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Incident light specimens

Opaque malerials

amplitude and phase specimens

lncident light microscopes are used to examlne primarily

opaque specirnens. A malerial ls considered opaque by
microscoplsis lf as thin sect on or polished thin sectlon of
aboul 25 ,T il is ron lransoarenL in Ihc visiole spPL al^
rarge'ron 450 lo 650 r'n \rlela 5 a'P soecinen" ot lhi4
kind (Fis.1). Specimens which are transparent as thin
sections but opaque in thicknesses of a iew mlllimeters,
such as coal, wood, slag, rock, plastics or bones, are also
examined with lncidenl lighi mlcroscopes Findings ob-
tained with a transmitted light microscope are supplement-
ed by inlormaijon derved from exarnlnai ons with an
incident light microscope and vice versa.

Opaque and lransparent r.lcroscopic specimens have
pronounced ampliiude or phase characlerislics. The individ-
ual componenis ol amplitude specimens dilfer in the
amount of light absorption, i.e. th€ eye sees different
leaiu'e" ol a1objecl ir drllp e'rl s1.des ol grav or even in

Refleclance and ditful

Preparalion of polishe
(rit.1)

Fig. 1

Magnes Lm zlnk alloy MqZn 30

DlJiereniial nlerle.ence conlrast
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Refleclance and ditfuse
rellectance eflects

Prep€ralion ol polished specinens
0it.1)

t

Phase specimens diJfer only in ihe refractive indices oJ ihe
individual components, bui ihe eye is incapabte ol recogniz-
ing such diflerences.
ln practice there are no pure amptitude or phase speci
mensi either the one or the other property js predominanl.
Opaque specimens are considered phase specimens if the
refleclion differences beiween lhe individuat components
are below about 10 o/0. Befraciive index and reitectance of
an object component have a specific retationship to which
Beeas law applies (see lhe chapier on refleciion pholom-
etrY).

Whether the surface ol a specimen reltects or reflects
dlilusely depends on its micro struciure or morphology.
Befleclance and diffuse refteclance oi a specjmen are rhe
ralio of reflected to incident tuminous ftux and are atways
sma ler lhan 1, i. e. less luminols flux is re|ecied than was

Befleclance includes rellection. Reflectance is actuatty a
diifuse reflection and depends on the angte lhe specimen
surface elements make with the rnicroscope axis (unequat
90o). Refleciion occurs if the surface elemenrs of the obiect
cornponents are orienied perpendicLrtarty to ihe micro-
scope axs, which rneans thal the refteciion angtes are
merely a funclion of the microscope s ittuminating aperture.

Preparation is a maller of experience, because each
specirnen type requires a specific lechnique to prepare a
polished seciion. There are no generat rutes. A polished
speclmen for microscopic examination in incident tight is
generally prepared in ihe fotlow ng wayi a piece aboul
walnui size is cut oli ihe specimen wilh a diamond saw
and rnounted in synthetic resin. The specimen surface is
ihen g ound ano po isl-ed.
The choice oi the grinding and polishing media depends
on the lype of specimen, and lhal oi the substraies on rhe
media and.hp hard'ress uonoo.i io'l of rhF specin-n.
A specimen should never be dry-ground or potished; the
lluld added io the grinding medium depends on lhe
abrasive and the microscopic specimen.
A grinding machine is usually applied 1or coarse and fine
grinding, also for part oJ ihe potishing, white the fine
polishing, that is the surface linish. is done bv hand
Coaroe q|rdi']q w lr a1 dbras v6 ot o"LrFdsinS Sr;in *rz"
reduces th-a depth of roughness of the specimen sudace



lnlluence of preparation melhods
on the micro structure ol specimens
0it. 2)

lo aboul 10rmj fine grlnding to about l rm, and line
polish nq to aboui 0.1 umi bv ihe surlace lin sh it is at
least reduced io far less than 0.1 !m.
The mosl universal grinding and polishlng media are Al,O3
and diamond pastes with grain sizes for lhe eniire grlnding
and polishing processes. Stee afd glass plates are
generally used as grindinq substrales, steel plates in
partlcu ar for coarse grinding. For the polishins process
synlhelic liber cloihs are used as subsirates lor diamond-
pastes, and woollen tissues ior Al,O3 (alumina). I
Specularly reileciing surfaces ior incident ighi examina-
tion can also be produced wlth a microtcme with diamond
knlfe. The Vickers hardness oi the maleria shou d be less
ihan 200 kp.hm'- Compared with corventional grinding
and polishing meihods, a specularly rellecting s!rface
prepared with a rn crotome has lhe lo lowlng advaniages:
no smudge on ihe spec men surface, no relief if the objeci
phases are oi diifereni hardnesses, homogeneously p ane
marginal and central areas ol lhe objeci (no vignetting of
the microscopic image), and iime'savlng preparation of
pollshed specimens.

