are
readily removed out of the optic line, thus effecting a great saving
of time. This l*ll'tinl.:. which 1s *.':;il1"||,"||r'lﬁ in itself, can be added to
the stand at any future time il not required in the first instance.

For a small extra charge the foot of the instrument can be made to reverse and lock, =0 as to

bring its longest spread under the body tube when the instrument is to be used in a horizontal

for photography or drawing

Micmscnpe cﬂﬂ"p'EtE-. as described, comprising

Medical School Stand, with 4 and § Olyect glasses, Evepiece, and Mahogany Case
New Substage arrangement with double swing arm and rack and pinian adjustment
Abbé Condenser .

Angular double ?{u.-u-.luirrr- .

Iris Ihaphragm

Microscope in case with apparatus as above and an extra Evepiece. but withont
Objedt glasses .. : C : : . . .. . ..

Micreoscape in case, with § and § Object-glasses and [ yepiece, but without other
Al alus. . - .. . - . ' n . ua

Microscope in case wilh cyepiece, but without apparatus or objed-glasses, .

Extras,
Reversing Foot
Triple Nuscpicue
Eyvepieces s : :
L “hj-l'.'ft-ﬂ'.‘l.ﬁ-‘-. for I‘Iil':-]n,.;i.":d Wik | L.
l’:_-l l'.:l'h_]l:r.'.l-ﬁl.'ua:-i (O1l Immersion) XA 1 2.,

exuch

The above Prices are for net prompt Cash.

-
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ROSS’ NEW....
Petrological Microscope

“ECLIPSE” STAND.

As supplied to the University of London, Science and Art Department, South Kensington,
and other Educational Institutions.

i e T T

BT e T N A L N N R

This Microscope is designed (v provide a thoroughly
reliable instrument for Students in Petralogy

In size and form it is similar to the Koss’ F.clipar.

Stand with the new reversing foot arrangement, also the
diagonal rack and spiral pinion

The stage is circular, revolving, and the periphery
divided 1o 360°

The Anpalyser, which can be drawn out when not
needed, is ftted into the lower end of the body tube,

where also a slot Is cut at the angle of 45" tor the
insertion of quartz wedpe, ete

The Polariser is pivoled to swing immeadiately ont of
the feld when so required, and it has a circle divided
into 8, clicked at o” and 180° to indicale when the Nicols
are crossed.

The Eyepiece is furnished with crossed webs, and
readily drops into a slot.

The milled head of the Micrometer Screw is divided
te measure ;35 of an inch motion of the fine adjustment .

Plane and Concave Mirrors are provided.

PRICE.
: . . £ s d
With one Eyepiece, 14 inch and } inch Objed Glasses, Nouble Nose-piece. Polarising agd
Analysing Prisms and Klein's Ouartz Plate in Mahogany Case ., . 10 10 ©

1f Atted with internal sliding tube for carrying enlarging lens .. N _ extra D12 8
Self-centering aclion 1o stage .. ..

‘a - . K : AP 018 O

Additional Apparatus for Petrological ‘‘Eclipse’’ Stand.
d
Analysing I'rism fitting over Eyepiece, with divided circle . .4 . . ' { iﬂ 0
Calespar Plate for Staurcscopic examination v D10 6
Qunrtr.r 1 ndulation Plate . 010 &
léua.rt: Wedge (Mounted - .. . . . . i 41 0
onverging Lenses over Polariser for the study of the interference igure 110
Mounted Lens to enlarge the same .. .. .. . 010 6
Camera Lucida .. .. : .. . 0 7 6

Rock Sections.
THE " KENSINGTON " SET oF [onkous Rocks.

d.
The Set complete, in Polished Pine Box, with 6 trays, 36 sections in all . 'e !H 3 0
The Slides separately, each .. . . . 'l .. . . - : 0 1 6
Polished Fine Box, to hold 3 dozen Slides . . .. - L. . . L . 0 2 B
- 6, - 0 3 6

Superior Slides of all the important Types of ltock can be had at (he rate of 1/6 each.

The Above Prices are all for net prompt Cash.



ROSS’
Bacteriological Microscope.

This Microscope has been specially designed
lor those taking up the study of Racteriology
The instrument is one of the steadiest ever con-
structed for this purpose, and the inclination to
tilt. 5o prevalent in most ktands, is obviated by
the method of mounting upon”a circular fool (s
Hlustrated), or on tripod or pilar form if desired

The stage is lirmly Gxed hetween two main
parts, and it aperture is of the horseshoe form,
which aflords convenient space for the finger to
lift the slide w readily bring the oil in contad
when an immersion lens is used.  This stage is
provided with clip springs, or a sliding dovetail
slip with rectangnlar divisions if 30 ardered.

Thiz instrument is Atted with a new cenlering
Substage.

It has large mirrors, plane and concave, with
a fitting so arranped that any degree of obliquily
can be obtained. It is planned to secure the
adjustment of the light in the smoothest and
readiest way possible

Nosepieces (double or triple) may be adjusted
50 that the objectives focns in the same plane, thus
saving a considerable amount of time reflocussing
each lens

Price.

/ .

Packed in mahogany case, with one Fyepiece . .. : . .. 13 liﬂ I:]
Sliding Object Carrier, with redangular divisions, exira 015 0
Mechanical Stage .. . .. .. - .. .. 310 0
Abbe Condenser, with Iris and Central Stops, N A1 40 . . .. 212 0
. y . NA 120 2 70

vy In Oil-Immersion Objed&tive 1723 710 0
s . . . 1'2 B 0 O
Loin. . . 12 .. 7 00

The above Prices are for net prompt Cash.

e ——

Mounted Objects for the Microscope.

HHSS. I.TU.. have a very |?I.1'E'!" and varied selettion of e
Vegerable and Mineral Substances, Lbjects tor the
Uxy-Hydrogen Lantern Microscope, ete., vie

objedts, consisting of Animalfl,
Polariscope, for the Dinocular Microscope, for the

Kesidents at a distance can have a large assortment of ciects sent for selection on giving a
reference or sending remittance anid Helraying carriage both ways, and any damage during Lransit
The slides not chosen 1o be returned within one week from the date of their leaving the establishment.

L



- Price. cxclisive A cheap conical - shaped
Size ol Lengih of Extencion of Rallows, of any L HERITY b= .

Coaniimt i Baseboard inclpding cons sl ting n“"‘.h".'.ll-,',ﬁﬁ}' Camera for
41 ™ _]} . .|H iIIL“.':ll'ﬁ IS :.|:-_:1|L".-. i i .'Ei‘.l DF ﬂ al I.H[:h"w“[ to Hﬁht‘ ”[
kv 49 ... . Bo .. ..., "0 . o 13 0 0 .'"r'l_n:rn:-'.ﬁ'r['-é- can be sup-
5% x 04 0 an ... 'g 0 @ Plied for 50/, including
o x # C e . O , :1-.l .- i8 0 0 ane 11 > 3% single dark
1z MIO ...... Go 54 ... =i 0 0 slide.

