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PREFACE.

THOOKS on photo- micrography, although
3 numerous, are chiefly both expensive and
perplexing, covering as they do much extra-
neous ground that has little or no interest for the
beginner who wishes simply to learn how to take
photographs through a microscope. Indeed, some
of the works professing to deal with the subject of
photo-micrography are little better than trade cata-
logues, and devote far more space to the description
of various microscopes and accessories than to the
elementary information generally desired. Others,
again, specify expensive appliances beyond the reach
of an ordinary person, so that the reader is deterred
from taking up the subject at all.

Now, instead of filling the novice with dismay at
the difficulties to be encountered, it is my intention
to make the matter so easy that he may be en-
couraged to proceed.

When lecturing in different towns, I have been
surprised to find what an amount of interest could
be aroused in working men, many of whom have
been stimulated to commence photo-micrography,
and have sent me specimens of their early attempts
along with expressions of gratitude for directing
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them to a pursuit far more satisfactory than some
which previously occupied much of their leisure.

- A list of books upon the scientific side of the sub-
ject will be given to enable the amateur to pursue
his study with more accuracy and more efficient
apparatus than are contemplated for beginners with
limited purses and scanty leisure.

I am aware that some of the methods recom-
mended are contrary to the practice of scientists,
but I am not writing for experts in possession of
high-class apparatus, but for beginners, and 1 do
claim that an amateur with simple apparatus may
produce results which, though not perfect, are good
and acceptable for nearly all purposes. A doctor,
for example, who may wish to photograph certain
specimens of only temporary interest, is enabled
to do so by simple means perhaps already at com-
mand, and with sufficient exactitude to serve his
purpose, even with high powers, whilst with low
powers he need not be ashamed of comparing results
with the best. WALTER BAGSHAW.

Batley.
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CHAPTER L

INTRODUCTORY.

CIRCULATING Qi pES—THE LITTLE QpECIAL AP-
PARATUS NEEDED—THE UstE OF AN EYEPIECE
__FirsT ATTEMPTS.

Although the sense of sight enables us to se€ the
many forms around us, there is a world as abso-
lutely invisible to the unassisted eye as the familiar
objects of life are invisible to the blind. To those
who have eyesight, however, the microscope bestows
as great a power of vision as the gift of sight would
bestow upon the blind, for it enables them to pene-
trate the secrets of nature’s realm, which without
such assistance would for ever remain a mystery.

A very small magnification will often reveal de-
tails of construction sufficient to call forth exclama-
tions of surprise, and, indeed, with Mmicroscopists
't is a matter of common knowledge that whole in-
sects or parts of plants viewed under a low power
will excite more astonishment than the resolution of
o difficult diatom under the very highest power.
For instance, a spider magnified ten times seems
more wonderful to the uninitiated than the mark-
ings of Amphipleura pellucida magnified 3,000

B
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times. It is only when the tyro attempts to obtain
these results himself that he realises the difficulties.

Now the possessor of a microscope has three
ways of showing the special objects of his study to
his friends. Firstly, he may exhibit the mounted
specimens in the ordinary way, when every indi-
vidual must of necessity look down the tube of the
microscope ; or, secondly, he may attach the micro-
scope to a lantern and throw the enlargement upon
a screen visible to all; or, thirdly, he may photo-
graph the objects through the microscope, and thus
obtain a permanent and ever available record.

It is only with the last of these methods that we
have to deal at present, and it is taken for granted
that the reader is already familiar with the use of
the microscope, since it is much easier to instruct
the microscopist in the mysteries of photography
than it is to teach the amateur photographer the
uses of the microscope. If the reader, then, 1s not
conversant with the microscope he is recommended
to study some good textbook on the subject before
attempting to photograph through an instrument he
does not understand.

But there are many microscopists who are also
photographers, although they may never have tried
the special branch of photo-micrography. To such
there is a fund of pleasure in store. Asa fascinating
pursuit it has no equal. Independent of weather,
scenery, and sunshine, the photographer may be
ceated at a comfortable fireside by gaslight and pro-
duce pictures both marvellous and beautiful. Every
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article at hand is capable of being pressed into
service, or if the operator dislike the preparation of
his own objects he has at command for a small
sum about 40,000 fine specimens of infinite variety,
which can be sent by post from the circulating
departments of Mr. C. Baker, and Messrs. Watson
and Sons, of Holborn, London.

From his negatives the worker may make both
prints and lantern slides, and so provide a feast of
entertainment and instruction for himself and his
friends.

But the beginner is warned against letting the mere
pursuit of pleasure keep him from the educational
advantages of systematic work. Hence, instead of
making desultory efforts, he is strongly advised to
take some special subject and master it before pro-
ceeding to another. For instance, he may select
plant life, beginning with the simple cell, modes of
cell growth, shapes of cells, cell contents, and so
following on to the various modifications in highly-
organised plants. Seeds, pollen, flowers, and sec-
tions of stems are also interesting objects to be

photographed, the study of which should be con-:
tinued with their delineation.

Thus pleasure and knowledge will go together,
and every step will prove an incentive to further
‘progress.

On the other hand, if the worker take up the
matter as one merely for amusement he is not likely
to master the difficulties that will present themselves
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sooner or later, failing which he is the more likely
to get tired and discouraged.

The business man as well as the professional man
will find endless ways of turning the microscope to
profitable account, when once the art of illumination
and knowledge of correct exposure are overcome.

The results of photo-micrography (pronounced
foto-mi-krog-ra-fi) are indisputable, and are far more
faithful than any sketches made by the most skilled
artist. The camera-lucida, that did so well for our
fathers, is now a thing of the past, except where
simple outlines only are wanted, yet a few years
ago, even in our large cities, there were few persons
capable of producing good photo-micrographs, while
to-day they are produced in every branch of science.

Only so recently as 1891 I had occasion to re-
quire some photo-micrographs of sand, but to
my surprise I was informed that in a city of 400,000
inhabitants only two or three persons outside the
Medical School were competent to do the work.

There is no reason why the art should be confined
to the select few, for, after all, the mysteries are
not so great that they may not be lessened by a few
preliminary trials, one or two failures being sufh-
cient to indicate the direction in which an alteration
<hould be made. The apparatus need not be at all
costly in order to produce good results, although
for high-class scientific research everything must
necessarily be of the best. |

Consequently, for the purpose of this book a
special room with massive foundations in a special
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district free from the vibration of passing vehicular
traffic, monochromatic and electric or limelight, the
neliostat for sunlight, expensive apochromatic lenses,
or even specially-corrected microscope objectives
will not be requisitioned for carrying out any of the
instructions hereinafter given, but only such simple
apparatus as the ordinary photographer possesses,
with the addition of a microscope. Indeed, for low-
power work, a camera, a paraffin lamp or lantern,
and a few home-made articles are all that are
essential, no microscope being required, as the
operation 1s one of simple enlargement. The whole
of the processes hereinafter described are intended
to be carried out by artificial light.

There 1s a difference betwixt the visual and the
actinic foci, and objectives corrected for photo-
graphy are sold, but ordinary objectives made by
good firms give results not to be despised. Even
with high powers tolerable negatives can be ob-
tained, and the brain work of a practical manipula-
tor will often compensate for lack of expensive
apparatus.

T'he use of eyepieces is condemned by some
writers without much reason. If the eyepiece be
not used a long extension of camera is needed,
whereby the apparatus becomes troublesome, and
the result is not one jot better than when the eye-
piece 1s employed. The loss of light occasioned
by its use is more than compensated for by- the
compactness of the arrangement, whereby the opera-
lor may see or control the whole of his focussing
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and lighting from one position. A trifle longer
exposure is of no moment to a beginner, since the
time lost in this way is saved in the facilities offered
for focussing. The errors of objectives also are
corrected by eyepieces, and good results can be ob-
tained when using them for photographic as for
visual purposes. The C eyepiece, although giving
great power of enlargement, 1s not recommended
when a lower power will do. Yet the writer has
been able to get capital results with C eyepiece
when the same magnification had been obtained by
a low eyepiece and a high objective with less
success.

But clearness of definition must never be sacrificed
for the sake of a larger picture. A crisp negative
may be enlarged, whilst a larger image wanting in
sharpness is valueless. The only advantage to be
gained by a C eyepiece is that it allows a low-power
objective to be used with greater depth of focus. For
dark ground illumination and for polariscope work
the eyepiece may be dispensed with at the sacrifice
of magnification.  Great care, however, must be
exercised when not using the eyepiece, or the reflec-
tion from the interior of the body tube will manifest
itself in the form of a bright central spot on the
negative.

