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Preface

Wheraas instruction manuals deal with the operation

af one particular micragcope model,

Lhig brochu-e i intended to famish genaral infemation

on miorzeeopy, that io, facts which up:rh.- equa.II:,- e all bypae
and even makes of microscope.

The bookle: sarves three purposes:

11 It is intended to be 3 guice for the beginner,
with tha aid o which microscope wark
ghould be a p easure from the sutsel,

2) It will briefly recapitulate the moest essential facts
gboul mcrascopy for the baneilt of thosa
who do 1ot use the microscepe regularly.

5] It iis &= fon Lhe cae of the experdenced microscopist
who wants te Introdece othoro to the fiald of microscopy,
H& may find ome or the ather of the hints

cantained in the booklet halaful for taaching,

It should be ramemiaered that we take many thirgs

far granted, and &l too quickly forget the cifficultiss

we onca had when we made our first segLaintance

with mcrascopy.

‘We wilsh wau all sucuess aned ae surg you will &njoy working
with vour ZEIGE misroscepe,

CABL FEISS, Micrascopy Department






Fig. 1
STAHDARD 4F Micromcops

1. This is a microscope

1] Eyeplace, slipped into upper end of tubse.

The angraved valee, & g, 12.5%, indicatas the magnification
ol the eyeriece; mulliplied by the magnilkzlion

of the objcetive, this glvea tha total magnificatian

af the mioresospe.

2] Tube (here an inclined lulsa o monosular abservalion).
Thez tube is interchangeoblc.

When the serew sellas is lsssened

and the tube presead against 8 spring In it

it can be lfted out,

A} Mazsepiess for quick swekange of ab sstives,

4) Olxjactive designation 400,65
1809017 means;
objestive magrification 0%, rumerical aperture OES
(eas explanaticn on pege 37),
computad for mechanica tube bength of 190 mm
and 0,17 mm cover-glages thicknass.

51 Specirmen stage with spring clizs.

6] Cendanear [corract pesition is always [ust below
tha Lppar skop).

Condenser front lens awinging out

far illuminaticn of lerger object fields,

13 Irig laver [condensar ar aperture diaph-agm}.

& Swing-out filter hobder for flters of 32 mm dameter.

4 Fine adjustment knob. On STAMCARD KF M croscopas
this allewes unlimited rotétion;

on othar rricroscopes (3 rotation is limited by two stope
[index baside the knob, see Fig, 2].

Coarse adjustment knob. With all Zeiss microscopes
rctation Im the directlon of the armow brings objective

and speciman chkaser fogethear

(the eamea appliss o tha fine adjLatmant),

149} Astachable simple gubgtage illuminato- for dirset
cofneation te the maing [which can be axchanaed for mirraor]
with rotary awltch and ground glass.

11} Basa with thraa-paint suppart. On the urderside,
tappad holas fior screvwing down i cabinet as wall

g5 two holes for mounting the connacting brackets

of separate iBuminators,



Serewing in the objectives

Wie nend specimens

2. And now a bit of practice:
we focus a specimen

You hawe receives your ZEISS micrnscona and vnpecked it
according to the recommendaticns contaived in the pertinant
iratruction manyal. IF vou should be using & micrascops for
the first time, wa recommend thet you atart by making yours
pelf familiar with it most essential components, such as
oajective, eyveplece, condenser, cogrse and Hne adjustments,
using Flg, 1 a8 & guide

Start by screwing the objectivaa into the tosepiece, woking
from low magnificasions upwards. Please avold toudhing glass
surfaces, particularly the frant lenses of the objectives, If
sau faueh them inadverienly, remove the fingarprint Imme-
diately with the aid of & soft linen rag (see also page 35

Dur first acqueintance with & microscope may end on &
rather disappointing note, because we may nob have realizped
the fact that 3 normal microscope cannot sinply be used for
magnifying any desired objsct — such ag a Hy — [hor which
ttere mra ZEISS sterecmicroscopes), but that the object we
wearl to #xamine should -=|.|'.-rn'_|rﬂ be more or less transparent
gnd ms flat ag paasible, The wing of a 9y ie a good exampla,
Thasza racuiremants tharaforas Lsually nercassitate the an-
called prasaration of apecimens, abous which details cen be
gatherad from introductory booke on micratechnigus, ses the
saction on lterebure, pace 58, For the purpose of the present
description we must assuma thet euitabla specimens — of
wihich, incidentally, a wide chaice s offerad by sompanies
spascializing i1 teaching aide — are available. Dur spacimens
ara uoually mounted on @ so-oolled slide, o picoe of glasg
about 2B TE M in size and 1 mm thicd whizh g covenad by
an sxtremaby thin cover glass [warous sizes: thicknees as
close as pozsible to 0.7 mm). = Be sure that the cover
gless le alweya on top, fecing the objective.



Wik place

Helght of condensar,
acanning ohjective

Whas is the magnifization?

Cawt on —
n epite of built-in slida protectiznl

T |:-|:|_|r.-|:tr\-.r¢ is "llumingtas'

The microscope stands on & tabla so thal you san ook into
the eyeziece frem a conveniant posturs, Mizrozcopes with-
out @ Bilt-in illuminator are beat aat Jp in front of a larp
with a large, uniformly emitting surface. (Werk with spacial
micraacope illuminators le digeussed on paga 48),

The sardensar 2 in plase and tumaed arF pushad up all the
way. Tha condarsar front lane ie ewung in. The syeplece will
be irserted later. At the beginning of an exanination, we
always uss a low-power objective of about 6.3 or 10,
because it parmite coverage of a wider flald and is thus best
suited for ecennng. In addition, ite depth of fiald ie yreater
hn that offered by objectives of higher power, and it Is
thua sasier to fird the plane of beat defini-ion,

The power of an cbjeclive is indizated by Its initiel magnifis
cation. This io the fret one of the valuss engraved on avery
nbjactive [gee pege 28). The total magnificatisn of the miaro
scope i determined by multiplying -h& magnificaton of the
objective with that of the eyepizca, which iz engraved on the
latter. A 10 objective uesd in conjuntion with & 12.5x
ayaplaca thus yields a tofal magnification of 125,

The specimen has bean fixed on the stage, and wa now
cautlously maove spacinen end ohjective closar together by
the coarse adjustmant wntil they are eqly a few millimaters
apart (obeerve fram tha sidal].

In ZEIS3 microszopes. & Etop and the spring mount oF tha
objectives pravent ord nary specimens (1 mm slide, 017 mm
cover glags] from being damoged by the objective. Only &
faw spagial-purpnse ohjectives are excaptions,

Before insertirg the evepiace of lowest powar irdo the tuba,
woa apen the Iris diapghragm of Ue condenser and tum the
illumninating mirrer until the back lena of the chjective, which
ia vigihle at tha lowar and of the tubs, I8 avenly illum nated.
Whan the attechable simple substage lluwinator “or direck
cenrctizn bo the maing shown inFig. 1 ia used, this speration
Iz not required, After the eyepiece has been inserted, we
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Facusing

Do rot otop down too farl

Alm-_..-: keep a hard
o the fine adjusirment]

close the condanser Iris about halfway, ook ims she eve-
pieca and increase the distanca bebween e objective and
the epacimen by the ccarce odjustment until detaila of the
spaciman can he recogaized, even F they are gl Blurred.

Exmct focusing is mow adhieved with the aid of the fine
adjustrent. In the case of specimens of vary low cortrast,
finding the focal plane rmay occasiorally e samewhat
difficult; it is faciliteted il duriey operation of the coares
adjustment the opooiman e alowly displaced on the stage,
hacagss moving strustures can e racognizad rmora readily.
Closing the cordenser Irie further may alss ba halpful. Whan
the erea to be examined is in the canter of the field of view,
the shjgctiva of next higher magnification may be moved inks
position, far which on v the fina control is needed for focusing
rparfocal nbjectives, see page 2d).

The adjustmont of the condenaer ia & particularly Tequent
source of error. The cendenser is corractly adjuated when
it % in its highest position or directly belew this and when
Iz Irla has been clesed only far enough to obtain just
gufficient contrast. The beginner usually stops the condenzer
down far oo muech, Newver use the condencer ifs to dim the
imagel| Qthar maans, &, g., grey filters, must be used for this
purpees. Lowerng the condenser "o incresse conlims’,
which Iz popular with mzany misressapicts, only has the same
affart ax furthar closing the condenzer ifiz and is thersfare
inappropriate.

If with chjactives of very low power the illuminated field
should ba too small, swing out the front lans of the condenser
ahd apan its diephragm Fully.

Tne depth of field In the specimen cormesponding Lo & cerlsin
aatting of the fire adjustment io cxtroordinarily shalloe (maora
pronounced with high-power objectives than with  lower
povears, more with high-guality optics than when theas are
legs good). This is the reagon why in mizroscopic work the
fine adjustment is continuously moved up ard down in prder
to cover the antire deptl af the speciren,



¥ihen tha fine edjuatmeant "fails"

Fig. 2
MFEE Mor lnd wdje simend,
i g ETAMDARD UsvEASKL

Most microscopaa (exeept the STANDARD KF) have a limited
fine edjusimeant range, and it may hapaen that the upper ar
lwrar stop is reached during ofse-vation, A glance at the
gide of the rack and pinian will confirer this Fig. 24}, In this
saga, rotato the flne edjustrient knob wuntil the index line lies
rougly in between the two cthers (Fig. 2E). Then refocus
we'th the cearse adjuatment, and wan will again hawve sufficiet
upper and lewer margin for fine ed|ustment,




Two important paints:

.1« Felaxed accommodation

codnd good Uconmact’” of the pupile

10

‘When wsing optical instrumants, such BE a microstope or 4
telescope, bwa things are of graat impertance and shauld ba
kept In mind:

13 the sye should be relased when lcoking intd the eysplacs,
and

2% the eye should be kept at @ certaln distarce from the

apapiaca,

Item i:

Di::glnn:r: aften make the mistaks DHDGUBEHQ tha micrascops
a& if the magnified image they want to view ware ocated
vary close to tha aya, as clesa as & pestage stamp which we
want to study in detail, for inatence. This 1ear setting of the
eye [= sccomrmodation] is, however, extremely tiring IF main-
tained far a lapger time. We therafore recommend working
with parfectly ralaxed aves, At the beginning, this 1z 4one
rare e2gily if wa imaging that we ara viawing the image &
il iL were at infinity, Thus de nat ook “ints the microscope”
but “thraugh the microsoope'™.