The struct!re of the specimen s!rface is more or less
strong y inf uenced by ihe mechanica grinding and polish-
ing processes- This influence ls lessened ihe onger the
grirding and polshirg, the harder the removing maierial,
and lhe sharper ihe €dges of ihe tool (besi results are
obiained wjth natural diamonds), the lower the temperaiure
of the speclmen surface, i.e. the lower lhe qrinding
pressure and the wetter lhe processinq- 

l-
Changes are liable to occlrr in the surface structure of
substances with low recrystallizatlon iemperalure. The
surJace structure of specimens is chansed by mechanical
polishing methods due to plastic flow, a cold-working
process r-asulting in surface srnoothjng A smudge layer on
iop of ihe deJorm€d layer, the so called Beilby layer,
coniains crystal debris in the order of magnitude of 0.5:o
I nrn, mixed, for insiance, wiih oxides.
After polishing ihe surJace of the examined material shows
roughnesses between some 10nm and some 1O0nm,
Absorption and rellection processes iake place in depths

When preparlng a polished specimen wilh a microtome,
consider that the thinner ihe chip cut olf wilh the diamond

Treatment ol polishi



Treatment ol polished specimens

knife the llaiter the angle lhe knife makes wilh lhe speci
men suriace, and ihe slower the cutling, the smaller the
delormation of the sLrrface structure, and the more changes
of the structure restricted to the chip thickness.

Dependinq on ihe maleriaT lhe phases ot a polished speci-
men are more or Iess sensitive to waier (rusl) or oxygen
(oxidalion) oi ihe anrbient air, and should lherefore be
siored in lockable plastic coniainers (s€nsitive surface on
colton). lr humid, hot climate an exsiccalor is recommend-

Clean polished suriaces with a clean cotton wad alier
wlping off dust with a clean brush. Never iouch polished

Quiie a lew specinrens, e.g. lron carbon alloys or nonfer
rous metals, must be examined nricroscopically imnredi_
aielv after preparation because they change chemically
when erposed to alr.

-!



lncident light microscope

Fig.2
Un versa M .c deft ghlm.ros.opc

Mechanical desisn (lil. 3) lf a micioscope is used for incident and lransmiiied lghi
examinations microscope base, stand, tube head tube and
eyep eces can be usod for both types of obseNaiion. The
lght source is mounted at the heiclht ol the vertical illunri-
nator to oller more nlens ty ior incident light microscopy.
A halogen I amonl lanrp is sufficienl Jor most incident llght
-,a."rir, 01. -9 2 . ow th^ ur \"r.; [/ .L d". qh.A
.]icro. coo6. ' io.1 t-. b":ja p-t .o h .]rLro.cop". I
The i uminator is an essential component of an optical
microscope lor incjcleni lght examinations. lt is composed
of the lighi source. the incident liqht aperture diaphragm
insert lamp field stop, reflector, and lhe ncjdent ttghr
objectvc. The aperture d aplrragm insert and the nctdenr
light oblect ve have the f!nctions of lhe vert cat ittuminaior
(Fls 4).

Fig, 3

Beam path in the LrniveE

l c



Beam palh ln lhe Un versalM microscope



Fig. 3
Beam parh ln ihe Un versal lvl microscope

Vertical llLm nalor ttlo
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objectives (lit.4: s) The objecilves are ternred Eplplan where Epi stands for
incidenl light examlnatlon and plan for the ilaiJield
reproduclion ol plane specimen s!rfaces in ihe micro-
scoplc jmage. Due io lhe chrornatic correction of Epiplan
objectives obleci siructures observed in whiie light show
onlv minor color fringes, which s achieved by a comb na
tlon of glass and I uorlie lens elements.
lf lens surlaces (glass,/air or slass./optlcal cemeni) are
coaied, i. e. transparent substances evaporated dist!rb ng
rellect ons wilhin ihe optica system are consderaby
redLced (A. Smakula of Carl Zeiss developed lhis lech-
nlque in 1935).
An uncoated lens slr{ace rel ects about 4 50/0 of incideni
light. A slngle coat ng of the surface redlrces the amount
of retlected I ghl to I 20/0, a triple coai ng lo a few tenths

Working distance (mm)

90

The more ayers ol dilferent transpareni subslances having
ihlcknesses ol Iractons of a wavelength are deposited on
a glass sLrrface, the smaler ihe amount ol rellected ighi,
and the more wavelengths are covered by ihe anti reflec-

The anti-refleclion coaling of elemenl and cement slrrfaces
of incident ljght objectives is jmportart if the relleclion ol
opaque objects is extremely ow, .e. _< 5'./0 wjth brown

Because of lhe meiallograph c standard magniiicai ons
(50 100 200 500-1000x) Epipan masnilcalions differ
from ihose ol transmitted I shi objectives (Table 1).

Fiq. 5

Table 2

i

Table 1

Eplplan objectives
Epiplan obieclive

4lA1
a /0.2

16/035
72

40.,0 85 o.23

80.,0 95 009
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Fig. 5

Fel eclors H-Pr. H Pl Po . H-PFPo

Table 2

11

Two figures are engraved on each obieciive, the llrsl is the
magnification, lhe second the numerical apenure. The
siruclural resolvinq power of the mlcroscope depends
essentially on the second.
Besides Epiplan objeclives there are speclal objectives,
e. g. for examinalions wiih immersion media, lor polarizing
microscopy, darklleld microscopy or long working d s
lances (Epipan LD) and, for larse object iields, Luminar
objectives whlch are described ater.

The reflector is a v lal component ol the vertlcal illLrm nalor
It dellects the beams comlng lrom the llght solrrce through
90o io the spec men surface (Fig 5)

The relleciors for incidenl light examinaijons are listed in
the following Table 2.