The use of an eyepiece removes this entirely, but
by way of object lesson let the reader take a micro-
scope that is not dead blacked inside the tube, and
throw the image of an object on to a sheet of
paper. After getting even illumination with the
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eyepiece in position remove the eyepiece, and imme-
diately a bright central spot of light will appear on
the paper. If the paper be now moved to or from
the end of the microscope, the bright spot of light
will gradually expand into a bright ring of light, and
then resolve itself into a point again. The whole
surface of the illuminated disc is, of course, much
more brilliant without the eyepiece, reducing expo-
sure considerably, yet the defect in uniformity of
illumination would spoil the negative. ~ On replac-
ing the eyepiece the bright spot of light vanishes,
and the whole disc is equally lighted, though not so
brightly as before.

First attempts should be made with well-defined
objects possessing contrast, such as the section of a
stem, rather-than with those that are very trans-
parent all over.



CHAPTER II.

SIMPLE APPARATUS>.

—_——— ——

PHOTO-MICROGRAPHY WITHOUT A MICROSCOPE—AP-
PARATUS FOR THE WORK—THE |LLUMINANT—
MAKING THE EXPOSURE—QOBJECTS SUITABLE
rorR WoORK oOF THIS CHARACTER.

It is desirable that the worker should have the
whole of his apparatus within easy reach during
the operations of centring, illuminating, and focus-
sing the specimen without change of posi-
tion; but in low power photography when no
microscope is employed, this 1s not possible.
Still, if he stand to his work instead of sit, 1tas
only necessary to bend the body to the right or to
the left in order to command a view of the field at
both ends of his apparatus.

Instead of the microscope, an enlarging camera
is used, which comes in useful afterwards for en-
larging negatives, but a wood box covered at the
open end by a focussing cloth will answer equally
well. The handy man will readily see what portions
he can make himself, and cut his coat according
to his cloth.
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WHoLE InsEcTs TAKEN WiTHoUuT A MICROSCOIE.

Fig. 12. Fantail fly.

Fig. 13. Pearl fOy. Enlarged from jin. by 1in. slip, by quarter
plate camera, :
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If the reader possess a short focus lens, the
enlargement may be made with a single camera.
Assuining, however, that a quarter-plate camera with
2 lens of about gin. focus is used, the ordinary dark
slide must be replaced with a thin wood slide, such
as may be readily cut from the lid of a cigar box.
In the centre of this a hole 1s bored 7gin. diameter
__a size quite large enough for any specimens
mounted in circular cells—and when the object 1s
mounted in an oblong cell, another wood slide can
be used with a hole 114in. X 781n. instead of the
circular one. A little below this large opening make
two small holes with a pricker to receive two brass
clips like those provided with the stage of cheap
microscopes. These clips are to hold the glass
object slide in position.

|
o, |44

Fig. 1. Fig. 2. Fig. 3.

Fig. 1 shows the wood slide, fig. 2 the spring
clips, and fig. 3 the glass object slide held 1in
position.

Whole insects, and in fact any object too large
for the microscope, may be photographed in this
way, and some of them make beautiful lantern
slides ;: but anything larger than would be mounted
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oa a 3in. x 1in. slip must be considered as coming
under the head of ordinary photography.

A piece of very strong cardboard or thin wood is
next cut to fit the end of the enlarging camera, and
in the centre a hole 4in. x 3in. for a quarter-plate,
or 3in. square if a lantern plate is to be used, is made.
I prefer the lantern plate size myself, as 1n
many instances it does away with the necessity of
making a positive, the negative itself making as good
a slide as if a positive were taken from it. For many
objects I even use a size still smaller—3J4in. X
214in., or the ordinary quarter-plate cut i two.

A glass cutter (price one shilling) will enable the
owner to utilise his plates with great economy at
times, if such be any consideration. For testing
exposure a cut plate will do quite as well as ‘a
whole one. Consequently, the disappointment of
wasting material is not felt so keenly.

Whatever size be adopted, after cutting the hole
14in. less than the plate each way, strips of card-
board must be glued down each side of the aperture
to form grooves into which the plate may be inserted.
Another strip on the bottom will keep it from drop-
ping. These grooves should be wide enough to
receive both a dry plate and a backing piece of
black cardboard to keep any light from the back
of the sensitised plate during exposure.

A slip of ground-glass, to be used as a focussing
screen of the same size as the plate, must also be
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Fig. 4.

provided. This will slip into the
grooves, fig. 4, whilst the focus-
sing is completed.

The cameras and lantern should
be placed as shown in fig. s,
with the centres all in the same
line. A is the enlarging camera,
B the small camera, C the
oround-glass, and D the lantern
with its front lenses removed.

A lantern with incandescent
light is effective and clean, and
is got ready with little trouble. A

rubber tube being connected to the nearest gas
bracket, the licht may be turned on or off at a

moment’s notice.

An acetylene lamp also gives a

bright light, but is more troublesome, and cannot be
left burning during development if all the processes
be carried out in the same room. If a lantern be not

M, =

Fig. 5.

available, magnesium wire will answer, though the
smoke from this is objectionable in ordinary house-
holds, where it is presumed the reader will usually

work.
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The projecting lenses mounted in the focussing
tube of the lantern are not required, and may there-
fore be removed before commencing, and the 4in.
condenser alone used. The prepared object is put
into the clips, and the ground-glass into the groove
at the opposite end. The object 1s focussed
sharply by means of a focussing glass—the naked
eye 1s quite unable to discern the point of best
definition—and another piece of ground-glass is
interposed near to the object, but not close to it, to
distribute the light and secure even illumination of
the field. The ground-glass should stand between
the object and the lantern (C, fig. 5), and must be
far enough from the object to be out of focus, or
the rough surface of the glass will be shown in a
coarse background on the negative.

We are now ready for the exposure. A cap 1s
placed on the lantern, or a large piece of cardboard
put against it, to keep the light from reaching the
camera, and all the lights are lowered. The dark
room lamp is lit, and the focussing screen gently
removed from the grooves, replacing it with the
dry plate and a black card behind that. There 1s
no need of any covering cloth if the plate and card
fit nicely into the grooves. Then the lantern light
is turned up, and the cardboad or cap removed, let-
ting the beam of light play full on the object for as
many minutes as may be necessary. Information
on this point will be given under the head of
“Exposure.” Again the lantern is capped, the light
lowered, and the plate is removed to be developed
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there and then, or put it in a box for another time.
There is much less danger of disturbing the appara-
tus by this method than when using an adapter for
the dry plate and drawing the dark slide in the
usual way.

It will be understood that objects to be photo-
graphed in this way must be transparent, but
opaque objects may readily be taken by altering the
mode of illumination. When this has to be done,
the bellows of the quarter-plate camera should be
closed entirely, the wood slide having been with-
drawn and mounted on a stand at the same distance
from the lens that it would have occupied had the
object been transparent. A clear space between the
lens and the object will thus be left. A paraffin
lamp and bull's eye are now brought round to
illuminate the opaque object from the front instead
of from the back, as in previous attempts.

A silver side reflector, usually of the parabolic
form, will take the rays of light from the lamp
and distribute them over the object, if it is not too
large. Unless properly done, one side will be sharp
and the other side fuzzy, owing to deficient lighting.
Magnesium will be found to give good light and
shade with this class of object.



CHAPTER TiL.

THE MICROSCOPE. AND ACCESSORIES.

THE MICROSCOPE—ITS KESSENTIALS—A  SIMPLE
BaseBoaArRD—THE FocussiNg GLASS—THE
Burt's EvE CONDENSER AND LAMP—MAG-
NESIUM RIBBON.

A good second-hand microscope may often be
purchased at less than half its original cost. Cheap
microscopes by unknown makers are useless for
photography, therefore it is better to get a good one
second-hand than a poor one new. In selecting
such an one the following points are desirable:

The maker should be one of good repute.

The body tube should be preferably of short
length with full size eyepiece and coated dead black
inside.

It should have

A rack and pinion substage motion for adjust-
ment of the condenser with a centring arrange-
ment,

An iris diaphragm and disc plate,

A mechanical stage, and

A coarse and fine adjustment.
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The advantage of a short tube is seen in the
much larger field when using low powers. If the
microscope have a polariscope attachment, all the
better, but this is not essential. It should have two
eyepieces, A and C, and a battery of good objec-
tives, say, to begin with, 3in., 2in, 1in., ’4in., to
which may be added afterwards %gin. and 1-12in.
oil immersion, as the reader feels his way to use
higher powers. All these should be kept free from
dust and carefully cleaned with wash leather before
use. Cleanliness throughout i1s of the highest im-
portance. A mere dust over with a pocket handker-
chief is not sufficient. The mounted object to be
photographed should also be rubbed back and
front, for it is astonishing how readily dust and
hairs adhere, and it must be examined with the
focussing glass before one can be satisfied that it
15 clean,

60

Fig. 6. Fig, 7. Fig 8.

