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Preface

Since their foundation in 1849, the Ernst Leitz Optical Works of
Wetzlar hove remainted faithful to their eriginal field of activities,
the manufacture of microscopes and accessories; to-doy, in spite
of the expansion of their monufacturing programme to related
fields, they have maintained their leoding position os mokers of
microscopes omong the lorge optical manufacturers with more
than holf o million Leitz microscopes in use in every part of the
world,

For research work the microscope hos become both versatile and
indispensable. Not only by the pure scientist and the medical
man, but also in industry microscopical methods of investigation
are extensively used to-doy. As o result of their increasing import-
ance, microscopes ore now no longer the exclusive preserve of
the trained microscopist; o daily growing number of technical as-
sistants without thorough experience in microscope techniques
have to learn how to use them, This little book is addressed 1o them
os o guide ond o source of odvice. Obviously it canno! replace
existing handbooks of microscopy and microscope technique, or
the operating instructions which are enclosed with the various
instruments. But it does offer the novice o summary of what he
needs to know, and o number of practical hints which, if he
follows them corefully, will soon teoch him how to hendle his
microscope. In addition, it contains useful information for the
advanced worker, too.

ERNST LEITZ GMBH WETZLAR

We sholl be plecsed lo moke blocks available for sclenfific publications,
Illusteations contained in this pamphlel ore not binding in oll delails, since owr
imslruments ore continuoutly devaloped fo conform fo the lolmt odvances of
science ond tachnology.
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The Componenis of the Microscope

Although the various microscopes moy at firs! glonce appeor
vastly different from each other, they invariobly consist of the
following components: —

Stand with stoge supporting the specimen,

Microscope tube with eyepiece,

Obijective revolving nosepiece,

Condenser.

Illuminating devica.

These parts ore explained with the aid of the illustration of o
laboratory microscope (fig. 2a). The funclions they hove to full
are basicolly the some as in more advonced models,

The stand consists of o sturdy foot and an upper part to which
the tube and the objective nosepiece are cttached, The illustration
shows @ monocular, inclined tube; the eyepiece is inserfed into
the upper end of the tube. Here, the objective nosepiece is of the
quadruple, revolving type; four objectives are screwed clockwise
into its thraods,

The distance between the flange of the objective thread and the
top of the tube is 170mm; this is called the mechanicol lube
length, for which our objectives ore corrected.

The objective, which is turned into the optical path by rotaling
the revolving nosepiece, forms an inverted and side-reversed
image of the abject on the stoge in the diaphrogm of the eyepiece;
this imoge is viewed through the eyepiece os through o magnify-
ing gloss. In order to focus this image occurately the distance
behwean objective ond object must be correctly adjusted. This may
be done by means of two separate drives, the coarse adjusiment
with its large kaobs on both sides of the instrument, ond the fine
adiustment, also on both sides, with which the finol focusing is
carried out (fig. 1¢, d). In the SM stond shown here both drives
are combined (p.14), but operoted seporately by means of a
single knob (see olso fig. 1o, b). Whether these drives actuote the
tube, os in soma types of microscope, or the stage is quite im-
moterial for the focusing. The stage shown in fig. 1o con be
rotaled and centred; however, o plain stage (fig. 20) or, for the
systematic scanning of a specimen, o mechanicol stoge (fig. 1b,
¢, d) con be fitted, depending on the equipment of the microscope.

An oftachable specimon guide (fig.3) can be used on the two
first types of stage. The illuminating device which concenlirates
the light (daylight or light of o separate microscope table lamp)
on the specimen is fitted below the stage. It consists of @ mirror
which con be tilted in all directions (plane and concove mirrar)
and a vertically adjustable condenser. Further detalls about the
various types of condenser follow on p. 23.

Fig. 3 . .61
Atfachable 1pecimen guide
No. 2V
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The cross section (fig. 4) shows the optical path in the microscope
on o tube-focusing stand with o straight, manocular tube.

An. image of the two points P and Q representing o microscope
object is first formed by the objective, os already mentioned, in
P, ond Q, in the plane B,, 18mm below the top of the tube,
However, in most eyepieces, being inserted in microscopes the so-
called field lens is situoted so for inside the fube that it offects
the optical path before the imoge P, Q, is formed, As a result, the
image is displaced into P’y Q',, in the plane 8',, which coincides
with the plane of the eyepicce diaphrogm.

Hence, P', Q',, as well os P, Q, — the latter when the eyepiece s
removed — are real, magnified imoges of the object P Q. They
are colled intermediote imoges, and their plone is colled the
intermediate image plane. They could, for instonce, be demon-
stroted by means of a piece of tissue poper or groundgloss in the
tube, and thereby made directly visible, However, the size of the
imoge P, Q,, which has not yet been changed by the field lens of
the eyepiece, clone determines the effect of the objective. The
eyelens of the eyepiece forms the imoge of the intermediote
image P', Q', proctically at infinity, so that finally the image
points P, and Q, are formed on the reting of o reloxed, i, e. in-
finity-occommodoted eye looking into the microscope. To the
eye, the imoge-forming rays appear to come from the direction

Px ond Q.

Thus, the observer sees the object considerably lorger through
the microscope than he would with direct observation without in-
strument. The degree of magnification will be discussed on p. 10,
At this point it will be sufficient to stote that P and Q have
chonged sides in the imoge ond the object. Qx occupies the side
of P, and Px thot of Q. The some opplies to the section vertical
to the plane of the diagrom, Hence, compared with the object the
microscope image is side-reversed and inverted,

An examination of the illumination bsam path shows that the
cross section of the beam illuminating point P can be regulated
by means of an iris diaphrogm located in plone B. An imoge is
formed of this diophragm by the condenser and the objective in
or near the plone F, the reor focal plane of the objective, ond
ogoin by the eyepiece in A. The diagram shows that this applies
to any number of rays illuminating an object point, Thus, oll the
rays forming imoges of the vorious object points converge in A,
the exit pupil of the eyepiece, which is also the exit pupil of the

microscope os 6 whole, This exit pupil can ectily be demonstrated
on o piece of poper, and during observation mus! coincide with
the pupil of the eye.

Hence, it the diometer of the diophragm B is aliered, the aperture
of the beoms illuminating the individual object points is also
altered. This diophragm is therefore colled the operture dio-
phragm of the microscope, in which generally an imege of the
light source is formed. The image of this diaphragm, produced by
the objective, is best seen by the abserver looking down the tube
after the eyepiece has been removed [see fig. 5). When the die-
phragm is opened and closed a bright circular spot uppears in
the objective, changing in size in confarmity with the operture
stop. Tha importance of this will be further discussed on p. 26

Fig. § Appenronce of the aperture diophrogm in the objective. It iy visibie on
fopking down the tubo ofier ayopiece has been romovad
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Fig. 6 Hinocular inclined chiervation tube: - beam poth in tha szt of prisms

In the binocular tubes the bundle of rays is split into two equul
ports by o semi-silvered prism surface (fig. 4, surface D, and fig. 6),
50 that the same imoge reaches both eyes. Usually such binoculor
tubes have o tube length in excess of 170mm, the stendard langth
of the LEITZ microscope fubes. A lens buill into the tube (tube
lens, formerly also called intermediale optics) has the task of
displacing the image P, Q, in the longer binocular tuba to the
same position with respect lo the lop of the tube os in the simple
monoculor tube, but withoul changing the focus of the objective
for the tube length of 170mm required for its optimum per-
formonce. However, this imoge displacement causes o chonge in
the mognification which in the new tubes is prominently engraved
(tube factor); for the older tubes the cotalogue should be con-
sulted.

Magnitication of the Microscope

It is important 1o bear in mind that the term "mognification” used
in everydoy longuoge covers the effect of the magnifying glass
(ongular mognification) os well as the “scala” (more comprehensi:
vely “scale of mognification®), It is wise to distinguish between
these two conceplions in microscopy

The magnification V reprasents the ratio of the visual ongle under
which the micrescopical imoge of an object appeors (in the case
of fig. 4 the angle between Qe and Py with the aopex at A) and the
angle under which the object liself would oppear o the noked
eye at a distance of 250mm. This distance is called the "stondord
distanca of comfortable vision® which we encounter in all form.
vlae concerning mognifications.

Thus, the magnification of on eyepiece ar of an objeclive com.
puled for an Image distance ot infinity is
S - 250mm
Focal lenght objective or eyepiece in mm
i.e. o factor, which is written, for instance,
V=63x

The scole, reproduction ratio, or briefly magnification M is the
rotio of o distance in the image to the corresponding distance
in the objec!, a fact well known in map making. This term Is thus
used whenever o real imege (which cun, €. g, be mode visible
on o groundgloss screen) is to be compared with the original
object, Therefore, for o mognified image of an object a scale
of, for instance,

M=20:1,
and, for o reduced image, o scale of, say

M=1:3
is obtained.

In the first case we often speak of o magnificotion scale, in the
second case of a reduction scale.

In the microscope we find: - The image P, Q, formed by the ob-
jeclive at a cerlain scale is observed with the eyepiace as with
a mognifying gloss, and once ogain mognified. Hence,
Magnification of a microscope =
scale of the imoge formed by the objective x Magnification
of the eyepiace,

microicope Minmmndialu image % Voyeclut

abjective ™ vovon'mco
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These volues are engraved on the objective ond eyepiece mounts
{p. 20, 22); the tatal magnification of the microscope can there-
fore be found easily by simply multiplying them,

In @ microscope with o built-in tube lens the tube foclor must be
considared, Here, the scale of the intermediate imoge = the scale
of the image formed by the objective (without the tube lens) in the
original intermediate image plane, i. e. the olready vsed “scalo
of the image formed by the objective® X tube factor

Mlmm.dxm imoge = Mopiecsive X Tube foctor.

Besides objectives computed for a finite tube length there ore
those computed for an infinite tube length (tube oo}, Here, the
real intermediate imoge in the tube is clways formed with the cid
of a tube lens, and the following formula opplies: -

scole of the intermediote imoge = Magnification of the cbjec-
tive X Tube factor

Mlntmmdzm imoge voblmm X Tube factor,

In this cose, too the magnification of the microscope is
Magnification of the microscope = scole of the intermediote
image X mognification of the eyepiece.

\Y

microtcope ' intermediote imoge X vonakn

regordless of the origin of the intermediote image scale.