!

brightileld, dilfereniial interf erence

polarized liqht
polarized llght

epi iluorescence excitaiion

./
/ -.\/ \:.\' \t LI: +

Rellector H PI-Pol Rellector H-PFPol

with plane q ass wilh Prlsm
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The reflectors D and Fl are lor special applicat ons; only
ihe flrst three refleclor types are therelore compared in lhe

H-PrPol

tf'

f

Beam palhs in the lnc

0it. 6)

Light js reflected in lhe plane glass reilector H Pl (bright
field plane glass) by a glass plate a lew t-'nths of a milli-
meier lhick. ll is partially mirror coaied on ihe lighl source
side and has an anil-reflection coaiing on ihe image side
ln spile of this double images are unavoidable in the
marginal zone of the weakly reflecling components if the
reflection differences in the objeci are large and no

ln ihe H-Pl-Pol refleclor the lighi is at first retlected bv a

surface mirror then by a plane glassi with reilecting angles
of ihe central beam of 22.5o ln both cases
The ref ector H-PrPol comprises a triply toially reflecling
prlsm (irapezoidal prism).

able 3 H.PI H-Pl-Pol

plane glass
triply iotally
retlecting prism

examinaiion method)
briqhtfield brishtiield brightfield

suitable suitable w/restricilons
(vignetting)

mage brighiness

umination d reclion

high losses in lntensltY due

!s!e!9Ei9tqry199!91-
almost PerPendicular dePendenl
on illuminatlng aperture

low light loss

"bl,q*

lurnlnai ng aperture luly utiljzed ro hall the objective

Resolving power ol objective

l"th.]""ce o"
linearly polarized lighl

Ref ections due lo reflector

iully utiljzed

;epolarizalion

,,""*iOuOt"

s!:'9!!"

itmost none
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if .'n. u
Beam paths in the incident ight

(rir. 6)

All types oi mlcroscope stages can be used for incldenl
lighi microscopy. Specirnens are lxed with a levelllng
press on a metal slide coaled wilh plast line, and the r
polished surfaces a igned plane parallel with the metal
s ide. Previous alignment of the specimen surface with
metal sljde, plast ine and levelling press is supefiuous if
an auiolevelling stage is used. The specimen is then fixed
below the proper microscope slage suface, and the
polished sudace s automatica ly aligned perpendicutar to
the microscope ax s (Fia.4).

The beam palh in the incident light microscope s bound
by a number ol diaphragms. lrnages ol specimen and lighl
source are produced n certa n diaphrasm p afes (Fig. 6).
The image iorm ng beam path relerred to the spec men
plane ancl lhe il uminating beam path reierred to ihe tighi
source conla n Jixed or iris diaphrasms.
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lr ihe imagejorm ng beam path an image of the specimen
O is formed by ihe oblecijve in lhe plane O'and sub
sequently enlarged by ihe eyepiece in the p ane O' (retlna
ol the eye). Because ol strayljght only lhal parl of lhe
specir.en surlace in O may be illunrlnaied by a diaphragm
miting the luminous lield ln 0, which in O' corresponds

to the s ze of the fie d of view.
ln lhe ilurninatng beam path the amp condenser optics
form an image of the light source in the nl'nc oI the _"
irrurinutlng Jp"ttut" diainragm r' The aperlure in L't
corrFspold ro rl'a Fr(ri1.e pLDil ol .l_F

Optically, the incident lighi microscope begins ai thls poini
The diaphraqm ln plane L' controls ihe ii umination in
plane L"; it is ihe entrance pupl oJ lhe objective. An lmage

of ight source L is produced in 1".
Rel ecied by the speclmen surface the lighl source image
L'r ls lmaged back in plane L" by ihe objeciive functionins
as condenser. Due lo the specinren structLrre (dilJraciion)

ihe light source image is changed
The resolving power of the incideni ighi microscope is

also inlluenced by the aperlure of lhe iris diaphragnr in the
Dlane I ard .l-e li' "d d dp"raqm in I or L
The lighl source image L"'is relaved io the plane ot the
eye's pupil by lhe eyepiece, where it appears as light

The above mentioned condiilons of geomehlcal optics in

the incident llght m croscope prevail with Rdhler illumina-
lion (carl Zeiss, 1893) which alone provjdes proper brighl
field illumination.

Kiihler illumination

Fig.7
Adjusl ng ihe amp fe



Kiihler illumination
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Opaque absorpiion specimens can be examined in incident
I ght brightlie d after the following adiustments (Fig 7):
1. Close lamp fleld and aperiure stops.
2. Adjust specimen vert cally unlil a sharp lmage ot the
lamp lield stop appears: the spec men structures are also
visible.
3. Center amp field slop and open it as lar as lhe edge of
1e frelo o v.w 1o dvoio e\'eqcrv6 s cylgit

4. Obserue lhe obiective pupil with a centerlng ielescope:
a) open apedure slop complelely lo check uniform illumina-
iion of lhe objeciive aperlure by the light sourcei if speci-
rnen areas reflect d fferent y, Lrse ihe specurlarlv rellecting
side of an inlerlerence color llller as spec men ai ihis point
b) close ihe aperture stop aboutr/5 of the objeclive pupil

5. The apedure slop is finally adlusied during observaiion
of ihe speclmen siructures. Thjs adjLrsiment is a compro_
mise beiween resolution and contrast enhancement of lhe
speclmen strLrctures in the microscopic image.