FIVE PER CENT. DISCOUNT FOR CASH.

scurosne's Proiecting Microscope,

et Ross Ltd., 171, New Bond Sireel, London.

Contractors o Her M:I.]I'h'.fl."-' Caovernmaonds { Brmish and Caloenial), :a-.j} (old Medals and Highest Awards
also to the Principal Foreign Governments, ohl- oF al all Gireat Exhibitions.

SCHROEDER'S PROJECTING MICROSCOPE, £87 1os.

With siz Objeét Classes lone being an oil immersion of high numarieal aperiure), three Eyepisces and Adapters, Alom
Trovgh, 1wo small Super-Stages lor regulating the position of the object when using the lower powers, and Condensers,
Urisms, et

Far Kleéris Light of low heating power, a speclal eombination ol Lenses can be supplied o replace the first single
element of the Cendenser. This greatly enlarpes the nomerical aperture and consequong ;J“]I:-ﬂm-:.- ..! the P o Ched | mage.

EXTRA = =« = £5.
For complete Catalopue of Microscopes, Telese fpes, Protographae Lenses, Cameras and
A pparafus, Enlarging and Frojectang Lanterns, and all () plrcal Instruments, apply to

ROSS hTD Manufacturing 111, New Bond St., London, W., and
.y @pﬂﬂm‘]ﬁ"" 31, Cockspur St , Charing Cross, S.W.
Established 1830.
D—2



Southall Brog.
~Barclay, Lid.

MICROSCOPES,
OBJECTIVES

And all ACCESSORIESs,

Dissecting Cases for Biological and Ibistological
- Eraminations.

BACTERIOLOGICAL SLIDES, CULTIVATION TUBES,

And all Requisites for Examination of Bacteria,

T Y YYTTYY FrYT Y YTy TyryyYw

Full Sels of Mounted Slides supplied to illustrate
any Subject.

L L L W

MICROSCOPIC STAININGS & MOUNTING MEDIA,

A Speciality.

Southall Bros.s Barcl‘ay, Ltd,,

Chemical, Physical and Photographic
Apparatus Dealers,

I, Broad Street, BIRMINGHAM.



PEVOTED 7O FHE I HHER APPLICATIONS

PRACTICAL
PHOTCLRAPHER

ART, DGIENCE, AND LUOMMERCE OF I'HUTOGRAPHY.

P L
%
=
.

1ot JRApATAl
N~ | R -.I_.!;.

g

: ]
L [kl _. ._ f h::‘f'
jew ©)

FINELY TLELUSTRATED.

L LM -
PEECY LUND, HUMPHEIES & Co,. Lk,
AMEN CORNER, EC



Cik...
Matthews

Mortable

Lantern_-

Wath many recenl M srionve
ments, fully maintains its repuo
Lation as the

“« Best of all”’

fer the Seiemtist, the Teacher,

or the Micsioner

Price - £5 17 6,

(Redwcad This season)

The Matthews “School’ Lantern,

Same design as above, but withour Patent Slide Carrier or Rising Platform to Carrier Si ape.

Price . - - . . f5 7 6.
= afs  af

Matthews’ ‘Litlfie Béauty’ Lantern,

With Welsbach Incandescent Gas fhittings, is the ideal Drawing-room Lantern.—No trouble

Price - - - - - £3 3 o

e 'Fii' “"i-‘

A valuable addition to these Lanterns,
which can be readily fitted and removed, is a

NMicroscopic Jttachment, Fsk for prices.

= W L3
B i B P

Electrical, Chemical, and olher experiments ¢an be prodjected with periect ease by the
Matihews' Lanterns ms the slide stage travels along the base lubes as required.

R N N N N N N N W N T T W W "

Full particulars of these first-class instruments on apphcation to the Proprieto

97. QUEEN VICTORIA STREET,
LONDON, E.C....



NEW ALBUMS AND MOUNTS, " spyevones
L ALEBUM.

An albwm of novel construdtion. intended
for the effeflive |I':a.|]1|a3.- of amateur photo-
praphers’ piciures. [ eofitaing pages of dif
ferem shades, cach comaining a variety of
apetitEE st thatl o photegraph can be placed

tehamd thal aperture which in colour and
whiage, st Jumtanesieess with its charadfler.
The wwthod of mounting 18 novel, easy, and
eldle Etive

PRICES -

To take photographs
up o & plate,
5=
Capadity, 180 Prints.

To take photographs
up bin g x g,
]
5i=-
Capmcity, 18o I'rints,

To take photographs
up o 4 plate,
o/ =-
Capacity, 197 Prints.

CTEUNNY
MEMORIES™
MOUNTS.

[on spesCially -sebedted
art shades, enabling
wvery pribt le  be
masked o that shaps
amd  surronnded fl.}'
that tint of papar
which suits it best,

For pochetl-camera

prinis, per packet con-
talning 16, 1/=.

For § plate prints, per packet containing 14, 1=,

Far & plake prinls, por packet containing g, 9,/=,

THE " IMPRESSIONISTIC™ ALBUM.
The grear sneeess of the * Tmpressionistic ' Mounts hat led us o intveduce an Album essentlally made up of such
mounts, appropriately bound in art cloth, and letiered on side " Skeiched by the Son No more eleétive style of

:':i'“.|F'||'I dul e oS eveEr hesn lEl.'.l: o the martket, . The leaves aro of .||_|1-_l|;l |.]|||-_|'|=; Elik H||a11{!l.;l s0 That a smiiable n“'\rlrnﬁmunl
may be chosen according as the photagraph is hromade, carban, or silver print

TRICE=To old 24 ¥ pate prlas §/= cacl, ... ... To ol 24 § plate prints, §/= each.
A'so made withoot the White SHp—Ta hald 48 § plate prineg, 4/= each I'a hiald 48 4 plale prints, gl= éach,
. Speceird Bises made fo order,

THE "POCKET-CAMERA ' ALBUM. |

THE "RATIONAL" ALBUM,

In this Album there is the cholce of several art shades
of paper and also a varlety of openlugs, so thal a photo-
graph can be placod bebiiond that which harmonizes with its
charafter in both coloor and shape, Bound in green canvas.
An Album of shimilar cons:ruetlon e the " Sucny Mem- |
orles “Albuwm, for the prodeests of pocket-camera work. . 2/6 i

Capaclty 176 prints

plate o bold 24 priats, o=
prlate - " (1]

OBLONG "POCKET-CAMERA" ALBUM.