These consideration opply to the mognification of the micro-
scope during visual observation,

In pholomicrography and microprojection we are concerned with
the scole of the image formed by the eyepiece on o photographic
plate or o projection screen instead of on the reting of the eye.
Here, we must olso measure the imoge distance, which is the
distance between the exit pupil A of the microscops ond the
imoge plone. For opproximate meosurements it is sufficient fo
determine the distance from the rim of the tube. We find that
ot an image- distance of 250mm (standard distonce of comfor-
table vision] the scale is numerically identical with the mogni-
fication of the microscope, and colculate it generally according
to
scale of the microscope image =

; ot 2
magnification of the microscope X image distance in mm

250mm
imoge distance in mm
Mpmi.diouo_v A — vmitrolcm x 250mm
rophic image

This kind of calculation opplies if no additional comera with
built-in optical system such as our comera ottachments is used for

the formation of the final real image on a groundgloss or pro-
jection scroen, In microprojection, for instance, enormous scoles
of magnification are sometimes obtained for the picture on the
screen. Howeyer, it must be borne in mind that it is the viewing
dittance which determines the size at which the picture oppears
an the screen or the photogroph, since these real images ore
viewed by the eye, and ore observed under a cortain visval angle
Therefore, the magnificotion at which the image cppears com.
pared with its original is numerically identical with the scale of
the projection image or photogroph viewed at o viewing distance
of 250mm only. This is relatively unimportant in photomicrogra-
phy because hero the moin purpose is lo compare several photo-
micrographs of either the some, or of known, different, scoles,
and because the viewing distance does not moteriolly differ from
250mm.

The scale of photomicrographs is usually given os, e. g. scale
200:10r200:1.

A better method, especially in publicotions, is fo enter a distance
lin the picture and 1o indicate the opproprigte measurement

in the object olongside. This avoids errors frequently coused by
the reproduction of photomicrographs of reduced scoles.

In microprojection the projected image oppears under a different
visual angle o each viewer, depending on his position. The mog-
nification at which the individual viewer sees the ohject in an
image projected on o screen al o known scale is

proiscted image: = Moroiected imoge ¢ 4% distonce of viewer from
the projected image in m),

In cameros with o fixed extension and built-in camera lens, the
mognification depends on the focal length of this lens. The so-
called camera factor is oblained by dividing the focal length in
mm of the camera lens by 250mm. The comera factor is always
engraved and the scole of the-pholomicrograph is found by

Mprokcud imoge = vmim,,m X Camara foctor.
or photngraph

It should be borne in mind thal negatives of miniature photo-
grophs ore usuolly enlarged,

Here we hove the very convenient rule according to which the
enlorgement of the 24x36mm negotive to the 9x12cm (ap-
proximotely '« pl) format roughly concels the comera factor
'3 or 0.32x; in such coses the scale of the paper print is numeri-
cally identicol with the magnificotion of the microscope.
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General Hints for the Use of the
Microscope

Before the microscope is taken.out of its cose it should be noted
how the instrument ond i1s accessaries are arranged inside, %o
that they con be stored correchy ofter use. The stand is housed

in the case 50 that the limb, designed for nasy corrying, is readily
occessible,

If the microscope is taken from a cold into o worm room it should
not be used until the optics are free from the condensotion
caused by the change in temperature,

The toble supporting the microscope should be rigid, not too high,
ond large enough to accommodate the necossory microscope ac.
cessories and other utensils, If doylight is used for illumination
the table should be placed not too for from a window.

The microscope is then arranged so that sufficient light enters the
mirror. Diffused light reflected from white cloud is more favour-
able than light from the blue sky; direct sunlight should be
avoided, and a north-facing window is therefore preferable.

The microcopist should make it o rule to carry ou! his obsery-
okions sitting down, in a comfortable posture, with heod ond
shoulders slightly inclined. An uncomfortable position of the heod
ond neck moy adversely affect the observer's blood circulation
and eyes,

On o monocular microscope both eyes should alwoys be used
alternately, ond the “resting” eye should be kept open. After o
little practice the microscopist will quickly become used to
seeing the imoge in the microscope only, and to letting the other
eye look into “emply space”.

It is particularly important to work with reloxed, not close-accom.
modated eyes; in this state they become ropidly fatigued and
ofter prolonged strain may even suffer permanently. To avoid this
it is nocessary to placo the intermediate imoge P, Q', (seep,8)
very accurately in the diophragm plane of the eyepiece by means
of the fine adjustment, so thot it will be projected af o long
distance by the eyelens. This sotting corresponds with the mox-
imum possible distance between objective and object or the top
of the covergloss, its numerical value is given in the lobles of
objectives in the column “Free working distance”.

The use of a binoculor tube is very much recommended. The
LEITZ Binocular Tubes (figs. 1b, ¢, d; 2b; 7) permit the type of

observalion corresponding to normal vision with ayes relexed
ond porallel-directed. Fatigue is therefore avoided even oftar
prolonged use of the microscope. In oddition the image quality
oppeors improved, since the optimol characteristics of both ayes
are utilized simultaneously, complementing sach other. This is
olso the reoson why with binocular observation the datails of an
object are usuolly recognized more quickly, better, and with less
eyestrain than with monocular observation, Individual differences
in the interpupillory distance and visual acuity con be compen-
sgted on the binoculer tube by adjusting the eyepiece tubes, so
that any observer accustomed to using both syes con olso use o
binocular microscope without difficulty.

The interpopillary distance it ad-
jutted on the Interchangentle bino-
cular body by meons of this knob ot
levee, In order 1o obtoin aqeol focus
with both syepieces, tha miccorgope
imoge I8 critically focused for the
tight eye with the fine adjustmunt
ot the microtcope (keop foft oy
closed), ond the lelt tube rotated
(keop right wye cloted) with the
fine adjustment undisturbed, wuntit
Fig 7 for the left eya, 100, the micrescope
Interchangsobie inclined binoculor body  imoge eppeors in thorp focus,

The light source of o microscope moy, os already pointed oul,
be daylight, or, as in the vost majority of cases, arfificial light,
which makes the worker independent of the changing noture of
daylight. Among the artificial light sources we distinguish between
the normal halfwatt bulbs (fig.8a), and the low-volloge lamps
(figs. 8b and ¢} porticularly svited for microscopy on account of
their high ond variable intensity which permits their use for all
types of work including darkfield observation and microprojec-
tion at short distances.

If o microscope lamp with built-in focusing condenser is used, if is
important to centre its light on the microscopa mirror withou!
inserling o groundglass screen into its path. The condenser stops
are opened, the eyepioce removed from its tube, and the mirror

adjusted until the renr plone of the objective oppears brightly
illuminated.

-,



The object is placed, cover glass upwards, ocross het aporture of
the microscope stage. If the stand is inclined or immersion oil
used for the observation the object must be fixed by means of
the stage clips.

All examinations should begin with o low-power objective, with
which it is possible to scon o large objec! field; the mognificalian.
is then methodically increased by using either o stronger eyepiece
or by turning in a stronger objective until the required resolution
ond optimum reproduction of the desired detail have been
reached. It should be bornein mind that eyspiecesof 6.3x 10125x
magnification should be used for narmal microscopicol observ:
ations. The total mognification of o microscope should never be
increosed beyond what is needed for the recognition of the
desired detail, since the brightness ond the diometer of the ob-
ject field decrease as the maognification is increased. Also, the
magnification is limited by the thickness of the object. The thinner
the object, the higher the mognification which can be used lo
odvantage. (See also the chopters on lateral and oxiol resolving
power, pp 29-34, ond on eyepieces, p. 21)

Fig, 80
15w moins lamp cftachmant
for transmitted light

Fig. 8b
MONLA v, Samp,
microscope lamp

Fig. 8c
bv, 25amp, lomp ollachment

Focusing on the Object

Witk the aid of the column “Free Working Distance” in the 1ohle
on p. 15 it will be found easy fo focus low power objectives with
o fair amount of accuracy. The higher the power of an objective,
the shortar it free working distance generally, 1. ¢ the smaller
the distance belween objective and object when the image s
in focus,

In order 1o avoid damoge to the object or the frant lens, springs
have been built into the mounts of the higher power objectives;
their front part is buffered as soon as it beors down on the objec!

When high-power dry systems and particularly oil immersion ob:
iectives of the old type withou! springs are used, greot core mus!
be taken to pravent their front lens from bearing down on the
object with force. Apart from being o source of potential domaoge
to the object, this negligence may cause the tiny front lens of o
high aperture oil immersion objective to be pushed back into the
mount. The following methad of focusing lorgely eliminotes this
donger:—

As a first step, the stoge is carafully roised by means of the
coarse adjustment until the front lens of the objective almost
touches the cover glass of the object, (corefully wotch the cdjust.
ment from the side); the stage is then slowly lowered with the
coarse odjustment; the field is closely observed through the
eyepiece until the imoge appears. Final focusing is now carried
out with the micrometer fine adjustment. On stands with tube
focusing, the tube is first carefully lowered until the distance
between the objective and the object is as small os possible, and
then raised with the coarse- and fine adjusiment until the object
is focused,

On most stands the sensa of rotation of the fina and the coorse
odjustment is the same; however, with the single-knob control
whase function is described in fig. 9, the fine adjustment is always
operoted in the direction opposite to thot of the coarse adjus!-
ment. Since the worm gear of the latter results in o considerably
slower movement than the direct rack-and-pinion drive, this,
combined with the springloaded front lens mount of the ob-
jectivas clmost completely eliminates the danger of damaging the
specimen ond the front lens. If the micrometer screw has a scole
division, the fine adjustment con be read off. On the simple
microscopes the circumference of the fine adjustment drum is
divided into 50 parts, on the lorge stonds into 100 parts. Eoch
interval corresponds to a tube displacement of 0.002 and 0.001Tmm
respectively, Further delails concerning the suitability of the
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Fig. ? Single-knob control for conrss and fine od|utimen),

The bilataral single-knob control of coorse- and fine cdiustmant lig. % also
contributes towurds vary fast and reliobls oparofion in all ronges of magni.
ficotion, Whan the knob It turned in ons dirsction ohly, the mechunism octy
©1 @ coarse adjwitment. Whan the direclion of rotalion s chonged, the fine
odjustment will be aulamalically engoged. Its runge covars abau! s tara of
the control kaob. If it is tutned beyond tha slight resislance of the line odjust.
mant, the coarse od{ustmant will again come into aperation,

micrameter screw for exact measurements will be found on p. 3.
After opproximately 25 rofations of the 100-interval drum the
fine odjustment has reached the end of its travel. Two index lines
show the extreme positions. Before the microscope is used the
micrometer screw should be se! so that the single index line points
approximately ot the centre between the two opposite lines to
make the odjustment range equolly large in either dirsction,

To allow the accurate focusing of the most powerful objectives the
ploy of the fine adjustment must be less than the wave length of
light. Any “giving® of the micrometer screw must also be less than
this valve so that the focusing is not disturbed for prolonged
periods; this is particularly important for photomicrography. The
LEITZ Micromater Molion on Ball Bearings which is o feature of
all LEITZ microscopes with stage focusing meels this condition in
an especially effective way; its mechanism is not affected by the
stote of the lubricants and atmospheric influences, Also, these
micrometer movements are not sensitive to odditional strain due
to microscope occessories such as comera aftachments or the
heavy binocular tubes, Any strain on the fine adjustment by
such loads is excluded if the mechanism acluotes the stage,
however, hers, too, the LEITZ fine adjustment mechanisms meet
all the other requirements fully.