1

Fig,7
Adjusling the lamp lield sloP



Two ditlerent Planes in the

incidentlighi microscope

(rit.7)
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Diilraction and nterfere
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Fig, 8
D tfiactiof and nterierence

lnte erence between planes L"' and O' results in the
seconda.y m croscopic image in O', which is the real
microscoplc ntermediaie mage subsequeniy entarged by
ihe eyepiece 1Flg.8).
The diJfraction processes cause diffraction maxima in the
image side foca plane of ihe objeclive. The more diffrac-
tion phenomena are covered in the objecrive focat ptane
(1"'), the more realistic and sharper the siruciures oI rhe
image.
Resolved specimen siructures become visibte onty wiih an
absorption speclmen. The number of ditiraction phenornena
in lhe objectve focal plane depends on ihe disrance
between the structuring elemenrs (d), th€ wavelength (i)
and the sine of half lhe objective aperture angte, expressed
by the numerical apertlrre (Fiq.9).
The resolving power oi an incident light microscope atso
depends on ihe iluminating aperture n the image-side
focal plane ot the obiective iL"), whjch is a Junciion of the
slze ol the apefture slop in plafe L'. The higher the
iluminatjng apefture, the more dilfraction maxirna in the
focal plane oJ the objective (1"'), which lncreases the
inlormaiion content of lhe image.
F g. l0 shows a graiing as mlcroscopic test specimen laken
ai different objeciive apeduresj magnilicaiion 260x. The
grating period d. L e. the spacinq ol ihe periodic structure
is 0 016 mm

rnq power oJ the m croscope

,^"tt

" tt

1. / -..

_{
1..-l

)-t..
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Usef ul magnilication (lil. 8)

The ratio ol bright to dark lines is about 1:3. The aperture
of a is insufficient Jor resolul on of the graiing. ln b reso-
lution is achieved due to an increased apedure. Further
increase in numerical ap€riure ln c resu ls in more resolved
delaillhan in b.

It is aboui 500 to 100Ox lhe numerical aperture of the
ob_ecr:ve. ll rl-e lotal mdqr lcairor ol ih. n c.orcopic
specirrcr is at the owFr I'nit. l1e rFsolvng oower o' l5e*
objeclivF is 10 lJlly u iileo. lt he Jpper lim l'q excFeoFd!
we enter into empty magnilication. Siruclures noi resolved
by lhe objective cannol be subsequenlly resolved by the
eYePiece or the camera factor.

Contasl as a luncti(
illuminaling apedu(FiE.10

Besolulion as a iunclion oi the

i:::;:

:l:
!-;;

.aa
lat

]llillillililill
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I

The smallest d stance between two structuring elements
(d) which can be made visible with an incident llght
microscope is aboui 0.25 /m. This resolution can be achlev-
ed on y wilh a numerical aperilrre of ihe objecijve of 1.25.
Since already lhe numerical aperlure 1.0 wouTd thereoreti-
cally correspond io half an aperture angle ol 90o, lhe
ino.malior .orl.1 or l1e pr'11r'y llicroccoo c -r:ige in
the piane L"'can only be increased by a medium between
specimen and front lens of ihe objective wiih a refraclive
index higher ihan 1.0 (n.r. ', 1.0). With oil irnmerslon
objeclives the aperllre can be increased by using a special
paralfin oil with a refractve index of n" = 1.515- The
malhematical formula of ihe numerical aperture is lhus:

The theoretical maxim!m resolutlon is achleved if the
illuminatirs aperture (plane L") reaches lhe value ol the
imasins aperiure (plane L"'). ln practlce however, lhis
would bring about low-conlrasi, blurred microscopic
images. lt is best lo choose an llunrjnating aperlure which
is more or less smaller than the objective aperlur-., depend'
ing on the reflection cond lions in the specimen. Thjs
applies in particular to spec mens wh ch are more of the
phase ihan of the absorption lype.

The h gher the illum nat ng aperlure, ihe hlgher lhe per-
centage ol the high intefsity, yet non-inteder ng wave
fronis coming lrom the zero d lfraction maxinrLrm in ihe
pane L"'. These empty wave lronls do nol contrlbute lo
rhe lor11,. on o l1a .p(o1d.ry n ^"o<copr. rrdg6 in
plane O' (rea intermediale imase) but bloom I, i.e. the
specimen image is b urred and oi low contrast.
To adjust ihe rn croscopic image the resolution of speci
men struciures and contrast are adjLrsted w lh lhe apertlrre
daphragm which means a compromise regarding the
iluminatlng aperture.

Conlrasl as a tunction of lhe
illuminating aperture (lit. 9)

I



Examination methods in
incident light microscopy 20

Obsefiation in incidenl
liqht brishtfield

Fig.1l
Normal n ckel casl ano

Dltiereniial inlerferenc(

Chemical etchins (lil. l0)

Amplitude (absorplion) spec mens are examined ln incident
light brghiJield. Naiural absorption specirnens are dislin-
gulshed from phase specimens which are converted into
absorption speclmens by certain man pulations.
Such manipu at ons lo enhance the conlrast of structr.rres
are: chemica ireaiment of the polished specimen (etchins)
or coating oi the sudace with transparenl, thin, highl{E
refractive substances,
Such absorpiion specimens are lhen examined in incidenl
light brightfield.