To take ap to Folding Mocket Kodak prints, 2/6, Capacity 103 prints.

A NEW ALBUM-THE "MQODERN.”

T'he photographs are mounted in the nrdinary manner The tines of the page varv, so that the photograph may be

mounted upon e shade which sulis it best, . A post soitable albom for (hose who take o hotography as an art.
Lettered on front * Fiflorial Phowographs.” P phiotograph:

ipl.eleth, 2'=; Quarter bound, 2/6; Full bound leather. 3/-. | § pl.,cloth, 2/d; Quoarier bound, 2/9: Full bound leath er, 4(6,
FPERCY LUND, HUMPHRIES & CO., LTD., BRADFORD AND LONDOMN.



“\\ It may not be possible when each specimen costs
® % 15 PENCE TO BUY.

(Hundreds perhaps belng required to adequntely illustrate the chasen tubject. |

SPEC IMENS Do you wish to take up fresh subjects
- e . “for microscopic research ?
"ll-‘

But it is possible when each specimen costs

] & 1 PENNY TO BORROW.
Chas. Baker, 244, HMigh Holborn, London.

THE

o(Udenl’s Microtome

This Microtome will be fonnd ex
tremely useful to Stodenls in Physiology,
by Hotany, etc.  Theinsirument s arrangod
| o slide on a glass plate; the sabstancno

b et is 4-||||1HI-';|H|!I and fixed on theglass
plate.  Nectione of any degrec of thick-
ness may be cut by raising or lowerin
the serew, and the -‘IT‘li".'rﬂl:-'.‘.'rlll' 1% B T e
so that any razor may be clamped 1o it

(A5 wsed al the Lecds Medical Schow.)
Price, with glass plate without razor, 3/9 each. [Razors, 1/0 and 2/0 each.
Glass plate with roughened spot 1o hold substance, 8d. extra,
Catalogues of Microscopes, Cameras, Lanterns, etc., «n application,

RE?NOLDS & BRAN—SON;_L$-D Bcientific Instrument Mnkers,

"3 14, Commercial Street. LEEDS.

THIS BOOK is a Specimen of
Printing from the Press of PERCY LUND,
HUMPHRIES & CO., LIMITED, at
Bradford,

C. REICHERT, 26, Benogasse, Vienna, VIII.
G T I,

Specialities :

FIRST-CLASS MICROSCOPES

Microtomes, Haemometers,

Rpochromatic and Semi-Apochromatic Objectives,

Polarising and Photo-Micrographic Apparatus.
e

A new rvichly ulustrated Catalogue, No, 27, has just come
ot and 15 free on application.




YOUNG
or OL.D.

From Photographs taken by Readers of ** THE JUNIOR PHOTOGRAHER."
THREEPENCE MONTHLY.
LOMNDON: FERCY LUND, HUMPHRIES & 0., LTD. 1. AMEN CORNER, EC.



MIGR@S@@PIG

Photogrrapblc Glass.

MICROSCOPICAL THIN GLASS, in Squares and Circles,
SLIDES IN CROWN, SHEET, AND PATENT PLATE.

Yignetting Glasses. Glass for Lanterm Slides.
POSITIVE GLASS. FINELY GROUND CAMEHA. GLASS.
RUBY, ORANGE, AND OTHER COLOURED GLASS.
MATT SURFACE OPALS.

Plate-Glass Cutting Shapes. Opalines, Backs and Boxes.

DARK-ROOM LAMPS, ETC., ETC.

JAMES D. GRIFFIN,

FLOODGATE STREET,

Birmingham.



Manufacturing
w On Opticians.
g ‘*“mﬁi,i'::.i:, T Tnch, NAo 83,4 Inch. N Ao 3 o

PRICE £6 15 0.

As shown in illustration, with full mechanical substage,
£1 18 D extra

35 fesearch, htledl with coarse and fine
cular and iris dlaphragm, in cabinet.

This instrument is fitted with a specially large body tube
for phota-micrography direct with low-power objectives, the

drawtnhe haing easily detached.  The microscope when in
the horizontal &S aithon s h\- far the steadiest instrument made,

Full particulars of Microscopes, Photo-Micrographic Apparatus, ete., free on application.

-

University Optical Works, 81, Tottenham Court Rd., W



NEW SERIES OF PAN-APLANATIC OBJECTIVES. S, 0ol dedais

1 mm. Apochromatiic Objective, N.A. 140.............. . nemfrane i ..Price E8
! mm. Pan-Aplanatic Q0il Tmmersion N.A. 130 .. L. S 5
1 mm. Pan-Aplanatic 011 Immersion K.A. 128 i

. LTTIRIT .
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EIII‘I#‘:- l.'PIﬂl .". E. -i HHI“.- rﬁlﬂl-ﬂﬂlJ .ﬂd“_ hth. Fﬂltn-' llf I.h‘ FH IE ‘,J...l. I_.I_ h_.. 1888 —- {:”ll:linh: I WMOre recenr rjt".gg. MWMezers SI-'.'.:[I I-'lil-'ll'ﬂ tsmmned
a series of semb-apochrumats of very fne quality. 1t Is neither the rule nor the costom here 10 enter into the question of the eost of a sparatiag, bt the axcepuvnal &, which

mveryone must have observed in the price of wicrostope objectives of high quality, possessing large cptical Indices, has been so remarkable that it cannot be passed over,
essrs. Swiit, who were the pioneers in this country of eheap objeftives which had eptical indizes worth speaking of, have 15syed their latest secies at prices quite on a

par with those which can be obtaine | on the Contnent. Nor 2 this redu&ion of price confined 1o semi apochramars, far both Messts. Powell and Swiit make fuorite
apochromats at prices which [ belleve opticians on the Continent have not yet reached. ™

FULL LIST OF OBJECTIVES ON APPLICATION.
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mal.Gr. Mikroskope fur petrographische und krystallographische
Untersuchungen.

NEUE PHOTOGRAPHISCHE CAMERA,

FANY _i!'.lill-"lll Fi]ill-.r-.]hl'-..l]l [T tIIiEfI.I!I]:-iIT

PREISE :
__._.-.._”_: g . Fur Plattenformat 7= 7 em. eingernichtet compler .0 S0, Mark
— - . . axr2 . . e 40,
(ewicht der Camera 5 =5 eme omit gelilllier Doppelcasselle 160
Ciramm.
Gebrauchsanweisung, etc., wird der Camera beigegelwen

Meues Lu ﬂm“ﬂﬂﬁknp filr directe [eolachtun TV [T
Photographic icsonders vortheilhaft zom Gebrauch mig « I-.J neuen

nebenstehend abgebildeten Camera,

PROJECTIONSAPPARATE

fiir alle Darstellungen mit electr. Bogen-& (iluhlicht,
Zirkon-& Kalklicht, Gasgluhlicht, u s w.

