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THE WONDERS OF MICROSCOPY

HE use of a lens for magnifying pur-

poses is ancient, but the first ‘‘ com-

pound microscope "’ was probably made
in 1590 by a Dutchman, Zachanas Jansen, whose *
invention was followed up by Galileo a few years
later. But it did not become an efiective in-
strument till towards the middle of the eigh-
teenth century. In a "simple " microscope we
look at the object directly through a lens or
through several lenses. This kind of instrument
is often used for microscopic dissection. But in
the “* compound * microscope we look through
an eye-lens or ocular at an inverted image of the
object formed inside the tube of the instrument
by an object-lens or objective. In all ordinary
microscopes there are two lenses in the eye-picce
and three lenses in the objective, and all sorts

~

Fhota: ]. J. Ward.

of ingcnious devices have been invented for
making the most of the magnifying power
without losing clearness and definition. |

In the early days of microscopy the instrument
was to a large extent a scientific toy. The
observers magnified objects and- often drew
them very beautifully, but without making
them more intelligible. There is not much gain»
in secing a minute object loom large unless we
understand it better. This was a necessary

An Iavisible Stage. Soon, however, great steps
were taken, and one of these may be
called the discovery of the invisible
world of life. The pioneer explorer was surely
the Dutch observer Leenwenhock (1632-1723),
who discovered minute creatures like the
Rotifers or Wheel-Animalciles which are com-

World of
Life,

PULL-PACE PORTRAIT ‘OF THE COMMON WASP.

The large compound eyes are well seen, and above these are the feelers or agtenax. Protruding underneath uac!:untlz thc head are
some of the bitlng mouth-parts, and the first pair of legs are also scen.  Note also the pumerous set or bristies,
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RGGS OF THE BROAD-BORDURED UNDRRWING MOTH,

CROWDLED TOGUHTHRR ON THE UNDLERSIDE OF THR
LEAP,

‘There are about 1,300 gy, all deposlted In oae evening. In

another phologruph a few of the cgps are shown much calarged.

mon in ponds, and the Infusorians which
abound wherever vegetable matter rots away
in wuter. He made numerous microscopes,
and though they had neither tube nor
mirror, they were sufficient to cnable him to
demonstrate his animalcules before the Royal
Socicty of London, the Fellows signing an
affidavit that they had seen the little crea-
tures, It was Lecuwenhock also who (in
1687) discovered bacteria, the very minute

L

organisms which cause all putrefaction,
are responsible for bringing about
many discases, and are yet of-immense
scrvice to many living crecatures.

It was not till long afterwards that
Pasteur and others demonstrated the
importance of bacteria, but it was a
great event in the history of science
.when Leeuwenhocek first proved their
presence. It was literally the dis-
covery of a new world with a teeming
population, with incalculable powers
for good and evil. It must have been
a sced in the human mind, this idea
of an intensc activity going on all
unscen until men stuck lenses of glass
in front of their own.

Another great cvent, though its
importance was not recognised till
afterwards, was the discovery of the
male elements or spermatozoa of
animals, which fertilise the egg-cells so
that these may begin to develop.
This discovery was probably due
(1677) to a medical student in Leyden,
Louis de Hamen, who showed them to

Photo: J. J. Ward.

LEGGS OF TIE BROAD-BORDERED UNDERWING MOTH.

Each egg has a shell of the substance called chitin, which covers the
living skin of all insccts. The cgg-ahell is secreted in the oviduct of the
female lnsect.  Its outer surface is very beautifully sculptured, but
the significance of the pattern is unknown. It Jooks as if the beauty of
many oeganic structures is like that of snow crystals—an expression of
the war in which the dance of molccules sinks lato relative rest.
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THE PROBOSCIS OF A HOUSE-FLY,

It Isa tubular structure endimg in Lwo broad pads, traversed by numetous small canals by whico
mliva from the mouth can be passed out on the surface of the pads, This julce dissolves solid
substances like sugar, and the result is sucked up the proboscis. Two unjoinied sensitive palps
are also shown., When not in use the proboscis is drawn into a hollow beneath the fiy's head.

Leeuwenhoek, but it was not till more than a
hundred years later that the mcaning of these
*sperm-cells was recognised. And itisinteresting
to remember that it was not till 1843 that another
medical student, Martin Barry, in Edinburgh,
observed for the first time in the rabbit the
fertilisation of the mammalian ovum by the
spermatozoon. In modern times an extra-
ordinary intensity of research has been focused
on the usually microscopic egg-cell and the
always microscopic sperm-cell. In the union of

these an individual animal has its beginning,
and it is interesting to trace this modemn study,
so important in connection with heredity, back
and back to the Leyden student's first glimpse
of spermatozoa.