7
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Caution when touching the oil lamp not to grease
the fingers is advisable. A short black velvet tube to
fit over the eyepiece will be required to connect the
microscope with the opening in the quarter-plate
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camera, the lens having been removed, as it 1s not
required when using the microscope. A small iris
diaphragm called a Davis shutter will be found
useful for getting better penetration and defimtion.
This screws into the body tube of the microscope at
one end, and receives the objective at the other
end. It removes any halo or glare, and enables
a sharp picture to be taken. For feathers, eggs of
insects, and polycystina it is almost indispensable.

A carpenter may be got to construct a simple
baseboard, on which the lamp, microscope, and
camera may be placed. At one end of the board
two flanges are fastened, between which a block
bearing the camera on the top slides freely to and
from the microscope. This sliding block again has
flanges to receive the small camera and keep 1t
rigidly in position whilst drawing the dark slide.
Two thumbscrews in one flange of the baseboard
will fix the sliding block, and will secure both block
and camera after connection with the microscope
by means of a velvet tube has been made.

Note that the bellows of the camera must be
capable of full extension when placed in the recess
on the top of the block. Thus any degree of en-
largement may be obtained by racking the bellows
in or out without: disturbing the connections. A
reference to the sketch, fig. 8, will make this clear.

Fig. 6 is a board about cft. long 8in. wide, and
rin. thick. Fig. 7 is the end view showing flanges,
say, 2in. deep. The sliding block, fig. 8, slides
freely between these flanges, and is fixed by the
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Fig 14. Section of human tongue. 3in. objective at zoin. No condenser.
“ A" eyepiece. Chromatic plate. One minute.

Fig. 15, Section of clematis stem, 3in objective ‘
i n ; ' stem. 3in objective at 18in. d
plate. A" eyepiece. One minute. J B
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thumbscrews. The camera, microscope, and lamp
are seen in position in fig. 9.

Fig. q.

I'or a focussing glass any of the ordinary type will
do, and when once set to suit the sight of the owner,
will need no further alteration. A mark with lead
pencil must be made on the rough side of the
ground-glass screen, and then, turning it over, the
focussing glass is put in contact with the smooth
side, the lens being screwed to and fro until the
pencil mark is clearly in focus. It is important to
rest the foot of focussing tube upon the glass whilst

making the adjustment. The focussing glass may
C
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then be slid over every part of the screen, after the
projected image is thrown upon it, to ascertain
whether each part of the object is equally in focus.

When high powers of the microscope are em-
ployed, the rough side of the glass should have a
few places about the size of a shilling rubbed with
glycerine to render them transparent, whereby the
focussing of delicate fibres is found much more
certain. One should be put in each corner and one
in the centre.

The parafin lamp and condenser are better
mounted on one stand than when separate. When
used separately, the adjustments have to be made
every time, whereas when the lamp and condensing
lens are capable of being moved about together
without disturbing their relative position, one setting
is sufficient. Several good lamps on this system
can be bought, but an equally efficient arrangement
may be made, as shown in the sketch, fig. ro.

AR W

Fig. 10.

Fig. 10 shows a simple wood frame (having a
circular hole for a paraffin lamp, and a slot In
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which a tube bearing the bull’'s eye may slide to
and from the lamp) supported by two loose ends
free to rise and fall. The bull’s eye can be raised
or lowered at will, and the centre of the flame can
thus be adjusted to suit the centre of the microscope.
All adjustments are easily made, and, having once
been perfected, the time required for setting it in
position for work is reduced to a minimum.

A metal chimney is preferable to glass, and a
shade to drop over the lamp chimney is desirable.
To set the lamp properly the flame is first turned
gradually up to its working height, and put with the
edge of the flame (not the flat) towards the con-
denser. The flat side of the bull’s eye is put next
the flame, at its proper focal distance. = Having
done this, the photographer’s next step is to look
right into the lens through a pair of neutral tint
spectacles, and to raise or lower the flame until the
whole 1s brilliantly illuminated. If dark spots ap-
pear in the lens it is moved towards or from the
flame to get a bright circle of light. If this does
nct give the desired result, raising or lowering the
lens must be tried. A little experimenting will soon
give the correct position.

One advantage of an oil lamp 1s the absence of
that intense heat which gives the user of limelight
so much trouble.

M AGNESIUM.

Magnesium ribbon burns at the rate of about
twelve inches per minute. It is purchased in coils,
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and can be fed through a tube. If care be taken
to get uniform illumination by means of ground-
glass, then much time is saved by this light, which
is rich in actinic rays, but the beginner is not ad-
vised to try it until he has a good knowledge of all
the points to be observed in the taking of a perfect
negative. ~ When using very oblique illumination
an exposure of two minutes with magnesium will be
found equal to sixty minutes with paraffin lamp.



CHAPTER IV.

[LLUMINATION.

[LLUMINATION—ADVANTAGES OF ARTIFICIAL LIGHT
__A Smvpre OBJECT WITH A Low POWER—
D1AToMS—WORKING WITH POLARISED LIGHT—
OpraQUE OBJECcTs—DARK GROUND EFFECTS.

Artificial light being more constant than daylight,
it follows that exact exposures may be repeated
without risk of failure. The landscape photo-
grapher has no power to alter the prevailing light
and shade, whilst the photo-micrographer can
modify them at pleasure. But, on the other hand, the
latter will find difficulty in getting any contrast at
all when dealing with very transparent objects, and
it is here that his individuality will be manifested.
The iris diaphragm will sometimes be needed; at
other times it may be the polariscope, especially for
crystals, or perhaps the colour screen must be
employed. Which method and which colour screen
will only rightly be selected after experience has
been gained. If the worker prepares his own ob
ject he can often stain it to bring out its details.
However, all these matters will have to be dealt
with separately.,
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Commencing with a simple object and the lowest
power, we first set up the baseboard, with lamp,
microscope, and camera duly placed in position (see
fig. 9), but as an object may be photographed either
by direct transmitted light, reflected light, and with
dark ground or light ground, we will consider trans-
mitted light and a light background first.

Having placed the object on the stage of the
microscope, 1t 1s focussed with the A eyepiece, the
camera and sliding block having been removed
for this purpose. No substage condenser is needed
for powers lower than rin.; therefore the critical
light to be used for high powers may be replaced by
the ordinary parallel rays from the bull’s eye after
the paraffin lamp has been set according to the in-
structions previously given. The eyepiece is next
taken out and a piece of white cardboard placed
about 12in. away from the end of the body tube to
act as the screen, and receive a projected image from
the microscope. The disc of light will possibly be
found brighter in one part than another. The
lamp is moved sideways until .the whole disc is
equally illuminated with the object well defined in
the centre. The focussing may be altered for this
purpose. The eyepiece is replaced to see if the
field be still uniformly lighted, a slight adjustment
of focus again being necessary. If the lamp be in
the right position the disc of light will be sharp and
uniform right up to the edge of the circle with or
without an eyepiece. The cardboard is taken away,
and the camera brought up to the microscope with
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the velvet connecting tube over the eyepiece. The
sliding block is secured by the thumbscrews, and
the figure on the ground-glass at the end of the
camera is examined. If the magnification be too
small the camera is racked out, or if too big closed.
The object is centred by means of the mechanical
stage. If size and position are correct fine focus-
sing may be performed with the glass through the
transparent places at each corner and in the centre
of the screen. :

Perhaps the object will be too brilliantly lighted,
and the whole be drowned in a flood of light. If
so the iris diaphragm is closed a little, not too much
or diffraction effects will result, the aim being to
increase contrast by securing dark outlines on a
light screen. Either the Davis shutter or the ir1S
diaphragm will give contrast. When this is secured
the dark slide may be inserted, and an exposure
made.

Objects such as polycystina and diatoms show
much better as light figures on a black ground. To
obtain this effect the substage condenser and dia-
phragm plate will be needed. Let them therefore
be attached and the microscope focussed on the
object as before. The lamp is turned quite round,
keeping the edge of the flame at the same distance
from the object as it will be when reversed, and
the edge of the flame focussed on the object. This
is termed “ critical light,” the best possible illumina-
tion for examination purposes, though too small in
area for low-power photography. We must there-
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fore find some means of diffusing it over the whole
surface of the object, and this can be done by inter-
posing the bull’s eye. The lamp is again reversed
with the bull’s eye previously set in focus, and an
evenly-lit disc on the cardboard is sought as in the
method last described. Having got it satisfactorily,
the central rays are stopped out by means of a disc
in the diaphragm plate, so that an annular ring of
light only enters the condenser.