To focus an oil immersion objective a little immersion oil is placed
on the front lens of the objective and on the portion of the object
to be exomined; the stoge is roised by means of the coarse
odjustmen! (observing the movement from the side) until both
drops merge. The object is now focused carefully in the micro-
scope with the micrometer screw. Air bubbles in the oil film,
which occosionally form between the cover glass and the front
lens, impair the image quality, They can be recognized as small,
luminous globules or points when looking down the tube after
the eyepiece has been removed, The air bubbles can be pushed
off the object field by slightly turning the objective nosepiece, or
by gently passing o flat wooden stick across the front lens of the
objective. Dry objectives must never be used with water or oil,
immersion objectives never without their immersion fluid.

If corrosive substances, such os ocelic acid, lyes, dyes, canodo
balsam, varnish, etc, hove been placed clong the edges of the
cover glass, the object must not just be pulled out from under-
neath high power objectives; in view of their short fres working
distance their front lens might come in contact with the substance.
It should therefore, be made o rule to lower the stage or roise the
tube according to the design of the microscope by means of the
coarse odjusiment before the specimen is removed.
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Objectives

Microscope objectives ore litlle opticol and mechanical marvels
and musi be treated accordingly, Thay contain up 1o 15 individual
lenses of which the smallest hove o diometer of approximately
Imm, and whose position relotive 1o each other must be main-
tained within fractions af 'wemm, Heonce, such objectives musi
naver be token apart by the user himsalf; ot most, the froant lons
and, if necessary, occasionally the rear lens should be cleaned
with a very sofl, often-washed piece of linen, Solid dirt or dried
immersion oil should be dissalved with xylene or benzens; spirit
and alcohol must be strictly ovoided, as they attack the cement
of the lenses.

However, in order to achisve the utmost in the performance of
a microscope objective, attention should not only be poid to the
mechanical aspects of its use; knowledge ond consideration of
the optical dotfo given below ore equally important.

L
Fig. 10 Typica! microscope objeciives _
Fram laft to tight: = objeclive oil 100/1.30; 450.65; Apo 40/0.95 with correction
mounl; 3.5/0.10; P1 10/0.25; Pl oil 100/1.32.

Focul Free Cover | Type of
Designation of ohjectivas tonath | working | alass e
distonce | worme. | pieco |
tign')
ScaterApartuie mm min
250.W 57 L) Do P
32012 a0 35 0O H
35010 2 3 Do H
1 40,10 23 7 Do H
e 10025 | 1 57 | oo H
2049 TA oy D p
40/0.65 45 0.67 D :
420,45 D!
s 305 |1 2 0.3 D P
e oilewznes | 81 | om [ bo | @
o W 901,20 23 0.0¢ D P
W = water 10130 [} vs o | °4 P
inmerricnl Irs 001007130 ~1.10 ' D P
Fliorite Fla008s | 43 0se | o1 p
dry system
Fluorite ol! Fl Ol 40.95 34 02 D 4
immertion Fl Qil 951,22 } 20 0.15% D P
objectives Irks FI 0N 951 .32 <), 10 D i
Apo 12.50,% 13 25 Do 3
Apath:amatic Apc 75045 73 0.85 0 ¢
dry systami Apo 400,95 45 012 o1 ¥
Apo 43095 30 0.2 oy »
Apochramalic .
. Apo Oil $01.33 20 0.1z D P
O erecsion Acc il 90140 | 20 0.06 D F
PIFlL 40,04 40 144 Do P
Plono FIFI 0030 | 18 7. 00 ?
objectives ) Pl 250,50 7.6 0.50 o P
Pl 40/0.65 4.6 D58 D P
P Apy 047001132 24 0y 09 P

All ebjectives from 3.510,10 ace odiutted Jo the revaiving nosepioce for parfocality,
1 O = with covergioss Thickness d = 0.17mm [odhare fo covergloms Ihicknoss
within £ 0.05mm).
O = withou! covergloss DO = wyitoble for usa with or withou! coverglon
D1 = Adhere to covergioss thickness within £ 0.0Imm; where the cbjective
hos o correclion mount, sal it lor the oclual coverglaws lhickness of this
DECOTOLY.

!} Thesa objectives hove an odjvsiobin correction moun! with culomatic shorpness
compuensolion. During odjustment the shorpness ol the imoge remoint clmost
unotfecied, Ides! opporlunity of oplimum selling whan the covergloss thick-
nets Jy unkaows,

N Use H = Huygens, P = PERIPLAN® o PERIPLAN widelield eyopioce

‘) There oil Immarsion objeclives con be used also lor preparstions withoo!
covarplows (e g, wmeor praporalians); the negligible loss of imoge qualily
con be Ignored,

!} Plono cbjectives ore motched 1o 45mm insleod of Tmm odjustment length oa
the revolving nolapiace,




Tube l.n'n!h and Cover Glass Thiokness

As we hove already pointed out during the discussion of the opt-
ical path in the microscope, adherence 1o the correct tube length,
i. & the distance between the top of the fube and the screw flange
of the objective is an important factor in microscope design, The
LEITZ microscope objectives for investigations in fransmitted light
are corrected for 0 mechanical tube length of 170mm. {Special
atfention must be poid to maintoin this tube length with mon-
ocular instruments with drowtubes. These have a ring marked
17 {em) engraved of the correct fube length). If for structural
reasons a microscope tube hos to be longer, a buill-in tubs lens
will ensure thot the optical effect of the tube corresponds to that
of the standerd mechenical length.

Deviations from the tube length have the effect of o progressive
loss of contrast and increasing veiling of the imoge o3 the nume-
rical aperture of the objective increases. Thus, with an abjective
of N. A, 095, a difference of only o few mm from the correct lube
length is sufficient to produce o completely unsatisfoctory imoge.
In oddition, the objective magnification chonges ot the same
rotio as the tube length. In the case of the low-power objectives
an incorrect fube length will have an appreciable sffect on the
parfocality on the revolving nosepiecs, so thot shorpness is no
longer ensured ofter o change-over of objectives,

Differences in the thickness of the cover gloss used for the object
have o similarly unpleasant influence on image quality. The
objectives are corrected for o cover glass thickness of 0.17mm,
and the table on p. 15 indicates the moximum deviation from the
standard thickness possible without deteriorotion of imoge
quality,

In this table, low-power objectives ara listed with the designaotion
DO, denoting that they can be used with or withou! cover glass,
i. e. within o thickness range from 0 to 0.22mm. An ! behind D
indicates that with such objectives the cover gloss thickness must
be adhered to within o tolerance of +0.01mm. A cover glass
gouge or o simple micrometer screw is used lo delermine the
thickness of cover glasses.

For use in cases where cover glosses of the correct thickness of
0.17mm are no! avoiloble, we supply the objectives with the
designation D | in correction mounts which can be adjusted within
o ronge of 0.12-0.22mm for the known or measured thickness

of the cover glass. This clwoys ensures thot the objective gives
its optimum performance. Where the cover glass thickness is un-
known, the knurled ring on the objective is turned until the index
line 17 corresponding with the ossumed standard cover glass
thickness is aligned with the fixed index mark and, ofter accurate
focusing, the quality of the microscope image carefully noted. The
selting of the correction mount is then slightly (1-2 divisions)
alterad in either dirsction: the image is refocused o occurately
0s possibla, and attention peid 1o any increased controst ond
sharpness, This will immediately show direction in which the
adjustment hos to procead, and with some practice the optimum
setting of the correction mount and hence the real caver gloss
thickness will be found quickly. Some of our objectives have o
correction mount with outematic sharpness compensation. When
this correction is adjusted, focus is presarved olmost completely,
so that anly o slight readjusiment is needed, facilitating the
finding of the optimum focusing position.

Although immersion objectives, particularly oil immersions, are
less sensitive to deviations from the standord cover glass thick-
ness ~ thickness differences in the gloss ore largely compensated
by corresponding changes in the thickness of the oil film — ex-
cessively thick cover glasses may prevent occurate focusing of
the objective altogether; = The working distance of o powerful
immersion objective is normally below ‘/semm, and the remaining
distance is not enough to allow for the focusing movement,

(In microscopes with @ drawtube deviations from the prescribed
cover glass thickness can be compensated within narrow limits
by changes in the tube extension. Cover glass thickness below
0.17mm require an increased tube length, above 0.17mm de-
creased tube length. Proof of the correct drawiube adjustment
is the best possible image. It must, however, be borne in mind
that the mognification changes with the tube length).
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The Numerical Aperture

————————

'!’he performonce of the microscope depends chiefly on its objec!-
ive. E. Abbe was the first to show that the ability of o microscope

to render the most minute details os separate features, 10 resolve

them, does not depend on the scale of the objective, but on its
Numerical Aperture. The importance of this term merits o more
datailed discussion.

The numerical opertuge —
E N. A =n-sina

where a is the angle formed by the outermost ray of light (or its
projection) odmitted by the objective and the opticol oxis, ond
n the refroctive index of the optical medium (e.g .air, water,
immersion oil) through which this ray hos to poss on its way
between cover glass and front lens.

The decisive role played by the numerical operture in determining
the loteral resolving power is described on p.29. The following
three dicgrams show the moximum aperture values possible in
air, water, and oil.
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Fig. 11 Schematic representation of the operiure valves.

- Ml

Light emerges in oll directions from an object point on the under-
side of the cover gloss. If, 0s in fig. 110, the space between cover
gloss and front lens contains alr (refractive index n = 1.000), oc-
cording to the law of refrachion only those rays on the top of
the cover glass are able to pass into the air spoce abave, which
ore not totally reflected inside the glass, i. e. they must be
inside the angle of total reflection, in this cose 41°230% In air,
the so-called “glancing exit”, i.e. 907, would correspond to this
limiting angle. By the formula given above, this would result
in the value 1.0 as the theorstical moximum numerical operture
for dry systems. However, it will be seen without difficulty
thot it is impossible lo utilize this angle fully, since this would
require the front lens to be in contact with the cover glass.
Due to the distance necessary between cover glass and front
lens and the limited size of the lotter only o maximum angle of
72° is accepled; hence, the practically attainable moximum
numerical eperture is 0.95 for this type of abjective.