But we must not lose the wood in the trees:
one of the real wonders of microscopy, rising
high above any mere curiosity collecting, is
the discovery of a world of invisible life. There
are the bacteria, which may be regarded as
the simplest of living creatures; there are the
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yeasts and the simple moulds; there are the
single-celled green plants which play so im-

portant a réle in the cconomy of the sea by’

providing food for humble animals like water-
fleas. There are the one-celled animals or
Protozoa, such as the chalk-forming Foramini-
fera, the Infusorians which often scrve as
middlemen between the products of bacterial

putrefaction and some higher incarnation in-

crustaccan or worm, and the death- bnngmg

if maturalists had been without microscopes.
It seems hardly too much to say that the system
of ‘animate nature would be uncomfortably
magical if the microscope had not enabled us
to detect the missing links in many a chain of
cvents. The liver-fluke which often destroys
the farmer's sheep is-a relatively large animal—-
about an inch long—but it starts its life as a
microscopic egg which develops into a micro-
scopic la.rva that enters a water-snail, and has

a rcmarkable history there. The

“ISLE OF WIGHT DISRASE" HAS SPREAD ALL OVER BRITAIN,
CAUSING THE RUIN OF TIOUSANDS OF BELUIVES.

tapeworm, with which man becomes
infected by eating bad beef imper-
fectly cooked, may be several yards
in length, but it began as a micro-
scopic egg which was swallowed by
a bullock and hatched into a micro-
scopic boring larva, which eventually
became the beef-bladderworm. In
hundreds of cases the microscope
reveals the life-history. In the course
of a few years a very serious bee-
pest, known as Isle of Wight discase,
has spread throughout Britain,
causing havoc among the hives, and
greatly discouraging a lucrative and
wholesome industry. The nature
and mecaning of this discase re-
mained baffling until strenuous and
patient microscopic work by Rennie
and White demonstrated that the
plague was bound up with the
presence of an extremcly minute
mite in the anterior breathing-tubes

11 i3 associated with the presence of a very minute mite (Tarsonsmnus woodi) In
certaln air-tubes or tmcher of the bee. The figure shows an enlargement of &
branching alr-tube with a mite's cgg (3}, an Immature temale (2), a mature lemale
{3) struggling out. 1Ia PFig. 4 ls shown a mature mite still more enlarged ; note
the four pairs of walking Jegs with bristles and two palrs of plereing and sucking
mouth parts. The mite fceds on the bee's blood, and as the numbers Increase the
infected alr-tubes become blocked. Thia means that certaln muscics, ¢.g. those of
flight, are bereft of thelr normal supply of oxygen and naturally go out of gear.
The bees are unable to Ay, and crawl about helplesaly in tront of Lhe hive.

of the bee. And when the cause of
a discase is discovered, it is not
usually long before investigation also
reveals a cure.

Long before there was any micro-
scope the use of the scalpel, helped

organisms of malaria and sleeping-sickness.
There are also many-celled animals of micro-
scopic dimensions, such as the wheel-animalcules
of the pond and the minute crustaceans which
play so important a part in .the circulation of
matter by feeding on the microscopic Alge and
Infusorians in the water and being themselves
dcvoured by fishes. There are also the invisible
early stages of many important parasites, whose

life-history would have remained quite obscure

L

sometimes by the simple lens, had
revealed the intricacies of the body in man
and in animals. We may save ourselves from
Intricacy of €Xaggerating modern achievements
Ardutecture by recalling how much Aristotle
in Small (384322 B.C.) knew of animal struc-

ture. He dissected many a crea-
ture, such as the sea-urchin ; he saw the beating
of the tiny heart of the unhatched chick; he
described how the embryo of the smooth dog-
fish is bound to the wall of. its mother's
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investigation which con-
tinues untiringly to the pre-
sent day. It makes for a
realisation of tlie unity of
organic nature to disclose in
creatures which will pass
through the eye of a needle
the presence of organs com-
parable to those in man him-
self. Much of Ma!plgtus
work was donc with a simple .
lens, but he had also his
microscope with’ two lenses,
s and in any case his name

Ao =t A0 S TS e TR B _— may be associated with the
Prota: ], ], Ward. great discovery that as far

FOOT OF SPIDER, SIIOWING COMBED CLAWS AND CUTTING-HIOOK BELOW. as intncacy of- structure
el e up 8 el e o, e e b o0 g iz docs not count for
bold with ber hands*' ; but some scholary say that the Jiebrew word really refers to the wall-  much, .