If wou are nat guite cedain as to whether you are rrally
warking with -elaxed eves, make the following t2st:

First foous the specimen. Then held 2 miror in front of your
secand eye, which Iz rot locking intc the micrescope, so that
veu ean laok aut of the windew or at an abject at the other
erd af the room. When you have forused this eye at the Far
obj=ct, the other eye must at the =ams time a8 tha mera-
gaap o image with maximum definition, IF this is the caza, you
are aura that wou can work in an aheralukaly "relaxed” atate.
Absavs refember that the microscope car be refocusad with
the ald of the fine adjustment and can thus relizve your eye
af accammodatian. It is characleristic of the experientad
microecopist thet he keaps playing with the fine adjustmert
Ir this way his eyes will mever get tiree, or actually hart,

The second impartant point i2 the correct distance of the aye
from the eyveplace. Should the mys be brought s closs Lo tha
eyveplecs a3 poasible — m= with & megnifier? Cenerally not,
becauss the correct eve point, as this distance is called,
veries accorcing ta the syeplara n=ed. The best pracedura
is to move ir from a few inches' destance untll the fiald of
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Fig. 3

Carrmck dimrineca al sy from sysaisos.

Tope Locallcn af micrsaccpe's gx ¢ muoll
Center: Eait and ee puplls Inthe same plans
BCoon: Exe 530 Far 2wy

Fym mipdl -mrh mme the Faadd

view s widest and sharply defined. In this case, all the light
rays emerging from the micrescops find therr way into the
oyl As i3 evident from Fig. 3, this iz pessible ooy iF she eye
pupil is brought very exactly to the point of conatringance of
tha mlcr‘aacupe-'a |Igi'.r|: rays, whick has tharefore besn namad
tha “axit pupll o the microscooe™. When vou have ascguiresd
a certain amaunt of practice in the use of a microscope, you
will automatically find ard keep the right distance from the

ayep BCa.
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The image & laterally raverasd
and upside down

You cennot abtain a ehatp imags

Orveal Fiald of view?

“MMaouchas valarntes™

bl que illuminatien
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Let us now pause o corsider where vou may etill encountar
difficulties in your first acquaintance with the misrssoopa,

You hawve, of course, noticed that the micresoopis imags is
upgida down IF you displace the specimen to one eida, the
image moves in the opposite direction. You will set acous.
temad to this so quickly that wou will sor forget the fact
complalsly,

It may happen that vou cannot get & sharp image of the
gpecimen in gpite of everything you de. In this case, the fine
adjustmant has elther reached a stop (Fremedy ses page 9),
or the abjective touches the specimen before 2 sharp image
ig obtained, Then the cover glage s either far too thide or
wni hava inadwartanty planad the apacimen wrcng eida up
on the stage, Whazever the caugse may be, the speing mount
of yvour ZEISS objective prevents demage to the speciman

It is mot only the Esginmar whe suddsnly finds that the fiald
of vienw g notl round. In thia caze, sither the abjactive has not
fully engaged its click-stop positizn or the filter holder below
the sordenser ar in front of the illuminator 13 net awung In
fully to the stop,

Anotha- phennmennn may at first be inexplicable te the
beginner: Specimens with a2 wde, clear background may
show strange, irregular patches, shaped rather like worrs
which remain stationary when the eye |s fixed, but which start
mving) whan the viewing d récticn is changed. Thess ars the
ghacows of inhomogeneities In the aqueacws humaor of tha &ye,
which become vislble wisnever the exit pupll of the micro-
soops booomes very small: i the aendenssr ide ia cloped
clonwn too far o IF & higi-power avaplece |8 usad [Ine dan-
tzlly the same shadows can be seen if vou lbok at & uniform
sky. Howeewes, the aky must ba bright, becauss only then do
the eye pupils close far snough,)

& strarge cffect may ooour, whon the image in the mriera-
soope adepts 8 cerain relief, sppearing almost te have &
third dimenaion, and focueing saems to “shift” the image.
This always happens if you hawe "oblique illumination', A
glance into the tuae with the eyepiace removed will show



Keap both ayae apen)

An accessary: the eve screan

Frg d: "Blind” cup

With orwithout eyeglasses?

An ayaglped teat

you that the back lens of the objective s rot urrtarmly
illurinated. This can be corectsd by readjustirg the mirrcr
or the condenaer.

If you are not lucky encugh te have & binocular tube frem Lhe
vary gtart (ao thet you can lcok inte the microcoope with
both eyes]), ohsarvation with anly one aye will at firgt bo
somewhat difficilt. We therefore adwise everybody wha
throws more than just an occasional ganse Into the micre-
soope to keep hia secand eye open from the very start, The
image seen by the second eye, which |5 naturally superim-
poeed on the microscopic image, will be found diswurbing
cnly In the bsginning and will latar be subconscioualy sup-
praceed. In order not to harm the unused ewve by this form
of “discenrection”, the eyvee should oe uzed altemataly.

Closing one eye for £ lenger period of tme e wery fiing.
If you cannot get sccustomed to leaving the second ava
open and if the acquigition of 8 binoculas ube iz nol peasible,
& cardbpard screen may be slipped onto the tuze in sudh a
mennsr that the second eye ia covered. Some pecple maka
thelr owen “Blind” cup from en ordinery ewepiaca eyecup
[Fig. 4, not commarcially awvallabla).

Ary ZEIS3 microscope can sasify be corverted for binocular
obaervalion, aince thia only means changing the tube.

Hare aleo the question araes how eyeglass wearars should
wiork, The best solution is certainly to kesp the glasses on
and to use special svepieces for eveglass wearers, Rubbar
guards v d scratching of the syeglasessa.

If this is not poseibla, you should lirst of all find out whather
your eycglesseo hove spharical or toric lenses. This can ba
detarmined wery essily. Hold vour plasses in front of vou
at arm's length: the lenses will either raduce or magaify an
object on the fab e, Then rotate the glasaes about t1e canter
of tha lens through which you a“e leoking. If the ehepe of the
object deed nat change os tha glasses are rotated, the lons

13



Fige &

Fynpane tax

11 lzngth mnd wickh of an cb{sr changs
diiring roatian of the gliessas,

th lorgse sre beric, and Eras glaness

rauik ba kapt an vhik v g
with -he mécromcape

has anby spharical powa~; howewer, iF langth and width of e
object chenge during redation, the glassss bava toric lengss
[Flg, Ex In the latter cage vou will have tw kesp the glasses
on or have owsillary lengas mede from yeur ayeglass pre
scriptice, which are ther slipped onto the syspiaces [aneurs
corract orentationt). |If your gaasee have enly spharcal
lenaee, you can remove ther to work with the microcacope
ang no |oss of sharpiess will be observed. In this cass the
veual defect |z compensated by the adjustment of tie
MICraSCoEe




How is an image fonmedy

Pin-hole cemara:
brightress and sharpness
are incompatisle

3. A brief glance behind the scenes

After you have focussd the specirrens i1 eccordance with
the explanations in the preceding section, you will know that
yiur microsoops does work. However, vau will only derive
full satisfaction from iz iF you know at least ecmething shout
héw it works, It Iz natural chat thio “glopce bBahind tha
scenes” can anly ha a brief ons, snd usere whes wish to
study the theary of the micrascops ir more detai are rafarred
ko the literature ind ¢ated on page 58

A5 an optical instrument, the microscope forma a raegnified
Image of a small object.

We must first of all understand the formatian of an imaga, for
which we zhall choose a very primitive exampls. f you are
atanding In a dark comider and Lhe keyvhole of a door 15 of
apprepr ate &ize, you oon cleorly see a pictures of the window
in that mom projected on the opposite wall of the corfdor
(pin-hole camera). You Immediately recognize wha- s
happening: every point of the windms smits ligat rays in all
diregiions, While most of them end on the walls or at the
door, a few of tham pags throwgh the keyhole (Fig. &).
Cunsequertly, a bright part of the window produces & baght
patch on the wall, and & dark part producas a dark palch.
Ard bacauss all light pathe san just as well be followed in
the appakite diraction, wa may algo say that aviary Baint an
tha wall of the corridor [=urit of area) "s=as' a more or less
brighs spot of the window through the keyholz [Fig. 7).

The drawback of such ar image ig above all its leaw hright-
nesa, which would immediataly be increased I the hols wera
larger, S0 kt's make it larger!

Through the Bigger hale, & unit of wall area now “seea” not
enly the dark flower pot bat ales the bright window pana
brgraide i; (Fig. &) As a resul, this Lnit 15 now nelther dark
il I.:-*ighl:. but gray — tha deviding line Beteween the pot and
the pana is new Blurred in the Imeges an the wall. |n other
words, the twa pnints at s distanza d are nn Inrgar"reenl-.-ad"_
i 8, thew can noe longer be recagrized separatehs, Nasurally,
the bigger the hole the mors blurred is the image. This is due
to the fact that in & pin-iole camers the rectilinear propa-
gation of light does not make & paint correspond ta anather

13






A lang is the solution

Feu B
Fig T
Fig. B

Fig.8
Fig. 10

point, but to an area which incrésses in size, the bigger the
apening 15 (Flg. ).

& lene hes the estremely valuable property of rafract ng tha
light, thua cocumeractng the princple of the rectilinear
propagaton of ligh: (Fig. 10). In an |deal casa it tharafora
bacomes poesibla to cormbine both requirersents, wiz., haght
image due to arge aperture and imaging of a point 88 & trus
point [the latter with certain restrictions; see page 370

17



There Is onhy one plang
of best detinition

Hawe blg will the image be?

We build a modal rricroacope

HE rminatian
and firg: image-forming system

Figs. 10, 12, 15 and 14 rigit

18

&g an exarrple, let us considar a camera kaking & picture of
a plant. The light travels frem any point on the plant 10 all
dirsct ons (Tig. 11). & parl of the light rays is intercepted by
the abjective lena, refracted and rezembined in the film plane
If bahind tha plant thara iz, far example a windaw, than the
raye emanating Fom thers do motb recombime exactly in the
film plare but in front af it, and on he film a clrele of dia-
meter | i3 imaged instead of tha poirt: she windaw ia out of
Foous (Fig. 12). "Fosusitg” can be achieved orly v a ralative
digglacement beteesn lans and film plans, This shows that
In an Image-forming system o given object plane is always
correlated to a defirits plana of sharp imagzry.

Apart from the location of the image plane, however, the
obec-image “atio ia likewise fixed. This ratio iz nermally
exacty identical with the relationship batween object dstance
(objact-lans disance] and Image distance  {lens-image
dietance)] {Fig. 13}, The formule woulc thus read S_Eb .
Since the image distance b in the cemara is emaller, usually
much smaller than the objest distance a, this optical instru-
ment of courga Furriskes reduced pictures.