[f it be diatoms we are photographing they will
now be seen glttering like pearls upon black
velvet. The microscope is connected up, focussed,
and an exposure made. ILonger exposure must be
given than with direct light.  The mirror of the
microscope is not required. It is well to make sure
that the substage condenser is properiy centred with
the optical axis of the microscope before com-
mencing.

When photographing without the eyepiece a
bright spot in the centre of the illuminated disc
will appear if the body tube be not lined with black
velvet or otherwise dead blacked. This is caused
by reflection, and is specially noticeable when using
polarised light, but the eyepiece removes this defect
entirely, though with greatly prolonged exposure.

Occasionally the substage condenser may be
lowered with advantage, and a more even illumina-
tion secured, although at a sacrifice of brightness.
When the markings of certain diatoms are to be
seen at their best the light should be thrown on
them obliquely by means of a crescent-shaped dia-
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Takex BY REFLECTED LIGHT.

.t';,t_':. 6. Coralline. 3in. L;i_:j- ctive. No eyepiece. Slow
plate. 1Bin, from object to plate. Five minutes,

ig. 17. Diator ' I avar
m A CYEPIECt in, objective at 23in slow I'L'I | 1
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phragm, taking care that the lighting of the ground-
glass screen is both uniform and sufficient to ensure
a background of tolerable density. Oblique light,
although very good for visual inspection, is 1ll
adapted for photography, and without great care
will result in a blank negative, even after long
exposure.

The writer has never found the Lieberkuhn of
any advantage in illuminating opaque objects. A
reflector called a vertical illuminator may be tried
when the lens approaches so near to the object that
it is difficult to project a beam of light from the side
reflector. It is especially useful for photographing
metals with high powers or objects mounted dry on
CONYETL.

Fig, 11. Arrangement of the side reflector for opaque

objects.



CHAPTER V.

Focussing ScrREENS—TRVING ErreEcTs—OIL IM-
MERSION LENSES—TEST OBJECTS—MEASURING
THE AMPLIFICATION WITH ANY EXTENSION OF

. CAMERA—THE POLARISCOPE—COLOUR SCREENS.

)

Quite a chapter could be written on focussing
screens and the mode of preparing them. Fine
ground-glass screens can be bought with transparent
circles (about 5gin. diameter) in the centre and four
corners, made by cementing thin microscopic cover
glasses on with Canada balsam. These will answer
all purposes. Some beginners work with a focus-
sing cloth, underneath which they get quite hot and
exhausted. If the gas in the room be turned down,
there is no necessity for a cloth, and focussing can
be carried on with comfort. It is well to sit down
to the work and take it easy ; standing and bending
the back are tiring.

To focus, the focussing glass is held in one hand,
leaving the other hand free for focussing first with
the coarse and then with the fine adjustments ; and
for moving the mechanical stage and iris diaphragm,
all of which may be easily reached. The rough
focussing should be done through the eyepiece,
with the camera and sliding block removed, as ex-
plained previously.
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After the camera is replaced, a little time In
trying different effects will not be wasted. The
effects of closing the iris diaphragm, or a slight
oblique light if fine markings are desired, or plain
ground-glass between the condenser and the lamp if
white diffraction lines are too conspicuous, may all
be tried. Perhaps a coloured glass may be better.
Then when a suitable result is obtained, one has to
be very accurate with the fine adjustment, for every-
thing else goes for nothing if correct focus be
wanting.

A vertical camera is better for oil immersion ob-
jectives, though there is no difficulty when using
them in the horizontal position, if only just suffi-
cient oil be added to make the connection between
cover slip and objective. A drop of oil will remain
for hours without running or spreading, provided it
be carefully and not too profusely applied.

In focussing with high powers, the danger of
cracking the cover glass is lessened if the mounted
slip be raised from the stage at one edge, using a
finger nail for this purpose, and roughly following
up the slip until it is flat on the stage again, when
the fine adjustment comes into play.

There are certain slides sold as test objects, and
if the photographer wishes to satisfy himself that
his objectives possess power of penetration, defini-
tion, flatness of field, and coincidence of visual and
actinic foci, he cannot do better than test the value
of his lenses by taking a photograph of some well-
known object suitable for the power used. Any
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good book on the microscope will give information
on this point. Markings of diatoms, the proboscis
of the blow fly, the pygidium of the flea, podura
scales, and sections of wood are well known objects
for such a purpose.

To measure the amplification with any extension
of camera after photographing the object, a micro-
meter 1s placed on the stage, and the divisions on 1t
are photographed, keeping the camera extension
unaltered. The enlargement is measured, and divided
by the known distance between the spaces on the
micrometer. Thus if 1-100In. on the micrometer
measures 1in. on the photograph the enlargement 1s
100 times. Or the same result may be got by means
of the camera-lucida, if the paper be placed as
much below the camera-lucida prism as the ground-
glass screen was from the eyepiece. For purposes
of measurement a 1oin. tube is the standard, and
a negative taken ten inches away from the eyepiece
will give an enlargement equal to that seen by the
eye when looking through the eyepiece.

If the camera be now halved in length the mag-
nification is halved, and if the camera be doubled
the increase is in proportion.

A table showing the enlargement due to the
various eyepieces and objectives is given by most
makers in their catalogues, and may be referred to
for ready reference.

Crystals are too transparent for ordinary photo-
graphy, but can be brought out by the aid of the
polariscope, which shows their form in many
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colours. It will be found that sober tints yield
better negatives than blue and yellow; the mica
or selenite, therefore, can be selected accordingly.
A dead black body tube is essential, and the most
suitable powers are 2in. and 1in. objectives. The
eyepiece is dispensed with to compensate for th_e
loss of light through the prism.  Orthochromatic
plates, preferably backed, are used for this l?lf’:lfiS
of work, and in rotating the prism a position
can be selected that passes much more light than
other position.  Perhaps the position, however, may
not give the most desirable colours. Should this
be so, try a change of mica or selenite, and if not
now satisfactory, adopt such a medium position of
the prism as shall be found to combine the greatest
possible amount of light with satisfactory contrasts
of colour. With the polariscope the time of expo-
sure i1s about doubled.

In landscape photography, colour screens are
used to obtain correct colour values, but in photo-
micrography they are used for quite a different
purpose, viz.,, to secure contrast. Ior instance,
bacteria and many anatomical and vegetable sections
are so transparent that they have to be single or
double stained before it is possible to differentiate
their form and structure. In their original colour-
less state they would never give a well-defined photo-
graph, hence artificial contrasts have to be produced
by staining. The general rule for determining the
particular colour screen to be used for insertion
between the light and the object during exposure
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1s that it should be the complementary colour of
the one on the object. Thus, if the stain be red,
a green screen must be used, because two comple-
mentary colours superposed produce blackness, and
blackness, or absence of light, will give more or less
transparent places on the negative, an essential
element in the production of vigorous pictures.
Experiment alone will teach the student just the
right tint to employ. He should, therefore, have a
selection not only of colours, but of light and dark
shades. When colour screens are used, the acety-
lene light reduces exposure, and gives better results
than the cil lamp. Orthochromatic plates must be
used in every case.



CHAPTER VI.

ExXPOSURE—DISCOLOURED BALSAM—AN EXPOSURE
RECORD—EXAMPLES OF KXPOSURE.

So much depends upon the light, the power of
lens and eyepiece used, the colour and opacity of
the object, camera extensions, etc., that only an
approximate estimate may be made from the re-
sults of another worker ; but the exposures tabulated
hereafter were obtained with a paraffin lamp having
a wick one inch wide. A word of warning may be
given concerning specimens mounted in balsam. If
one of these show patches of deeper colour in some
parts than others, or if the gold size, marine glue,
or other material of which the cell is constructed
has dissolved and stained its contents, 1t should be
rejected forthwith, for no amount of tinkering will give
a good negative. Slides deep yellow on one side and
perfectly transparent on the other, whilst not untit
for visual examination, are quite unsuitable for
photography.  This shows that some attention
ought to be paid to the quality of the mounting.

A record of all exposures should be kept, entering
the failures as well as the successes ; it should note
the plate used, the class of object photographed
with its characteristic quality, the exposure, the dis-
tance of the plate from the object, and the result
with each power and with each class of illumination.
Supposing this to be done, and one wishes to know
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what exposure to give to a botanical section stained
red, using a 2in. objective and the A eyepiece, refer-
ence to the register shows, say, the following :

TRANSMITTED LIGHT.
2in. objective., A" eyepiece.

|DISTANCE
PLATE. |OBjEcT,| CHARACTERISTIC.| EXPOSURE, DFF:;:TE RESULT.
OBjJECT.
Ilford Stem of | Stained red. 2 min. soin. | Slightly
ordinary. |clematis, over
exposed.