lizard called the Gecko, which has toes with adhesive surfaces, Alpldcl cannot climb up a quarts % A
8bre, for its claws will not grip the smooth surface, It is a wvery striking

experience to observe a

oviduct, and much more besides. And
Aristotle had his successors, few and far
between, who kept up the anatomising tra-
dition, long beforc there was any micro-
scope. But what the carly microscopists
did was to reveal the fact that the multi-
tude of minute creatures which it was
hopeless to try to dissect had an intricacy
of structure comparable to that in larger
and higher animals. One of the pioneers
in this exploration was the Italian, Marcello
Malpighi (1628-1694), who described the in-
ternal architecture of the silkworm as animal
had never been described before. He worked
so hard that he threw himself into a fever
and set up inflammation in his eyes.
* Nevertheless, in performing these re-
searches so many marvels of nature were
spread before my eyes that I experienced
an internal pleasure that my pen could not
describe.” He discovered, for instance, the
"delicate branching air-tubes (or trachezx)
which carry air to every hole and corner of
the insect's body ; and it is plain from this .
instance that he discovered internal struc- ioj:.;:. i&-’ffé&cmq FLY, MELOPHAGUS OVINUS, OFTEN,
tures which made the insect at once more BUT BADLY, NAMED THE SHEEP-TICK.

i igi is sort of discov we still Pot a tick Is not an insect at all, The ** ked,” as it is popularly called,
::ldhgbl& This sort £ ery ( Mal has a compresaed body aboat a quarter of an inch long. It has plercing
e excrctory organs of insccts " mouth-parts and sucks blood from the sheep.  Very siriking arc the two
pighian tubes) was characteristic of the curved clawsat the tip of the foot, well sulted for holdlog g 1o the Beec®.
. e . Part of the body, with short , 18 also stown. - * usually

man, and characteristic of a kind of [ trom one shesp to another by contact.




THE OUTLINE OF SCIENCE

5

Photo: J. . Ward,

COILED TRODOSCIS OF A DUTTLRFPLY.

It is & paired structure, but only onc-half of the tube is shown,

It {5 used for sucking up nectar

from flowers, the suctlon being due to a muscular pump inside the insect’s head, In some of the
llawk Moths the proboscis moy be 10 inches long. Rising from near the base of the proboscis there
are iwo palps covered with scusltive halrs, as the photograph shows, The caterpillar or larva of the
butlerlly has bitlog mouth-parts in great contrast to the suctorial parts of the adult,

minute animal like the Rotifer Hydatina,
no more than a pin-prick in size, and to
find that it has a . food-canal, a chewing
apparatus, a nerve-centre, various muscles,
a dclicate kidncy-tube, and so on. Yet
it is.such a pigmy when all is said
There are little beetles (Trichopterygids), well
represented in Britain, which are sometimes

only onc-hundredth of an inch in length— ¢

practically invisible.  Yet within that small
compass there is the same kind of intricacy
that is found in a Goliath Beetle—brain and
nerves, muscles and food-canal, air-tubes and
kidney-tubes, blood and germ-cells. He would
be a buld man who says he quite understands
how there is all this intricacy within bulk so

small. But this we venture to call the sccond
wonder of microscopy, that great suiricacy of
slructure may occur in a microscopically minute
living body.

We have singled out the name of Malpighi in
Italy as a pioncer in the exploration of the
structure of minute animals, but we might have
taken with cqual justice Swammerdam in
Holland, whose precision of minutiose observa-
tion has rarely been cqualled.  He is memorable
not only for his anatomy of small creatures, but,
Intricacy of like Malpighi, for his minute anatomy
Vital of larger ones, and here we might
Architecture. 1.5 include the carly British micro-
scopists, Hooke and Grew. For this was another
linc of advance, to disclose the intricacy of vital
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a;chitccture that lay beyond the limits of scalpel
and simple lens.  Thus it was a great step when
Swammerdam discovered in 1658 the blood
corpuscles of the frog; when Malpighi demon-
strated the air-cclls in the lung where the gascous
interchange takes place between blood and air ;
when Lecuwenhock completed Harvey's theory
of the circulation of the blood by demonstrating
in 1680 the capillary connection between
arterics and veins, Speaking of the tail of the
tadpole, he said, ** A sight presented itself more
delightful than any mine cycs had cver beheld ;
for here I discovered more than fifty circulations
of the blood in different places, while the animal
lay quict in the water, and I could bring it
before my microscope to my wish. For I saw
rot only that in many places the blood was
conveyed through exceedingly minute vessels,
from the middle of the tail toward the edges,
but that cach of the vessels had a curve or
turning, and carried the blood back toward the
middle of the tail, in order to be again conveyed
to the heart,” Such was the momentous
observation of the fact that the arteries leading
from the heart, and the veins leading back lo
the hcart are bound into onc system by the
intermediation of the capillarics.