Fig. 11b shows o water immersion (n = 1.333) obijective. Here, the

angle of total reflection is 61°30, which raises the theoretical
limit of the aumerical aperture 1o 1.333, However, the some tech.
nical conditions which we have met with in the preceding pora-

Oplischa Achie = oplical axis
Luft = air

Deckglas = cover glows

streifandar Austritt = gloncing exit
Frontlinga = Front lens
Tololrellesion = lotol roflection
Wasser = waoler

o = Oil
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groph restrict the useful angle in water to 44° 30, and therefore
the practical meximum of the numarical aperture fo 1,20,

Finally, fig. 11c demonstrotes the ray path in on ofl immersion
objective. Total reflection dovs not occur here, since cover gloss
and immersion oil have the some refractive index of n = 1.515,
Thus, if only the front lons could be made large enough, oll light
proceeding within an angle of up 1o 90° with the oplical axis
would reach the front lens without daviation, However, the short
focal lengths of the high power immersion objoctives result in
front lanses of diometers hordly more than 1mm; thus, In spite of
small working distances they con only accepl a moximum angle
of 67°30' in extreme cases; this corresponds to an upper limit
of the numerical aperture of 1,40,

The three limiting cases of practically attoinoble aperfures ore
shown in figs. 11a=c by the rays drawn in bold lines. Batween
the cover gloss and the objective their inclination is approxim-
ately the same, however, inside the cover gloss the corresponding
rays form o considerably larger ongle in the cose of an oil
immarsion (67°30') thon in that of o woter immersion (52°30r)
objective, let alone o dry system (399). Incidentally, the numerical
opertures can be colculated just o3 easily from these ongles
shown in brackets; one merely has to multiply the sine of each
angle with the refroctive index of the cover gloss. This consid-
eration shows with particular clarity haw the numerical aperture
ond hence the resolving power of on objective increose direcily
with the cone of rays able to reach the objective from the object,
It olso becomes cpparent how progressively less spoce remains
for the front lens mount os the numerical aperfure increases.
The more than hemispherical front lenses of the high power im-
mersion objectives can therefore be he!d in place by very narrow
metal rims only, and it is abvicus that the greatest care is ne-
cessary during use and cleoning lest the front lens is pushed
back info its mount. In most such cases not only the front lens,
but also the one immediately behind if would be lioble to domoge.

Every group of objectives contains some which do not have the
maximum possible aperture. This does not place them in ¢ cate-
gory inferior 1o that of the first.closs objectives; they hove their
own uses and are necessary in examinations calling for relatively
low mognifications. According to considerotions discussed on
p. 31 the final mognification should generally remain within 500x
and 1000x the numerical aperture of the objective. An exces-
sively high numerical aperture would therefore not be utilized in
such cases.

The Components of the Objectives

The components of a microscope objective vary greatly, depending
on whether it is o high-power or o low.power system, on the
flatness of the imoge, ond on the degree of its correction,

Fig.12 shows o few choracleristic exomples designed to de-
monsirote thot the very low-power objectives and especially
those with the highest numericol opertures require a considerable
number of lenses. They are reproduced ot ¥ notural size, ond
oven the diagrommotic repretentotion conveys clearly the dif-
ficulties of producing such objectives. Particular attention is
drawn to the more than hemispherical front lenses of the high-
power oil immersion objectives. Low-power systems roise the
difficulty of limiting their working distances, i, e, the distance
betwoen the front lens and the surface of the cover glass, so that
thay con still be matched with the other obijectives on the revoly-
ing nosepiece. Objectives are motched if their distance between
the screw flange and the object is identical. This mekes it un-
necessary o use the coorse adjusiment every time the objectives

are changed; o slight turn of the micrometer screw is all that i3
required.

The objectives listed in the toble on p.15 are matched on the

ravolving nosepiece to o distonce of 37mm from the 3.5/0,10
objective an wards.

Fig. 12 Longitudinal section through choracleristic normal objacrives.
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Pl 4/0.10 P 10025 Pl 40X).65

fig. 13 Longiludinal roction thraugh plang objeciiver

The planc-objectives (see following parographs) os well o3 sever-
ol othar new series of objectives are matched fo 45mm instead of
97mm. Shorter objectives fo be used togather with the lenger
ones on the some nosepiece mus! be fitted with an 8mm odopter
ring.

As collecting lens systems, microscope objectives form imoges
on a surface which is curved towards the objective. This “field
curvoture” becomes more noticeable as the power of the object:
ive increases. The difficulties of removing it are considerable, but
have been surmounted in the design of the so-called plano (or
flatfield) objactives, (fig, 13), in which the curvature of the image
is practically eliminated for the largest fields visible in the micro-
scope. As o group they ore distinct from the normal objectives

(fig. 12).

With o plono objective, @ plane object can therefore be examined
directly across the entire image field, whereos with o normol
objective the some field must be refocused for the centre or the
periphery of the imoge, and only port of the field is seen in
shorp focus of ony one time. Often, especiolly during routine

work, refocusing will not be found disturbing, since the fine
odjustment mus! in ony <058 be vsed for the exomingtion of thick
specimens; il moy even be possible to oblain an image which is
shorp from edge to edge with extremely thick objects

However, the situation is different, for instonce, in pholomicro-
grophy and with thin specimens Hete, plono objectives will gen-
arally show cleor odvantages,

The classificotion of the objectives according 10 their other
charocteristics of correction does nol depend on the floiness of
their field.

Achromats, made entirely of glass, are the most commonly used
microscope objectives for generol scientific and proctical in-
vestigations, It has been possible to improve their state of cor-
rection progressively due to odvonces in glass technology. Of
these objectives, only the highes! operfures cannot be completely
corrected,

Fluorite systems, The fluorite systems represent an improvement
in this direction; fluorspor lenses are used in their construction.

The designation of these systems is *F1*, Thus, F1 Oil 95/1.32 is the
porticularly popular high-power fluorite immersion objective, with
a scole of 9511, and o numaricol operture of 1.32.

Fluorsper or fluorite is @ noturally occuring, ond, recently, also
syntheticolly produced mineral of very low refractive power and
negligible colour dispersion nol yet achieved with ordinary types
of gloss. These qualities moke it possible to improve colour cor-
rection and spherical correction beyond that of the achromots.

Apochromats. The apochromatic objectives, designed "Apo”, e.g.
Apo 40/0.95 (on opochromatic dry system with o scale of 40:1,
and @ numerical aperture of 0.95) hove the highest degree of
correction, The images they produce foscinate through their
oulstanding brilliance, The characteristic feoture of apochro-
matic design is the liberel use of fluorite or similar material for
the lenses.

The high price of these objectives is due 10 their complex struciure
os well a3 1o the high cost of opfically suitoble tluorite.

When choosing objectives of @ certain power it is importont Ic
realize tho! opertures generolly increase from the oachromaot:
through the fluorite systems fo the apochromats; this offech
resolving power (see p. 29) ond resolution in depth (see p. 32).




The objective is corrected for
o teba longth of 173mm.

The cover glos of the
preporetion should be chowt
0.17em thick, A dash [~]
engraved Invtead of this
numbsr indicotes that the
objective can ba ured with or
withou! covar glass.

The objectives are clossified according to the scale of the image
they form and their numericol aperture. In addition any immer-
sion fluid with which they have to be used, and their type of
correction is stated. In the absence of any information obout
the last two poinls the objective is an achromatic dry system used
withou! immersion fluid. A 10/0.25 objective is an ochromatic
dry system with o scale of 10: 1 and @ numerical operiure of 0.25.

In addition to these dala, our more recent abjectives have two
numbers engroved neor the top, of which the first indicotes the
tube length, and the second the cover gloss thickness with which
the objective should be used. If o cover glass is essential, the
number 0.17 is engraved. A dash is shown on objectives which
can also be used without cover glass, while objectives which
should always be used without cover glass beor the number 0.
Attention should be paid to the tube lengths 170, 185, 215, and oo,

Tha scola of the Intermedinte
image is 4041, the numericol
operture of the objective 0.65,

Oil immorsion (designated by o
blodk ring): = A drop of
immurtion oil thould be inverted
between front lons and cover
glass bafore ohsarvation,

The reproduction szals of the
intermadiote Image Is 100:1, the
oparture of the ohjective 1,20,

Thix is the free working distance.

Fig. 14 Engrayed objactive data,

Immersion oll

Optically, the immersion oil which fills the space between cover
gloss and the front lens of o suitable objective is o port of thet
objective. It is therefore of greot importance that the oil used
should have precisely the quolities stipulated during the comput-
ation of the objective. For our own objectives we require o re-
fractive index of precisely np = 1515 at 20°C for the D line of
sodium light, ond o dispersion v =49,  is o well-known Abbe
number defined os (ng~): n; -nc)

These values apply to the formerly popular natural cedarwood
oil, which wos diluted with xylens but thickened easily, as well
o5 1o our new synthetic oil, which does not thicken.

Since many products are marketed under the name of “immersion
oil” the oplicol deta of which, perticularly their dispersion, differ
from those of our oil, it is urgently recommended to use LEITZ
immersion oil from original bottles only.
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Eyepieces

in order fo make full use of the properties of objectives it is of
great importonce to inser! always the most suitable lype of
eyepiece. Information on this point will be found in the column
“Type of eyepiece” in the table on p. 15.

There is no odvontage in using eyepieces weaker thon 6%,
because even the simplest eyapieces of this power make i
possible to scan the entire cross section of the tube; o further
reduction in the power of the eyepiece doos not result in any in-
crease in the field 1o be observed. Eyepiece of less than éx
magnification can be usefully employed for projection purposes
only.

For measuring purposes, specicl eyepieces with focusing eye-
lenses are produced; they cllow focusing on o scale division
mounted in the plone of the eyepiece diophragm [see pp. 34, 35).

Huygens eyepieces are the simplest and also:the cheapest. This
type is best suited for the objectives marked “H” in the column
“Type of eyepiece” in the table on p.15. Due to their low price,
thay ore often used with other objectives, too. But it should be
borne in mind that they do not do complete justice 1o the high
image quality of the plono objectives, normal fluorite systems,
and apochromats. They are distinguished from other types of
eyepiece by hoving only their mognification and the manufac-
lurer's name engraved on their mount. The magnifications of
Huygens eyepieces generally ronge between 6.3x and 16x.

Eyopioces PERIPLAN® are made up of cemented members and 5o
adapted to the state of correction of the high-power achromats,
fluorite systems, and opachromats, that the good qualities of
these objeclives are ulilized to the full.

Their correction is an improvement on thot of our earlier com-
pensaling eyepieccs, which they have replaced. The group of
eyspieces PERIPLAN covers mognifications from 6.3x fo 25x.

The various series of periplanctic eyepieces are distinguished by
their fields of view and the plane of their exit pupil.