This will give an idea of the correct exposure for
any similar class of specimen. It is folly to rely on
the memory alone, like so many landscape photo-
graphers do. Far better take every precaution sug-
gested bv previous experiments to ensure correct
exposure. One must not move about during the
time of exposure, for vibration will spoil the sharp-
ness of any negative, especially with high powers.
[t is not necessary, however, to remain inactive, for
the gas may be turned full on, and the time
occupied by reading or writing. When very long
exposures are made, the worker may even leave the
room and return at the end of an appointed time,
so being free to do other things meanwhile.

The conditions governing correct exposure are so
varied that no rule can be stated, and the following
examples are merely given to point out the probable
variations likely to occur in photographing assorted
specimens. The distance of the object from the
plate was about eighteen inches, the source of
illumination a paraffin lamp with a one-inch wick.
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WitH Dark GROUND JLLUMINATION,

Fig. 18B. Diatoms. No eyepiece. 1in. objective at zrin. Slow
plite, Ten minutes,

Wit Porarisep LicuT

Fig. 19. PBrucine, No eyepiece. zin. obiective at 24in. Chro-
matic plate. Ten minutes,
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31N, OBJECTIVE,

41

Transmitted Section of Human Tongue. Red. “A' eyepiece.

Light.

Dark
(zround.

Reflected
Light.

No condenser. Chromatic plate. One minute.

Leg of Fly. Brown. Groand-glass interposed
between lamp and object to secure sharpness of
hairs and reduce the white diffraction eftects.
i A" eyepiece. Slow plate. Four minutes.

Polycystina. Slow plate. Webster condenser.

‘A" eyepiece. Four minutes.

White Coralline. No eyepiece. Slow plate.
reflector. Five minutes.

Side

21N, OBJECTIVE.

Transmitted Beetle's Eye. Section. Slow plate. Three minutes.
Light. ‘“ A" eyepiece. No condenser.
Reflacted Diatoms mounted as opaque objects. Slow plate.
Light. Four minutes. * A" eyepiece,
Dark Polycystina. Webster condenser. Slow plate.
Ground. Four minutes.
Polariscope. Brucine. Eyepiece removed. Chromatic plate.
Eight minutes.

e ——

1IN, OBJECTIVE.
Transmitted Diatoms. “ A" eyepiece, Slow plate. Four
Light. minutes.

Wing of Fly. Slow plate. One minute.
Reflected Foraminifera. A" eyeplece. Rapid plate. Ten
Light. minutes.
Dark Diatoms. Slow plate. ‘A" eyepiece. Sixteen
Ground. minutes.
Ditto. Ditto. No eyepiece. Ten minutes.
Polariscope. Aspurtic Acid No eyepiece. Chromatic plate.
Eighteen minutes.

11N, OBJECTIVE,

Transmitted Section of Deal. *“ A" eyepiece. Rapid plate.

Light.

Ten m.inutes.
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418, OBJECTIVE.

Transmitted Human Blood. ''A" eyepiece. Chromatic plate.
Light. Green colour screen, Thirty-five minutes.

i5IN. OIL IMMERSION,

. Bacteria. Stained red. “ A" eyepiece. No colour
screen, Chromatic backed plate. Twelve
minutes

Ditto, with green colour screen. Forty minutes.

When using the simple enlarging camera, fig. 3,
with Ilford special lantern plates and incandescent
light, an exposure of fifteen minutes was required
for whole insects flattened and mounted on glass
slips 3in. by 1in. (Extension of quarter-plate
camera nine inches, and enlarging camera eighteen
inches.)  With objects stained yellow the exposure
was very much increased. Many such objects are
too large for low power microscope objectives.



CHAPTER VII.

REQUISITES FOR  DEVELOPMENT—APPARATUS—
CHEMICALS—PRICES—SUITABLE PLATES—DE-
VELOPERS FOR NEGATIVES—FOR LANTERN
SLIDES—FoR BrROMIDE PAPER—KAcCHIN A UNI-
VERSAL DEVELOPER

Many people have the impression that the work
of development must be carried on with a miserable
light from a ruby lamp, and consequently inflict
upon themselves trials of patience until a bad head-
ache compels them to stop, or their powers of en-
durance are exhausted. Never was a greater fallacy.
For ordinary plates a lamp may be used giving plenty
of yellow light, so that everything can be plainly
seen, and all operations carried on with comfort.
Only when using chromatic plates is a red light
necessary. Even with this a lamp having a large red
glass front, not too deep, will give great relief, for
small lamps are an abomination. In cases where
a dark room is not available, the work can be done
at night in an ordinary bathroom. Gas is the best
illuminant, and lamps are sold that will give red,
yellow, or white light at pleasure.  Failing gas,
the next handiest lamp is a candle lamp. Candles
worked by springs are apt to be very provoking.
The light sometimes either goes out or splutters
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the grease all over the glass at a critical moment,
and oil lamps smell and are dirty. The best all-
round lamp is a canary-coloured hock bottle over
a good wax carriage candle.  Only good wax
candles should be used; the cheap “ Stearine” kind
bend over from the heat and crack the glass cover.

The following apparatus and chemicals will be
sufficient for a quarter-plate outfit:

Two developing dishes, with a lifter at one end
to raise the plate, so that it can be grasped at the
edges and lifted out for examination. This simple
rocking lever fixed in the end of the tray enables
one to keep one’s fingers almost free from contact
with the chemicals—a great boon, preventing both
rough skin and stained fingers.

Two glass graduated measures.

A vertical fixing trcugh with six frames for plates.
The advantage of the vertical position is indisput-
able, and as the hypo can be kept permanently in
this trough, it is always ready. Any plate can be
lifted out for inspection without wetting the hands.

A porcelain washing trough with erooves for
twelve quarter-plates placed vertically side by side.

One ditto for lantern plates.

A print washer.

A graduated water jug.

A drying rack.

Two or three large dishes for water, hypo, and
acid baths, used for bromide and platinotype
prints ; also one for tonming if P.O.P. be used.

A hand magnifying glass.
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Pins.

Mounting paste.

Weights and scales.

Funnels.

Print clips for suspending prints from a line
while drying.

A dropping bottle for potassium bromide.

Six printing frames.

A printing frame for making lantern slides.

Masks and mounts.

Cover slips for lantern slides.

A knife paper trimmer.

A retouching desk.

Towels and a sponge.

The reacer is advised to make his own de-
velopers. Chemicals of the kind and quantity given
wili be found ample for a start.

Alum s Aazstat S izdalig
Acetic acid 2 8 ozsi N od o7
Citric "acid ™ ... 2 025, ; 2440z
Hydrokinone T 0Z 510G, 0Z
Hydrochloric acid ... =zoozs. ,, 1d. 0z
Methylated spirit ... 1o0w0zs. ,, 6d.lb.
Mercury bickloride ... 1oz. ,, 4d. oz
Metol 1 0z. at 2s, 6d. oz.
Nitric acid 2025, 4, 1d.0Z
Oxalic acid Sen ey e exa bl oy
Pyrogallic aeid' .= ... 10z ,, 11d. oz
Potassium oxalate

(neutral) ... S A e dailoys
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Potassium bromide ... I OZ. at 2d. oz.

s ferricyanide 10z _, 3d.oz
i carbonate Alezs T N6 c il !
> metabisulphite 2 ozs. ,, 3d. oz

Sodium carbonate
(washing soda will do) 11b. ,, 4d.lb.

Sodium  hyposulphite  71bs. ,, 2d.lb.
£ sulphite .. b nodslb:
" hydrate ... T 0z 0 oy 2007

Some brands of plates have a tendency to frill
and pucker at the edges, more particularly in warm
weather, which, if not stopped in time, will result
in the film separating from the plate. Soft gelatine
or prolonged development or washing may cause it.

The best way, of course, is to reject any kind
of plate that constantly gives this trouble, but it
may be prevented by first rubbing the edges of
the plate with a wax candle before the developer 1s
poured on. This will keep the liquid from pene-
trating between the film and the glass.

The following kinds of plates will be found
satisfactory :

For low powers (slow), “ Castle.” } (Mawson

For high powers (rapid), “ Electric.” ) and Swan.)

For sections, “ Process.” (Ilford.)

For colour contrasts, “Chromatic.” (Ilford.)

For lantern slides, “Special” and *Alpha.”
(Tlford.)