This is an easy illustration of the kind of
service microscopy has never ccased to render—
making vital activity more intelligible by reveal-
ing the intricacy of structure. For it is in a
study of the structure that we get a better
understanding of the ways and mecans of life.
It is not the whole story of the workshop to
know the furnishings and the tools, but it is
an essential part of the story.  We hastily draw
away our finger from a hot plate—a reflex
action—it is only with the help of the microscope
that the physiologist can tell how the message
travcls by sensory nerve-cells to intermediary
nerve-cells and thence to motor nerve-cells
which command the muscles to move. Our

mouth waters at the sight of palatable food: .

it is only by help of the microscope that the
physiologist is able to trace the message from
eye to salivary glands, and to show how in the
cells or unit-corpuscles of these glands there is
a preparation of secretion which is discharged
when the trigger is pulled by a nervous command.
The study of vital activity requires experiment
and chemical analysis, but it cannot dispense

with the microscope. So we venture to say that
a third wonder of microscopy is the rcvclatlon
of the intricacy of minute structure.

It is a long and tangled story which tells of
the gradual discovery of the cells or unit-arcas
The Stones Of which all but the simplest living
z’?"th’f‘“‘” creatures are built up, and of the
House of living matter or protoplasm which
Life. these cells contain or portion off,

The genius of the short-lived French anatomist

|

Photo: J. J. Ward,
RASPING RIBBON OR PILE, BADLY CALLED TUE
PALATE, IN THE MOUTH OPF THR WHELK.

Dy means of this loocthed fexible file the whelk can bore a hole
throngh the skin, or even through the shel), of an animal on which it
preys.

Bichat had analysed a living body into a web
of tissues—nervous, muscular, glandular, con-
nective, and cpithclial. But to Schwann and
Schlciden, Virchow and Goodsir, is due the
credit of a further advance—the Cell-Theory—
certainly one of the triumphs of microscopes
with brains behind them, The Cell-Theory or
Cell-Doctrine states three facts: (1) that all
plants and animals have a cellular structure
(being either single cells or combinations of
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think of the fertilised

numcrous ccells); (2)
that every living crea-
ture, reproduced in the
ordinary way, begins
its life as a single cell,
and, if it does not re-
main at that humble
level, proceeds to build
up a body by the
division and re-division
of cells which cven-
tually form tissues and
organs; and (3) that
the activitics of a
many-cclled organism
arc the co-ordinated
summation of the ac-
tivities of the com-
ponent cells.  ** Every
animal,” Virchow said,

*"appears as a sum of |

vital units."”
we are to think of an
ordinary animal as a
colonyof cells, as a mob
is a collection of angry
men, or even as a battalion is a co-ordination of
disciplincd soldiers. It is nearer the truth to

ORGANISM
'ORGANS
TISSUES
 CELLS
PROTOPLASM

A living creature or orgenism is
usually bullt up of organs, such as
beart and kidneys; the organs are
composed of fissues, like muscular
and nervous, glandular and connecs
tive tissue ; Lhe Llssucs, e.g. a plece
of ficah, are built up of microscopic
tnitcorpuscles ot ¢ells of varlous
kinds; and the cells consist largely
of living matter or proloplasm,

Not that jouN COODSIR, 18r4-1867, I'ROTLESSOR OF ANATOMY
IN TII} UNIVERSITY OF LDINBURGIL
A remarkable ploneer who had sn important share, along with
Schwann, Bchleiden, and Virchow, ln establishing the Cell-Theory—
one of the foundation-stones of Blology,

-1 eggcell—a polential
organism, when we
come to think of it
—dividing and re-
dividing into cclls so
that the unified busi-
| ness of life may be
! more cffectively car-
{ ried on by division of
| labour. As one of the
greatest of botanists
said; It is not that
the cells form the
plant; it is rather
that the plant makes
the cclls.

With a few excep-
tions, notably Aris-
totle, the early natur-
l alists were content to

study the outsides of
animals ; then came
the study of intcrnal
organs, like hearts and
lungs ; Bichit marks
the deeper penctration to the tissues that make
up the organs; then came the recognition of
The the cells that compose the tissues;

" Microcosm finally there was the recognition of

of the Cell. ,rotoplasm—which Huxley called
* the physical basis of life.” It may be useful
to place the different levels of study in a clear
scheme (sce illustration opposite).

The old picture of a cell was that of a little
drop of living matter with, a kernel or nucleus,
and sometimes with an enclosing wall. But the
revclations of the microscope have made this
picture obsolete, We have to think of a more
or less unified minute area of great chemical
diversity, with complex particles and unmixing
droplets restlessly moving in a fluid. In the
centre of this whirlpool, with its flotsam of
reserve-products and waste-products, there floats
the nucleus, a little world in itself. Inside its
membrane, through which materials are ever
permeating out and in, there are readily stain-
able nuclear bodics or * chromosomes,’ usually
a definite number for each species. And each
* chromosome" is built up of bead-like * micro-
somes " strung on a transparent ribbon. It
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Photo ; James's Press Agency.

