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PREFACE

A microscope,—like any other instrument of precision,
—cannot be made to do its best work without some
knowledge on the part of the user as to how ro keep
it in perfect condition, and an intelligent understanding
of its parts, their use and relations.

The purpose of this little hook is to bring before you
seme pracacal helps in elear concise form, which will
enable you to ohrain the best possible results when work-
ing with the microscope.

We make no attempr to go into the optical principles
involved in the microscope except in so far as it is neces-
sary to direct in its use.  For these we refer you to more
pretentious works,— L'he Microscope, by Dr. 5. 1. Gage;
The Microscope and its Revelations, by Carpenter &
Dallinger.

Let it be remembered thar no amount of direction will
take the place of goad judgment and careful painstaking
cffort on your parr, and thar iv is enly the perfect ad-
justment of every part in relation to every other part
which brings the best results. The neglect of one detail
may destroy the virtues of all the others.

It 1s with a desire to help and a hope that your work
with the microscope may prove pleasant and prohrable

that we present this little volume.

SPENCER LENS CO.



DONT’S

Don’t allow dust and dirt to sertle on the microscope.

Don't carry the microscope by the arm.

Don't use alcohol on the microscope.

Don't expect too great a range in the fine adjustment.

Don’t take the fine adjustment apart.

Dan t bring the objective into contact with the cover
glass.

Daon’t fail to focus up before turning the nosepiece
unless you know the objectives are parfocal.

Dor't forget that high powers have short working dis-
tances,

Don’t focus down with the eye at the eyepiece.

Don’t fail to secure good, even illumination.

Don't drop the objectives and oculats.

Don’t try to take an objective apart.

Don’t try to work with dirty lenses.

Den't try to clean them with a dirty cloth.

Don’t fail to clean oil from an immersion lens im-
mediately after using,

Doy’ try to work with an immersion lens when there
are air bubbles in the oil.

Don’t use high powers when low ones will do.

Don’t use higher oculars than necessary.

Don't expect a lens to work at its best unless used on
a cover thickness, and with a tube length, for which it
is corrected,

Don't shut one eye.

Don’t get discouraged if desired results do not come
immediately.

— _ Tube Length 160 mm. _ _.,.|l

--Eyelens

of the Crular
“Diaphrag
W-TFieldlens

—DrawTube

~Body Tube

- [I__Draw Tute Dizghragm
| E%S7]  with Society Screw

S .
2 --..Socicly Serem

of the
Objective

nIN
16.1. AT oF THE PARTS MENTIONED
F:rnn TEI';[' Anp InpioaTin ON THIS Fra-

TUHE AKD THE FRONTISTLECH,

I}

PART |

CARE OF
THE
MICROSCOPE

THE STAND

Lvery microscope
regularly leaves the
factory in 2 case
made especially for
it in which it fits
securely. If it is to
be carmied any dis-
tance it should be
carried in the case.
1t should be left in
the case when not
in use unless some
other means are pro-
vided to protect it
from dust.

Dust settling upon
the highly polished
surfaces 15 apt to
scratch them when
it is removed., It
works into the bear-
ings of the instru-
ment, making them
work hard and un-
necessanly wearing
them.



The microscope ought not to stand continually ex-
posed to direct sunlight.

When removing the microscope from the case, or in
handling it in the laboratory, do not grasp it by the arm
(sac frontispiece), which is actuated by the delicate fine
adjustment.  Grasp it by the pillar below the stage or
by the stage just where the pillar joins jt. The best
modern instruments are provided with a new fine ad-
justment at the side, permirring the introduction of a
handle by which the microscope can be casily handled.
All rough handling is so out of harmony with the use of
such a delicate instrument that it is unnecessary to
caunion against it.

Finger marks on the highly polished surfaces should
be removed immediately with a soft cloth or ean chan-
ois skin, If they do not remove easily, breathe on the
surfaces and rub gently. 1f allowed fo remain for any
time they are removed with great difficulty.  If the sur-
faces become soiled with material which gentle rubbing
will not remove, dampen a cloth with water and rub
gently. If this will not remove it use a very lictle
xylol, ether or chloroform, being careful not to rub too
hard, and to dry as soon ag possible.  Never wse aleabal
on lacquered pares. It will dissolve the lacquer,—no
matter how dilute it is. When the lacquer is gone
nothing can be done for it outside of the factory. All
reagents should be kepe from the lacquer wherever [pos-
sible.  On most of the better modern microscopes: the
more exposed parts are so finished that they are nor
seriously affected by any of the above mentoned rea-
gents, with the exception of the strong acids, All such
reagents should be removed as soon as possible.  This
finish is generally a black enamel or a gray or hlack
plating. Sometimes this finish is extended to the upper
parts of the srand.