We raw know etough to try and build &8 nodel microscops
from the components we have leamt to understand — &
concrets madel if posgibla, or stherwioe an "imagirary™ ons,

The microscooe Is to megnify: therefoe tha camera giving
reduced images i not auitable as a basis for our model
micreacope. We are looking for an optical instrumen: which
provides eqlarged imagea, | e, In which the image ia much
further away from the lans than the object. Such an Instrus
ment 15 found in the Familiar slide profpecter (Mg, 14, & =
ohjest, the slide; B = acreen imags; L = prejection lens)
Si1ce ir thie case the objact, the slide, does not amit light
itzalF, it must Be illurinated from behied, Let us therefore
place @ lamp behind it {Fig. 18], However, the slide is muth
larger than the lamp filament and the lans d ameter, 8o that
only the light reya pessing th-ough the centar of the slide









The second image-forming syatern

Fiy. 15
Figi. 16
Fig. 17

reach the lens, Rasult: the field is nat fully iluminated, the
marginal zones remain dirk. — Thia can be remadied by a
light source which ia &t least es arge as the slide. An
llumiraled yround-glass screen ia suitazle for this purpoae.
The light atriking this screen & delecled in all directlons
[Fig. 18}. Such a scraan alza allows the light reye tranamittec
by the peripheral parts of the slide to enter -ha lene, How-
ever, this is rather uneconorical because the major part of
the light rays ‘s deflacted In directions in whick we do not
negd any light. A better solution is a lena (he'e calleg
condengar) which directs all Incident rays exclusively to the
pwint whera they are required: to the projection lens (Fig. 17)
We thus have the fact thal i the first place the light eource
is imaged by the condenser in the projection lens, while In
the seeond place an inege of the slide ls formed by the
projfection lens on the scraet: 3 eo-called intmrincking light
path such as we find in the microscope with the so-called
Ké&hler methad of illumination [s2e page 45],

Let ue msw turn to the enlarged imaga an the projection
soraer Fow big we gee this imags depanda guits desiaively
an the distance from which we view it If wa mova halfway
up to the Bcreen, we &= tie image exactly twice as large &%
befare, i, &, with 2 “"magnification”

IF we draw & line. as shown in Fig. 18, fram sne adge of -he
picture to the eva of the observer and from there back to the
ather edge, an angle (o) is subtzndec, which is the angle of
vigw, The magaification is determined solaly by the magni-
tude of this angle, For nomal alide projectien we shall not
nove o0 close Lo Lhe sereen, becavse the unsharpnese of
te image {c, g, due to grain) would be disturbing, Faor our
expariments we tharefors use & microscepis speagimon
instzad of a alide, for example a Aas, which, contrasy o the
glida, reveals ever new detallzs even under considerable
magnification. In the interest of high magnification we may,
of course, move up as close as possible to the image, but
swantually ocur o shadow will intarfers. We therafore look
at the piciure from the back of the transparent paper screen,
The fact tha: the picsure is thus laterally reversed need nol
wiarry ug, Tha next atep: we sxehange the paper soreen for a
graund-glass seresn and. In addiion, u2e a magnifier for
viawing the picture. A magnifie- can increase the angle of
wigw and thus the magnificatizn considerably, An chiect
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Fig. 18
Fig. 10

(Fig. 19) viewsd once with the naked eye from a “reading
digtance”™ of 10 ins. and then through & magnfier is seen
under cons derally higher magnification due to the refraction
of rays, But the megnifier al=c magnifies the texiure of the
ground glass so that itbecomes disturbing (Figs. 20 ond 20 al,
and we therefore imvestigate what heppens if we simply
remave theground olass. The image will still exist inthe same
plana in the form of & se-called aeral image. Through our
magrifier this aarial image will, howaver, be visibla only in
the direction of the illuminated projection leng and eraurd it
there will be dorkness, because the rays miss the magniier.
Thia ia illustrated in Fig, 21, In this case, the remedy consists
anca mara In the uea of a lens in oxacthy the plana In which
the image is fnrmad. Just a8 a maegrifier placed diractly on
writing does not magni®y the letters, & lens located axactly or
almogt exactly in the mage plane Fas no effect an imane




Fig 20

Fig T

Frg &

[S3 the cormampansng liketratiom
an e follsing pagej

sharpness. but condributes to Erightening the marg nal cones
of the fizld because tha raya pamsing thesa zonee arc trons-
mitted inte the eye (Fig. 22), Thaee “fiald lergns”, a3 they am
called, are therefore better than ground glasses, and in
addiven they do not introduce toublesama grain into the
image. [In sther words, we have here 8 case which g
elrilar to the ore mentioned above where we had & lan3
nleced 3z & condengor betwesn lamy und slide = lIkawise
8% a ground-glass substituta).

The efficiency of our model microssopa g proved by the
lustratiens on the following page. Thesa ars nat genuing
microgcopie images but inages actually prodced by a 22
projactor and two epectacle lerses, One saectacls lans was
ueed o5 @ fleld lenz, the other ae an eyelens; the avE WS
“epresentec by 8 reflax camera with ite lans focused at
infinity,

az



Fig, A=

Thi issbwl the intsrmedisks mega laokas lke
wian projected an to @ ground-glass screen
ol gldarsded hraggh s magnifier (Fig. 20

Fi[. 21a

et tha grourcglaes saresn has Eaan
raraid [Fig. 21] e qrasminmie dispcoeprs
bt mirgng wignedlirg i preseat

Fig. o
Cipkirmad raailte aro produaicd wly whan wming
Tl lmnd [34 in Fig. &2}
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From the modal to the real
MGG

Wery few changes ars required for the step from this projector
with magnifier-viewing to the micrascope, Thus, tha imapa
distanue of sevaral faet g oo awkward. We ehould alsa like
te have both optical systema, vic.. the one causing the firet
magnificetion [the objestive) and the one magnifying this
image a sannnd timea, combined in cne instrument, The sntice
satup cen be kept much smaller by approprists salectinn of
the lenses, and especially of an objective of very ehort focal
length. We then nesd only draw the outlines of 8 microscoze
around this light path and keeg in mind that the path of rays
IE usually “folded” for graatar convenience — and we have
areal" microscope (Fip. 23),




The principle in & nueshel |

The design of the light sath

Firat image-farming systam

... ard eepand magnification

)

The pringiple of the microscope may thus be sumrmarized as
Followe:

The micrescope objectve first forms in the tube 8 magnifed
aarial image (intermediate imaga] of the speciman il keminated
froem belows by the lamp and the condenesr. Hewewer, this
mage |5 nat ntarcepted, But viawad onder magnlf.q'-.g'_l.;:.r.
thraugh & magnifier {czlled eyvaplacel.

In the foragoing peragraxhs we heve tried to explain the
begic facts of the microscope as clearly ag possible: in doing
59, howeve:, we would glve no exact deaciipliva. In the fol-
letwing, the reader who s more fFamiliar with optical subjects
will find instructions far tha design of a micregcope light
oath, In principla, this & really guise sasy,

Fig. 24 shows the objective Ob with tha twa focl F 1 and F2
The specimen of size & B is located slightly outside the fecal
ength. From A two raye are lieced: ooe parallel to the
sptical adia through the foous F 2, and the ather through the
ank caniar, which iz tharefore not rofracted, Tha intersactian
of >0th réys gives the image of &, A" in the sama mannar,
2 -epults as t1e image of B, The imege A B thus ohtained
8 enlarged, reéal [i, g, It zan be intercepted} ard revarsad,
This comaspords to the path of ravs in the mizroscope up ta
the first aerial Imaga.

n another tasm [Fig. 25) we srrange & leng Ok in sush a
manner in ralation to an object B' &' that the latter e shifted
slightly off the foca point in the direction of the lns. The
design of the path of raye is enalogous: After being refracted,
the perallel ray passes through the focal poine, while the ray
through the lens ceter (s not defiected. Stll, the two rays
do mot Intersect; only their extensicns Lo the rear Faws @
zoint of intersestion ot B or A", The imege BY A% ia likewise
anlargad but sract ane virtual, i &, it sanret ba intarcapted
because the light revs do 1ot really intersect et the paints B*
and A”. — This ie tha I'ght path of & magnifier and thus elso
of a microscope evepiece,

If we eonnact thass tas light peths Insuch & marner that the
imege formed by Ob is at the same time the object for O,
theam we nave the two-stage mage formation of & cempound
microscope [Fig, 26),



Gearmetrical optics, wave aptice We must confass that with the gesmetrc optical light path
discuggec up to now we Fave investigated only one aspect
of Image formatlon In the microscope. Another e the wave-
aptizal aspezt which Is, howsver, beyond the scope of this
bhooklat, A cansies l.'.hu-ur'ip'l:icl'l, in which this sooond aopaook
in alzo taken Into acceunt, will be found, for exampls, in

"How fto uge a Mizroscope” by W. G, Hartley. American
edition adited by John I Lee end Bernareé Frisdmann, The
Matural Higtery Press, Gardan Citw, Maw York 1954,

Lighi prdh bnthe eicrosope

Fig. 24

Fig. 23

Fig. 38

By coustasy of R Barar, 1053
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Dbjective
Engraving and ather charactensncs

26

4. Practical hints

After & brisf exeursion into the theory of tie microgcope
thare atill ramein a few Facts the understending of which is
of mportanse for practical work.

The cbjective is engraved with @ walue [Fig. 271 which
incicetes far more than Inltial magaification alone. Lat us
repeat the examgle an page 5

401065

1G0T
means: initial mﬂgnifi:ati-:m 43= {mulsiplicd by syepiece
magnification = tokal meagnificetion of microscspe): numer
ical aperture 0BG [for explanstion, see page 37): for use
with microscopes with 8 mechanical tube |2ngth af 160 mm
[distance between objective flangs and evaplece eeating
faca) and with 8 cover glass of 017 £ 001 mm thic<naess

Inataad af 17T the angraving may aloe read £ = incensi
tiwe tn larger denvdations of the cowver-gaes thickneas M =
sorrected for'zero cower-glass thicknass", |, 8., for uncoverad
SpECimeans.

Objectives without any further engraving are the widely
Jsed achrometa. Other engravec abbreviations Fequeatly
found are

Fiagn = Planachrcmet. L e, flat-field achromat.

Sesfluar = high-aperiure abjechve (see page 370 with
mpraoved color renditicn, high contrast, bul wthout flak fisld.
Memapn = Planapachrarmat; objectiva of eptimum colo-
zorrection, makimum apartura end flat fisle.

Altrafluar = specia  objective far ultiay olet mierascapy,
zorrectad for wavelengthe between 230 and 700 nm.