Apparate lir Fffectbelenchtung,
Vergrosserungsapparate.

Cloth,  Demy Svo.  Frice 128, Nel.
AN INTRODUCTION TO THE STUDY OF THE

DIATOMACI- /1=,

By FREDERICK WM. MILLS. F.RM.S,
With a Bibliography by the Ilate JULIAN DEBY, FRMS,

CoNTENTS. —Ireliminary Kemarks — The Strodture of Trhatoms — Movement of  THatoms
Classification of the Digtomacea:, with a Conspedtus of the Families and Genera Modes of
leproduéion — Colleéting  Diatoms  Mounting I Matoms Microscopical Examination- How 1o
Photograph Diatoms—Bibliography Index.

Mr. Mills has adopted the method of classihcation tor the Diatomaces which for the present may tairly by
aonsiderad the best: .. There in o wory uvesful chapior on Mownting Diatome, and some execllent waehing on the micra

seopie exmmination of twse forms : amd the whole (s rendered complete by a chapuer that will gready aid the beglonner, on
'Haw to Photograph Diatoms”  We welcone this book ; it will oecupy a distinét place In the lwerature of the subjeet in

our Language al present, and will, we hopa, make the way for a gready enlarged sl amplified seeond edition. . “—Natore
Delober.

'|_||.: ]“l_;'” ’F:I ||| |'|1 [+ :"II: I_‘Iqll,plll hr-\,g-,:‘-.“-dl o H_le..ll: !I} |_|| TAES T ' L il A il i % Blw, T, Kidtowm)y miml I"| - g |||lh..
splen d r! beesmil al pr aise. It is, in [adt, worth all the cost of the book - and no student of the Diatoms will, in the uture,
be ablo to I.TI;E‘--.II a with the relerences it affords | "—The Nadnralic!

Croum Sve.  Price 18, 6d.

PHOTOGRAPHY APPLIED T0 THE MICROSCOPE,

By F. W. MILLS, FRMS,
With a Chapter on MOUNTING OBJECTS by T. EHAETEHE WHITE, F.HM.S., etc.

i A useful work for those Inlerested in the subiedt,” —T he Awmaieir PChofor e pler,
“ Wi should strongly advise everyone (o secure a copy.”  Pholographic Kepoler,

London: ILIFFE, SONS & STURMEY, LLTD., 3, 5t. Bride Street, E,C,



Beck’s
Microscopes.

All our Microscopes and Apparatus are manufactured
at our own Factory, under a most efficient testing

staff, and with specially constructed machinery.

JPhysiology Biology
Joathology | Brewing
Bacteriology Chemistry

Soology | Hgriculture

A Special Catalogue is issued of Microscopes for—

JPetrology, Metallurgy, Engineering,

also of

Large Binocular Micmscopes
ALL CATALOGUES FREE ON APPLICATION.

s, Yy e

R. & J. BE@K Ltd.,

68, CORNHILL, E.C.

Factory: Lister Works, Kentiah Fowmn, &, %W, Telegrams ; “ibhjective,*" London.




MICROSCOPES

No. 40.—THE “STAR” MICROSCOPE.

This Instrument is provided with a Sliding Coarse Adjustment, Iine Adjusiment by Micrometer
Screw, Draw Tube, ln.rge Square Stage, Iris Diaphragm, Double Mirror on Swinging Crank Arm,
Inclining Joint, and is perfectly steady in every position. The Instrument packs into a cloth-covered
wooden case, but can be packed in a walnut case, with lock and key and handle, at an additional
rharge of T/8 to the following prices :

No. £ s d
40 BTAND ONLY, oo Object Glasses, no Eyepleces, in Cloth-Covered Case .. .. . 1 B 0
00 BTAND AB ABOYE “a . . ‘s . . . ‘e - £1 B ©
Wao, 364, v Evepiece, "-I'n l. . ‘e . .. . 0§ 0
W Bop. oinch (14 min. tl:}h]t*c.l Glass . , .. . . 012 o
. Boy. t:nﬂh (& ] do, . 1 I &
Magnifving Power F.r-:am 385 fo 183, - 36 0
4on BTAND A8 ABOYE .. O I B
""lﬂ ELTH IE}EI.HL‘{:'I! hL‘l I . . s . O 5 n
Moz, ﬂ] h.q . H‘Il |I|.'-H: 'G-].:li;i . . . . . o 1% O
. T |r|::h (4 mim.) do. . . e . [ I o
Magnifving FPower from '.u" o 270 —_— 310 0
4on  BTAND AB ABOVE . : .. . f1 & o
No.yhy, 2 F:.ig-;:-lm{s., Not, 'l an ._1 II .. .. . . GO TR
. Bog. im:h{u mm. ) Object Glass . G
imeh (4 mm.) 1 (5% . . . 110 ©
o Baee  1-1zimeh iz mm.) O0l Tomseoe r*—unn o, .. . - 4 @ o
o 362 Double Naoseplens .. . . . o 12
. wlF, 5||.|;I*;f.u|:1.'1...'l.lL|-J.l'I|.-lT . . . . . T
Magntfymig Pawer from 34 1o 830 —————— H 3 u

R I.. J. BECK, LTD., 68, CORNHILL, LﬂHDﬁH.



MICROSCOPES

No. 42.—THE * STAR" MICROSCOPE."

This Instrument is provided with a Fack and Pinion Coarse Adjustment,
Micrometer Screw, Draw Tube, large Sfjuare Stage, Irie Lnaphragm
Crank Arm.  The instrument has joint for inclination. is perledtly steady in every position, and packs
into a cloth covered wooden case, but can be supplied with a walout case, with lock and key and
handle, at an additional charge of 78 to the fullowing prices:

No. £
42 BTAND ONLY, 1o Objett Glasses, no Fyepleces, in Clogh Covered Case | o 2

42c. STAND AB ABOVE

Fine Adjustment by
. Double Mirror on Swinging

d.
0

e =

.. .. . . {2 3 o
Mo 303. 2z Eyepleces, Nos. I and || L [T
a1, rinch (22 mm,) Objeét Glass 012 a
Hog  } dnely (8 o) . .a . . . . I T o
Magnifying Power from 38 5 to 270, ] ﬁ u
4211 BTAND AS ABOYE S S f2 3 &
N 364 @ Ryepleces, Nos, 1 and 11 010 o
Haz.  f Inch {rg mo) Object Glass nI2 0
324, & inch ¢4 mm.) e . .. E T aq
Magnifving Pawer from 34 1o 400, - 415 0
425 STAND AS ABOVE = = . f13 e
Mo, 364 2 Evepleves, Nea 1. and 1L . . a Ea
oo Boze  imch (og momy O el a|ags a1 o
By, ‘4! inch 4 T :lu. . I I n
Hii 1-12 ineh [FERTITIITm A Lronnrnisr=dai iy s 4 T 0
g Rubeinge Condenser o i 6
et Triple Naogepiec 0

.1.;.“_'?.'!-".‘.'-'_: iomer from 54 in LTl

10 9 6

——

R. & J. BECK, LTD., 68, GORNHILL, LONDON.



MICROSCOPES

41.—THE " BACTERIOLOGICAL STAR™ MICROSCOPE.