= |
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Fig. 15 Typicol eyepieces: = Pair of eyapiecas for 3pactocls wnorers; govf Y
PERIPLAN eyepioces [designolian B for poired eyepiaces in binoculor tlubles)
mictomaler eyeniece wilh focuring eyelens

Fig. 16 Longitudinal section through eyepleces.

=

PERIPLAN Bx Huygens Bx




The field of view of an eyepiece is the area of the intermediale
image in the tube covered by i, It oppears magnified at the
magnification of the eyepiece. Thus, the imoge diometer of o
10x eyepiece with o field of view diemeter of 18mm will, since
the magnificotion is referred to the standard distance of com.
fortable vision of 250mm, appear os large as an areo with o

diemeter of 10x18 = 180mm, situated 250mm in front of the
abserver,

The image con be mode visible of this size on o groundgloss
screen 250mm obove the eyepiece.

If the diameter of this field of view is divided by the scale of
the intermediate imoge, the diometer of the object areo repra-
duced is obtained. Thus, with the 10x eyepiece mentioned cbove
with an 18mm field of view o 40:1 objective and o 1.25x tube
lens, a field in the object with o diemeter of 18mm: (40x1.25) =
0.36mm can be examined.

The normal eyepieces PERIPLAN have fislds of view appear-

ing to the observer at o size from 110 1o 150mm when he looks
down the eyepiece.

The PERIPLAN wide field Eyepiaces, PERIPLAN GF, hove consider-
ably lorger fields of view, making it possible to scon larger
fields of the object; these appeor at o diometer of 180 to 250mm
through the PERIPLAN GF eyapieces,

Still larger fields can be surveyed with eyepieces PERIPLAN for
large fields and wide tubes (diameter 30mm), PERIPLAN GW, but
only in combination with speciol fubes, e. g. on the large metal-
lographic microscope or on the binoculor tube FSA with outo-
matic interpupillary distance compensation.

While the eyepieces described so for ore designed for the obser-
vor's eye to be cbout 8~10mm above the topmost lens surface
(pupil distance), the high-point (spectacle wecrers') eyepieces
PERIPLAN, PERIPLAN .permit abservation through spectoc-
les, compensating visual astigmatism. Here, the pupil distance is
approximately 20mm,

Tube lenses

As we hove olready mentioned during the discussion of binocular
obsarvation, o third optical component, the tube lens, contributes
towords the formation of the final picture in large microscopes.
In order to determine the final magnification of the microscope
correctly {see p. 11), it is important to consider the primary mog-
nification of the tube lens, which is prominently engroved on the
new fubes; in the cote of older models the cotalogue should be
consulted. In universal stonds on which vorious types of speciol
objectives computed for ather mechanicol tube lengths (185, 215,
and ) can be used, the tube lens systems can sometimes be
interchanged. Greot cara should be taken to match these systems
with their oppropriate series of objectives corresponding 1o their
designation; confusion here would have the same effect on imoge
quolity os o deviation from the correct tube length,

Condensers

Condensers are systems of lenses and mirrors with which the ob.
iect is illuminated; the term condenser covers the lens system
proper, while the illuminating device includes mirrors and slops.

According fo their purpose, one distinguishes between bright
field and dork field condensers.

In bright field illumination light from the condenser posses
through the object, and enters the objective. Thus, o silhouette,
os it were, is seen of the less tronsparent, or completely opaque,
portions of the object against o bright field of view. In conlrast,
the illuminating rays in dark field illumination are directed
fowords the object ot o very oblique angle, by-passing the ob-
jective. Only the light deflected by the object or accidentolly
reflected info the objective forms the image here, showing the
outline of the object under observation in brilliont bright light
egainst a dark background. Since the only bosis of this method
of observation is the difference in the refroctive powers of the
object ond its surroundings, dark field illumination is recom.
mended whenever thin, unstoined specimens such os bacteria are
to be examined,
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Fig. V7

Bright fiold condensars Noy
65 upper row
and MNos. 73, 66 lowar row

Bright field condenser. |t is quile obvious that the sixe of tha
angle under which the illuminating rays poss through the object
must correspond with that of the angle the objective is able to
accept. In cddition, controry to our merely diagrammatic re-
presentation on p, B, it must be possible to tronsilluminate widely
varying portions of the specimen according to whether o finy
field is to be exomined under the highest power, or a large
field under a low power. Thus, the size of the field changes in
the inverse ratio to the magnification. If we scan, e. g., a field of
10mm under a finol magnification of 20x, the field will only be

Fig. 18 Dark fiald condeman D1.20A and D 000,
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0.2mm undar o mognificotion of 1000x. These very divergen
conditions should, if possible, be met by a single condenser,

Simple condensers allow a changeover from high- lo low-powe
objectives with ortifical light sources; all that is necessary is &
unscrew the front lens in order to enlarge the illuminated fiels
and 1o decrease the aperture. With other condensers the len
nearest the objec! is removed from the light path by means of «
lever in order to change from high- to low-power observation
Generally the dividing line is an objective mognification of 10:
and a numerical operture of 0.25.

The condenser apertures required depend on the type of obsery
ation and wsually amount to '/z to ¥/ of the objactive aperture
For research purposes one must be able to choose the condense
operture as large os the objective aperture. It must, however, b
borme in mind thot apertures larger than about 0.90 can b
utilized only if condenser and object carrier are opticolly jaine:
by a drop of oil. It is a wall knewn fact that total reflection wil
occur at the front surfoce of the condenser ot NLA,. =10, ¢
which, however, an aperfure of only 0.90 will become effectiv
due to the thickness of the abject carrier. This effect hos alread
been explained during the discussion of the aperlures of dr
objectives.

Normally the condensars are fitted with a diophragm which con
trols the aperture only when the front lens is screwed (or turn
ed) in,

The two-diophragm condenser after Berek will be described |
column 2 of this page; condensers Nos, 601,602, and 603 see p. 2




Condenser apertures above 1.0

For condenser apertures, os for objective aperfures, obave 1.0 it
is essenticl to use an immersion fluid with the optical component,
in this case with the condenser, As a rule, the apertures of the
microscope condensers do not exceed 1.20, However, for special
purposes condensers are avoiloble with which apertures of up lo
1.40 are possible. The immersion fluid, normally immersion ofl, is
placed on the condenser front lens and the condenser raised until
the fluid touches the underside of the object carrier so that en
optically homogeneous unit is procuded.

The Two-dlaphragm Condenser after
Berek

This condenser is distinguished from the conventional types by
having two diophragms, of which one controls the aperture, while
the other serves to limit the illuminated field (so-colled Koehler's
lllumination). The normol model permits apertures of up to 0.95
However, with o special screw-on immersion condenser cap
opertures of up to 1.40 can be obtained.

For powerful objectives from N. A, 0.25 upwords the front lens
of the condenser is turned in. The lower iris diophrogm (knurled
ring) acts as a field diophragm, the upper, lever-operated iris

diophragm os an aperture diaphragm. A scole division indicates
the diometer of the stop sel in mm.

For low-power objectives below N, A. 0.25 the front lens of the
condenser is turaed oul. The lower iris diophrogm will than
function os an aperture diaphragm; the upper, laver-oparated iris
diophrogm has lost its effect and must be open.

Whaen the illumination is odjusted the condenser is roised as far
as possible with its rack-and-pinion movement, and the front lens
turned in. The condenser diophragms should be open. The upper
diophrogm is adjusted by the loteral lever, the lower by the
knurled ring. After o preliminary centrotion of the microscope
lamp, to be carried out in the normal way (p. 12) end the focus-
ing of the specimen with an objective of about 10 x magnificotion
the field diaphragm (knutled ring) is closed (without regard to the
full illumination of the field) so that it will be completely visible
in the field; the candenser is now lowered o little with the laterol
tack-and-pinion drive until the diaphragm is alse in shorp focus,
This is the position in which the condenser must henceforth be
kept even if the objectives are subsequently interchanged (o
negligible adjustment 1o focus the field diophrogm will become
necassary only if a new specimen mounted on a slide of diffarent
thickness is placed on the stage. If the slide is thicker than 1.2mm,
the field diaphragm con no langer be focused sharply; this does
not, however, impair its function, In this case, the condenser re-
mains in its topmost position against the stop). If the field stop
does not oppear in the centre of the fiald, the condenser must be
centred by mecns of its two centring screws, ond the stop
opened jus! far enough to clear the entire field seen in the eye-
piece. The light source is now adjusted for the optimum illu-
mination of the field.

The condenser is lowered, and a fair-sized drop of immersion oil
ploced on fop. The specimen is focused with o low-power (pre-
ferably 10/0.25) abjective. The condenser is now raised until the
drop of oil touches the underside of the microscope slide. In the
field of view oppears a slightly unsharp bright ring which con.
tracts into o light circle as the condenser is further raised. This
bright spot, or, easier still, the light ring is readily moved into the
centre of the field of view by means of the condenser centring
screws.

For the examination proper an immersion objective is turned in
which must be stopped down to N. A. 1.15 by means of o funnel
stop or a built-in iris diophragm in order to obtain perfect
darkfield. A dry objective of lorge operture such os the Apo
63/0.95 can be used instead of an immersion objective.



Proparations to be illuminoted with the
dorkliald condenser D 1,20 must be embed-
dud between covergloss and slide in @
medium of o higher refractive index than

1.20

During the chongeover 1o more powarful
objectives the field diaphrogm is readjust
ed so thot again the field is just fully il
luminated. If the diaphragm is no longer
concontric with the fiald of view, the can-
densor must be recentred

During the changeover to weoker objuct
ives, below N.A. 025, the front lens is
simply turned out ond the upper iris dio-
phrogm opened, while the operture of the
illumination is controlled by the lower iris
diophrogm (which, with the front lens
turned in, had functioned as field dio-
phragm). A field operiure is no longer
required with these low:power objectives,
since the Ffield illuminated by the con-
densor with the frant lens turned out s
adapted to the diameter of the field of
view of the low-power abjectives

Fig. 19 Beum poth In the two-diophrogm condenter allec Berek

The fisld diaphragm, which at first appeors out of focus [picture on the left) is focused by lawering the con
denser [left centra). The image of the diaphrogm is moved into the centre of the fiald by means of the centring
scraws on the condensar [right cantre) ond the diophragm opened until its image just clears the field of viev
[picture on the right)

Fig. 20 Centring the field operfure
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Two-dlaphragm lllumination with the

Fleld Diaphragm bullt Into the base
of the Microscope
(Koehler's lllumination),

Whereos in the two-diophragm condenser ofter Berak operture-
and field diophrogm are combined, the field diaphragm con olso
be mounted in the base of the microscope. The installation of the
field diaphragm in the microscope bose calls for condensers
which must be matched for the fixed distance of the field dia-
phragm in the fool, so that the best possible use can be made of
all the facilities offered (Fig. 21). At the same time this orrange-
ment has the adventoge of greater freadom in the correction of
the condensers,

Our condensers 601, 602 and 403 have been speciolly computed
for our stands with built-in feld diophrogm; they provide correct
illumination and offer facilities of the bes! possible sphericol and
chromatic correction. They are readily distinguished from the
two-diephragm condenser through the absence of the lower dia-
phragm ring; they have an aperture diophrogm only.