These are electrochemical processes having red!ction
oxidalion characler. 1n conlact w lh chemical agenis melals
by emitting electrons lend more or less slrongly lo change
to the ionized (electrjcally positive) siaie.
In incident light brightljeld specifica ly eiched siruciures of
the pollshed specimen become visible d!e io shadow
efiects caused by ihe lormation of reliefs, refleclions by
cover layers or re{lectance effects brought about by etch
piis.
lMisinterpretations oJ lhe slructure are likely il the elching
is not correiy made. For a specilc etching, a freshly
prepared, correctly ground and polished specimen must

Besides d p etching in chemlcal agenis the following
etching techniques are applied: elecirolytic or anodic
elching (speclmen as anode in an electrolyte), cathodic

:i"T::, l?ii T:1['"':t;fl"," 1"""]*' :,1;:$'J; " :"J
thermic eiching in vacLrLrm or ined gas.
The chemical etching process damages slructural elements
of the pollshed specimen. Small crysialliies are lost. There
are specimens which alier the etching display only the
crystal boundaries but are not dilfereniiaied according to
lhe specimen phases.

Evaporated inlerlere
0ir.11)
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Fig. 11

Normal .icke cast anode etchedt etch pits
D Jieienl a nterlerefce contrast

21

Danrage to lhe specimen and inadequare phase dtiJerenri
ation are avo ded by evaporated inrederence lavers. This
DUr-l p \ iLd r 'd.spd.a-t. t- -. h glty
rerractive sLrbslance correspondtfg lo lhe exam nl]d spec
imen phases, which is evaporaied on io rhe potished
specimen. TiO?, ZnSe or ZnTe are such subsrances.
Multiple relleciions and intederence processes wilhin
these evaporaled llms increase rhe conirasr of sjngte
speclmen phases so ihar rhe strucrure can be examined in
ifcidenl light brlghtfietd. The fo owinq paramerers are
imporiani for the contrasi enhancemeni of objeci phases
with evaporaied fterference ti ms: the refracive index of
the specimen phase, the relracrive index and the rhickness
of the evaporated fitm, and the wavetenglh oi rhe tight used

For incident light examinations o{ lhis kjnd not ontv whjterghl s-ould ba .s6d bL d\o n onoLt-ro'na c oti^lart
wave engths. A conlinuous tnlerference fitter is recom
mended ior examinations using dilfereft wavetenglhsi lhis
accessory for ihe incidenr ttght nricroscope a|ows con-
tlnuously variable wavetengih adjusrment between 450 and
650 nm.

Evaporated interlerence layers
(rir.11)

I



Conhast enhacement in a gasion
reaclion chamber (lit. 12)
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Specific contrast enhancament oi single phases, e g of a
po shed metal surtace. is achieved in a gason reacton
chamber This melhod uses a resjdual gas ion zed by
eleciron irradialion; the speclmen surface is subjected
to this gas in a vacuum chamber at 101 lo 10_, Torr (Fig.l2).
Wilh oxygen as residr.ral gas, the dilferent specimen phases
form oxide layers which in ihe incidenl light microscope
are co ored due to absorplion and intederence of the llght.

co'r ra(r D 1a lFrre-r i 'rrru.n od oy he.yp" ol e"idLalf
gas, lhe degree of the vacuum, the density oJ lhe eleciron
currenl coming from the cathode, the amoLrnt of d scharge
voltage between cathode and specimen used as anode,
and the temperature ol the specimen surface

Fiq.12

r*"iflil:l,ffltilil

Speclmen (ti tab e)

Eleciron g!n

caslon reaclion chamber (diasram)

Specimen. Anode Cathode w ih qas suppty

Diagram oi gas discharge
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lf this method is applied to achieve a specilic contrast
enhancemerl insiead oi only a general rnater al conirasi,
no carbon polymerization films (contamination) should
deposit on the specimen surface and no material be
removed by electron bombardment. Contamination can be
avolded by heat ng up lh€] specirnen, reducing the current
density and using oxygen ions n ihe charnber. Removal of
material can be reduced by decreasing the discharge
voltage.
lf lhe residua gas in the vacuum chamber is, for inslance,
argon, lhe argon ions will only remove nraterial, ;.e. a
general material contrast s achieved bLrl not an unambigu
ous speciiic conlrast enhancement
The gasion reactjon method can also be used lor ron-
melallic specimens Jor general mater al contrasting.
Whether sifgle spec men phases oi a non-metallic specF
men can be speclfically contrasled must be checked in
each case using diflerenl gas ions in lhe vacuunr chamber.
The lo lowing accessor es are required for an ncident light
microscope ior ihis conirasting melhod: objective wilh long
working dislance (Epipan LD). a vacuum chamber which
can be mounied on the r.lcroscope stage, where the
polished specimen su ace can be d recled iowards lhe
lghi or e ectron beam path, a cathode in the vacuum
chamber as e eciron g!n lor lhe ion zation of ihe residlral
gas, a high-voltage !nit to produce an e ectron curent
between cathode and specimen used as anode and a two-
stage mechanical vacuum pump (10r to 10, Torr).