Zpiplan = flat-fizld o3jective for werticel bright-field -
minaticn,

zpiplan HD' = flet-field objective for vertical bright-fisld and
dark-figld lluminaton {n  comjuncticn  with  concentric
‘eflacting o refracting condanaer).

2L~ atrain-fres objactive for polarized-light micrcacopy.

Ih F = phasz-rontrast shjpciiva for disphragm 2 of tha
shase-contragl condenzers.
T . = objecthea with ine disphregm, also suited for trens-

nitted dark-fiald llunination.



el

W

Cilyz
Pathylenjodid

M &iun

abjoativoa for

il [ [refractive indax 1.515) black ring
wakar [refractive index 1.333) white ring
glycaris [refractive index 1.465) arange ring
ruethylene iadicks Crefractive inde 17400 wallow <ing

Farfocal ohjactives . . .

.. and their préreguisites

Korr, = high-aperture objective with correction collar to
allcw for different cover-glass thicknessas (sea page 43,

In addition, colored rngs near the krurled ring facilitate
recognition of the different magnifications: black — 1%

browwn — 252, rad — 4, oraige — 63X, wellow — 10=

light presess — 18=, dark green — 25, light blug — 40x

dard blue — B33, white — 100 (The solor rings refarring
iz the immersien medium, howsvar, ara closs tothe oblectve
frant l=ng; eea table abave.)

Formerly, changing objectives was ratker inconvenient
pacause the tube had (o be lifted before tuming the nose-
plece, and ewvary objective hed 1o be focused asparately.
Tedpy the objectives are “parfocal” This means that thew
are optically and mechanaiolly designed so thot the distanca
bhetyasn the specimen and the aeral image is &lways
constent, Sligkt refocusing with the eid of the fine edjust-
ment ig therefore sufficient to <estore critical sharpnees of
the image after changing from cne objective to another,
while the coaras acjustment need ne longer b2 operated.
This featire I particularly valuable when warking with ofl
immiersisn, in whizh cazs the depth of focus 15 52 amall that
focuging without perfocaized objectives usually pressnis
cansidarabla difficuly. [(Only the aspacially lang Planachra-
mat 1 objective is not parfocal].

It should, hawever, be noed that & few conditions must be
satisfied to mzintain the parfocal seiting of the okjectives:
in the first place, only eyapieces sngraved "LAAL ZEISS"
mist be used (other eyeplaces are daslgned for a differant
lacatian of the asrizl image], s=czndly, the observer must
hawva norma wigion {or tha wvigual dofoot muot be corrocod
by myaglesses or o focusing ewekeng); asd hinzlly, correct
tubse length is essental (with Ginocular tubes, [dentical values
must ke set at the eyvepiece tubes and the wheal betwean
the eyepieces, See page 321
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Slide protectan

Eyepinces

A aingle tvpe for ell ohjectives

Evepiecas for gpectacle wearars

Fig. 28, righs

Trhla nf micrrac-pes magiificabons
DChjactisg erales: whita

Evapiecs ecnlea; himck

Era=plt ihown:

10 phjsctive, B pyepitoe =
S0 1ptal megnilieation

g

Mormal medium to hgh-power objectves have a ralatively
ghorl working distance end mey knock against the spacimen
unlaas apecial tare is teken, n order to prevent dumage to
tha spaciman or the fradt leno of the objective, thass
objectives therafore have a buillin 23hing o that the
objective as a whale will viald to prassure. Some objactives,
particularly those for ol immersion, can be locked In the
retracted positizn by clockwise rotation. This 2 ta avaold
soiling of the speciman with oll when the nosepisce is tu-ned

A wery imoortant hini regarding high dry objestives will ba
feund on page 33 {zorrection collar]

While a few years ago It was neceesary [0 uae differsnt
bppaz of evepiese for low-power and hlgh-powaar objectives
[Huyzens and companasting eyepieces), ZEISS mioroocope
objectives arm now ganerally used with compensating
oculare.  Conseguently, ewspieces pneed na longer be ax-
changed when changing over rom one objective 1o anather.
In spite of this, o classes of evepiece are still baing
manubactured, While the =imple C-type syepieces &ar|
primarily used in conjunction with achromane obpestress, the
Kpl [compansating flet-flalo) eyepieces a-e intended for the
other sbjectives of higher correctizn, but may, of coures,
aleo ba combined with ach-amate.

The most widaly used syepiece magn fications are B and
125%. Fig, 28 shows 2 list of all resultant magnificadone
wiich can be obtained with cur microecops objectives and

SYRPIHGES,

Partizular mention should be made ofthe ayepieces ssecially
deaigned for spectaclke wesrers, A% was mentionad alrzady
aon page 10, the exit pupll of the microscone and the sy
pupll muet coincide if the antire fisld of view 1513 B9 covared.
With normal eyapieces, the dislance belween the edge of
the cycpleas and the cudt pupll {aya point} ie o shart that
evarlassas cannat be kept an if the bwo puplls ara to colnzida,
The high eve poirt of the scecel evepisces For ayeplass
wearers ihkes this possible awen when the eyeglesses are
not removed. The rubber guards supplied with thase eye-
pizces prévent scraktching of the spactacla leneea. — If these






Fleld-of-view number

Binocular b
Adusimant

special types of eyeiece ard used by obeservers not weanng
glasses, care must be taken (o keep the ByEE at an adequate
distance from the eyvoplcoes, If 1eceasary, finging the corieut
Jistarca cen be facilitated by slipping évesups onto the
Fyapieces,

Apart from its initial magnification, an eyaplece is craracs
terized by its flold-of-view number. With the aid of this
number it is easy to calculate the diameter of the fiald
covered (o the spacinen plane, becausa this is(in mi limaters]
equal ta the field-of-view number dividad by the inital
magnification of the ohjective. The fisld-cf-view numbers of
the mast frequently Used svapioca typas are given selow:

C-ayapiace 5 x 20
C-eyepices Ga= IE
C-ayapiese B = 16
Kplevaplace g . 18
C-ayepiass 10 = &
Kpl-ayep ece 0 = 16
C-ayepiass 125+ 125
Kpl-ayepisca 12.5% 12.5
Eplwide-angle eyvapioce 128 18
Kpl-ayepiscs 16 = id
Kpl-myanioss 25 = 6.3

Exarnple: @ 10 objectve in combination witt a 125 eye-
piece permits & Held of 1.25 mm diemeier to be coverad in
the speciman plane.

The microscope can @asily be eguipped for bingoular chser-
wation by exchanging the ardinary tuke for a binocular tube.
The evep =ce slemres of this tube can be displaced in relation
to sach other on a slide tz allow for edaptalion W e
individual Iﬂ:arpuplllar':,-' dietaree of the obsareer, IF yod I no
your interpupillary distancs, you may set thig walue 2n tha
wheel In the center by drawirg the tubes apart. IF vou da not
know this wvalie, look Into tha ayepieces and vary the
distznce petwesn the tubes until the fields of view seen by
both eyes coinclde exactly. Thevalue indcates onthe ceniral



Ewepleca focusing

Condenser
Heught adpustmant

Hlurminating lage fields

Oblicue llumination
with Ph-condensar

whael must then alse be et on &ssh of the syepiece
slaaves. This restaras the correct mechanical tube length which
hps bean changed by the interpupillary distance setting, at
the same time cnouring that the objectives are padocal [5e0
page 28],

If you should have the Impraselon thet your vissal acuity s
different in the two evepieces adjust the eyepiece slesve
ontha poor side untll both eyee sea the same, sharply cefined
picture.

Hezauge of ity greast importancs we want to repeat once
mora that the correct poeition of the condenaer e abways at
itm upper stop; It I3 lowered slightly only for the Hahler
methed of illumiration (ges page 4E).

The raguirernents mads of a condonoer arc portly gonbro
dictory, hecauze it B ot anly the large objact fslds of the
[awespiawnr objsctives which have to 2e illumiteted, but also
the pupia of high-power aystemes of high aperure. Sorme
sondengers are therefire equipped with 2 switg-ou: front
lens: & acon B8 8 low-povwer ooajective reproduces more
than the condenser illuminates, the condenser IMs 15 opanad
fully and the frent =ns swing out. Sondensers without a
awing-out leng usua ly allow tha front lans to be unscrawad;
if aven this is irnpassikle, than it is necessary ta changn tha
condenear.

“aor phasa-contrast llumination & speciel condanasr is used,
the design and oparation of which are described in the per-
drant Instruction manual. These phase condenzera are alao
auifed b ga-galled "ablique illumination ', and in some casas
‘or derk-fleld lurminatdcn. After the microscope has been
adjusted under bright-fleld Mumination, turn the turrat plats
‘rom ibe slick-stop position 1" firis, i e, bright ficld) to the
=ft or right, and you will immeadietely notice the thrae-
dimensional effect which is typical of obligue illumination.
Shortly before the field of view is completely abscured as
you keep tuming the plate, one-sided dark-field illumination
is obtalnad.
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Marmal, i.e., dark=tisld illuminaticn from all sidas can be
c3iained with low and medium-power ¢hjpeatives h:,' ch-:.hl:-s.lng
annular disphragms of the phase-conrasl condenser whicl,
duc to thelr size, emain cutside the ohjestive aparture; thia
can easily be checked By looking into the tabe attar hawving
removad the eveplaca.

Far further detal 5 on special dark-field condensers, referanca
ia made to the breshors & 40—135




Enemy Mo, 1: dust

Qirty objective front lens

Fig. ¥

) Dlwpm obipecbaee Tonl lina (w5 At
prweguiaine far brilliort imsges (o).
L

Even a fingerpr nt on the frant lank
will niin the contnask (Batesm],

5. Care and cleaning
of the microscope

Ar instrumeant which hae to satisfy the most exacting raquire=
ments regerding mackanca and oplical precigion naturally
demands a certain amount of care.

Dust is practically everywhere and may bacome a aource of
troubre whereve — as in the microecose == rrechanicel
parts ara moving ln precision guides, When the trecks ara
dirty they need washing and regreasing — which should
prefarably be doqe by the manufacturer,

Dusl un wptivel slemants will degrade the image quality to
a greater o leaser axtent. It is frue that 2ll sufaces exposed
te dust ara also masily acceseible fe- & eaning, 2ut no g asa
gurface is impravad by “rleaning”, so that the best advies
is always W ewold exposure of t1e micrcscope to duet by
coverng it up with a hood when not In use or by keepirg it
in 3 cabinet. Special care should be taken to ansurs that the
tubes of the microscope are alweys closed either by an
myeplaca of a dust plug.