The lower port with operture diophrogm and centring device is
identical for oll three condensers ond hos o numerical aperture
of 0.25. The condenser tops 0.90 As and Achr. 0.90 combine with
the lower part to form the ospherical swing-out condenser No. 601
ond the achromotic swing-out condenser No, 602 respectively,
Both condensers have on operture of 0.90. The condenser top Apl
Qil 1.25 is mounted 1o oblain the cplanatic swing-outl condenser

No. 603, with an aperture of 1.25 It can only be used with immer-
sion oil between the condenser 1op and the object slide.

For its operation generally the rules for setting up Koehler's Illu-
mination apply; these have already been discussed in connection
with the two-diophrogm condenser after Berek. However, since
the controls and the distances in the case of illumination with the
iris diophragm in the bose of the microscope differ somewhat
from those with the two-diophrogm condenser after Berek, the

basic rules of sething up this illumination are once more given
below: -

1.) Swing in field lens in the base of the microscops, open field
diaphragm. Check with o piece of white paper, groundglass disc.
etc, on the dust glass whether the lamp is centred and remeins

50 when the built-in focusing eye condenser on the lamp housing
is moved.

2) Swing in front lens of the condenser, open aperture dio-
phragm, roise condenser os for os possible, focus specimen with
@ low-power objective; ofter odjusting the field diaphragm
{closing it completely if necessary) vertically adjust the condenser
until the edge of the now visible field diophragm is focused
sharply without colour fringes.

3) Turn in @ medium power objective; the field diaphragm must
remain visible. When it is opened, its image must disappear uni-
formly behind the edge of the field of view; otherwise, the con-
denser must be recenired with the centring screws.

4.) Adjust contrast, resolution ond imoge brightness by means of

the aperture diophragm ond the regualting tronsformer for opti-
mum visual obsarvation.

5.) Whenever an objective is chonged [change of magnification)
the field diaphragm must be readjusted 1o match the new field
of view, and the optimum illumination obtained by operating the
aperture diophragm.

6) With low-power objectives (general views, objectives up to
10%) it is also possible to form o sharp imoge of the field dia-
phragm in the object plone, although with visual observation this
Is usually omitted. In photomicrography, however, it is of advan-
tage fo eliminale stroy light, as it increases brilliance, It is there-
fore advisoble in this cose to lower the entire condenser through
cbout 20mm with the condenser lop swung oul and the aperture
diophragm fully open, until the field diophrogm oppears sharp
in the field of view. The function of the aperture diaphrogm af-
fecting controst and brighiness is fully preserved in both positions
of the swing-out condenser top.
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Optical path

of the LEITZ-Research
Microscope ORTHOLUX
Field diephragm built into the stand.

Fig. 21

S = ligh! source

5' = image of the light wovece in the operture diophrogm of the condensar

5 = second image of the light sourcae in the plone of the cperture
diaphrogm (eeor focol plone) of the objective

S = third image of the light source in the syspoint of the oyepiace

L = fvld diophrogm

L" = imoge of the field diophrogm in the objes!

L = sscond imoge of the fleld diophragm in the fisld plane of the ayepisce
{The third image of the field diaphrogm iz formad fogether with the
microscopical image on tha retina of the wys)
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Adjustment of the Microscope
Hlumination

Suiteble illuminotion is on essential requirement for all micro-
scopic exominations. Particulor altention must tharefore be pod
to the adjustment of the illuminating device.

With low-powar objactives the simple microscope mirrar without
candenser will be quite adequote. Whother the plane or the con-
cave mirror is preferred depends on the type of lighl source viad
and on jts distance. Since the focal point of the concove mirtor
lies near the plene of the object, ¢ condenser is essentiol with
@ concave mirror whore the light source hos a definite structure,

unless the light is mede sfficiently diffuse by the insertion of a
groundglass screen

The aperture of the concave mirror 3 0.30,

In order to adjust the illumination, a low-powar objective s used
together with a medium-power eyepisce, os has olready been
pointed oul, and the abject focused opproximately. The eyepiece
is now removed from the fube ond the microscope mirror filled
50 thet the rear lens of the objoctive appeors at its brightest and
most evenly lit, The eyepiece is roplaced in the tube ond the
specimen focused sharply, Excessive light intensity may be cut

down by the insertion of o groundgloss screen or odjusiment of
the transformer,

When medium. and high-power objectives are used the correct
adjustment of the condenser iris diophragm to vory the con-
denser aperture is of the greatest importance. It iy best 1o de-
termine the degree to which the illuminating roys ore stopped
down by the graduate closing of the iris diophragm while looking
down the tube ofter the removal of the eyepiece. (see p, ).

The imege of the iris diaphragm is seen in the rear lens of the
objective. If passible, every. observation should stort with o
condenser aperiure of the same diameter os that of the objective,
i. & the iris diophragm must be opened just wids enough fully o
raveal the reor lens of the objective 10 on observer looking down
the tube without the eyepiece. The enfire reor areo of the objec!-
ive should be evenly filled with light. Otherwise, e.g. with artj.
ficial light, the centring of the light source moy have fo be
checked, or o groundgloss screen placed in front of the mirror
or inserted in the lamp oftachment. With illumination at full
operture, only object detoil well set off against its surround-

2%

ngs by differences in absorption will be cleorly visible. Such
detoil, provided o top-quality objective is used, will then be
reproduced ot oplimum resolution, However, most specimens
also contain some detail the absorption of which differs little from
thot of their surroundings, and also features the refractive index
of which is almost the same as that of their sueroundings. This de-
tail, 100, must be rendared visible. This is achioved by a very gro-
duol procedure; - when everything visible ot full operture hos
been sufficiently registered by the observer, the iris diaphrogm Iy
closed o linle, say 1o about ¥, of the diometer of the froe reor
lens of the objective, then 1o "1, and finally to '/, During this
graduol closing of the iris diophragm the structural detail which
at first showed liftle differentiation from its surroundings will
stand oul progressively more cloarly, and can easily be fitted
inta the previously seen pure absorplion image. The resolution
of the deloil reproduced by absorption olone stecdily decresses
when the iris diophragm is closod ox the condenser aperture
becomes smallar than that of the objective; ot the some lime the
dopth of field increases. On the other hand, the originel resoly-
tion corresponding ta full condenser operture is largely maintai-
ned for detail visibile only due 1o its differential refractive index,
even when the iris diaphrogm is ¢losed.

Thus, the aperture diophragm should be used only 1o ochiave the

best possible image quality, not in order to regulate the imoge
brightness.

This procedure should be most thoroughly studied, because it is
the only correc) method of using the microscope. The often-re.
commended way of chiefly working with a small stop or oblique
illumination through an eccentric iris diophregm is ill.odvised,
ond is justified only with periodic structures.

Since the upper focal plane of the condensers af their correct
height lies near the object plone, o feature af o relatively largs
distonce from the microscope, such os o window frame, may be
reproduced in the object plane if daylight is used as light source.
I the microscope or the mirror tanno! be adjusted so that the
disturbing feoture is romoved from the field of view, the insertion
of o groundglass screen is recommended. Also, o slight vertical
adjustment of the condenser or o switchover from the plane 1o
the concave mirror may be an effective remedy,

With objectives of oulstonding correction, marginol, annular il.
lumination con be used for making visible and resolving certain
detail. For thiz purpose a centrol stop is inserted in the lluminat-
ing ottachment; on looking down the tube after the removal of

—
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the eyepiece, the observer should see o ring-shoped beom of
light toking up approximotely the outer '/« or ' of the diometer
of the reor lens of the objective. Any advantoge of this method
will, however, be realized with particularly well corrected objec-
fives only.

The Lateral Resolving Power

A givon final mognification in o microscope con be produced
either with an objective of low initial mangnification ond o
powerful eyepiece, or, conversely, with on objective of high
initial magnification and o weok eyepiece. Both imoges will
oppeor basically different; the second will show considerably
better detail than the first,

The reason for this is the generally higher aperture of the power-
ful compared with the low-power objective, becouse the extent
to which fine defail can be recognized depends on the size of
the objective operture used,

The ability of an objective 1o render two clasely adjacent objec!
points o3 seporate visual elements is called its resolving power;
we speak of laterol resolving power when the points concerned
lie in @ plane vertical to the optical oxis. The volue o of the
resolving power is defined as the minimum distance between two
points seen as seporate features, Thus, g resolving power of Jam
means that two point-shaped particles separated by o distance
of Tum can still be seen os two different ports, while ot o
distance of, say, 0.8 um, they would oppear as o single feature.

This will become immediotaly clear if the following facts cre
borne in mind; -

Even an objective of perfect sphericol and chromatic correction
does not produce an idecl image: — it does not reproduce a point
in the objec! as @ point in the image; every object point in the
focusing plane of the microscope has as its image o tiny conjug-
ote light disc, colled a diffraction disc. This phenomenon is based
on the wave nature of light. If we imagine this diffraction disc
projected back into the object, i, e, if we think of its dimensions
in terms of dimensions of the object delail, its diometer at full
condenser aperfure will be d = 1.224/N. A, where i represents
the wave length of light, N, A, the numerical aperture of the ob-
jective, and 1.22 o theoretical factor. The diffraction disc is sur-
rounded by darker diffroction rings which are, however, less
bright, visible only in dark field illumination, and can normally be
disregarded. The size of this oppaorent diffraction disc, measured
in the object plane, is obviously decisive for the resolving power,

If two object points ore situated so that their diffraction discs
just touch each other, they con certainly be observed as two dis-
tinct features. The two object points can be considered separate
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points even if their diffraction discs are partly superposed ond
interfere with each other. However, the obility to differentiote
olso depends on the ability of our eyes to recognize differences
in form and brightness. After all this has been taken inte account,
the resolving power can be defined os follows ofter Berek: -

LW

where x| is o foctor incorporoting these conditions; usuelly it

can be token 1o be much smaller than 1. From this it follows that
with @ given kind of light (/] the resolving power con be increos-

ed only by increasing the aperture.

The remarks about the reproduction of a point logicolly opply to
the reproduction of a line, except that here the diffraction disc
is replaced by a diffraction band.
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Fig. 22 Resolving power i 2 and for green |ight (4 = 5&0mal
vepanding on the cperture

Fig. 22 gives the opproximote values of the resolving power in
light wave lengths and « (for 1 0.55 ¢) depending on the aperture.