STING OF THE HONLEY-BEE.

In the middie there is a deeply grooved ** gulde,” polated and barbed at the tip. Working In &
concavity on each side of the " guide,” s a slender lancet or * dart,"” with recurved harbs at the tip,
T here are beadlogs which keep the darts sllding smoothly aloug the guide. The tips of the darts can
be protruded beyond the end of the gulde, Enclosing the three dark-coloured plercing structures there
are two Helhy *‘sting.paips,” shown in lighter colour in the figure, which includes only the frrminal

part of the sting.
darts and the gulde,

begins to mike one's head reel—cell, nucleus,
chromosomes, microsomes ! But it is all fact.
Inside the nucleus there may be a nucleolus
or more than one, and outside the nucleus
there is a minute body called the centro-
some, which plays an important part in the
division of the ccll. This is not nearly all,
but ix is cnough to suggest how complex is the
microcosm of the cell. Inside each of man's
cells there are about two dozen chromosomes,
and one of the authorities on cell-lore speaks
of cach chromosome having the corporate

When the bee sirikes, the secretion of the poison-gland is forced down between the

individuality of a regiment, the rcally indi-
visible living units being the beads or micro-
somes—which correspond to the men| And to
this must of course be added the fact that we
have many millions of these cells in our body.
Indeed, we are fearfully and wonderfully made!

Every many-celled creature, which reproduces
in the ordinary way, starts on the journcy of
life as a single cell—the fertilised ovum, As

.we have made clear in a previous article, the

usually microscopic fertilised egg-cell contains,
in some way that we cannot picture, the initia-



BURFACE VIEW OF THE COMPOUND EYE OF A PLY, SIIOWING BOME OF TIII THOUSANDS OF CORNEAIL FACETS,
Corresponding to each facet Is a complete  eye-clement,” including a double leas and & perciplent retina or retinule,

PHOTO OF STATUE TAKEN THROUGH THE LENSES OF THE FLY'S CORNEA.

A multitude of images has been formed, one image through each of the thousands of lenses, The photo-micrographs of the fiy's eye were
taken by means of Daviison's ** Davon ' Patent Super-Microscope, in which an achromitic comhinatlon called a ** collector * is placed bebind
the objective in the microscope, This projects an ** air ** Image of the object under examination beyond it, and this ** air image is magnified
by another nbjective and eyeplece acting as a compound eyeplece. The result is that higher maguification can be employed on any given
objective than is usvally employed and without loss of resotution,
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tives or “factors”™ for the hereditary char-
acters of the living creature in question, But
the microscope has begun to reveal

The
Beginning  the little world within the egg-cell,
f th i : ;

Individuas, and it has been found possible to

map out the way in which the
factors for certain characters are disposed in
the chromosomes. Thus in the case of the
egg of the fruit-fly called Drosophila, it is
possible to say that the hereditary or
germinal factor for, say, red eye or grey wing,
lies at such and such a level in one of the four
chromosomes. It would be difficult to find a
wonder of microscopy greater than this., .
Yet this is but an instance of what goes

on at a level of visibility which only the

microscopc can reach. We know much in
regard to the permutations and combinations
which take place when the germ-cell is
ripening—shufflings of the hereditary cards
which throw some light on the origin of new
departures, We know something of the
manner in which the paternal and maternal

hereditary contributions behave in relation to
one another when and after fertilisation takes
place. Weknow much inregard to the sequence
of events in individual development, wherein
the obviously complex emerges from the
apparently simple, and the implicit inheritance
becomes an explicit individual. In the seven-
teenth century, William Harvey, the discoverer
of the circulation of the blood, wrote in regard
to development: * Although it be a kaown
thing subscribed by all, that the fcctus assumes
its original and birth from the male and female, '
and consequently that the egge is produced by
the cock and henne, and the chicken out of the
cgge, yet neither the schools of physicians nor
Aristotle’s discerning brain have disclosed the
manner how the cock and-its seed doth mint
and coine the chicken out of the egge.”” But
although we do not understand to-day how the
factors of an inheritance are condensed into the
dimensions of a pin-prick ; or how the fertilised -
egg-cell segments into two, and cleavage alter
cleavage continues, with associated division of -

SURFACE VIEW OF THE COMPOUND EYE OF A FLY,
SHOWING THE KUMEROUS HEXAGONAL FACETS ON
THE TRANSPARENT CORNEA.

To the inside of the facet there is an outer or corneal lens,
inside that a crystalline cone or inner lens, and jnside that
again a perciplent rod.