Stage. On account of its exposed pns.'iti(m__ti‘lc finish
ot the stage i1s worthy of speoial rm-nt[on‘. The stages
of the cheaper microscopes are finished wich a prepara-
rion which gives the brass a dull black appearance,
They are casi‘.y cleaned as directed above. When th_l:y
become gray and dingy a very litele of one of the heav!cr
oils rubbed upon them will often make them hlac_k again,
unless the finish be worn oL The stages of all tﬁn:
better microscopes are covered with hard rubber \.\.alnch
is nmot permanently effecred by any of rhe ordmlnry
laboratory reagents.  Should the stage hecome soiled
with balsam, immersion oil, or anvthing which water
will not remove, it can be cleaned with xylol or chloro-
form. ‘T'he xylol will turn the black stage to a dull

ceray, but a little of some heavy ol rubbed upon i will

restore the original black. If the gray co]or_ is of long
standing it may be neeessary to leave Lh‘c oil on some
time,  Wipe off the oil theroughly when it has done its
work.

Inclination Joint. All of the better microscopes
are provided with the inclination joint by W'|1it'!1 the
body can be inclined to any angle th.w:'.fﬂ.r} perpendicular
and horizontal.  Onee in a while this joint wears Icfose
so that the microscope will nor |'en'5;r_in at the desired
angle. This ean be tightened by [aghtonmg the nurs
on the ends of the inclination axis with a heavy serew
driver if the nut is slotted, or with a "spanner’i if the
nut it provided with two small holcg A. pait of round
nosed pliers will serve the purpose mcely in the absence
of the spanner.  With anv of the tools grear care should
be taken not to mar the nurs, On most of tl'_u-. mfﬂlem
instruments rthe pin which forms the axis is slightly
conical and the necessary friction is obtained by drawing
the cone tighter into its bearings,  This necessitates the



tightening of the nut on onc side only and sometimes
means that the nut on the opposite side should
previously be slightly loosened and tightened again after
the cone is drawn into its place.

Coarse Adjustment, This is accomplished in one
of two ways:>—the sliding tube and the rack and pinion.
The former is found only on the cheaper microscopes.
In it the hody tube is made to slide inside of a sleeve
which is fastened to the arm of the microscope. It is
very hard to keep in order because the exposed surfaces
of the body tube and the inside of the sleeve become
corroded and gummed from exposure to the atmos-
phere and reagents of the la]mratur}', and particularly
from the perspiring or dirty hand of the operator in
focussing. In this condition the tube works hard and
unevenly so that one is apt to force an objective into the
slide. The tube and sleeve can generally be cleaned by
rubbing with a coarse rtowel after rr;c:istcnjng with
aylol. Do not grease the tube or sleeve, It gums and
corrodes the tube, and is very unsightly.

Should the tube be too loose in the sleeve remove the
tube and press in the top edge of the sleeve on either
side of the one or more slots running down from the top
edge.

All of the better microscopes are provided with the
rack and pinion cearse adjustment.  The bearings must
necessarily fit very closely.  Any foreign matter on them
interferes seriously. Do not strain the teech of the rack
and pmion by forcing the bearings back and forth over
one another when they are noc clean. A litrle xylol or
chloroform rubbed on the surfaces will clean them. Do
not use emery in any form. When the bearings are
perfectly clean, oil them slightly with a good acid free
lubricant (parafin oil or watch oil). If the bearings
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heconie so loose that the rube will not stay in place
tighten the little screws at the back of the pinion box.
All makers have a provision here for taking up lost
motion and wear. Do nor ‘fu'f the teetd of the rack with
paper, paraffin, or any other foreign substance. If any-
thing should accumulate in these teeth clean them out.