This Inalrument ia pro wided with a Rack and Pinion Course Adjusiment, Fine Adjustment by
Micrometer Screw, and the addwion of the Sm ral screw PFocussing and Swinging Substage with
Abbié Condenser anid Iris diaphragm, large Square Stage and Inclining Joint. 1t has Draw Tube
with inches marked by engraved rings, and Double Mirror on Swinging Crank Arm. This Stand is
perfectly sieady, and is packed in a walnnt case, with lock and key and handle

Mo, _i-_: ] ,
41 ﬁThHD Q.H L‘I" T H'I--|._ & Classcs, nio ]—'jq-||iu L5, THO Coandenser, In Walnoe Case . 3 E

41 STAND A8 ABOYE ce
M, 164, l|l.|,p|||:'\-."-.:-'\-u I, and I1.

! a & 1B s a P (IR B F |
I FT |:|||:'|1 2z mm.] Objedt Glass .. .. .. .. . o1 0
Baes, inch by ity amrei.) il . - .. 1 I i
prz. Abbé Condenser, with Tris Do L‘|':-hr.1,|.,||| . . .- 015 i
|'1._|'_r;‘l_l_ll_l"1_I:'u.I Pogey from 385 fa 270 S 6 3 6
jix  SBTAND A8 ADOYE L .. . . : . £3 3 06
Mo, 364 2 J_..'..uJ fi -:'n:q 'an I ..r.-1 || . . . . .. o o
. dom. 11|i_| 04 I j'-'|'|l-_|i f Celass .. . .. i 13 O
Bry, & loch (g memd ila, .. .. .. | o O
grz. Abbé Condenser, with Iris l]ln;l!lr u.:lu , . . 015 o
Magnifving Power from 54 to 4K, —_— 6 12 6
41~ BTAND AS ABOYE e . f1 86
Mo, 304. 2 |':|1 |l|.-! Camig "'hl.lh | and IT1. . .. .. .. o1 o
. Hoz. Hin (ig mmp Objoect Glass . i, .. a1z 0
Areg, & im. 14 i . . “a . . O (I
Hio, f-13im 02 mimm) il lltlllld. reiorn -LJx . [ER
yiz. Abbé Condenser, with [ris TH |]| AR . . a 15 i
igz.” Triple Nosepiccs, . T o4 A
Mag 'rn.l‘m.' ’ .’u.rr from s." foo H'ﬂfl. — 11 16 6

= =

R. & J. BECK, LTD., 68, CORNHILL, LONDON.



BECK’S
MICROSCOPES

No. 24.—THE **CONTINENTAL MODEL"™ MICROSCOPE,

This Instrument has Spiral Rack and DPinion Coarse Adjustment and Fine Adjustment of the
mast perfedt constriiétion, by Micrometer Screw and Milled Head. The Nickel-Plated Draw Tube
is engraved in the mm. scale and indicates the amount of mechanical tube length in use. The large
Square Stage has a Vulcanite Surface and Spring Clips.  An Iris Diaphragm, and an Adjustable
Double Mirror are supplied, and the Instrument packs into a polishad mahagany case with lack and
key and handle. '

o,

£ s i,
25 STAND ONLY, no Object Glasses, no Eyepleces, Mahogany Case .. .. .. .. & 13 0
z5¢  BTAND IN CASE Y PR TR
No. 36y, 2 Byepleces, Nos. [Land I1. .. ‘.o .. . . a1 g
w H01. 1 inch {22 mm.) Object Glass . . - . .. o 13 o
o 803, {inch (6 mm.) do, .. .. . . .. t 10
Magnifying Power from 383 to 270, — 6 16 0
251 STAND IN CASE e eemrar e ae e ae fa 33 e
No. 384. 2 Eyepleces, Nos. [, and 11, .. n I o
. Boz, #inch (r4 mm.) Objeft Glass [ 12 ©
., Buge & gl (g mm.) o, . . . - . I 10 O
Magnifying Power from 54 to 400 - T 5 0
258 BTAND AS ABOYE e £411 o
No. b4, 2 Eyepieces, Nos. Loand [L, ., . . . . O e o
w oz, Fingh (14 mm) Objed Glass . .. . . . 012 o
. "'u'lq.. ,||_ inch FRLTOA] L I . . B
o atne n=t2 Inch (2 mis) Onl Tinmersinn do . .. i O o
w gt Sohstage Condenser . : . .. . o o1
w  192.* Triple Nosepiece . .. - . . . I 4 0
Mamnifying Fower from 54 o K80 - 12 19 &

- mw e Eamme—m

R. & J. BECK, LTD., 68, CORNHILL, LONDON.

[ of



MICROSCOPES

No. 29.—THE * CONTINENTAL MODEL"™ MICROSCOPE.

This Instrument has Spiral Rack and Pinion Coarse Adjustment, and Micrometer Screw Fine
Adjustment of the most perfect construction.  The Nickel-Plated Draw Tube s engraved with mm
Seale, and indicates the amount of Mechanical Tube l.ength in use. The Large Square Stage has a
Vulcanite Surface. The Spiral Screw Focussing and Swinging Substage with Iris Diaphragm and
Abbé Condenser renders this Instrument suitable for Badteriological work. Tt is provided with an
Adjustable Double Mirror on Swinging Arm, and packs into a polished mahogany case, with lock and
key and handle.