Darkiield illuminalion lends jisel{ espec a ly for straylight
producing specimens. ll reveals J ssures, pores and grain
boundaries, and in particular the strlrctures ol semi-opaqLre
specimens (F s. l3). Oxidation producis have ollen charac
ierlsilc iflrinsic colors. The quality oi a polished specir.en
can be checked in ncdent ighi darklleldi on dark back
ground scraiches appear as brlght lines.

ln incidenl lighl darkfield illuminalion lhere are only wave
fronts n the I e d of view whlch have reached the objective
due to stray rellection by structur ng elemenls. Wave fronis
reflecled by surface elemenis perpendicular to the micro-
-.ope a/ c do nor r6rct- the tad o vpwi h6sp Jp6cin4n
areas remain.lzrk

lncidenl lighl darklield
examinations (lit.13)



Fiq,13
Spha erite (ZnS) in incideni light darkiield
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lmage contrast nray be hlgh in darkfield lllumlnaijon.
Hlghesl contrasi, i.e. 1.0, ls achieved il lhe background
of ihe rnicroscopic image is black and the strlctural image
(e g. qrain boundaries) white. The mage conlrasi is

E-- E-r.

where E ls the luminance of lhe different specimen areas.
Even with a conlrast of 0.2 the hurnan eye recosnDesa
lLrminance diflerences of lhe microscopic image
The palh of the illuminaling wave fronts in the incjdent
ighi mlcroscope Jor darkfield examinalions ls defined by
lhe special technlcal design of reflecior and objeciive
(Fis.14).

The darkfield reflector (D) dejlects only lhe ouier beams
of the il uminaiing wave fronls in the illumjnator 90o rolated
to the objective, wh le the cenlral area is biocked out by a
diaphragm in the ret ector.

Beam palh in ncident

Table 4
Objectives for br sh
darkfield exarninatic
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Fig.14
Beam parh in incident liqht

I
Table 4
Objectives lor brightfleld and
darkli-.ld examirai ons

Via a concave mirror in the ouler part of lhe Epiplan HD
objective ihe llunrinatjng wave fronts are relayed to the
specimen sudace, producins poydimensonal darklleld
illuminalion. The opiical elements of lhe objective do not
coniribute to specimen illumination. Only lhe wave lronis
dlfiusely relecied by ihe specimen surface {reteciance)
reach lhe objective and conlribule more or less strongly
to the adjuslment of ihc darkiield inrage The Epiplan HD
objectves are Ior incideft ight darkfield and brightlield
examinalions (Tab e 4).

Epiplan HD Workinq distance (mm)

4/O.1

16/0.35
40/0 85 0.23

40,,0.6 LD

no/o 95 0.09

100/1.25 oil o.25

The lamp field stop rnLrsi be compleiey opened for dark-
field examinalions The posltion of the aperture stop
depends on ihe contrast of the microscoplc image.

{



Diflerenlial inlerlerence
contrast (Dlc) (lil. 14)
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The differenl!al lnlerfereice conirast method helps io
qualitative y enhance specmen gradienis within a wide
contrastjng range lrom some wavelengihs to a few Ang

With ihls method surfaces can be examined which are
1. rnechan cal y and chemicaly untreated
2. polished (Fis.15)
3. polished and etched

IJ: J:" "":'r,?;? ff :::[::

3. Epiplan Pol object ves
4. Interlerence contrasl syslem (one lor each oblectlve)
The inierference conlrast syslem is screwed to the Ep'
plan Pol objective inslead of lhe centering chanqe ring
(Figs. 16./17).
The inlederence contrast system contalns the Nomarski
modification of a Wo laston prismi the crystallographic
opiic axis in the upper part ol the prism is orlenied
oblique y to lhe microscope axis. (F g. 18). Th s shifts the
lnterference plane from the center ot lhe or qinal Wollasion
prism to the local pane of the objective. lnterference
lrlnqes in the field oJ view are avoided and uniform con
irasling ach eved.

Dlllerence between W

Fiq.19
Beam parh in lncidenl

Fis.'16

Fig.15
Po ished. !net.hed surrace of a
chl casrl.g (CriSTl I Mo05)
Diflerent a interlerence conlrasl

Fig,17
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Dillere.ce belween Wo laslon

lfterference contrasl system lor
Epiplan objective 100r1 2s o

lnterference plane pI sm

Objective iocal plane Objective iocal plane

Prism lnlerference Plane

. Directions of optic axes in the quariz prisms

' D rections of inearly polarized ight

Beam path l. nc dent I qhi difierenl a

Fiq, 16

Epiplan Po oblectve on ce.ierlnq
Ges-'t''n-'2

\

Plane glass reflector

optic axes oriented 45o
to lhe drawing plane

Objeclive

Fo
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ln hiqh-power obieciives there ls no space to mor.rnt the
Wollaslon prism in ihe image-side local plane ol lhe