Fine Adjustment. The fine adjustmcnt 15 neces-
sarily of limited range and delicate 1n 1ts mechanism,
1f, when looking into the eyepiece, no change of focus
i5 noticcd b_y turn;ng t]'n: mfc‘rom{;‘ter !‘1@;1(1l or if thc
micrometer head ceases to turn, the adjustment has
reached its limit.  Turn the micrometer back to bnng
the fine adjustment midway within its range.  When the
fine adjustment head stops do not force it.  All of the
better microscopes are made so that the head stops at
both ends of the range and so that the micrometer
threads cannor be removed from their bearings. Other
microscopes do not have this safeguard and great care
should be exercised not to remove the thread. If by
chance it should be removed, exercise great care in re~
placing it to see that the threads are started properly
so that they do not “run.” Do nor foree them it they
runn at all hard.  1f they are started to “running’” they
must go to a machinist. On some microscopes these
threads are “left handed,” which sheuld be noted in
trying to start the threads.

In some microscopes a lictle steel pin is fitted loosely
into the hollow end of the micrometer thread. Be care-
ful to see that this little pin is in its place before starting
the micrometer thread. Tn some cases this pin even
drops out of place before the micrometer thread 18
entirely out of its bearings and the defect is not noticed
until the fine adjustment fails to respond. In such a
case the top of the hine adjustment must be opened to
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secure the pin and put it in place. This ought to be
done by the maker or an experienced mechanic.

In some cases, especially in microscopes (continenral
type) where the prism is used in the fine adjustment the
lubrnicant in the prism becomes gummed so thar the
adjustment fails to respond promptly, and then jumps.
The bearings should be thoroughly cleaned and oiled
with paraffin oil or watch oil.  This cught to be done
by the manufacturers because the mechanism is so
delicate that even though safely tuken apart, it would
be pur together and adjusted with great difliculty.

Draw Tube. The draw tube should work easily
and smoothly. With those which are nickeled and
sliding in a cloth Lined sleeve, lictle crouble will be found.
Where they are not nickeled, care must be given them
simtlar to that described for the sliding tube coarse
adjustment. In pushing in the draw rube be careful not
to push down the body tube and thereby run the front
of the objective into the cover glass.

Substage. The rules given above apply to the parrs
of the substage in general. The threads on the quick
acting screw on the instruments so provided are apt to
become gummed, making it hard to focus the condenser.
This gum is easily “cut” with xylol or chloroform, per-
mitting the screw to work easily,

If the leaves of the ins diaphragms become rusted or
gummed, clean them with xylol, and oil them thoroughly
by opening and closing rhe diaphragm several times to
evenly distribute the oil over the leaves. Should the
leaves become bent or misplaced, submit them to the
maker or a skilled workman.

Nosepiece. When bought at the same time the
nosepieces and objectives of all the best makers are now
10

so made that the objectives are parfocal: 1. ¢., when one
lens is in focus the others on the nosepiéce will be in
fairly good focus when they are swung into the opucal
axis. They arc also approximately centered so thar a
point in the center of the field of one lens will be in the
field of the others. To accomplish this, each ser of
objectives must be especially fitted 1o their partcular
nosepiece.  Cire should then be taken in the laborarory
not to interchange objectives. Be careful not to bend
the nosepiece in any way so that the objectives will be
thrown out of center. LUnless you are positive that your
lenses are parfocal, always focus up slightly b-t:f-ﬂre turn-
ing from a lower to a higher power; u&jcrwmc you are
apt to swing the front of your objective against the
cover glass and injure both the specimen and objective.
Remember that objectives made parfocal for one nflrc
length are not parfocal for a different length. If occasion
occurs for screwing the objectives on or off from the
nosepiece, always use both hands, never letting go of the
objective entirely, so as to preclude any liability of
injuring them by dropping.

THE OPTICAL PARTS

With the stand cleanliness is a virtue; with che ob-
jectives 1t is also an absolure necessity. _IF the lenses
are dirty they should be wiped gently with Japanese
lens paper, which can be obtained from any dealer
microscopical supplics. Ir is so cheap that one can
hardly afford to use anything clse on his lenses,—espe-
cially the objectives. It the lens paper is not ﬂb[.ainablc
a soft old linen handkerchief is best, proveding i ts clean.
Avoid chamois skin.  The natural oils in it soil the sur-
face of the lens, and its aptitude to catch and hold dirt
makes it unsafe.

Never rub a lens hard with anything, Avoid touching
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Izhe surface of a lens with the bare hands. The perspira-
ton is hard to remove.