SURFACE VIEW OF THE SAME EYE, SHOWING THE
CORNEAI, OR OUTER LENSES PITTING ACAINST THE
HFEXAGONAI, FACETS OR FRAMES.

In the house.fly there ase about 4,000 faccts, corncal ‘lenses,
crystalline cones, aand sensitive rods,
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Photos 1. J. Ward,
PART OF TIIE WINO OF A WALI-BUTTERILY.

Bhowing how the numerous scales bulld up s design, not coly coverlug

. collection in the album of criminals
fmgcr-prints and identification may follow.
The .mi croscope has even subtler use in the

' defection of crime. If splashes of blood
on the clothes of a suspected murderer are
declared by him to be due to the blood of

.a rabbit which he killed, it is usually
possible to test the truth of his statement

-microscopically.” For the dimensions of the
very minute red blood corpuscles differ in
different mammals, and the circular shape
in all mammals (except camels) can be dis-
tinguished at a glance from the dliptical
shape in all the other backboned animals.
Moreover, the red blood pigment of
hzmoglobin can be easily made to assume

| :acrystalline form, and it is a very remarkable

- fact that the blood-crystals of the horse can
be distinguished microscopically from those
of the ass, and even those of the domestic
dog from those of the wild Australidn
dingo. DPoisons that crystallise may also
be detected by means of the microscope.

the geacral surface like the slatcs ‘oo a foof, but armaged in wavy bands The usc of the microscope in medicine
and concentric zones. Hach microscopic scale is fincly striated longitudinally, . .
and the light falling on these undergoes * Interference.” This gives the  May be illustrated in reference to the blood.

metallic iridescence to Lhe wings of many butterflies, greatly enhancing the

coloration due to plgwent,

labour, until an embryo is built up; we do
know why it is that like tends to beget like,
why certain hereditary characters are dis-
tributed in a particular way among the off-

spring. And wec also know the successive’

steps by which the process of development
is accomplished. It is this kind of know-
ledge, we think, which must be regarded as
the crowning wonder of microscopy. These
fundamental questions of heredity and de-
velopment will be discussed in a separate
article, but the point here is that the scien-
tific study of ipheritance can as little dispense
with microscopy as with breeding experiments
and statistics. All three are essential.
~ Everyone knows that finger-prints are some-
times of criticalimportance in the identification
- of a criminal. The details of the
g“ﬂ'dd pattern of the ridges on the fingers
ses of the
Microscope. Vary from man to man; they are
individual. Thercfore, if a good
impression is available on some surface which
has been handled in the course of a burglary,
let us'say, it can be compared with the

Tor it is often possible by microscopically

Photo; J. J. Ward.

CROSS-SECTION OF THE SPINE OF A SEA-URCHIN(CIDARIS
METULARIA), MAGNIFIED SEVERAL DIAMETERS.

The remarkable feature is the beautiful zoned structure. The spine
1s & delicate needle to start with, but around this there is a periodic
deposition of lime [rom the skin, one concentric zone after another. It
Is probable Lhat this kind of architecture gives the spine great stability,
but it is primarily an expression of thythmic orderly growth. It shows
that the quality of beauty is not confined to the outsides of animals.
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examining a film of blood, spread on a slide, to
tell what is wrong with the patient. Micro-
scopic parasites may be detected, like those
of malaria; methods of counting the red blood
corpuscles (man has trillions !) may show that
they are far below the proper number; and a

change in the normal shape of the hzmoglobin.

crystals may show that something is amiss.

It is unnecessary to dwell on the medical im-

portance of the microscope in determining the

presence or absence of certain kinds of mi-

crobes and higher parasites in the blood or

food-canal of the patient. Along with this

physiological utilisation of the microscope we
18

Reproduced by courtesy of Messrs. F, Davidson & Co,
THUMB-PRINT 1IN

WAX,

The skin I3 matked by numcrous ridges and intervening valleys, which have individual peculiarities
of pattern, even in the same family. This llustrates inborn variability. The individualily of the pattern
is 80 marked that the prints are used as sure means of identification.

may take its use in testing drinking water,
which is liable to be fouled by the presence of
bacteria and various minute animals. Also of
great importance is the microscopic study of
milk, for-this fluid is peculiarly liable to con-
tamination, and is very suitable for the growth
of various kinds of disecase germs.

For the detection of adulteration the microscope
is also invaluable. The starch grains of differ-
ent plants, such ‘as potato, wheat, rice, maize,
are readily distinguished from one another, and
a microscopic examination may immediately
prove that a commodity sold under a particular
name, e.g. as arrowroot, is not what it professes
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to be. If a sample of
so-called ‘thoney’*
contains no pollen-
grains, but-a great
many starch - grains,
we may be sure that
the busy bee was not
the chief agent in its
production, * In short,
thé microscope is - a
valuable detective of
dishonesty, But a
usc of the microscope
more important and
more pleasant to think

of is in metallurgy, |

where its utilisation
to detect the struc-
tural features of the
stable and the tran-

sient in various metal-

lurgical combinations,
such as different kinds

of steel, hag been of inestimable importance.