No. s d,
20) BTAND ONLY, in Mahagany Case. No Eyepicces or Objeft Classes, . . .. .. i 8 0
zgx.  BTAND IN CABE .. . . .. . £5 8B o
Mo. 384, 2 Eyepleces, Nos, Loand 11, ., .- . i .. a1 o
92, Abbé Condenser with Iris Diaphragn , .. _ a1 o
farz,  #dnch (14 mm.) Cihject Glass L . 012 o
By, & inch (4 mm,) o, e . . ‘s I 16 o
Magnifving Power from 5¢ to 200, —— 818 0
20L STAND IN CASE .- . . .. . .. .- £3 B o
Mu. 364, 2z Eyepleces, Nos 1, and [1. .. . .- .o ‘e o I0 o
w 912, Abb€ Condenser with Lris Diaphragm L . . 01§ o
w B0 ¥ ineh (22 mm.) Objed Glaze ol . 013 o
w Buj }inch (6 mm.) do. s ma as . us I T o
o Hia, o p-12 ineh (2 mme ) Q1 Immersion do., ., . . . i O n
Mugnifying Fower from 385 to 380 —_— 12 6 0
zq8  BTAND AS ABOVE C e £5 8 o
Mo, 3164, 2 Eyepleces, Nosg, [, and 1], O Io o
v Hoez, E ineh (14 mm.) Objedt Glass 012 o
Mg, A ineh (4 mm.) do or. . 113 o
Fro. r-r2 Inch {2 mos) Ol Immersion do. . . 4 & 0
o 12 Abbé Condenser ,, . . 015 o
v 192.* Triple Nosepioces, . i . . . . . 1 4 ©
Magnifving Powser from 54 to 880 —

1319 0
R. & J. BECK, LTD., 68, CORNHILL, LONDON.

——



BECK’S
MICROSCOPES

Ne. 53 THE “CONTINENTAL MODEL™ MICROSCOPE.

This [nstrument 15 one of our lates| produdtions for Baderiological work, and is provided with a
Spiral Kack and Finion Coarse Adjustment, and our latest form ol Fine Adjustment operated by the
large Micromoter Screw Milled TTead.  The Nickel-Plated Draw Tube is engraved in the mm. Scale,
and indicates how much Mechanical Tube Length is in use. The Large Square Stage has a Vuleanile
surface. The Spiral Screw Focussing and Swinging Substage carries onr largest-sized Abbé Condenser,
and the Instrument is provided with an adjustable Donble Mirror on a Swinging Arm, and the whole
packs into a polished mahogany case, with lock and key and handle,

M. £ 3 d,
53 STAND ONLY. no Objeé Glagses, ne Kyepieces, no Condenser. in Maboguny Case ., ﬁ 5 0
53K STAND AS ABOYE . . .. .. . .. .. .. G 5 o
No, 264. 2 Eyepicees, Nos. 1. and I1, .. . s .. . . oI o
o Soz. ®inch (rg mm.) Objott Glass ., .. .- . .. o 12 o
tog. # inch (g mm) do. .. : . s . I o
gi1.  Abbe Condenser, 1o M. A, with Iris Daphragwm ., . . 115 o
.'Iu".lﬁ'.ru!_yrr:.a_- .n"un-rrfrun.' ad o 400, ——— 10 12 ﬂ 1
5im BTAND AS ABOYE . L N
Ma, 364, & Eveploecs, Mos, 1, and 11, . ; . . .. T
o Bon. Timch 2z mom) Obgedt Glagg ., .. . .. . OI2 0o
v 003, & Inch (6 ymmn,) do. . . . .. . 1 1 &
o Bro. 1-12 inch (2 mm.) Ol lmmersion do .. .. . 4 08
o G0 Abbé Comdenser, with Iris Liaphragm .. .. . 115 ©
w 392" Donble Noseplece ‘e ‘s ‘e is . . orzx h
Magwifving Powsr from 383 fo 880. _ 134 15 6
538 BTAND AS ABOYE = . .. .. L Y
Mo, i0g. 2 Eyvpleces, Nos, 1oand 11, - . . .. ‘s 0ol 0
Boz, & fpchiieg mun) Objedl Glass .. .. . . . a1t D
. Buog. Eill-.'-h {4 mm o, ) . L 1o o
o Hrow 1-12 inch {2 o Ol Tmmersion do., . ) 4 0 0
o air,  Abbd Condenser .. . 115 o
gz Triple: Nosiepicer, | . 1 a4 o

Magnifytng Pover from 54 e 3850, —_

R. & J. BECK, LTD., 68, CORNHILL, LONDON.



BECK’S

MICROSCOPES

~ No 52.-THE "“CONTINENTAL MODEL" MICROSCOPE.
T'his Instrument is provided with a Spiral Rack and Pinion Coarse Adjustment, and has our latest

farm of Fine Adjusiment operated by large Micrometer Screw Milled Head. The Nickel-Plated
(eraduated Dreaw Tube 1z engraved in the mm, scale, and indicates the amount of Mechanical Tube

length in use. The Large Square Stage has a Vuolcanite Surface. The Substage is of the most
approved pattern, and will take all large-sized apparatus, it has Rack and Pinion Focussing Arrange.
ments and Screw Centring Adjustments. The Adjustable Double Mirror is itted to a Swinging Arm,
and the whole Instrument packs into a polished mahogany case with lock and key and handle.

o,

52 BTAND ONLY, no Qbject Glasses, no Evepieces, no Condenser, in Mahogany Case | 7

s2x  STAND AS ABOYE .
No, 36y 2 Eyepleces, Nos, 1. and 11, ..
, Bo2. #lnch (14 mm.) Obje@ Glass ..
» 8o4. 4 Inch iy mm.) do .. . . i,
w Q1. Abbe Condenser, o N.A., with Iris Diaphragm..

Magnifying Power from 54 fo 40N,
5zm  BTAND AB ABOYE = .. .. .. |
No. 384, 2 Eveplocas, Noe, 1. and 11 )
o Bot,  pigch (22 wmn) Ohjedt Glass ..
w Bog. 1 inch (6 mm.) do . .
. Bro. 1-12 inch (2 mm.) Oil Immersion do. . .

git. Abbd Condenser, with Iris Dhaphragm
, Jlj.!."‘ Double Wnse iﬂl_rf_-L-

Magnifving Power from 3835 fo 880,
522 BTAND AS ABOYE T

No. 36y, 2 Evepieces, Nog. I and 11. .
p D02, i inch (14 mip.) Objedt Glass |,
o Bog. inch (4 mm.) dia, . ..
e SIon 1-12 Q0. (2 o) Dl Tmmersion do, ..
g 192" Triple Nosepiess | a . . . . L
« goo, Beek’s Achromatic Condenser, with Blue Glass or

Irle THaphragm. .

.-‘nfn.;:..ru:j'j'.'n;_' Power from 54 o 880

R. & J. BECK, LTD., 68, CORNHILL,
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MICROSCOPES

e

No. 51.—THE * CONTINENTAL MODEL " MICROSCOPE.