The “ Special ” Ilford plate gives warm and cold
tones of black, and the “ Alpha” gives browns and
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reds. It is well to use both and have a variety of
colours.

Backed plates give better negatwes, but are
messy, so, until the worker gains experience, it is
better for him to commence with the unbacked
plates.

For negatives of any kind nothing beats the pyro
soda developer.

No. 1, or A.
Pyrogallic acid ... 6o grains
Potassium metabisulphite ... 15
Water ... IO ounces
Ne. 2; or B
Washing soda ... I olunce
Sodium sulphite SEoi I
Water S TOGUNCES

Four drams of A and four drams of B, with five
drops of ten per cent. solution of potassium bromide,
are taken for a quarter-plate.

For lantern slides I find that hydrokinone is
the most generally convenient. It may be made
up as follows:

A.
Hydrokinone 2 ... 8o grains
Potassium bromide ... T s Lt M
Sodium sulphite Sas I TR OUNGE

Water i % ... Io0 ounces
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B.

Sodium hydrate .+« 50 grains
Water : ... 10 ounces
Equal parts of A aml B are taken to make one ounce

of developer.
Metol is the best for bromide prints, as it does
not stain like some others.

A.
Metol ... 50 grains
Sodium sulphite ... I ounce
Potassium bromide ... e Ohgrains
Water 2o 1O, OUNCES
B.

Potassium carbonate R 2 drams
Water . ; S TS OUNEES
Equal parts of A 111(1 B "ll"lfl a few drops of bromide
if necessary are taken. The metol must be dis-

solved first when making the solution A.

Kachin is a developer than answers equally well
with ordinary plates, lantern plates, and bromide
prints ; and after the beginner has obtained some
proficiency he may find it a convenience to have
only one developer instead of three. It is rather
deceptive, as it gives negatives that lose density in
the fixing bath; therefore longer development is
necessary.

A.
Kachin o 72 D TAINS
Sodium sulphite SheREaT L
Potassium metabisulphite ... 30 ,,

Water S L =t 8 ounces
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DiaTOMS.

Fig. 2z0. Pleurosigma angulatum. 4 oil immersion at 2oin,
Rapid plate. “ A" eyepiece. Acetylene light. Twelve minutes.

Fig, : 1 : T 7 .
L oil iLr‘nmf}:* . Dlrnm!l hhqmrrg n}furlulugs. _Gl:]lqur.: i
14 sion at zoin, Eyepiece ** A, Rapid plate, Ten minutes,

illumination.
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B'
Sodium phosphate ... ... 720 grains
Caustic soda T N
Water 8 ounces

Four drams of A, four drams of B, and four drams
of water are taken, and a few drops of potassium
bromide added if necessary.



CHAPTER VIII.

CLEANLINESS AND ITS IMPORTANCE—DEVELOPMENT
— Fxine — Hypo ELIMINATORS — STORING
NEGATIVES—CLEARING SOLUTION—PINHOLES
— INTENSIFICATION—REDUCTION,

Cleanliness in photography is a most important
item. All dishes, glasses, etc., must be well washed
before being put away, so that when next used all
articles will be clean. They should not be left
dirty, with the idea that one will have a more
favourable opportunity to tidy later on. An orderly
systematic arrangement will simplify matters very
much, and render operations more pleasant. Each
dish should be kept for its own separate Purpose.

Supposing the beginner to be only making a first
attempt at development, let him place the fixing
trough, lamp, developing dish, and measure con-
taining sufficient developer for his plate, in position
‘n readiness on a table, and then assure himself
that the room is safely lighted. A jug of water for
diluting the developer, if necessary, should be handy,
as well as a vessel of water for rinsing the plate
before fixing. If the dark room contains a sink and
water tap operations are much facilitated.

All these preparations being made, the dark slide
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is opened and a plate put in the dish, gelatine side
up, taking care not to touch the gelatine side with
the fingers. Plates must always be lifted by the
edges. If the dark slide has been kept clean, there
is no advantage in first brushing the slide with a
camel-hair flat brush or with velvet, as the danger
of leaving dust specks on the plate is as great as
getting them from the dark slide.  The plate
should not be washed before development.

The developer must be swept over it quickly in
such a way that no part of the plate is left dry, even
for a moment, and the dish gently rocked to keep
the solution constantly on the move all over the
surface of the plate. If the developer be insuffi-
cient in quantity, dry places will be noticed on the
plate over which the developer will not readily flow.
This should not be allowed. The developer should
be used at a temperature of about 60° In very
cold weather this is important, or the action, if
there is any at all, will be slow. Boiled water that
has gone nearly cold may be used, commencing
with less than the full quantity of B solution, and
gradually adding more if development be too slow.

A dilute developer is safest for a beginner.
‘In half a minute or more, traces of the image will
begin to appear if the exposure has been correct,
and development must be continued until sufficient
density be obtained. There should be no hurry.
Under-development is a fault of most beginners.
If the narrow strips at the edges of the plate which
have not been exposed keep white no danger of
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fogging need be feared. The plate may be lifted
out occasionally and held up to the lamp to view
the image, looking at the back of the plate also to
see if the image appears at that side. If the object
shows clearly and i1s well defined when held against
the light, and also shows on the back of the plate,
development may be considered sufficient.

If, however, the whole image appears thin and
ghost-like, there is a fault in the exposure. Should
the high lights represented by black places on the
negative come up slowly and the other details do not
follow, the plate is under-exposed. With patience,
perhaps a printable negative may be got, but as a
rule it is better to throw it away and make another.
If, on the other hand, the image rushes up quickly,
the plate is over-exposed, and the developer must
be diluted, adding also more bromide to prevent
fogging.

After development is completed, the plate may be
washed in water and put into the fixing bath to stay
fifteen minutes.

From this it is transferred to the washing trough,
and the water changed eight times, allowing it to
soak for five minutes between each change. The back
of the negative is then dried with a cloth or blctting
paper, and it is put into the rack to dry. The rack
should be in a warm room free from dust, but not
too near a fire lest the gelatine melt and spoil the
plate.  Slow drying will often spoil the negative
by leaving various degrees of density in the film.

Flooding the plate with methylated spirit will
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assist quick drying. If tap water be used for u-'as‘.,h—
ing, 1t should be seen to that it is not charged with
aif, which causes the gelatine to separate from the
glass.

Running water, where available, is more effective
in dissolving out the hypo, from which the negative
should be freed.

Sometimes a plate may have to be developed
late at night, when it would be risky to leave it
soaking in water till next day, especially in warm
weather. The Hypax tabloid in such a case will
be found an excellent substitute for prolonged wash-
ing. After the plate has been well rinsed it is put
in a dish and covered with water. Half a tabloid
of Hypax is put in one corner until all has been dis-
solved, the negative is then rinsed in clean water
and the hypo will have been eliminated.

k]

A good fixing bath is made of four ounces hypo
dissolved in a pint of water. Vertical fixing in a
trough capable of fixing six negatives at a time is
recommended. _After many plates have been fixed
a dirty deposit will be found at the bottom of the
trough.  The liquid should be examined in full
light after all the holders are removed, and if it is
muddy at the bottom it should be thrown away and
fresh made. With this precaution the holders and
fixing solution may be left in the vessel after use, so
that they are always ready.

Negatives improperly exposed or developed may
appear quite black and opaque when examined only
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on the surface of the plate before fixing, yet after
fixing will be quite thin.

Opacity should be judged by holding the nega-
tive up to the light. When washed and dried the
negative may be varnished if it is likely that it will
be much used, otherwise varnishing 1s not necessary.

A good method of preserving negatives, and at
the same time of providing a ready method of selec-
tion, is t0 put each one in an envelope with a con-
secutive number outside. These may be stored in
disused dry plate boxes, outside of which should be
boldly printed the numbers of the slides therein.
For example, the first box will be 1 to 12, the
second 13 to 24, and so on.

A book index will facilitate reference. Each en-
velope may have also written upon it the full par-
ticulars of exposure, though this may be obtained
from the exposure book. This system may be ex-
tended still further by devoting certain numbers to
certain classifications. Thus all negatives of dia-
toms may be put in one box, insects in another,
anatomical subjects in a third, and so on.  The
advantage is so great and the trouble so little that
it is worth the doing.

When the negative has been stained yellow, and
it is desired to remove this, it may be immersed 1n
a solution of citric acid and alum—

Alum i 8o I5 ounce

Citric acid 17 ounce
Water T ol OUNGES
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The stain is not always a disadvantage, for it
may actually improve the printing capacity of the
negative. After the clearing process the plate must
be again washed.

Small holes or clear spots are caused by dust,
and larger spots probably by air bubbles in the
developer. These may be painted out with a small
brush charged with colour.