-~
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A PIECE OF IINGH-SPERD BTEEL SEEN UNDER TUE
HIGH MAGNIFICATION OF 1,000 DIAMETERS,

Note the marked lines of flow,

of Messrs. F, Davidion & Co.

described by Sieden-
topf and Zsigmondy,
which
is "often
briefly re-
ferred to as the wlira-
microscope. Everyone
knows from personal
observation that a
strong beam of sun-
light entering a dark-
ened room reveals a
multitude of dust par-
ticles, which are not
secn at all in ordinary
light. The same multi-
tude of particles is
often seen in the track
of ‘a strong beam from
a " magic lantern ” in
adarkened room.
These dancing par-
ticles, whose abund-

The Ultra-
Microscope.

ance we scarcely suspected, become visible

A farmer can always make good usc of a lens because they are so strongly illumined ; there

in examining samples
of sceds, or in iden-.
tifying particular
kinds of injurious
insccts, or in detect-
ing the beginnings, of
*rusts ” and ‘' mil-
dews " on his crops.
But the expert agri-
culturist must of
course go much
further, cspecially in
warm countries,
where the microscope
is necessary for the
study of the insidious
Fungi which are
always rcady to find
a weak spot in the
plants’ decfences—in
all sorts of planta-
tions from coffec to
rubber,
Early in the twen-
tieth century an in-
_ genious method was

Pholo; J. J. Ward,
SCALE FROM A GOLD-FISH.

Showing the tings of growth by which the age of the fish can be reckoned,
Starting from a little speck, the scale has line upon linc added to it.
I'eriods of rapld growth alternate with periods of slow growth; ot the
growth in summer may be different In character (rom the growth in
winter ; and thus altcrnate soncs are established. Just as we can tddl
the age of a tree by counting the summer and antumn rings on the cut
stem, 80, after getling some sectire data, we can tell the age of the fish.

. It keepe its dlary on its scales.,

is a diffraction of
rays from their sur-
face, and they look
much bigger than
they really are.

In 1899 Lord Ray-
leigh pointed out that
a particle too small
to be scen by the
highest power of the
microscope under
ordinary conditions
might be made visible
if it received suffi-
ciently intense illu-
mination: and the
ultra-microscope took
advantage of this
idea. It occurred to
Siedentopf and Zsig-
mondy that if the
particles in a solution
could be strongly
illumined by a beam
coming in, so to
speak, sideways, then
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particles ordinarily invisible might stand out.
*Their diffraction-images, at any' rate, would
be seen. In ordinary microscopic conditions
the beam of light is thrown by the mirror,
usually through a sub-stage condenser, directly
through the solution or thin transparent
section, up into the tube of .the microscope,
where an image is formed, to be re-formed
by the eyepiece. In the ultra-microscope for
examining solutions the beam of light is
projected horizontally into the solution and
examined from above. The result is that par-

ticles ordinarily invisible are seen in a vigorous

‘235

dance, the so-called Brownian movement.
This dance is due to the particles being bom-

" barded by the moving molecules of the fluid in

which they are suspended. By accessory devices
it becomes possible, in the use of the ultra-
microscope, to count the number of particles in
a solution and to measure the mass of each.
This has formed the basis of exceedingly in-
teresting conclusions which are unfortunately
beyond our scope in this article. )

A reference should be added, however, to
another method called ** dark-ground illumina-

tion " which makes structures visible which are

Photo : J. J. Ward,
FEET OF THE JUMPING-LEGS OF THE COMMON FLEA.

The powerful muscles which give the flen ils lamiliar power of leaping are mainly in the
uppermost part of the leg, which s not shown here; but there arc minor muscics continued to
the very tip of the legy, to the base of the terminal claws. Note the numerous bristles or scix
on the leg. -
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Phoia: J. ], Ward,

N T ( N AL RS2 s LT

ONI{ OF THE FORK.LEGS OF THE MOLE CKRICKET (GRYLLOTALPA)

Showing very strong digging blades, reminding one of the mole's claws, Small forceps arc also seen, and an
oval mark on the * knee * Is a sensc-organ sometlmes regarded as an *.ear.’  The Mole Cricket Is nearsly related

to crickels and grasshoppers and Is a very poweriul burrower,

invisible in ordinary conditions of microscopic
work. Professor Bayliss writes: * The central
rays of the illuminating beam are cut out by
mecans of a stop, and the peripheral rays are
reflected by a parabolic surface so as to meet in
a point in the object under examination ; they
cross at such an angle as to pass outside the
ficld of the objective in use, which only picks
up the light refracted, or diffracted, from
structures in the preparation.,” The dark-
ground illumination brings out features which
are invisible in the ordinary direct illumination,