‘While dust particles on the syap ara will arby give cize to
patches in the Image — which not every obgerver finds
digturbing — a dirty objective font lens may hopelesaly
reduca the sharpness of the image, or at lessy its contrast,
Cue to the fact that it is close to the specimen and poesibly
te the Immerslon oll of the coverglass, but pa-ticularly ta the
hand sperazing the nesspless, the frant lens of the objective
la In epacial danger of getting eailed. Even the lightost
fingarprint may have grave consequances [Fige. 20, 300
Be‘ore starting impartant work it is advisable — particularls
if the micrcscope e not used by ong obaarver alone — to
unscrens every objective and chedk it carefully with the aid
of a magnifier. Dirt Ie eaelly recogrized If the chjactive iz
hield e 1ha; the image of 2 hght sourca s réflectsd from its
alane suilace. [n he case of ubjaclives which have g conueve
Tont kens, o differert approach ia indicated, viz., to examing
the aurface oF the frant lans from the serew-thraed sids, Tha
semalning lans elements can slsc bz examined easily and
any faults (cracks, “starting” of the cement] detectec with-
out difficuley.
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Hintg on trouble-shooting

Cleaning, but how?

Humid climate

Should structuras be found inthe image which are suapectad
of baing extraneous ta the specimen, the fault may ba traced
a5 follows

If the trouble can be eliminated by slight adjustment of tie
condensar, the sause must Be sought in the buls of the amp,
the lamp condensar ar the flitar In fromt of it, Howewer, if
adjualinent of the condsnser doss nat produce any raault,
thie nest stop is ko turn the facusing adjustment, which should
aliminate all Baulta due to soiling nf the candenser front lens
or the speciman, If this does not lead amywhare, slightly turn
first the objective and then tha evepiece, and you will imme-
diately notice in which ¢ase the foreign body follaws the
rotation.

Cust particles are most clearly seeq when the apariure stop
hae baen fully closed, beceuse In this cage the depth of
focus i% At itz greatest.

In almest all casss it will he sifficient to clean the outer lens
faces with the sid of 8 grease-frea brush (if necessary, wesh
in athar first) or witt a frequenily waehed, absalutely dust-
free linen rag and digtillzd weter, produced easily by breath:
ing Jpon the surface Lo be cleaned.

If an organic solvent cannot be dispensed with, it is advisabls
to use very litte ether of benzing Irstead of water, bul naver
glcoho  whigh might destroy the cement between lens
Bl TEnLs.

Ether iz usually praferred bacause it evaporates most quickly
and ary harmful affect 15 thus less lkaly. Finally, residuss
are alweys removad with waler ae descriled above.

Should compressed air be avallable for cleaning, € sura to
usa a filter of cottan wool,

i the air in tie work room continuously hes a8 relative
hurridity of more than B0%, certan precautions should be
taken io gvoid fungus growth on the aptical elements. Co not
kesn microscopes urder plastic covars, do not stoere them in
cabinets, but ensue good ventilaton, If necessary with the
ald af 2 fan. In a perisulardy 1umid clirmate it s sdviesbla to
kaes ophical parts in perfectly airproof containars prowided
with a dessirant aF in which, far instanca. a larmp a1d a fan
circulate air of 40—507 G {100=120° F), — Cur egents hava
epezial instructions and will be pleased to assist you.



The grain In teslide . . .

1o 15 #guivalant

to a “diffracticn grain”

in thi aemal imaga

6. Numerical aperture,
useful magnification and limit
of resolution

To widerstand this question betier, Iet us now think again
of the projector and the projecied slide described in
aactien 3. AL tirst we obserye the landscape on the scresn
from far behind the projactor. In this case, magnification &
=il low, begause the angle of wiew i guite amall. Az we
mave slagar ta the soroen, moagnification inercases and we
Begin to recognize details which had ariginally sssapad aur
atention, But firally & point is reached where highar magni-
fication [= moving closer] coes not give bekter results,
Instesd of single leaves on the trees we then only see the
structurs of the color film, an accumulation of dye particlas,
the so=called grain. By further reducing the viewing distance
woe could, of sourse, further Increase Nagnification, but this
weould ba so-called "empiy magnificetion™, i. e, magnification
which dags not reveal ary new datal .

In the microecope, the sitiation is the same. As we have
aeen the projected image corresponds to the aeral imaga
formed by the micraecope abjactve in the wbe, lust as with
the proscied slda, thers 15 alse 8 lmit for the projectad
aarial image, whare "useful magnificatizn" ands and "ocmpiy
mannification” bagina It g trus that the microseopie Image
will not exhibit any actual grain structure. but hera alss we
may speak of “grain”, beceuss thers iz no optical image in
which an object point is really reproduced as a point (L&,
with no measurable dizmeter). Jus o the pheromena of
diffractien, an obpect point 18 aheays transformed into a smell
digh in the image. b i these so-culled "Ainy disks" which
formm the “image grain™. This bpe of grain can be fourd in
ary optical image if the magrlflca‘tlun iz high angugh. It '
abwioua that image detals will no longer be clearly resog-
nizaz a5 &00n as thew reach the slze of the Alry disk — just
ag we were unable to recognize the leaves in the slide when
they were as small as the dye grain
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Beware of paaude structuras!

What ig the highest pnewsr
wi should uss?

38

Another example: Let us exgminge & moseic from & long
distance [, e, with low magnification). As wa move closer,
we recognize mere details, As saon &8 we Begin b0 recog-
nize ndividual alements of tha mosaic, howeswsr, wa pAss
the limit of "waelul magaification”, In this case, the slements
of the mosale eomespond to the Airy digke making up tha
aarial irmage.

If wee wienw & slide oF a moeaic with higher than usaful
magnificatian, ne harm is achoally dons, seeause we knew
wvary well that the above mentionsd grein astructure doss not
belorg to the object, for instance the landssape, Howewver,
in microscopy the situation g different: zo-called amphe
magnificatian may ehow structures in the image which de not
eXlst in the specimen. But since we do not know the speoci-
men, there s o dange of emorsous conclusions, And in fact
there are exemplas of things being dissuesed In acientifiz
litarmtura whidh did nat exigt in realite bot custhmlly recsslad
themzelves te ba & kind of “image grain’’, i. e., the reault of
diffrection phenomana.

It Felloswa from the abowve remarks that wa should know the
parformance limit of the micrescaps okbjectives we use, | &,
tha point at which their usaful magnifcaion ends. This s
indicated by g value engraved on every objective and called
"nurrerical aperturs”. The tramendous importance of thie
charecteristic will inmedately be recognized If wa say that
v ruamerical Bperlure is tha decidirg factor when determmin-
ing the siza of the ﬁ.lr:,- gighg in the mioroscepic imaga, 1. 4.,
tha alze of tha "seresn’. There iz & dafinite melaficnship
bebwean tha pumercel eperture and the size of the Airy disd
Far the moment, vou naed anly knew the fallaw ng:

The sotal magnificetion of the microscope {, &, the magni-
fication of tha objective multiplied by that of the evepiece
multiplied By any tube or OFTOVAR factor] should not
excex] ong thousand Hmes the numarical aperlura.
Microscopists who have pacticularly gosd visual asuiy
should even wse five hundred timas the numerical apeture
a% a limit. Exceptions to this rula may be allowed in ordar to
facilitate measunng and counting work



Murrerizal mpartura

Fig. =
shorws thia Sain in spartyre By il immers in

(right}
2 Domparsd Wirh & &y kel [l

W stll owe you an explanstion of the tarm “nunercal
eperture’, Fig, 31 ghvas a diag-ammatic view of an objective
front lens and specimen, The angle u’ sublended by the
optical axie and the outermest rovs gl covered by the
objective is & maasura of the aperture of the abjectiva; it e
the aperture angle. However, the magritude of thiz angle is
not indicated in degrass but in the form of a eire value, that
it & mumarical valua. Thie exalaing the origin of the term
“numerizal apariure”, It is the sine of the half aperture angle
multiphed by the refractive ndex n of the medium filling the
apace batewmen tie cover glass and the front lens.
Mumarical apartire — n - sin o’

Since air has a refractive indox of 1, n may be naglected
whan drey ohjscfives are uesd. Immargion ail, which in the
ce3e of an ol iMmmersior ohjective fills the space betwesen
the cover glass and the front leng, hee & refractive index of
1515 and it is obvious that such ar cbjective makes it
possible ta achlewe a conelderakle gain In numedeal
BpEFLIre,




‘What i= the resclviig Imit?

And how g it determinmdg?

With the ald of the numsricel aperture we can alss compuse
the lieni; of resclution or maximum resohbing power. By this
we understard the amallest szparation — designated o —
which two structural elements, 4. g., two odjazent flagalla,
may havm in ardar to be Imagad as two separats slemants
instead of ons.

If ™. 8. ooy END N 8, cane 878 e numerical apartures of abjecs
tive and condenser and & |a the wavelength of the light veed
for observatian [in 11000 mm or microns), than the amallest
regalvable sepatation betwaen two abjsct paints [ kewize
In mizrcna)l ia

5 A

A gp M B aang
Cxarvple: Using & green lilter, the wavelsngth |15 085 &;
aggumirg the obleetive uaed to have an aparturs o 1.25, and
tha condeneer one of 0.3 than d = C38 u_ | a,, tha Fourth
part of a tiousandth of a millimeter. — However, &trcthrsl
elements whizh are just resolead are not reproduced with
Fu | fidelity.



Whatig oil immergion?

Irmportant:
correct application of the rigat oil

Irnmereion objactives mostly
hava a shart warking distanss

7. Oll immersion

il immersion ohjectives are cbjeatives whick are ussd with
irmmargicn ail {ingtesd of air] betemen oklective front |=ns
and cover glass, A was exzlained In the pravisus seaction,
this methed leads t> 2 gain in numerical aperiure, For the
same Imagz scale, an oll immersion objsctiva iz always
superarta & comparable dry objective B3 regards corraction
There &re, of coures, cases which do not permit the applica-
tion of the oi immerdion technigue. 100 objactivas are
alwayes il Immeralon chjectives,

The usar should, if possible, emplay anly the type af immer-
glon oll suppliad by the ozlective manufaciurer, bacause not
enly the refragtive index must have & certain value, but alao
the dispersion of the oil. Tha immersien il supplied by ZEISS
i% syithatic, nor-tHuorescicg and non-resining ol with a
refractive index of 1.515 and a dispe-sion of 43.86. The oller
gupplicd by us with cvery Immersion chjective ia designed
ter facilitate applicaton of the il t& the cover glazs without
air bubbles: turn oler upalde down, welt until the alr heas
risen and apphy & little oil, The objective may be moved into
positizn 22 weua . In this case, excessive oll and, poseibly,
bublsles are pushed aside due 1o the shart working distance.
In additicn, objectivas with & plana fron: lens can be pushsed
vpward In their spring mount, lodsed by clozkwise rotation
and lowered verticalhy into he ail only after the aoeapiace
has bean turned ang engaged tha notzh. Parsanal axpariance
will tearh gnu which of these two methode s more con-
veniant.