It is seen that the resolving power obfainable with o microscope
using o high-power oil immersion objective will optimally raach
about V2 wave length. Since the ratio of violet and red light wave
lengths is opproximately 1:2, the resolving power can be roughly
doubled within the visible range of the spectrum simply
by changing from long-wave, red light, to short-wave, blue light.

The optimum performonce of an objective will be fully realized
only if its state of correction is os near perfect os possible, This
condition mus! be met all the more strictly the wider the cones
of rays used for the illuminatian,

In a spaciol borderline case, preferred particulorly by E. Abbe
when he developed his theory, the question about the limits of
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performance of o microscope is answered in o different way, |f
an object of o periodic structure, such as o grating, is illuminated
by @ norrow beam of light of a very small aperture (almost poral-
lel Tight) it can be shown that o periodically recurring structural
feature in the object will just appear in the image if its value

d= N_.z& with straight, and

A i | RS
d= 2N A, With extremely oblique illumination.

If we revert to the question outlined ot the beginning of this
chapler, we will appreciate that the realization of a desired
magnification is not the only factor in the reproduction of micro-
scopical detail; os o first step, the operture of the objective must
be chosen 10 that o certain resolving power is ensured, The
eyepiece magnification must then be selected so that all the
detail resolved by the operture of the objective is presented
fo the eye at comforiable dimensions, i, e. of o sufficiantly large
angle of view. This is the case when the eyepiece magnification
Mey is chosen

betwaen 500 :o: and 1000 %:—;:4

or, in other words, when the final mognification of the microscope
lies between

500 and 1000 x the value of the N. A,

of the objective used. This range represents the so-colled “useful
magnification”. Final values apprecicbly exceeding this limit will
result in “empty* magnification, while final magnifications below
the lower limit do not make full use of the potentialities of the
optlics. This rule applies also to photomicrography and micro-
projection; the operative value is always the final mognification
of the microscope image.

Thus, the 40/0.65 objective is best used with eyepioces from Bx
to 16x in order fo obtain magnifications between 320x and 630,
opproximotely between 500x 0.65 and 1000 x0.65. It would be
pointless to take, say, the 25x eyepiece here in order fo see
“more” — the 1000x magnification achieved with it would not
resolve any odditional detail of the preparation; it could,
however, make the reading of measurements considerably eosier.

Nor must the mognification factor of any tube lens in the micro-
scope be overlooked in the consideration of the finol mognific-
ation, as we have shown on p, 11, In such coses obviously o cor-

— e s T

respandingly lower eyepiece magnification must be used, |
our prasen! example this means thot with the inclined monoculs
tube with o fube lens factor of 1.25x, the highest useful eyepiec
magnification is now 12.5x.
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The Axial Resolving Power
(Depth of Field)

In the last chapter we discussed the limits of the resolution of
structural details close 10 eoch other in o plane vertical 1o the
aptical oxis; we must now deal with the question of how for struc-
tural detoils situated ot various levals con be clearly recognized
as lying in different planes (axial resolving power). This will be.

come acute when they require individuol focusing by means of
the micrometer scroew.

According to the ideal lows of geometrical optics only one plone
passing through the object should be reproduced shorp ot & given
focusing adjustment. Since microscope objectives of normal de-
sign, particularly the high-power ones, are never complefely free
from field curvature, the focusing plane is replaced by o curved
surfoce. However, the wave noture of light and physiological
factors which hove o bearing on lateral resolving power also

affect the question of depth of field, As o result, o small extent in

depth insteod of a plane will oppear uniformly sharp at a given
focusing position. This sxtent in depth T, in controst with the
lateral resolving power, depends not only on the numerical aper-
ture of the objective used, but also on the final magnification of
the microscope. These relotionships (for full condenser apertures)
are shown in the graphs opposite (fig. 23).

If, for instance, differences of 4 um in depth must be meosured
in an object, the value T= 4 um is found on the vertical scale of
the diagram, and @ herizontal projected to the right. All points
of intersection of the aperture curves with this straight line, and
all points of the operture curves lying above it will produce the
desired or even better resolution. Let us ossume the 25/0.50 objec-
tive is used. A vertical is drawn from the point of intersection
of the projected horizontal ond the aperture curve 0.50, when
the valve 400 will be found as the réquired final magnific-
ation of the microscope. Since the primary mognification of the
objeclive is 25:1, ot least o 16x eyepiece must be used in order
to obtain the necessary final mognification. The diagram shows
that in order to achieve high axial resolution (small value of T)
both high apertures and high final magnifications are called for;
in such cases the highest-power eyepieces should be used re-
gardless of the fact that the upper limit of useful mognification,
i. e. of the loterol resolving power (see p. 29), moy be considerably
exceeded,

The diagrom will sotisfy most needs, The following formulo,
established by M. Berek ofter thorough investigations, Is used
for the caleulotion of the depth of field T in special coses: —

T"‘n. L™ +

A‘ AV W

44 s‘

The first element inside the brackers allows for the wave noture
of light, the second refers 1o the capocity of the human eye. nols
the refractive index in the specimen (in medical and biological
objects normally on average of 1.45). 4, as usual, stands for the
wave length of light, for which generally the value of 0.00055mm
can be inserted. A is the numerical operture of the objective, V
the total magnification of the microscope referred 1o the minimum
distance of comfortable vision $ = 250mm (see pp. 10 and 11).
The constants xa = Y4 ond w = 0.00134 are derived from ex-
periments. For evaluations, 4 and S must be expressed in the
some units of length,

If the refractive index of an object differs from the value ne =145
cssumed in the diagram, the correc! values for T are obtained
by multiplying the tobulated values by n's = 1.45, where n'o 1s
the refractive index of the object, Thus, n's = 1.515 for an objec!
embedded in oil, hence n'e=no = 1515 + 1,45 =104 A depth.
of-field range of 16 as it moy be found, for instance, on the
aperture line 0.25 for o final magnificotion of 250 x (due to, soy,
the 10/0.25 objective and 25x eyepiace), will increase to 16,
x1.04 = 17« in an oil.embedded specimen. For o specimen in
air, on the other hand, it would be reduced 1o 16u - (1 =145)
= 164049 = N

When low final magnifications are used in the microscope, the
depth of field T con appear considerably enlarged by the ability
of the eye 1o adjust itself 1o near and far distances (accommod-
ation), by the volue T' to be added 1o T: —

T S V3
‘“-w‘(s.‘s.)

where S, is the lower, S, the upper limit of accommodation. For

the normal eye they ore opproximately 250mm and respechi-
vely.
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Fig. 23

Axicl resolving power in mu lor biclogical

specimen n = 1.45 (mean volue) and i = 555ma.

T = Axial resolving power in m
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For this limiting volue and ne = 1.45 the following table gives the
volues of T' in j for some magnifications. They must be added
to the values token from the dicgram or coleuloted with the
formule given on p. 32: -

v 1015|406 [100]160] 250 400 30| 1006]1600] 2500 acco
T'in u [2600 (1420|580 | 230 | 91| 38 | 14 | 58|23 09 0.3/ 0.14| 0,06 0.02

Photemicragraphy differs from visual observation by normally
recording, if possible, the entire depth of the objec! to be sharp
in ofe negalive, i. o. the depth of field must be adjusted, The dio-
gram shows thot such o case may call for the use of o lowar-
power abjective in combination with a higher-power eyepiece for
a desired final magnificotion, olthough this will be of the expense
of lateral resolution, Conversaly the diagrommatic representation
also shows the limiting thickness of an object in which sharpness
differences are 1o be ovoided with o given objective/eyepiece
combination,

Finally, the diagram also indicates the demands which the micro-
meter screw of the microscope must mest, The movements of the
micrometer scraw corresponding to the measured values for T
are obtained by multiplying the numbers found by n = 1.45; hers,
n represents the refractive index of the medium betwsen cover
glass and the front lens of the abjective.

It is realized that with the highest-power objectives the play
of the micrometer scrow must be less than the wave length of
light to moke accurate focusing possible, and thot any movement
of the micrometer screw ofter the completion of the adjustment
must also remain below this order so that the selting will stay
unchanged for prolonged periods; this is essenticl particularly
in photomicrography. The LEITZ micrometer screws mounted in
boll bearings meet both requirements most admirably irrespective
of whether the tube is used normally or corries extra weight
{cf. p. 13).

Measuring with the Microscope

A monoucular tube in combination with o micrometer eyepiece I5
mosl suitable for measuring distances in on object, The micro-
moler eyepiece hos & micrometer with o scale division (normally
10mm = 100 parts) mounted in the plane of its diaphragm,

The “micrometer value™ of the objective used must be known be-
fore the measurements are carried out. This is the distance in the
object plane produced by the objective equivalent to one interval
in the eyepiace micrometer scole. Since in binocular tubes this
value changes with the individuol interpupillory distance of the
observer, calibration ond measurements must take place of the
same interpupillary-distance salting.

The micrometer values are found as follows: - The image of o
scale division of o micrometer in the object plone (stage micro-
meler) is compared with o division in the eyepiece micrometar.
If x ports of the slage micrometer scale correspond with y parts
of the eyepiece micrometer scale, the micrometer value of the
objactive is x:y, where x is expressed in the units of the stoge
micrometer used in the calibrotion (normally 0.01mm).

This is illustrated by the following exomple: —

11 ports of the stage micrometer scale correspond with 29 parts
of the eyepiece micrometer scale. The micrometer volue will ba
1A00mm = 29 = 0.11mm <= 29 = 0.0038mm or 38um (Tu =
0.001mm).

The accurocy of the micrometer volue obtained increase with the
number of the scale divisions compored, It is simplest to compare
100 divisions [with low-power objectives 10 divisions) of the eye-
piece micrometer scale with the division of the stage micrometer.

The micrometer value can thus be read off directly by shifting the
decimal poini {see fig. 24).

The following exomples mey serve for the determinalion of o
meosurement: — A scale of Hipparchia Jonira, measured with the
40/0.65 obijective, has a length of 49 ond a widih of 18 scale
divisions of the eyepiece micrometer, By calibration, let the micro-
meter value of the 40/0.65 objective of 37 im be 0,0037mm. Thus,

length of the scole 49 x 3.7 um = 181 am = 0181mm
width of the scole 18x37 um = &7 #m = 0.067mm
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Fig. M

Determinglion of the micrameter voiue, The scale in the cantra of the finld of
viaw (division 0 to 10] is the fixed scale of the syepisce, the scaln to tha right s
the visible partion of the image of the ttoge micromelar. 100 divisicar of the
eyspisce micromeler correspond lo 122 divisions 3l the sfoge micrometer
[1.220mm), 1 division of the eyepisce micromeler corresponding to 0.0122mm
in the speciman,

Micrametnr value: = 12.2 4

A speciman of Plevrosigmo angulatum measures
15 divisions of the eyspiece micrometer scole with the
10/0.25 objective
61 divisions of the eyepiece micrometer scale with the
40/0.65 objective
94 divisions of the syepiece micrometer scale with the
63/0.85 objective.