The essential parts of a microscope are, as we
have seen, (1) the objective for obtaining the
fist magnified image of the object; (2) the
" ocular for further enlarging that image and
transmitting it to the obscrver's eye; and (3) the
sub-stage condenser for illuminating the object
with a cone of light. Now, in modern times,
there have been numecrous detailed improve-
ments in these parts, e.g. in the quality of the
glass uscd in making the lenses ; and a present-
day microscope is certainly a very perfect

‘instrument,

Indced, unless some new idea is
discovered, such as those bchind the ultra-
microscope and dark-ground illumination, it
does not seem likely that great advances in
technical microscopy can be made. The reason
for this statement is to be found in the optical
limitations of the instrument. The use of the
microscope is not mainly magnification but
resolution. ' By resolution,” says Mr. J. E.
Barnard, * is meant the power the objective has
of separating and forming correct images of fine
detail.” Unless we sce more of the intimate
structure, the magnification in itself does not
greatly avail. It does not help us to understand
the thing better. Now there are two factors
that determine this * resolving ** power of the
microscope. The first is what is called the
* numerical aperture "’ of the lens, which means,
in a general way, the number of divergent rays
of light that the curvature of the lens will allow
to impinge upon it. Lunses of high magnify-
ing power are so small that they admit only a
very small beam of light. Thus what is gained
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Photo : J. J. Ward.
FOOT OF A HOUSE FLY.

Showing two claws for gripping minute roughncsses
and, between the claws, a double pad or cushion which
is used in climblog up a smooth surface like 2 window-
pane. The probability is that a moist secretion from
the pad helps the adhesion, There is also very close
apposition of the cushion to the smooth surface, anil
some siy a partial vacuum is formed. DBut we are
not quite sure how a fly runs up a window-pane—one
of the most famillar sights in the world.

in magnifying power may be lost
because of deficient illumination. A
pretty device to increase the income
of light in these high-power lenses was
the “ immersion lens,” made of such
a curvature that when the lens was
focussed down into a drop of oil, or
some other liquid, placed over the
object on the slide, it received light

from all sides, The drop into which -

the lens is focussed down or “im-
mersed ”’* greatly increases the illu-
mination of a lens with high magni-
fying power. This method has en-
hanced the value of the microscope

1 ol . — _

as an instrument that analyses
structure, or, in other words, that
discloses the intimate architecture
of things. But the main point is
that the ‘' numerical aperture’ of
even the oil-immersion objective has
at the present time reached its
practical limit.

Yet there is a sccond factor, and
that is the wave-length of the right-
rays that impinge from the mirror
and condenser on the object on the
slide, But here again there is a
limit, for, as Professor Bayliss tersely
puts it : ‘‘ Any object smaller than
half the wave length of the light
by which it is illuminated cannot be
seen in its true form and size owing
to diffraction. Hereby is set a limit
to microscopic observation.” These
are difficult matters, but the im-
portant point is that there arg
practical limits to what the micro-
scope can do in the way of magni-
fication and * resolution.”

THE BEAUTIFUL PATTERN ON THE MICROSCOPIC FLINTY SHELL
OF A DIATOM (ARACHNOIDISCUS EMRENBERGI), A KIND OF
UNICELLULAR PLANT.

Two hundred of Lhese cells placed side by slde would scarcety extend one inch,
It Is not known that there Is any utllity in these beautiful satkmg.. They are
expressions of rhythmi orderly growth.
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But Mr. J. E. Barnard has recently made an
interesting step forward by using an illuminant
such as & mercury vapour lamp, which is rich in
blue and violet radiations. It may also be
practicable to utilisc invisible radiations in the
ultra-violet, which would further increase the
microscope’s resolving power.  As things are
at present, the limit of useful magnification is
somewhere about 800 diameters,

We cannot close this article without referring
to a very different subject—namely, the extra-
ordinary beauty of many microscopic objccts.
There are endless ' beauty feasts” to be

found in the architecture of the shells of
diatoms, Foraminifera, and Radiolarians; in
Beauty of the structure of the outside of pollen-
Microscopic grains and butterflies’ eggs; in the
Structwre. 5004 internal structure of the stems
of plants and the spines of sea-urchins; in the
sculpturing of the scales on butterflies” wings
and the multitudinous hexagons of their eyes ;
in the strange hairs on many a leaf and the
clegant branching of zoophytes; in the in-
tricatc scction of a rock and the vanety of
snow crystals. Of microscopic beauty there is
no end.
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