If focuaing the specimen with oll immersion should prowva
impnssihla, reamembar the pravioosly mentiessd peasibility
that the cower glass may be toco thick for the short working
distance available ¢r that the space between the specimen
and the cover glass, which is filled with mousnting medium,
mey be ton wids, which comas to the same thing,
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S cramerisers
alza raquire imearsion

Fig. &2

Flarachromat BUTLE] with comeolion collar

Taz carwfilly sciusted for coonrglaco thichnaor
Bottom: ot odjused

Crll basbidd wid simphyiccomi [Grem's sipich

Az

If wour condensar has & numerical epertu-e higher tham 0.9,
it I advisable also to iImmerse the condansar {if net with oil,
at ladet with watar] for use in combinotion with an ol immer-
aion objeelive. For this purpoes, & drop of oil i applied to
the underside of the speczimen elide and ancther ene to tha
condenser frant lens. This will efeciively recuce the darger
of bubbles ferming when the condenser Iz Immereed. —
Whaether both oll flms ere actuglly free from bubbles can
aasily be catermined by looking Inte the obeclive from the
Loy al le: hu'.rlrlg remaved the evepiecs, The mnt-:rl:rg (] [0
coope of the phase-contraat agquipmen: aimplifiss thie quits
censiderably.

Although ZEISE irmersion o g of the non-resining byope,
it should be rerrowved at the end of the dey by means of a
claan reg of the kind wvaed for cleaning optical elements.




The oowver glass —
tha first "lans” of the object ve

Thi Fighsrthe apsrure,
thi rrare acaurate the cover gleas

Objeclives with a cemrecton collar

are for gareful woers anly

B. The question of cover glasses

Knawing the kigh precision required for she praductior oi
microsccpe objectives which are to give lirsl-rate images,
we should not be surprised thet the ever glass, which ie
lscated betaaan tha speciman and the abjective front lens
may ot ba just any cover gless. We should not forgst that
gimple g ass plates, that is plare glates, alse have an optical
power and that she optical power of the cover glass was
taken ints aceount in the computatieor and design of the
chjactive, With normal microscope objectives, t1e cover
glass iz part of tha Image-forming system. 1L is a “lens
glement’ {though with infinite radii of curveture]), which is
located sutsido the sbjective mount bue still ferma a part
of the aptical ayetam. — Tha rptimum thickneas of a cower
gless s 017 mm,

Skictly epaaking, this sppliss anly to objectives whoes
nume-ical aparture axceeds a8 ceraln walua. With objectives
having an aperturs not excesding 0.3, specimens may be
examined both uncowered or with cover glasses as thidk as a
millimeter, and the epharice] sberration will not E2 nobce-
abla. With aparturés berwean 0.5 aid 07, the cover-giass
thickress stould nol deviate frem the naminal value by more
than 5.0% mm, With highor aperturee, even & daeviation of
0,01 mm will considerably impair tha quality =f the image.

In ordar not to ba restricted to specified sovar-glage thick-
nissRs whan using dry cbiectives of parficu arly high ader-
ture, objectves wera dasigrad in which the pptirmum cover-
glass thickiess '8 not & fixed 017 mm, but cen be wvaried
within a range of 0,12 to .22 fmrm [ebjectives with comeaction
collar), IF the sover-glags thicknees of the specimen to b
examined 18 urkmown, first set the correctien collar et
017 mrn ard fing a hich-contrast area in the apacimean, Then
try wigthor the sortrast la improved IF the comaction eellar
i gat for greates or lesear coverglazs thicknesa. Thie also
reqguires refocus ng, |k is abvicus that n the hends of inex-
parienced Jsers, who usually leave the carrectior coller at
are and of its range of adjustmant, these abjectives may give
wary disappainting results [Fig. 32
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Ol immeraion is 18ss critical

How 1C obtain good covear glasses?

i

The eituation iz different with il immersion objectives,
Bacause then & medium of high ref-active indes, ramely oll,
iz in frent of the first lens. In this case, the thicknese of the
cover glags is not vory aritioal. EI:IIII it showuld b remembigred
that immerslaong ars tadey no longer 'homogesescs” snough
(5, &, glass and oll of identical refrective Incex] 0 allow the
cover glass to be dispznesd with as a matter of course,
When the cover glass is omitted, For wery critical work a
correction ia required either by incressing the maghenical
tub# lsngth or By using a special Immersion il (for more
datails, see, for inslance, ichsl, Vienna 1364, pays 174].

For praclical weark, it is thus necessary always to use covar
glassas which ara axectly 017 mm thick, far spacimers which
ara to ghwe optmum images ewen when axamined with the
gid ofhighdry abjectives. Misramaters, se=rallad cowar glass
nages, are avallab'e for measuring. Appraprigts covars may
thus 2ither be selected by the mizroscopist Fimsel, or others
uged wiich have bean apes ally aslactad by the manufaciirer.

It shauld ba manticned that ir those cases whare the cowvar
glaas is mot in dirsct contact with the soeciman, the inbar-
mad ate layar of mounting medium has, of courae, the same
effoct oo adgitional thickness of cover It s tharafore edvis-
ahla ko weigh down the sovers of specimars during drying.



Tevr importani requirsments;
rhjact Aald ard pupil must ba hright

Kakler illumination

Requiremanis

. and progedure

9. Microscope illumination for
more exacting requirements

For lees critical work, the microscopa mireor may be jllumi-
nated aithar by daylight — prefarahby diffusad light, such as
given by & white cloud — or an ordinary deak lam:s with
inside frastad bulb. Morz comvenient are the attachable
simple subatage illumnators for direct connectien bo the
mains for teaching microscopes [ge2 Fig. 1) In all these
ceEes optimum corditions will have 1o be determined by
trigl and &ior. Two things are irpoctant: the field of wew
should be cwenly illuminated ard — when the eendanser s
iz open and the condenser in its Jppernost sasitian — the
badks lers of the chjective should be fillec with light as
completely as possizle, This [atter condition is checked after
tha eyepiace has been ta<en out of its tube.

For microacoplc ressarch work, phatomicrogrephy, micro-
projection, &te., precise control of the light path should
mlready start befere the light reeches the specimen, | e. &t
the light scures. Prof August Kahler first used this exact
centrol ef the light patt in the illuminating boom of the midro-
renpe, and the method i todeay called “Eahler illumiratinn”
(lourral of the Raval Micr. Soc).

ze of the Kohler method depends on the availability of a
micrascope illuminater with & lamp condenser and an irie
diaphragm in front of it [Fig. 33} The lamps wsad in such
illuminatars usually have & small, corcentrated filamant and
cperate on B or 12 wolis; they arme thermafore called |ow-
voltaoe lamps. Contrary 1o normal bulbs for electric lighling
it is not their wattages which is dasisive for thair efficlancy,
but thair luminance,

The Ims=wnltages illominator incarporased in the bage of lamger
microacopes is, of couras, alac suited for apphing Kahler's
rubas of illumination

The procedure for eépplyirg this method of amination 15 a5
fol owe [Fig. 34):
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Fig, |
Low-wnltnze microancpe il luminaio:
with irks disphragm, <n akind

Fig. M. right

A lamp dophragm, &yrmed
B lamp dinpheage, fecused
C  lwmz d mphregm. cantsred
B lanmp disphrapn, cpen
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1 Align microscope illuminatos with pane miror of te
microscops and adjust it so that a emall, bright spot of light
it projzcted onto the mirmer or an Imege of the filameant
forrred (thia adjustment is facilitated if 2 sheet of pager is
hzld cvar the gurface of tha miror).

2. Rack up the condensar to its top and teke the ewepiace
out of the tube. Keep Bdjusting the mirror until the back lais
of the objective is filled with light, DXmming the lighl by &
nautral den Sty flter would be adwizob . Ingerk the oycpices
atd farus the spaciman with £ 105 or 163 objactive.

3, Clp=s the ins diaphragm of the llluminator (field atop)
alimusl vorpletely and mgve i (umshargp) inage on the
spaciman inta the center af the fiald of viaw by rataling and
ti ting tha mirror,

4. Facus the edge of this diaphregm image by slighthy lower-
Ing the condanser. Both the apacimen and the field stop are
now sharply defined. Then open 1ha figdd stop unti! the entire
fiald of view is just clear.

5. Slightly readjust the lamp zocked or the lamp cordenser,
urti the fielc of wiew 15 evenly | luminated.

G. Af first open the condanser iris (Eperture 5803 corpletely
{image very bright) and zlose it only far enough to eliminate
glara in the maat impodent image elerants and ta make
thedr appedr with sabsfactory contrast, Wity etained saeci-
mens Lis is U case gven ot & relatively wide saerfure,
while fresh speeimens raguire alightly maore atopping dewn,
Slﬁﬂﬂirg dawn furthar than is abzolutaly necassary (far
azample, to reduce the brightness of the image) is ane of
the bigoest mistakes & micrescop st can make, since It entails
a logs of resolving powsr. — If the intensity of the light is
tad high, raduca the lamp voltage or insert gray or green
fitters into the filter holdsr.

T If with low-power ohjectives oaly part of the fiald iz
illumineted, swing cut the condensar front lens and open the
condenzer irig fully, Cortrast s then controllec with the ad
of the lamp daphragm.

In the cape of micrassopes with a bulle-in (llum netor atep 1
and partly glao step 2 are omitted. Undar 3. sentéring is nat
achigved with the &id of & mirrer, but by the centering scewa
of the condenser. Plesse consult the aperating instructicns
supplied with the microecogpe.
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The path of rays . ..

-1 for the windows

« .+« for she aperure stops

The advantagas
of K.ahlar [llemination

Lat ug now examing the pakh ob fays with KGhler illurrination,
It conglata of two superimposed beams. For grestsr clarity
we shall shosr both baams separataly and cnly on cne side
[in the oopc of the pupil boam, for irstanago, only tie ravs
ofiginating at ore end of the flamant).