This Is our latest model of Bacteriological Microscope with Centring and Rotating Stage. [t has a Nickel Plated
Draw Tube engraved in mm. Scale to show lengeh of Mechanical Tube in use. The Spiral Rack and Pinian Coarge
Adjustment, and the Miccometer Screw Fine Adjustment are manle upon the most approved msthods, and o graduated
Milled Head is P['i.'.ﬂ"ld!'.:d for reading the depth of an objedt, etc.  The Spiral Back and Pinton IFocussing Substage and
screw Lentring Apparatus are very earefully adjusted ta the Stand. The Double Mirror is adjustable on the Swinging
Arm.  The whole Instrument is Ginished in the very bese style, and is packed In a polished mahogany case, with luck aod
key and bhandle.

Mo, £ s
16 0

—

Magmifying Fower from i'i'.r'l I.*-l |'|:J':'T!'.i'- N

50 STAND ONLY, no Ubjcét Glasscs, no Eyepleces, no Condenser, in Mabogany Cabiner . T
5ik  STAND AS ABOVE .. .. .. v o {733 B
Mo, 364. 2 Evepleces, Nos. 1. and 11. o1 o
- H:]_‘. !ijll":h |n"| T | f_'!'|::|:|l;-|.‘_"1 (:.-I..u;.s. . .. . (] 5 0
Hab. 4 inch (4 mm,) da. with Correftion Callar 215 0
gii. Abbé Condenser, with Iris DMaphragm , . I i% o

.":r.l;'slf:rmﬁr Poioer Jrom 34 o 400 —_— 15 n ﬂ.
5t BTAND AR ABOVE a1 w3 e " aa £7 15 0
Mo, 364. 2 Evepleces, No. |, and 11, FIFTIRT
i 822, 1inch (22 mm.) Object Glass . . . 1 5 0
Bas. }inch i mmm.) ., with Correction Collar 2 o o
Bio. 1-12 inch (2 mm.) Gil Immersion s aa ‘e . 510 0
o gz, Abbe Condenser, with Tris Diaphragm . . . 4 © a
o 392.* Double Noseplece, . e .e . . . . miz 6
Magnwifying Fower from 385 lo 880 —— 2119 6
BIG BTAND ABE ABOVE ; .- h - . ' - . L7 15 o
No. 399. 3 Evepieces, Nos. ., [I, and 111, . ‘e . . I 4 o
s B 3 doch fgo o] Olyedt Glass . . . I o o
o M2z, 1 inch (22 mm.) ilo, I £ o
v Hz4. ineh (22 mm.) i . . .. .. . [ Io 0
Bz25. {inch (6 mm.) da, with Correction Collar T a n
o Bry. & inch iy . do, o 3 M A
o Bao, 1-12 inch (2 mm.] de Ofl Irmimersion .. .. [T
goi.  Deck's Achromatic Condenser, with Blue Glass and Icis

Maphragm and series of Pach Stops . . 5 % w0
142 ¥ 1'ri|-.|.- ‘L-_'-i:-:lp:--t-- .. "8 i L o4
v 384, Polarieing Apparaius .. - i o, 114
s, 3gband 340, Eyepiece and Stage Mierameters |, I @
."'-:u. _|'||| LEI |'|\."~| "-.i'l'lt .ql. i LN LS ] l-'lu“.iﬂ: N} :;"Ii [ ]

3 68 0

~ R. & J. BECK, LTD., 68, CORNHILL, LONDON.



This Instrument is one of the ver
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and Pinion }i

BECK'S

MICROSCOPES

No. 20.—THE *“PATHOLOGICAL'" MICROSCOPE.

best for all advanced work in Physk ll:-l-;\' and Patholugy ; has

cint for inclination

foot which ensures lhlﬂT‘.lt': stability in every position, It has Spiral RBack and Pinion fl_i,mry_ Adjustmeni,

T Fine Adjnstment by Graduated Micrometer Scrow and F-IlllnuJI Head, Draw Tube, Gl

uetabls Ttr-::l!"!.' Paint, which In many oases ba an excellent substbtwie for the F.-‘I!:,LI

ocussing Substage with Screw Centring Adjustments, and Double Mirrer adjustable on Sliding

whqln packs inio a polished mahogany case.

ass Stage, working

-J“IE.-II.I 5-“.[.:1 3 ﬁllr.ﬂ! H-I'“:h

o,
a0 ATAND, without Condenser, Object Glasses or Eyepleces, In Mahogany Cabinet
zon BTAND ABABOYE . . = = = = . 8ioq
No. g9, 2 Eyepieces, No. 1. and LI . .. o . o i 0
o B, ingh (g mun) Objedt Glass a1z 0
. TH inch (4 mm.) do 110 0
o QI bl Condenser with Iris Ula.phr.lxm s 115 0
Magnifying Power from 54 io 400,
o BTAHD AE ABOYE . , 818 o
Mo.o3gg. 2 I‘]rpilm-q hm. :I and 11, . Ta 30 o
w B2z, 1 inch (22 mm.} Objedt Glass | . I 5 0
w S24. dinch (12 mm ) do. . . .. . I 10 o
o Bazh inch (4 mm.}) dn, with Corredtion Callar -3 LI
o B30n 2-12 inch (2 mm,) (4] Immersion Objecél Glass 510 0
o Iga.% IrILIP Noseplete. . I 4 ©
goz. - Beck's Achromatic C ll!l'ld-t-l'lsl"l.‘, u.luh t=.||. o Gilass ,ard It j-,,
Diaphragm " 4 & ©
Magnifying .”-u T ,I’mrr' jﬁ' 3 hJ HMJ —
zop  BTAND EE lﬂﬂ'ﬂl o . . [B15 o
o 99, 3 Evepieces, Nos I 1. and II1. . . . I § o
u G200 2 inch (4o Inm]{?hjru.‘t Glass ., I @ n
o 822 1 Inch (23 mm.) .t I 5 0
o B2y ineh (r2 mm ) |In i . . . I ID 0
w B2y }1nch‘-ﬁmmr do with Corre@ion Colla 2 0 o
v Bzy. . § inch (3 mm.) da. dao. i, j 10 0
» Bin. r1-12 inch (2 mm ) do. Ol Immersion _ 510 0
.. 903, Beck's Achromatic Condenser, with Blue Glass and Iris '
Diaphragm and series of Patch "'-.-tr.-[m T 5w
o 162" Triple NMosapiecs, . t 4 u
384. P-:nhrlzing -tp]:;inlm . L 1% @
N 0. 340 & 349. Eyeplece and Slage Microme ters 110 0
Mo, qqoe - Vertieal Camera Luoeida 018

flu"m_m,i‘} ing .I il ey jt i i’n i ”.I-.,.ifa'

ar. The
Lo i |
8156 0

13 8 0

2516 0

& J. BECK, LTD., 68, GORNHILL, LONDON.
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No. 17. THE “PATHOLOGICAL"™ MICROSCOPE.