Intensification is only recommended when the
trouble of taking a fresh negative is too great. The
photo-micrographer is in a different position from
the landscape photographer, who cannot easily re-
visit the scene of his subject under the same condi-
tions of light and weather, whereas the microscopist
can reproduce i1t at pleasure.

Intensification should only be regarded as a make-
shift.  Mercuric chloride is a deadly poison which
should be kept under lock and key, and not be
brought into contact with the fingers. After the
negative has been freed from hypo it may be placed

in the following solution until the film becomes
white :

Mercury bichloride 12 ounce
Hydrochloric acid 34 dram
Water s : . 10  ounces

It is then thoroughly washed and redeveloped
with a weak solution of metol and sodium car-
bonate, or any ordinary developer, which will
darken the film. Tt is again well washed and dried.

Over-dense negatives may be reduced in opacity
by immersion in equal parts of fresh fixing bath
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(hypo) and water and a few drops of potassium
ferricyanide solution. If the reduction be too slow
more ferricyanide solution may be added. The
plate should be lifted out repeatedly for examina-
tion, as the action is generally rapid. It is then
washed and dried.
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Fig. 22. Bacillus subtilis,

Fig. 23. Micrococcus tetragonus.



CHAPTER X

PRINTING oON P.O.P.—ToNING—THE COMBINED
BatH—BROMIDE PRINTING—DEVELOPMENT—
Pratinum PrRINTING—SPOTTING PRINTS—

ALBUMS.

Printing-out paper, popularly known as P.Q.P.,
does not show microscopic objects to the best ad-
vantage. It 1s extremely useful for taking trial
prints, however, which may be cast aside after the
printing quality of the negative is ascertained. It
1s also in great favour with amateur photographers,
who consider it the easiest process; a few words,
therefore, about it will not be out of place. It is
never permanent, and, although volumes are written
about toning and fixing in separate processes, much
trouble will be saved by adopting a single solution
for both fixing and toning. The great advantage of
this paper is that the result can be seen and print-
ing stopped at the right moment.

The paper is laid on the negative, glossy side of
paper in contact with film side of negative, and
placed in a printing frame for exposure to day-
light, though not to direct sunlight unless with very
dense negatives. The print should be slightly
darker than the finished print is intended to be,

owing to loss of colour in fixing.
E
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The handling of the paper and inspection of
prints should be done in subdued light. After
printing is. completed, the paper is put in a com-
bined toning and fixing solution until the desired tone
is obtained, and then is washed thoroughly in run-
ning water, or by eight changes of water, allowing
five minutes soaking between each change. Every
maker of paper issues full instructions with each
packet, but, as nearly all differ, the reader should
buy a bottle of combined fixing and toning solution
from any photographic dealer, and simply wash his
prints well after they come out. If the reader
desires to prepare his own solution, the following
formula may help him:

Ammonium sulphocyanide ... 15 grains
Table salt ... ... 30 grains
Hypo 2R OIEES
Water e O DURCES

To this one grain of gold chloride in half an
ounce of water 1s added.

The little clips similar to clothes’ pegs are useful
for drying the prints. The paper is gripped at one
corner and suspended from a line until dry. Print-
ing frames should have open ends to enable the
paper to be raised for examination with ease when
the half back is folded over on its hinge. Some
cheap frames have a deep recess, into which the
negative and paper drop as into a box, making it
extremely difficult to inspect the process of print-
ing without creasing the paper in the endeavour to
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raise it. A mask with an opening of a suitable size
and shape placed between the negative and the
paper will give a neat finish to the print.

Bromide paper is the quickest for microscopic
work, and can be done by gaslight. "It gives a
contrast of velvety black and white, but the picture
1s not visible after exposure until developed. More
uniform results may be obtained from artificial light
than from daylight, if several prints are to be taken
from one negative, because the correct exposure,
having once been ascertained, can be repeated.

The Velox carbon matt is especially suitable for
the purpose, being a slow paper capable of develop-
ment without a dark room lamp and in fairly full
gaslight. This is a great relief to the eyes, avoid-
ng, as it does, the fatigue caused by frequent- alter-
nations of bright light for exposure and comparative
darkness for development, when quick papers are
used. In any case, all the negatives to be printed
from should be put in separate frames and the ex-
posure made before lowering the light. When held
flat in the hand, bromide paper will curl slightly
with the sensitised surface inside. ~ Wetting the
corners with the thumb and finger in order to dis-
tinguish the different sides is not a clean habit.
The exposure depends on the negative, but for
average density the Velox carbon takes twenty
seconds at six inches from a No. 5 burner. A thin
negative should be held further away from the
light ; a dense one, nearer. The frame is best kept
between the eyes and the gas to shade the eyes
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during exposure, and if frequent exposures are made
at one time, neutral tint spectacles during the time
the light i1s full on will be found a relief. Having
made the exposure and lowered the light, the paper
1s taken from the frame and dipped into clean water,
so that it will lie flat in the developing dish. The de-
veloper is swept over the paper, keeping it freely on
the move until the required depth of tone be
reached, when the paper is rinsed in clean water
and immersed edgewise, face up, in the fixing bath
made up as follows:

Hypo N ORCeS

Water LA AT
To this are added—

Sodium sulphite e A

Acetic acid oo 6 drams

Alum' .- ael  Ib dram

dissolved in one and a quarter ounces of water.
The prints are kept moving a few moments, and
afterwards allowed to remain fifteen minutes. An
hour’s washing in running water or in eight changes
of water, as before described, completes the process.
A thorough washing should be given. The above
bath keeps clean much longer than a simple hypo
and water bath, and can be used time after time.
Platinotype printing is at once the simplest, most
permanent, and most effective of all processes.
Good negatives yield prints equal in beauty to a
fine steel engraving, with rich gradations of tone
very pleasing to behold. The whole process can be
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completed on a bright day in a little over an hour,
though on dark days the printing is slow. Moisture
is the chief preventive of successful work; there-
fore paper, wood frames, and place of exposure
must be dry.

The platinotype paper itself is supplied in sealed
tins, twenty-four sheets, quality A.A. 4%in. by
3J41n. for 1s. 6d., from which it should be removed
for preservation to a special tin tube having a false
bottom, under which calcium chloride is kept to
absorb any moisture, and the joints of this tube are
further protected by a wide rubber band. Thus
protected, the paper will keep in good condition
many months. The lemon coloured surface of plati-
num paper 1s more sensitive to light than is that of
P.O.P.; consequently, the placing of the paper in
the frames, the examination of prints, and develop-
ing must be dene in dull light. After the sheet of
platinotype paper is put on the negative it is de-
sirable, though not essential, to add a protecting
sheet of rubber or waterproof paper before fastening
the back of the printing frame. During exposure,
which must be by daylight, an occasional peep at
the paper will show how far printing has proceeded.
The image is only faint grey when finished, but
every detail should be seen, however feeble. If
there be any part of the print that should be pure
white when finished, the attention should be fixed
on that spot, and its tint compared with that of the
edges of paper. So long as this is the same lemon
colour it may be gathered that printing is not car-
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ried too far. As development is very rapid, the
exposure must be correct to get good results.
After a few trials it will not be found at all difficult
to determine when to stop printing. The develop-
ing bath, which should not be below 60° F., is
made up of:

Neutral potassium oxalate ... 1 ounce.

Oxalic acid (saturated solution)

1 part to zo parts of developer.

Wiateri: = ;.. 1O (OUNCES.
This 1s a stock solution, and may be bottled for
future use. The paper is floated on the bath face
downwards, turned quickly over and development
watched. A black and white image will rapidly ap-
pear, and when sufficient depth of tone is obtained
the print may be removed to a bath composed of:

Water S IO ounces.

Hydrochloric acid ... 2o 112 idrams!
Any of the lemon colour left will here be cleared
away, and black and white tones only remain.
After five minutes in this bath the prints are trans-
ferred to a similar but rather more dilute bath for
ten minutes ; then to three baths of clean water for
ten minutes each, into the second of which a few
grains of sodium carbonate have been added to
neutralise any acid left in the prints.

Wollf’s “ indelible railway pencil ” is excellent for
any retouching with either bromide or platinotype
prints. Photo-micrographs kept in a special album
having only one print on a page show to better
advantage than when mixed with others of a mis-
cellaneous kind.



CHAPTER X.

[LANTERN-SLIDE MAKING—A SLIDE-MAKING FRAME.