Fiy. 35 shows the paill of the rays osiginating and meating
in tha planas which are In shamp focua tegether with the
speciman, i a., tha sa-called windows. The rays smanating
frarm the field diaghragm <f the lamp arz combines | the
specimen v the condenser (in ather words, an image of the
field diapheagm ie formed on the specimen}. From there, the
two images are projected ants the figld of visw diaphragm
of the eyepisce [aeriel image). Yhen the adjustmeant |5 coe-
rect, the Images of the field and field of view diaphregms
appear sharp, both ase centered, i_e, they are concantric,
and they ars of iantizal slza,

Fig. 35a showe the rays which combine st the apsriure
disphragm planss, S osing down these diephragms would
affect the diomcter of the proviously mentionec exitk gupil af
the microscope abeve the evepissa. Due to refraction by the
condenser, tha rays emenating from the source mest in the
agerure diaghragm of the condenser and ere then imaged
by cendenser and objzctive in the axit pupil of the objective,
whence they are rensmitted by the ewapiece to the exit
puptl of tha microssopa. At all thasa paints, an image of the
light source L |s formed.

What advantages does the Kahlar method offar?

1. In epite of emell filaments, the enfire area of the amp
dinphragm has the same |luminance ag the filament, ao that
anly & law poweer Input |s required for the lamp,

2. Dua to the sdjustmant of the lanp disphragm, tha area
illiminatad in the speeimen sarrespands to the one which
ig iraged in accordance with the field stop of the avep ace,
The spacimen is thus net subjected to unnecessary iradia-
tien (exeminstion of living crganlams!), and contrast-raducing
stray light from specimen #reas ouigide the field of view is
eliminatad.

3. The aperture a&nd thug contrast 83 well as depth of focus
are contre lad by the condensar irs,
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Possible difficultizs

Why auxiliary lanses?

Fig. 36

Effect of 2imiliary lanee

With Khsker illuminidiss Gnd Builtn 1 rsmingior,
Ipsiring the condenser would bead

10 i sxcmemied lodd of apariue {Isf

This i evoided by T ues af seciliang lonees

frigrel.
&0

¢, Viewed from tha specimen, the light source 15 at infinity
iparellzl ays in the aperture ray path, Fig. 35a). Any ive
qularity in e @ource s thersfore |sast effective in che
specimen plane

5. Sinee the field stop % just fully filled wity laht due o the
adjustmant ot the lemp diaphragr, ne light whick could give
fae 1o disturbing flere resches the inner wal's of the tuba,
45 a result, particularly brilliant imoges are obbained,

When adjusting the equipment for Koalar | umination, © may
happen that & certain granularty ls noec which is super-
impuesd on the specimen over the entive ficld af wiew. Thig
ia tretexture of agreund-glass scrasn or an efchzd collactar
lens which ara intended tn acwer up the irregularity of the
goLrce. If this plate shauld accidentaly be in sharp focus ag
well, It is only 1eceseary to alte: the helght of the condansar
glightly.

With higi-sperure tandenaers sham imaging of the lamg
diashragm i& frequently possible pnly If the specimen alide
is net thickar than 1 mm,

f picroecopss with built-in illominator the field diaphraam
& anmetimes locsted wary closs to the condenser. Whan
imaging this diaphragm on the spesimen in accordance with
Kénler's rules, the condenser kas to be lowered to such an
awteni that a corsiderabla lose of aserture ensues. “his i
svpidad by & so-called auxiliary lens which is supplied to-
gether with the microscope and is lesated directly belaw the
condensar, Its functien ia illustrated n Fig. 36 I© = separate
high perfermance llluminatar is used, the suxiliary lzns
ghould ba mwnng gt or, battar still, replaced with the langer-
focus "'auxiliarg lens 117,

S



Equipmant

Fig 37, top

Eyasidea w h Fraiming gy dan,
SYRIINGE microTiesr,

EIBCE MianoEsar

Fig. 38, bakam

Datemiration of mGromsosr value

10. Length measurements under the
microscope

Measurement of microscepin nhjenta 1a ‘elativaly simpla, bus
depands on tie availability of the following eccessnrins:
ma3suring éyepiece evegiece micromeler and stage micro-
meter [Fig. 37).

A round gless disk with & scale — the micrometar disk —
can be Insarted in the measuring eyepiecs, and the foousing
eyelery ensures that even abservars with defective ayesight
oan s&e 4 shearp image of the scule. — Tie stage mizrometsr
i & mcale graduated in unite of 1100 mm on 2 conventicnal
specimear slida,

1]



Fig. 3 Eyspéans micromaiar

Cenirast micramebar

Eal @ Dor[ras miG reimakar

FLEL MiCremu S

Tha prozedurs is a5 followss:

1. Paosition the round aveplece micremeatar in the measuring
eyepecs, For this purpose unscrew the lower part of the
eyep ece, remove the ring abovs the syepieca diaphragm
ard replace It after having inserted the micrometer digk
{szala wpwards), Thea acrew the eyeplece together again.

2, Focus the eyalana in sich a manngr that the scale appears
with maxlmum sharpress; then ingert the eyepiece nto the
tube,

3. Place the atage micromatss on fhe stage and focus the
microgcops on the scale. Both scales wall then appear
sharply dafined. By fwrning the eyepece, Lhey are laid
paralal to esch other,

4. Find cut haw many divigions of the ayepecs micrometer
correapond ta 8 cartain distance oo he stage micrometar
amd calculate the length which coresponds to ane divieion
of the pycpisns miGromatar,

Exarmpla: [Fig. 3% B0 dinvisinne correspond to 1.35 mm

ane division = %5 = & mm ar 165 microns.
5. The "marometsr valua™ thus detarminzd applies anly far
tre abjactive with which tha calibration wes made.

Subsseguently, it i3 erly noosssary to multiphy the number of
divigiare coverad by an Interesing detsil ‘n the specimen
by the mirrameter valua in order to determing the length of
this detail in the objest plane. [Far serial messuraments, the
micrometer value need on'y be sat once on the slide nis,
whesaypon the different lengths can simply 2& read off))

Since the micrometer velue also depends on the mechanical
tuba langih, it ia advisable to keep an eye on the astting of
the eyeplece skeeves of the binocular tube which must rot
ba alterad,

If the Fessuremerts extend over & longer period of time or
if the specimans themselves axhibit a fine linear texiure, We
recommand thet a contrast, | ne-contrast or net micrometar
digk be used Instead of the narmal eyepiece micromoter
{Fig, 9%a)

A measuring eyepleca can, of course, be used in Lhe sama
manner 83 eny ordinery eyepiece F the micromatar digk is
Laken out, In this case, an obsorver whe has normal vision
ghould get the zerm matk =n the ayslens saaly at the bleck
ingkaad of the rad lire.



If nacas=ary, it can ke simpla

=lg. &0
Fhakmirogropy with 1 relas comers

1. The camera on the microscope

"he simplest wey of taking photomictagraphs ie to mount &
camera with i1a lens set ot infinity Bs closaly above the
microesase oyeplees g8 poesible and 1o open the camers
stop fully. If the microscope was firet fecumad with rolaxad
sccormmadation, then che pratamicmpgraph will be sharp,
but wsually vignetted, This is due to the fack that in comhi-
nation with a camare lene of narmal focal fangth (580 mm for
24236 mm, 75 to 80 mm “or 626 em, 125 mm for 69 cm)
only wide=angla microscope eyepiecss cover the entire fizld
of view. — Any deubts regarding critical focus can be
aliminated if @ aingle-lens reflex camers is am ploryed [Fig. 400,







Focusging beam splittare ara ideal Since a portion af the light is lost by tha time It reachas
the camera bens, the focusing slements of nomal reflax
camarns [ground-glass sereen, split-image rengefindar, micra-
o sm F:-l:u::lng rimg, atc) ara not vary comeeniant. Congldar-
galy mare accurate pnd hAghtar are spacial ﬁ'_n:us.lrg' hiasm
splitters witk croes hairs for focusing on the assia image.

Fig. 41, lalt Witk camerss with focal plane shutter swch as Conarex,
ZE153 atinchmert comam | Caontax, sto., It g edvizabls to refove the lens ang attach the
';I';"‘:‘I‘;'::I’:‘D‘:“““ carmera body with o special adapter to 3 so-celled attachment
TEISE mimchmort camemn | camara which B3 evailable either without [Fig, 41a) or with
mhl wEpwr e o photoslecric exposure dendce (Fig. 41 1.
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What image =cale is obtal1ed
with & photemicrographic amera?

Expoaure tirms

High-cantrast film
or energetic devaloper|

5i

The iresge szale on the film differe by 8 certain factor frem
the magnification given by the microscope during viswsl
wiork, Thig Facter ie Found by dividing the foonl length of the
camara lene [Ir millimatars] by 280 mm, (Exampla: A Conta-
fiex camera 85 shown in Fig. 40 has a foeal largth nf 50 mm.
Corsaquently, the factor is 1/6, Objective magnification =
ayapieze magn fication * 1/5 thua givea the image scels on
the 35 mm negative.] The spesial ZEISS atachmant cemers
shown in Fig, #1 has camera factors degendent on the indi-
widual film fenmal.

Detarmination of the co‘rect exposure for phetemicrography
is very comernient If spacial photoeleciric sxposure devices
ara uged [Fig. 41 E).

Another simple and eccurate method is direct measuremant
of the <inder image of a reflex camera, prefersbly by maans
of a photoelestric axposure mater whish has a small accept-
gnéd angke and measurng surface (e g., the ZEISS KON
“IKQPHOT GL). Mot even calibrazion photos era required,
if, for instance, the followirg procedurs is used

Polnt camera with le1s sat at f2.8, for example at a bright
wall. Take a metar reading et the wall, with, say, f2.8—1.50
8aG. Then tuke a reading with the meter painting atthe groutd
glags or the finder imags and read the f-stop comespomsding
b LED sec, & g, £'14, When taking the photemizrogrophs,
al readings sheuld then he takan with the mater pointing at
the findar image; the sxposura tine is then tha value correa-
ponding te £1.4,

If working esnditions are always identical {objective, aye-
para, pogitlon of condenter irs, lamp, film spead], than
BEpOsSUrE  massuremants are not reguired. A few  test
axpaosures may be made, after which the optimum expoewrs
time determines can alweys be vaed.