Fig.19 shows the beam palh belween polarizer and
crossed analyzer in an incideni lighi microscope equipped
lor difierentlal interference contrast.
The linearly polarized (Easi Wesl) wave lronis coming from
ihe polar zer are spl I into two padial waves in the modified
Wola<o_ pri.r -h- i^d. of Lhe-p waves , bpow l1p.
rpco !irq poue. o' t1a oo p.-,va u<od, whicl- ;!o ds ooubt.t
jmages ol spec men sir!ctures.
The path diflerence oI the sheared wave fronls s Ir,
j. e. when leaving the prism one of the lwo waves is ahead
of the olher one by a ceriain nanomeler amounl (1 nm =
106 mm). Following relectjon by lhe specimen lhe path
difference fr has changed due 10 geometrlc helght differ
ences of th€ specimen suriace and diiierent phase jumps
as a function ol diJfereni refract ve indices of the specimen
phases hit by the sheared wave fronts. Thjs change in
path difference 1 r is relerred to as f0 in Fig. 19.
Following reflection by the specimen sudace lhe sheared
wave fronls have a paih d lference f? in the prism where
they are recombined without interferjng wth each oiher
because ihey are still linearly po arized perpendic!lar to

The path diflerence before the analyzer is expressed by

fbGr = fr 1 fol r',
Only srFd ad wav- lro_ls o' I o 12, L 2 wi.h.
I 0. 2 p c. p.5 rh- " d yre. Tl p nrer,^rirq "h.a'^dt
wave fronts as a lunciion oi the wave engths leave the
analyzer wiih d flerent intensity which is expressed by lhe

l/li=sin,+ r,",.
/,o

where l0 is the iniensiiy afler the polarizer withoLrl con-
sideration of the refleciance of ihe specimen phases.
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lf lhe mod lled Wolaston prism is shitled aterally wiihin a
certain range, lhe ralio oi Ir to t'jI changes, i.e. if the
prlsm is symmetrical to the microscope axis, Ir = l'2
Thus the intensily conditions jn lhe field ol view are only a
lunction ol f0 bolrnd to geometric height difierences and

Excepl for lhe physical path diflerences in the specimen
plane (phase jumps), the objeci palh difference is wiih ihis
interference method a function of the shear x betow the
resoluilon limit and ihe increasing gradienr tg d of the
corresponding quite extended s!rface element in the
specimen plane. The lollowing formula for one wave front
pair can be derived from Fig.20: I = 2y = 2x tg d, where
I is the path diflerence belween the waves W'and W,'.
li lo lows for a complete exlefded surface element with
conslant decreasinq gradienr lhal t 0 = 2x, tg a.
Consequeni y ihe path dilference f.b inftuences the jmage
conlrast as a iunction of the gradient accord ng io the site
coordinaie, i.e. the objeci contrast depends on the path
d lferences oi the sheared wave lronts at the gradient of a
surface elemeni in the specimen plane.
Because of ihese processes ihe method was named
diflerertial interference contrast (DlC). lmage conirasi as
a iunctlon of the speclmen gradient produces in the
microscopic image dilf€reni iniensitjes of opposile objecl
sides. Fig. 20 shows ihe retardation of wave W' relaijve to
wave W", whle in the opposite specimen gradient W" is
retarded relaiive to W'.
Setting ln the equation fbbr = ]i 1f0 + frlhe expression
fr t f2 produced in ihe modified Wollaston prism f .

i.e. as the palh diiference delinlng ihe inlensiiy of the
image background, yields for one specimen grad;enr I0
I fL and lor the other I'0 T l, According ro the above-
mentioned Fresnel formula

frrro=";n.a.1,",-,

the intensit es are different lor opposite specjmef gradienrs
wilh an asymmetrical posilion oi ihe modified Wottaston

ln ihe mlcroscopic image these intensily difierences cause
relieJ eilects resemblinq un ateral obtiq!e illumination.
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Conlrasl effects occur in lhe microscopic image onlv where
soecimen struciures are aiigned perpendicularly io the

direction of ihe shear in lhe modified Wollaston prism

A roiat ng microscope slage musl therefore be used

especially for texturized specimens (unilateraLlv aligned

Fiq.20

DIC adiu$lm€nl

Polarizing microscol

f

Path difierence l' as a
or shear x and anqle ol
inclinaton r in lhe spec men.
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I

DIC adiushent

Polarizins microscopy (lil.'15)

1. use an isolropic specularly reflectins specimen (surface
mirror).
2. Adjust Kdhler illumlnation.
3. Detach objective and interference contrast syslem.
4. Set analyzer lo zero and turn po arizer until minimum
inlefsjty is achieved in ihe field of viewi lhe polarizer must
be oriented East-West.
5, Bring intederence contrast sysiem wilhout objeclive into
the beam path and remove eyepiece from tube: the inter-
ference fringes must run d agonally through the objeclive
pupll, and lhe zero inierterence frinse musl be black.
6. ll this is not the case, loosen ihe prism mouni wilh a
screwdriver turn I by a certain amoLrnl and lix ll again.
7. Screw the obieclive lo the interference contrast system
and insert eyepiece in tube.
8. Provlde the speclmeo.
9. Vary contrasl by turning the mount ol lhe inierlerence
contrast syslem. Re adjusi ihe aperture diaphragrn accord-
ing io the desired contrast.
10. The conlrast can be further varled by a roiaiing micro-