The consiruftion of this Instrument is almost identical with that ofour Na. 20 (the previous fi

-

MICROSCOPES

£ on oppogite page), with the

exception that the Glass Stage is substitueed by a lage Sqoare Shuge, and to this is fiteed a Removable Mechanieal Stage nf

the very latest and bes construction.  The Stand is excacdingly stea 1y In every poskion, t
W Cin l]lumuuhl:.- recommend it as the very best Instrnment for all hl,{h-;mu--,-r wark.
pulished mahogany case, with lock and key and hanlle

Nao,

Ly ETAHD, with Removable Mechanical Tupstage, without Condenser, Object
Evepieces, in Mahogany Cabinet N ]
17« STAND AS ABOYE o
Wo. 3009, 2 Evepleces, Nog. 1. and (1.
o w23, dimeh (o6 o) Obgest Glass . .
Hzf @& Inch g mmo do., with Collar Adjustment |
w gr1. Abbd Coddenzer, with Iris Diaphragm

Magnifying Pounr __.r':'um 34 e 400,
r7¢ STAND A8 ABOVE e
No. 00, 2 Evepleces, Nos, [ and 11
w o Ba2de 1 dmch (22 won) Object Glass
- . Hag. i imeh (16 ) des, .. .. .
o Ba2b. #imch (g mi) da., with Collar Adjustment
wo Biow 1-12 Inch oz o) OO Immersion bject Glass
. Tl'i|'|||- .'h'n:-'.r-pi.- et CR . . o .
o2, Beek's Aehromatic Condenzer, with Blue Glass and Tels
Diaphragm .. . . Y. . ..
Magnifving Power fram 385 po ¥80,
(;u  STAND AS ABOVE

Mok 390, 3 Evepleces, Nos T, 11 aned 111
W H2o. 2 imch (4o mm ) Objest Glags
Haa. rimeh (22 mam i,
Hig. irely (12 o) da. o . _
H2g ineh 16 ) dou, wieh Collar Adusconent
Ha=. h Tewezln |_:, irenry, | ':l"'-. N ™

w o B30 Ter2 Ineh o2 mm.d Wil irmmersion . i -
v 9030 Bedk's Achromane Condenser, with Blue Glase Dia-
phragm and Faich Sy I's . N
w39z Tripde Nusepicee
w30 Polarizing Apparatus i ) )
Now.agfi and 199, Evepieee and Srape Micrometer
Moo o, Yertical Camera [aoeila . , .. .
Marnifving Doy from Ih v 1650

R. & J. BECK, LTD., 68, GORNHILL,

he adjustments age porfedt, and

The Insirument packs inta a
ﬂ‘ B i,

. Glasses 1I:=|.' T 0

£1 5 o
010 0
I & m
2 1% 0
i 1= [ ]

18 16 0

f12 5

LI [
13 o
I ID 0
T IF o
EI0 o
i 4 @
4 0w
— 29 8 0

{12 5 o
I 4 [
I 9 o
L 5
T Th a4
FUR Y |
1 T 0
£ 1o o
5 % u
I 4 o
I 1% O
I o
D18

" " 3816 o
LONDON.



BECK’'S ACHROMATIC OBJECT GLASSES.

4334

Series A.

=

ApppaxiMaTeE Macuirviesg PowERs,

F il , . [ A i .:.. . b
Cal, English | Angular |[Numerical 1imr dxmm, g duch, N . @ I, i
e |rr-|: hﬁ”:_ [ sk ."..]ll. rlary, .‘.PL riurc. . II I!_I.‘_[hiﬂ]‘ﬂ:.-i_l‘_- I!IHE.r.h “1.]:1_“_' L__ Pllf E.
metres, thon Eyvemeces Eyepieees.
I z 3 A I | 4 £ o5 d
Moo qomm | 2 ineh ik o ol 16 24 45 a1 32 1 018 ©
Ro1 22, I, 15v o1y 34 g %0 1N 49 74 [40 012 0O
Boz g9 . | R . 17 01§ 54 82 152 68 100 [G2 012 0
Hoza 1z, L 45" U 30 B0 1 20 215 100 150 280 i 5§ 0
Moy s, 3 . e o 6 147 210 420 183 270 510 11 0
oy 4 Ao qov o1 | 216 | 328 620 290 400 76 i10 ©
s05 3 ko rro” oBz | 290 430 Bzo 360 530 1000 200
HomocExnEors O Iuseesiox

B10 P I'NA. 480 710 1360 sgo  BSo | s 4 00

1-12 Inch 0il ]m-mirniun. Price £4,

Is as perlect a Lens as we can make 1t possesses only a moderate aperture, bhut for histological
work this, in giving greater penetration, i< an advantage,

Series B,

: | AprroxiMaty Maoxipving Pn'll.'lcl_t:. T L
| Focal | . | . 13 A l:: Liveh, . Binch
St | Lopgth | Euetin  Avgntar somenical 3300 M Voot bty | P
! — timm. I vepicoes. Eyepleces,
1 ‘ x | 3 I 2 | 3 . £ s d
820 | gomm. 2 inch | N SR 16 24 45 21 32 61 ! 1 0 0
Bar [ 30 ., 1k . | a1 01} 21 ‘ 13 61 28 42 &o 1 80
22 |2z, | JE: o 1t 36 55 106 46 70 133 1 50
K23 | 16 .. | & .. 20 1R 10 | 75 | 140 fi3 g3 176 i 8 0
fzq 12 ., | & ‘ 38 033 8o 120 | 225 100 150 | 2850 | 110 ©
Bag | & ,, [ . | B3¢ o068 | 147 | 220 | 420 | 18y 270 510 2 00
s20 | 4 o, | E o | 110° o8z | 216 | 338 | 620 | 270 400 760 | 215 ©
a7 3 £ 110% O8Nz i 200 | 430 Bro 3{.“ | %30 1000 i 310 0O
HomoGExEOoUs O1L IMMERSION, - |
g0 2, ‘ 7 - - 125§ 480 720 | 1360 500 | EBo 1650 | B 10 ©
331 15, |Ywow — 125 | G640 | gbo 1810 T80 | 1180 2z | B OO

Nous, B25. B2b and Bzy bave Corredtion Collars. The Object Glasses which Jdo ot bave a Corredtion Collar are ldl'ﬂ“';
for cover glass ‘o6 inches (15 mm.) thick. They are all supplied in Brass Boxes, and many of the powers are approui-
mately e required lengths to focus with a Double Nosepiece.

R. & J. BECK, LTD., 68, CORNHILL, LONDON.
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