Lantern slides, if well made, give pleasure to
young and old, whilst their educational value 1is
universally acknowledged to be of great importance.
They no longer remain the monopoly of the travel-
ling entertainer, since slides are now produced by
almost every scientific society. Equally helpful
are they in the private house where one who has
learnt how to make them may enjoy many a winter
evening, even with only himself for audience. To
one who has mastered the art of negative making
no dificulty will be experienced, for the developing
of lantern slides is similar, except that a positive
image appears, instead of a negative. This fact
renders it much fuller of interest, as the gradual
unfolding of the complete image never fails to de-
hight the operator. The standard size for English
slides is 3%{in. by 3% in., a suitable size for contact
printing from a 4%4in. by 33{in. negative.

The usual slide-making frame consists of a board
having a 37{in. square hole in the centre, into which
the sensitised plate fits. The negative is placed
film side to this hole, and is held against the cloth-
faced board by springs in such a way that the nega-
tive may be moved in any direction to bring the
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right position opposite the centre. The dry plate
1s then put on and covered with a wood block the
same size, which again is pressed by a snring to
keep the negative and plate in contact.

The exposure varies with the plate used. “Ilford
Special” lantern plates for warm and cold tones
require twenty seconds at eighteen inches from an
ordinary gas bat’s-wing burner.  “Ilford Alpha,”
for red and brown tones, two minutes at six inches
from a fish-tail burner. Development and fixing are
the same as for negatives. The least fogging of
the lights, it should be noted, will spoil the slide,
and the image must stand out well defined on a
perfectly transparent background.  Spoiled plates
make good cover glasses, if stripped of gelatine by
steeping in boiling water and soda. @ When the
plates are ready for mounting, a square or circular
mask 1s placed between the cover and picture. If
there 1s room on the margin of the mask, which is
usually black, the title may be written upon it with
white ink, not forgetting to put a white spot in
each top corner when looking at the picture the
right way about. These are for the guidance of the
lanternist who puts the slide into the lantern up-
side down with the -spots towards the condenser.
Nothing is more awkward for both audience and
operator than pictures projected in a wrong
position,
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11. ADVERTISEMEMNTS.

ZE
Anastigmatic Lenses.

An absolutely unrivalled selection to suit every possible requirement of

Professional and Amateur Photographers and Process Workers.
Finest English workmanship. Mounted in light and elegant settings,

with English scales of apertures.

SEND FOR PRICE LIST OF

Ross Symmetric Anastigmats. Zeiss Convertible Protars.
Zeiss New Planar and Unar Lenses. Goerz Double Anastigmats, eic.

Also Field, Studio, and Hand Science, Enlarging, and Projection

CAMERAS. LANTERNS, &c.

IMPORTANY NOTICE.—The Zeiss and Goerz Patent Anastigmatic Lienses
are manufactured (under license) by ROSS, L., at their Optical
Works, Clapham Common, EXACTLY TO FORMULE SUPPIIED BY THE
paTENTEES ; and the optical glasses and methods of construction are
precisely similar to those employed by them, the only difference
between the respective lenses being that the anastigmats made by
ROSS, Lirp., are mounted in the English style, and furnished with the
standard apertures of the Royal Photographic Society.

OS S Lt d 111, New Hnm:I St., London, W.
R 2 oy 31, Cockspur St., Charing Cross,

Works : Clapham Common. S.W.

Sole British Manufacturers of Zeiss and Goerz Lenses.
Awarded the GRAND PRIX and a GOLD MEDAL, PARIS, 1900.
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WRATTEN'S

“LONDON?”
PLATES.

Since 1877 the “LONDON’”’ PLATES
known throughout the world
obtainable.

have been

as the best

They are made under excellent conditions in works

kept up to modern requirements regardless of

expense, and by workmen whose skill is the

result of a lifetime’s concentrated application
to the craft.

The “LONDON’ PLATES are THE BEST
CLIMATE RESISTANTS, and should be

included in every photographic outfit for the
Tropics.

WRATTEN & WAINWRIGHT

CROYDON, SURREY.

Telegrams—WRATTEN CROYDON. LISTS FREE.
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THE BEST & CHEAPEST LENSEé

ON THE MARKET ARE

Busch’s Aplanats.

ANASTIGMATS.

APLANAT SETS, with and

without shutter.

Rapidity, covering power, and
definition.

Of all Dealers. Lists on application.

WHOLESALE—

FENRY E. TPURSER"

a1, Hatton Garden,
LONDON, E.C.

CAMERAS ®HAND & STAND

For Plates and Roll Films
(daylight loading), fitted
with

Busch Lenses.

F/s which means that you can work
§ at twice and three times the
rapidity possible with the ordinary camera
on the market, and so be enabled to |

take

Photographs in all weather. .

Lists and particulars of all Dealers, or from

TRAE BUSCH CAMERA CO.

31, Hatton Garden, London, E.C.
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MANUFACTURERS OF

LENSES & CAMERAS

OF THE HIGHEST QUALITY ONLY.
S
Stigmatic Lenses, f/4, /6, | Landscape Lenses (Three
and f/7'5 (Three Series). Series).

Portrait Lenses, f/2 to /6 Cinematograph Lenses.
(Four Series).

| Hand Camera l.enses.
Telephoto Lenses and At-

| Stereoscopic Lenses.

tachments. i
Lantern Lenses and Con- | Rectilinear Lenses.
densers, Etc,

d. . IIMI.MEYER LD,

Studio Cameras. - The  Popular Magazine
Field Cameras in all ap= | Hand Camera.
proved patterns. The Naturalist’s Hand
The Dallmeyer Hand | Camera (Telephoto).
Camera
New pattern extra long extension). Etc., etc.
——

Estimates and Adyice lHlustrated Catalogue free

on application.

J. H. DALLMEYER, Ltd., 25, Newman St., Oxford St
LONDON, Ww. '

free,
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SCHERING’S

AGID PYROGALLIG
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Purest and Best.

e —————

OF WORLD-WIDE FAME.

LIKE FRESH FALLEN SNOW.

Dr. VogEL, after testing, stated

Schering’s PYRO to be the “QUICKEST and
of GREATEST DENSITY-GIVING POWER.”

WHOLESALE AGENTS—

A & M. Zimmermani,
9.10, St. Mary-at-Hill,
LONDON, E.C.
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The EEST FILM CAMERAS are

E NEW “WENDS.”

The Liatest and Best
Daylight Loading
Roll Film Cameras.

The New *“ Wenos”
with
ﬂruund-glass
Focussing Screen.

YOU CAN FOCUS FOR EACH
EXPOSURE.

The new No. 3 quarter-plate and
No. 4 5 x 4 Focussing * Weno" Film
Cameras are the latest and best
cameras offered to the public. They
compare very favourably in price, have
the latest model Auto Shutters, Bausch
and Lomb's finest quality Rapid
Rectilinear Lenses. PricE, quarter-
plate, £5 158s.; 5x 4, £6 Bs.
Rack and Pinion Rising Front, also
Rack and Pinion Focussing. Please
write for lists for all models.

Sold by Messrs. G, Houghton & Sons, High Holborn, W.C. ; Mr. Jonathan Fallowfield,
Charing Cross Road, W.; The Stereoscopic Co., 106-108, Regent Street, W.; Messrs,
Dallmeyer & Co., Newman Street, W.; Messrs, Sands & Hunter, Cranbourne Street, W.C. :
Messrs. Ross, Ltd., 111, New Bond Street, W.; Messrs. Hurman, Ltd., Birmingham

and Newcastle-on-Tyne; and many other dealers

PROPRIETORS & IMPORTERS

A.E.STALEY & CO.

9, Aldermanbury, London, E.C.



Viik. ADVERTISEMENTS.

The Marvel Camera of the Age,

"SNAPPA.”

marks a mighty stride in the art.of picture making. Learn more about
it at the dealers, or write for rrer booklet.

Quarter-
plate, for
twelve
plates or
twenty-
four - films,

The New Pocket Ray Plate Camera

For 3} by 41. 327Ts. 6d.
OF ALL DEALERS, '
ASK TO SEE THIS.

This is one of the best and smallest
cameras made. It is handsomely
finished in dovetailed mahogany
body, covered seal-grain morocco,
with good rapid rectilinear lens, f/8,
new automatic self-setting safety
shutter, with time, bulb, and instan-
taneous exposure, hand and pneu-
matic release, focussing screen and
scale, with brilliant lwuﬁlble view
finder. This camera is capable of
every description of photographic =
work—hand, stand, time, or instan- |
taneous. CﬂmpletF with one plate-
holder. Extra metal plate-holders,
1/6 each. Please write for List A.
Delivery from stock.

THE ROCHESTER OPTICAL AND GAMERA C0.,

112-113, Fore Street, London, E.C.
Telegrams—** Optelling, London,” Telephone (Central)—4677.
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