Objectives. If the front lens of an objective be-
comes soiled so that gently wiping will not clean it,
breathe upon it and then wipe gently with lens paper or
some soft linen. It this does not remove the soil. moisten
the paper with xylol or chloroform, being carcful not to
use too much. Although the necessity of using these
reagents is unfortunate, it is better to use them and wipe
the lens gently than 1o apply too much friction.

_ An immersion objective should ahways be cleaned
immediately after using. It can then be cleaned by
genzly wiping with a piece of lens paper. If the oil is
allowed to dry, xylol or chloroform must be used to
clean the lens. The oil collects dust and grit, which are
apt to scrateh the lens, -

] 'lf' any dust settles on the back lens of the objective
it is best removed by a camel’s hair brush. An eyepiece
should always be left in the tube to keep dust from
settling into the objective on the lower end.

Newer attempt to take an objective apart. If it has any
ailment serious enough for this it is serious enough to go
to the maker.

Oculars. The oculars should be wiped as directed
for the objectives. Sometimes a grayish film forms on
the f'nner surfaces of the lenses. This nccessitates re-
moving the lenses from the tube and wiping their surfaces.

Condenser. What has been said of the eyepicce
applies to the condenser. The inner surfaces of the
?enscs of the condenser should be cleaned if the condenser
i1s not clear after cleaning the outer surfaces. The objec-
ave cannot do its best work unless the condenser is clean.

Mirror. The surfaces of the mirror demand the
same care and trearment as the lenses.
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PART 1.
THE USE OF THE MICROSCOFPE

POSITION

In choosing a place to work one should select a com-
fortable position where he can obtain the best light
available and have roam for his microscope and neces-
sary accessories and reagents. There is some controversy
in regard to the using of the inclination joint. There is
no harm in using it if it is more comfortable to do so,
If one is working with fresh mounts or fluids, the hori-
zontal stage is necessary. Because such preparations are
so often used in the laboratary, it is best for one to train
himself to use the microscope with the tube in the per-
pendicular position and make it a rule to keep 1t in that
position.

Make it a rule to work with both eyes open, and if
possible, use either eye interchangeably. A very little
practice will enable one to do so. By paying attention
to this and proper lighting, there is no reason why any
reasanable amount of woerk with the microscope should
injure the eyes.

LIGHT

The best light is obtained from white clouds, although
some authorities claim that the light from the blue sky
is best. Avoid the use of direct sunlight. If the room
is so situated that the sun shines in, use white shades to
modify the sunlight. If possible, sclect a window which
is free from cross bars, wire nettings, etc., and which is
some distance from swaying branches of trees,
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For long continued work on any one sub_;ec:t artificial
light has one adyv antage over daylight in that it is con-
stant in quality and intensity.  The best artificial light
is a2 Welsbach burner. A whitened incandescent bulb
is good. OLdmnry lamplight can be used very success-
fully. In uelng artificial ight it is best to use a bull’s eye
condenser between it and the mirror. It 1s also best,
wherever possible, to use a blue glass between the light
source and the specimen. Some workers make a glass
globe flled with ammonia copper sulphate serve the
purpose of both the condenser and the blue glass. Ttis
so mounted in a shade as to exelude all other hght from
the microscope. An eye shade, or some shade cutting
off all light from the microscope excepting that which
strikes the mirror, 1s often desirable,

FOCUSING

After seeing that an objective {low power) and an ocu-
lar are in place put a transparent or semi-transparent
specimen on the stage, swing the mirror bar to the me-
dian ling, take hold of the edge of the mirror and adjust it
so as to illuminate the object as evenly as may be judged
by looking directly at it

Focus the bady tube down by means of the coarse
adjustment unnl the objective nearly rouches the cover
glass, being careful not to touch it. Then with the eye
at the eyepiece, focus up carefully with the coarse ad-
justment until the specimen comes plamly into view.
Be careful not to pass by this focal point without noric-
ing it.  This is likely to oceur if the light be too intense
and the specimen thin and transparent. If the sliding
tube coarse adjustment is used, focus carefully by giving
the tube a spiral movement.