Thus, the length of this specimen will be found with sufficient
accuracy from the three measurements and determination of the
correspanding micrometer values: -

15x15um = 225 um = 0.225mm

81 x37 um = 226 um = 0.226mm

F4x24 um = 226 um = 0.226mm,

If @ monocular drawtube T is used on earlier microscopes it is
possible to obtain whole numbers for micrometer volues which
are easier {o calculate, by verying the tube length. Howaver, this
results in o certain reduction of image quality which must be
accepted, particulorly with high-power objectives (see p. 16).

Fig.25 Diogram ol the wcrew micromater ayepisce with scale divitions in |he
finld of view, Let the lirst mading be 8.00 drum intervals, the second raading
In the prosen! cose is 1.67 = 167 drum Intarvaly, Hence, the image of the obléc
oxtonds betwepn 800-167 = 633 drym intervoly. The true size of this objec)
porficle will be derived from

633 x 0.004mm

Obi'oui.vo—mann'i.ﬁ-c;lion x tube focior

The screw-micrometer eyopiece is used for the most exacl meas-
urements with the microscope; it has far o higher meosuring and
reading occuracy. By turning the micrometer screw at the side ol
this eyepiece o measuring line can be moved across the entire
range of the eyepiece scole. The drum of the micrometer screw is
graduated in 100 divisions. One full turn of the drum moves the
measuring line across one division of the eyepiece scale. Henca
one division of the drum scole corresponds to one hundredth part
of a division of the eyepiece scale, When a screw micrometes
eyepiece is used on a stand mentioned in this booklet or on ¢
similor stand, 1 drum interval = 0.004mm. The object size i
found by multiplying the number of drum intervals through whict
the movable line in the eyepiece had fo Iravel from one adge of
the image to the opposite edge (in Fig, 25: 633 intervals) by 0.004
and dividing the product by the objective magnification x tube
factor. Dus to its high precision and robustness the screw-micro-
mater eyopiece will stand up to heavy demands during technica
measurements in workshop ond tool room,



Care and Maintenance of the
Microscope

For prolection against dust 1he microscope should always be re-
Jurned 1o its case or suilably covered after use {fig, 26). From
time 1o time the stand should be cleaned with a piece of linen or
chamois leather; spirit must never be used for this purpose os it

attacks vornish, Kerosene, on the other hand, is extremely well
suvited for cleaning varnishad parts

Light patches on the object stoge caused by kerosene can be re-
moved with neot's foot oil.

Work with acids (particulorly acetic acid) or corrosive substances
requires specicl care, since these easily spoil the appearance of
the instrument and moy aftock the metal ports and lenzes,

The optical components of the microscope must be kep! metic-
vlously clean, Dust on glass surfaces is removed with a fine, dry
camel hair brush, blowing gently across the glass surface as the
brush is epplied. For hordened dirt an often-washed linen rag or
piece of chamois leather moistened with o little water is suitable.
If this is not successful, kerosene or xylene should be used,

During work with chemical reagents, their contact with the ob-
jectives must be sirictly avoided; the objectives must be cleaned

at ance after any accident, They must never be dismantled for
cleaning.

If any domoge is discovered inside an objective, it should be sent
to our works for repair.

Particular care is required during the cleoning of anti-reflex
coated oplics. The outside surfaces of eyepieces and objectives
are cooted with films of approximately the some hardness os that
of gloss. They are cleaned os carefully as uncoated glass surfaces,
However, very soft films are sometimes used 10 cao! the interior
surfaces of objectives and eyepieces; these should be clecned
by very gently blowing on them, and brushing with a camel haoir
brush, never by wiping, For the some reason it is fot recom.
mended fo clean the inside of eyepieces.

Qil immersion objectives should be cleaned immediately after
use o prevent the oil from drying or becoming tacky. It should be
removed with a piece of blotting poper or o linen rog, and the
front lens wiped clean with a piece of soft chamois leather, If
necessary a little xylene, but never spirit or olcohol, should be
used.

Fig, 2 Fig. 37

A ploshic hood It recammended Combination bottle for
far the protection of the micro- immarsion work

1cope on the loborotory bench. (oil and xylena)
Plortic hoodt ore availoble i
vorious sizes 1o 1uil the various
banch microscopes.

The combined immersion oil- and xylene bottle (fig. 26 is recom-
mended for work with oil immersion objectives. The bolle proper
is filled with xylene, the brown inser! with some immarsion oil,

The gloss rod is used for opplying the immersion oil to the spec-
imen and the objective.

The high performance of o LEITZ microscope is ensured for many
yeors of use by proper handling. However, should the examin-
ation or repair of a damoged instrument become necessory, this

should be entrusted either 1o our works of Wetzlar or to ans of
our official agencies.

Design subject 10 altaration withoul notice.
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The scrow micrometer eyepiace, eyepiece micrometer, ond other
measuring devices ore described in special leaflets which we
shall be pleased 1o send on request.

In the interests of reliable results it is advisable 1o carry out aoll
measurements near the centre of the imoge, since the accuracy
of readings taken at the periphery of the fisld of view moy be
somewhat impaired by residual distortion.

The simplest method of measuring depth in the object, i. ¢, meas-
urements along the optical oxis with the microscope would at
first glance oppecr fo be the focusing of the points 1o be meas-
ured successively with the fine adjustment, and the reoding of the
oxial displacement of the objective off the scale divisions, How:
ever, this procedure has o number of faults which under certain
conditions can lead fo completely wrong results.

it must above oll be borne in mind thot the objective fine od-
justment is designed on principles different from those of o high-
precision gauge on account of its different purpose. If the fine
adjustment is 1o be used for such measurements, only approxim-
ate volues can be expected, Really precise readings con be ob.
tained only with the aid of o relicble dial gouge svitably mount-
ed on the microscope, indicating the displocement of the ob.
jective.

However, the extent of the displocement is not normally o direct
measurement of the verticol distance between two points. This
would be the cose only if the same optical medium filled both
the spoce between front lens ond cover glass and that of the
object itself. With aqueous preparotions, for instance, o water
immersion objective would have to be used in order to meet this
condition; on oil immersion objective with specimens embedded
in oil.

If this demand is not met the measured value must be multiplied
by ne -+ n in order to obtain the real distonce in depth in the
specimen. e is the refractive index in the specimen while n re-
presents the index of the medium between the front lens and the
cover gloss, Thus, the refractive indices of the embedding medium
and the immersion fluid must be known or be measurable. For dry
specimens ne = 1, with oil embedding ne = 1.515, and with infus-
ions or mony aqueous or moist medical and histologicol spe-
cimens ns can be assumed to be 1,33,

The following examples show the effect of this foctor on the final
result,

With a dry objective o difference in depth of 0.06mm is found
between two points in an aqueous specimen. In this cose, the ap-

proximate refroctive index of water 1.33 can be inserted for ne,
while n = 1, since the medium between the cover glass and the
front lens is air. Thus, the real distance is 0.06x (133 =1) =
0.08mm,

If, ogain with on oqueous specimen, o distance in depth of 0.1mm
were found with & water immersion objactive, this would also be
the real distance, because 1.33 must be inserted both for n and
ne. Thus, ne =+ n = 1, which leoves the measured value unchonged.

Analogously for @ specimen embedded in oil 1o be viewed with
a woter immersion objective, ne = 1.515, n = 1.33, so that the di-
stanca measured must be multiplied by 1,515 = 1.33 = 1.14.

Finally, the depth of field of the objective used has o consid-
eroble influence on the accuracy of such measurements, This term
is discussed in more detell in @ separote chopter on p. 32 becouse
its extreme imporfance extends to other contexts of micrascopy.
The conclusions drown there also apply here, in other words: -
The accurccy ot which points at various levels in the specimen
can be focused increase with the aperture of the objective and
the final microscope mognification chosen. With low final magni-
fications the inherently low focusing accuracy can be consider.
ably further reduced by the adoption of the human eye (see
pp. 32, 34).

The use of comparatively high condenser operiures Is recom.
mended for such measurements. Also, depth measurements should
be carried out only on points in the immediate vicinity of the
centre of the field.

These indications show that some experience and very careful
determination ond evalution of differences in depth cre neces-
sory in order to obtain reliable results,
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Fig. 1c¢ Large ORTHOLUX ratanrch microtcope with buiitin
1oyrces for incidan) ond trdasmitied ligh

Fig. \d PANPHOT camero microscope with combined 1ow-
voltage and high«intansity light sources
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Zho_wn below and oppasite are microscopes of characturistic
esign.

All have a rigid stand 1o which ths various types of tube can be
firmly locked:; the micrascope image is focused by raising or low-
ering the object stage. Thus, the locd on the sfand, which may
vary considerably due to the grectly different weights of the tubes
and comero ottachments does no! affec) the focusing motion.

The microscopes illustrated bolow differ in thair sizes ond in their
provisions for using equipmen! for the vorious methsds of
examinotion and for photomicrogrophy.

The SM stand is a relatively simple, extremely sturdy routing
microscope. It is popular for clossroom wark, and fitted with the
well-known single-knab control for coarse and fine focusing
Lomp oftachments can be used instead of the mirror for daylight
(fig. 10). The larger LABORLUX® is o leboratary microscope with
a built-in low-voltage lamp for transmitted light. I} has on inter-

Fig. 1o 8M Microscope
for closstoom and rovline work

changeable objective revolving nosepiece, which con be replaced
by the ULTROPAK®Z incident-light illuminctor with bullt-in light
source (fig; 1b)

The ORTHOLUX® research microscope with light sources for
fransmitted, incident, and mixed light represents o step further;
more-over, oll porls are interchangeable, which is an essential
feoture in o resanrch microscope. This stand has separate fine-
ond coorse focusing drives (fig. 1¢)

The PANPHOT® camera microscope is o combingtion of o re-
sparch microscopn of the ORTHOLUX standord, o camere for
photomicrogrophy and mocrophotography, and an intarchange-
able lomp attachment in which a low.voltage light source is
organically combinad with o high-power source such os o
mercury or xenon high-pressure lamp within o single unit {fig: Td)

® = Regivered Trode Mork

porsd - 5%

Fig. 1t LABORLUX Loboratory mitroscope
wilh bulltsin fransmitted:light source
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Fig.1e Larga ORTHOLUX resanrch micrascope with bailtin
sources for incident and trcnsmibled light

‘ Fig. 1d PANPHOY camers microscope with combined low.
valtage cad high.intensily light sources