With normal develooment, high-contrast film should be
employad, because confrast i1 ghotomicrographs s uaually
fower thar in outdoor photography. — Filmsg of "particularly
high resalving pewer” are not nacessay, bacause espacially



When i% 35 mm teo small?

in high-powe: wveork the resclution of ewan the least suilable
films Is still higher than that which ie physically possible in
the migrogsoope. The simplest and ong of the best metioads
ig to ues ardinasy all-round film and te develop it in a paper
davslopar,

It has baen found in practical work that negative sizes larger
then 24=26 mm are of acvantags only if small-scale phota-
migragraphs, and particularly photormacrographs, predomis
nate. In adeitian, larger sizes stould be wsed H color
phetas heve to be teken for printing purposes. Z-ISS
E»uppli-&-ﬁ gpestial photonderographlc atachmant cameras far
QU RN (B am), AL MBI (BB am], SMa"=4l*
[9% 12 cm] and 4" % E* [Polaraold),

12. Micro-projection

Micre-profzction 15 a veluable technicue if several people
want b obdsrve & microscopls Image simultatsoeusty, For
smaller grouss & viewing ecrean iz employsd, which io
gimply axchangad for tha ocasareation tube end which offers
an image scals of 0% the objective magnification (Fig. 42].
A legs expensive salution istoprojectthe microacopic image
onto awhite surface withthe aid of adeviating prism attached
to the avepince, When the obzercar stande begide the eye-
place, the magnification s the sane as in the microscopa. If
the viewing distance is halved, magnificalion is doubils=d, sl
Due to the frequently large Imoge diemeters and the
ralativaly low efficiency of arejection in reflected light,
light scurces of higher luminance are then reguired, with
which above all the spegial aguipment for micro-projaction &
provided. For further detailz, referance iz made to the coe-
responding ZEISS literature.

or
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Annex Bibliography

Far more comprebengive intarmation on the field of mizros-
copy wa plve below the titles of & numbsr of worke.

"Using the Microscope'™ by A. L E. Barron
Champman & Hall, Londen, 1955

"Microscopy” by W. G, Hartley
English Universities Poess Ltd, Landor, 1862
Amarcan aditon edited by Jokin ). Lesand Beroard Friedman
The Materal Histary Press, Gardan City, Mew York, 1084

“Lectura notes on the use of the microscope by R, Barar
Blackwell Sciantfic Fublicatiors, Owford, 1953
and F. A. Davies Co,, Fhiladalphia, Fa.

“An Intradustion to tha Principleg of the Microscops

and its Apolication to the Practice o Photomicragrapay”
by R. Schank and 3. Kister
Chaprman & Hell, Lepdon, 1962

“"Phatomicragraphy’™ by A. B, Allan
D. Wan Mostrand Ca., Ina. Prinzcten, Maw laraey, 1956

“Analytca Cytology”
Edited by A. C. Mallar
2 rd Edition, 1952, MeGras Hill, Londan

“Prograss in Microscopy” by M. Francsn
Pargemon Press, Lendan, 1961

‘Handbook of Chemical Migroscopy”™
Ly E. M, Chamot and C. 'W. KMaaon
lohn Wiley and Scng, Ing, New York, MY, 1853

Comprehensive works In German and French:

"D Grundlagen dar Thearin das Mikrakope” by K. Michel
2nd editon; Wissersch. Verdagagesellsch., Stuttgart, 1964

“Die Mikrophotographie™” by K. Michel
2 nd edition; Springer, Vienna, 58

Fig. 42 “Traid de Microscopia™
STANDAAD UNIVERSAL Micrassops by A Paolicard, M, Bassius and M. Lecacin
ML g, 3 ey Massen st Cig, Para, 1857
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ZEISS literature

The Micreacopy Departmeant has distributed a whole serias
of eata ogs which glwvas a good |das of alnost the entire lina
of equipment supplied by them; the mast irpactatt of thase
are:

Froutineg andd Research Microsooepes dl=—120
STAMNDARD HF Micrxscopas 40— 30
STAMDABRD LUMNIWERSAL K

Microszoase for Wertical llumingtion 40—143
Fhasa Contrast and Intarference Sontrast 40—180
Fluorescence Microscopes 40—215
Invertad Microscopa 4i—Za0
Microgzope [lluminatars and Light Filters q—341

Instruments “or the Photographic, Graphic
and Projestive Neproductian

of Microssopie Spec mans A—4010]
Fhomomicrasnops o [ I L T ]
LILTRAFHOT 1| 40—a52
Aesearch Metal ograph ULTRAPHOT 11 84 4 53
Instruments for Pa arizing Microscopy 40—GE0
Interferance Microscopy wth Transmittec Light 4 5ED
Epl=Microscope 40—E55
ETAMDARD Metallurgical Microscopa 40— 580
Eteracnicropcopss Al

ZEISS raprints

Feprints of pariculary intéresting articles are ikewise evail-
able. However, the steck of euch matenal 1s imited, and wvary
often the articles wara reprnted onhe inthe language in which
they 1;r|g|1.:|1l:|r appeared.

On regusst, schonls, institutes, ebe, may recaive an instruc-
tional diagram in the form of roller posters, ehowing the cross
saclior, of a micrascope ant the correspending light path
(Sar, Mo, 40020



Additional information

The staff of sur guest laboratory at the Oberkochen main
factory ez well as oJr subsidiaries or representatives all
over the ward arg entiraly at your service for consultaticon
on younr erlicular prublesns.

Mey we zlsg call vour attention to che fect that anyore
who unferstands Sarman and ie irterested in photom cro
graphy may participate In 8 five-dey introdustory courae
which 8 held every year in March or April at GSttingan, For
applications, pleass write to our ZEISS egent or directy 1o
the Micrascopy Degartment CARL ZEISS, 7082 Oberkochaen-
YWuartt — Waat Garmany.

Dialivary programme for ZEISS Microscopas
and Bupplemaentary &tachmants

Moutine and Mes=arch Micrescopes

Micrassopas with built-ir autematic camara

Attachment camarea with mecianical and avtomatic shutter
far protomicragraphy

Micra-c ne cemeras

Palarizing microscopes end accesscries

bquiprrent For irferterenee micrasoopy with irgnamitted light
Phase-conrast mICroscopes

Muorescance migroscopss and fuorescence luminabe s
Zpadgial misrocoopes for metallegraphic ecaminatione
Epl-Microacopea, Epi-Technoscopeas

M icrascopas for depth messuremants

(microstopes for measuring the cepth of etching wells)
Crfferent tvpes of Sterecmicroscopes

b cragseopas far plankian and tissus edaminationg
Cytopheraometsr for elecirophoretic examinations of cells
Univarsal Micro-Specirophctometer LIKSP |

blicramcops Fhotometar MPR

bMicra-project on devices

Micrascopa Hluminators and light filkars

Tobes far sonnecting the micrascooe b the TY camera
Drrewing instrumenis for microscopes, heeting stages
ard other accessoras

Diffraction apparatus for mizroscopic deamanstraticns

L3



ZEISS makes micrasenps histary

1872

ZEISS and the art of microscopy

Thi arigin of your ZEISS microscope

lieg n the warkshaps o the firm of GARL ZEISS. In 5496,
the wniversity mackanc of thal name ealablished @ workshop
for aptical mechanles ot lenn, which gained world rencwn
aftar Dr. Ermst Abbe had jainad him as seientific collabo-ator
in 1886, Ernst Abbe. who wae elso professor of methematical
physics at Jena University, laid the scientific sasis for the
antira flald o microacopy. After the death of Car Zeles he
get up the "CAFL ZEISS Fourdation'' (1889), transferred his
entira fortune to It and put Into gractice social ideas which
at that time ware senzational & g., #ension -ights and profit
sharingl. Ever mince, ZEISE has been warld famous for top-
quality apticsfor uea inthe fislds of micrescopy, phetography,
astronomy, aic. Aftar Warle War |1, the firm of CARL ZEISS
wag digmantled and expropriated. The Mansgement ard
abowt 120 leading personnel of the company begen 1o buid
B new ZEISS faotory at Oberkochen Wuerttemberg West
Garmarny], whers they were gradially jeined by many apecia-
ligts fram the ofd works, In the new production program,
which ranges frem mpeciacle =nse=s t9 plaretaria and frem
magnifiera to alaciron microssopes, ligh: microgcopes arg
commarcially tha most impartant tem. They are being built
in an affort to cerry on the tradition of a graat nama

The ZEISE works have made dscisive contrbutions to the
development of the modem microseape. From the lang list
of innowatians imroduced by this company, we have sslectsd
thaae poinis which may be of particular interest ta vou,

For the first time In the higtary of the microscope shjEclivas
wers offered which had 1ot been made simply by “tying It
out”, but on the basie of mathematical and eptizal research,
The CARL ZEISS list Mao. 19 [1B72) cpens with the sentence:

"Tha microscope svalems below are exchnsivaly basad on

thearatical computaticne cemried out by Professor Abbe at
lang.”



1886

1856

1804

1811

]

1935

1836

1943

At the same time, the big Axbe illuminater appearad For tha
first ime “combingd In all its parts exclusively on the basis
&f theorstical considerations™,

In the ZEISS works, Ernst Aboe succaeded In making
rhicroscope ohjectives of unusually high correction which he
called Apochromats. At e same time, the corresponding
uoTpensating syspeces wera intraduced.

Prefessor A, Kéhler, who joined ZEISS v 1803, published
tha methed of llumination later called aftar him,

ZEIS3 built the first Greenough stereomicraacops.

Proleasor Kohlen publishes his wark on the ultraviclst
microacopa,

Fallowing & suggestion by Kohler, ZEISS Intreduced par-
focallzed microscope abjectives.

ZEIZE rewolulionized the constructon of microscopes by
deaigning the L atand (not tiltable, stage always borizonta
low conirols]

For military reagong, tha anti-reflaction coating of lens sur-
faces (“3lcoming™) invented by ZEISE had to be cleasified
BE SEGREE,

ZEISE built a first prototype of the phase-cortrast misro-
soops based on suggestions by tha later Mobal Prize winnar,
Frefeasor Larnike.

Aftar prolonged development wwork, ZEISS were able ta offer
the first flai-fisld objectivas (Flanachromats),

Tha micrescopy laboretory of the ZEISS works producsd
the first motion picture on cell divislon usng the phase-
cantrast micrescope [Dr. K Michel), Witk this examination
methed, el research entzrad a8 naw phasa.

5
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1956

1950

G

ZEISS built the first stereomicroscope with megnification
changer [eliminating axchange of objectives, offering con-
stant working distence).

The ZEISE STANDARD Microscope introduced coaxial
controls and spring-loadsd ohjgcives [speeimen protection)
into micrascope cCcREruction.

ZEISS obtainzd a patant for @ magnification chenger desig-
neted as CPTOWAR.

The firat phatomicrographlc devies with fully autarnatic az-
posure contrel was sold (ZEISS Phatemicroscope).

With their Llipallugre, ZEISS pucceadsd in reking refract-
ing chjsctives sultable far both altraviclat and wisible light
(imparlznt or micregosctrophotoretry and cancer resaarch).

CARL ZEISS, Oberkochen /Wast Garmany
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