When the object is brought fairly well into focus by
means of the coarse adjustment use the fine adjustment
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to obtain the sharpest focus to bring out details. Do
not expect too great a range in the fine adjustment. It
is even more dangerous to focus down to any extent with
the fine adjustment than with the coarse adjustment,
because any impact of the front of the ebjective on the
cover cannot be as easily felt, While moving the speci-
men about to observe diflerent parts of it, it will be
necessary to contunually work the fine adjustment to
keep the object in focus. Tt is always well to move the
specimen when trying to ger a focus, for without the
movement one may be trying to focus upon a point
where there is no object, and again, the moving object
1s more apt to be noticed as the lens comes into focus.

It will be noticed durnng this movement that the
microscope reverses the image, and that the specimen
seems to move in the direction opposite to that in which
it is moved. This, along with the fact that the micro-
scope magnifies the movement as well as the specimen,
is pcrpfcxmg at hirst and makes 1t diff cult to move the
wpcmm(.n just.where it 18 wanted, and no farther. With
practice comes the delicacy of movement which enables
one to put the specimen just where he wants ir.

The beginner should always use the low power objec-
tives and oculars first.  The low power objectives have
longer working distances and are not so apr to be in-
jured. They always show a larger portion of the speci-
men and thus give one a better idea of the general
contour. After obtmiming this general idea the higher
powers can be used to bring out greater detail in any
partcular part. 1f the objectives are par-focalized and
centered on a nosepiece as described on page 11, the
change of objectives is made by simply turning one
objective out of the optrcal axis and the other into it
without the necessity of re-focusing (except for a slight
turn of the fine adjustment) and again hunting up the
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particular spot desired, for il this spot is in the center of
the field of the low power it will be somewhere in the
field of the higher power. It is too much to ask of the
maker that the lenses be made absolutely parfocal and
centered.,  The delicacy of the centering ¢an be appre-
ciated when the magnification and the extremely small
portion examined is considered. When the objectives
are not thus fAtred to the noscpiece, re-focusing and
again hunting up the object arc necessary. In domng so
we repeat the caution to always focus up before turning
the nosepiecce, When no revolving nosepiece is used
the change of objectives.means the unscrewing of one
and the screwing of the other into its place, and re-
focusing as before.

ILLUMINATION—WITHOUT SUBSTAGE CONDENSER.

Central Light. Tt has been necessary in the fore-
going paragraphs to secure some light upon the specimen,
but no directions have been given as to the proper
illumination of the same, Accuracy of results depends
upon correct illumination more than any other one
thing. A vast majority of all microscopic work 1s done
by light transmitted through transparent or semi-trans-
parent objects. We will at present consider only such
objects. The matter of illuminating opaque objects will
be taken up later. “The mirror is placed below the stage
as a convenient means of reflecting the light through
the object into the objective. Itis plane on one side and
concave on the other., The concave mirror is always
used when the substage condenser is not used, except in
the case of very low power objectives, when it is best to
use the plane mirror. :

When the light is thrown upon the specimen and the
objective focused as previously directed, remove the
ocular and look into the tube at the back lens of the
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objective. With the medium and higher power (16mm
and above) objectives the minimized image of the mirror
with its mounting will be seen. Swing the mirror bar to
the median line and as nearly as possible arrange the mir-
ror so that its mounting will be concentric with the per-
iphery of the back lens of the objective. All of the better
microscopes are made with a “center stop,” indicating
when the mirror bar is in a line parallel with the optical
axts of the microscope.  This is done because central, or
axial, light gives a symmetrical illumination, which is
best for obscrving the large proportion of transparent
objects, This in itself does not insure axial light. The
mirror must be so turned rhar the rays of light, or the
axis of the cone of light, reflected from it enter the ohjec-
tive parallel to its avis. This cannot always be done.
Other considerations are more important than exact
central light. In working with daylight, reflections from
trees, window sash, ete., are apt to be seen on the mirror.
If the whole microscope cannot be so shifted as to clear
the mirror of these reflections the mirror itself should be
turned so that, il possible, no images will appear upon it.

If areifizial light is used the mirror should be so turned
that the imags of the light is scen in the center of it
The more nearly this image covers the mirror, the better.
Ifa bull's éye condenssr is at hand, so place it between
the light source and the object that a sharp image of
the light source will be seen in the center of the back
lens of the abjective.

If the above rules are followed it will be found upon
replacing the eyepiece that the field is evenly illumi-
nated. [t may be necessary to vary the width of the cone
and the quantity of light by use of the diaphragm which
is always placed on all the better microscopes as nearly
as possible even with the top surface of the stage.
“When no condenser is used the size of the opeaing in
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