The following accessories are required:
1. Polarizer and analyzer
2. Plane glass Pol reflecior
3. Epiplan Pol objectives
4. Rotaling mlcroscope stage
5. 60 or 100 W Jilarneni lamp
Polarizer and analyzer should be rolatable for exacl
a ignment The iransmission direction of the polarizer musl
be oriented perpend cular lo ihe relleciion plane of the
refleclor (Fig.21).
The Eastwest oscilatng linearly po arized wave fronts
emitted from the polarizer are dlrecied to ihe specimen
surface by the refleclor An isolropic phase will reflect the
wave froni wilhout alfecling polarizat on. These wave
fronts will not pass the second polar zing Iilier, ihe ana yz
er, il its transmission direclion is perpendicular to the first
pol.ril nq lil ar. h6 polanzp'. l)o op c "o.' iren rFniin
dark between lwo crossed polarizing filters, while aniso
iropjc objects w ll be Jour tir.es brighi and four limes dark
allernaiely as the slase ls rotated through 3600 (Flg.22).
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An anlsolropic obiect wlll be dark iJ the structural primary

refleciion direcilons of the specirnen are oriented parallel
lo the oscillation. . e. lransmission dlrecilons of po arizer
and analyzer- ln the so called brighl or dlagonal posllion
the prjmary re{leclion directions ot ihe specimen are at 45o

to rhe ( rosepd oo a'.zir q I lers. Ed!l- wrve in(ioF'l orrqet
"p.c men iq lhus spl r up irlo .l'e reflec on con ponenis I'
and R, (Fig. 23). Fo lowing refleclion by the specimen phase

these two components lorm in the most general case an

eilipiical oscillation (Fig. 24).

Fiq.22
Anisolrop c objecl beh
po arizing f ltersi deco
lamellae ol ttafium mr

Fig.23

Fig,21
Beam palh I lhe in.ident light
po ari2ing microscope

lghl source side = polarizer

image side -, analyzer
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Fig,22
Anisolropic object between cro$ed
po arizing i lters; decomposition
amellae oi t tanium magnetire.

There are two reasons for the elliplic character of ref ectjng
lightl
1. The d tferenl refraclive va ues of the speclmen lor the
two primary reilection direct ons calrse diflerert phase
jlmps of the reJlected coinponenis Rr and R, in the speci-

2. The two wave components are subjeci 10 d ffer-.nt
absorplior in ihe specimen.

i

A,lr.oiropiL ob e!r be.w"Fn cro)spd polcrj. ino filterc
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Fig.24

Due 10 the analyzer two reflected components can inler_

tere with each other. The anisokopic phase appears bright

It anisotropic specimens are observed with ihe polarizer

alone, grains of anisoiropic specimen phases ol dilfer€nt
orieniation may be oJ different brightnes( 'n'l color'
a phenomenon which ls called r€fLectlon pleochroism
Polariz ng effecis can be observed onlv if lhe object phase

has an anlsotropic lnternal or surface slruciLrre There aref
the following reasons lor anisotropy elJects:
1. lhe obiect phase itsef is anisolropic
2. anisotropic top layers, e.g. oxides
3. the specimen causes lhe magneto-optical Kerr eflect, or
4. deep etching of ihe specimen surlace.
Magnetic structures of obieci phases can be made visibLe

between two crossed polarizinq iiliers This is the magnelo
oplical Kerr elfecl, i.e. the lnc dent llnearly polarized waves
are magnelicalLy influenced by the specimen The reilected
wave fronts no longer vibrale perpendicularlv to the trans-
mission direction of the analyzel, which means thai thev
pa ly pass il energelicaly.
Deep eiched isotropic specirnens are bright belween two

crossed polarizing fillers. ln polarized slaie the llnearly
poTarized Iight is influenced ai ihe oblique surlaces oi the
etching pits along ihe internal slructure of lhe oblect phase'

so lhat it no lorger vibraies linearly perpendicular to the
transmission dlrection of the analvzer.

Ellipticaly polarized ighl reflected bv the anisotropi. specimen

E lightllux irradiated from lhe po arizer: Er = E?

R llght tlui rer ected by lhe anisotroplc specimen: Rr>F?
Ratr may pass through the anayzer
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Pari of ihe energy may thus pass lhrough lhe analyzer' For
polarizing mlcroscopy electrochemical polishing meihods
are superior to mechanical ones. Purely mechanical polish-
ing often causes surtace irregularjiies lrelief), smears and
lop layers. These mechanical preparation errors may influ-
ence anisotropy effecls.
Adjustment of a polarlzing microscope:
1. Adiust Kohler illuminaiion with the plane glass Pol
reflector H-Pl. Remove the analyzer from the beam paih.
2. Cross polarizer and analyzer.
a) Sel analyzer io zero with the llne and coarse scale-
b) Turn the polarjzer until a sirongly reflecling isotropic
specirnen phase or betler a surJace m rror appears
black.
3. Focus to a strongly anisolropic fealure. During slage
rotation ihe fealure musl be four iimes dark and four limes
brighl alternately or colored, and thus must re-appear
every time the stage is exaclly 90o rotated.
4. li during a 3600 rotation of lhe stage the objeci will only
be two times bright, the wave fronls emitted from ihe
polarizer are not orjenled perpendicular to ihe reflection
plane of the refleclor,
5. ln this case lurn polarizer and analyzer synchronously by
small degrees uniil the phenomena described under item
3. above are visible. Check the cross posiiion of polarizer
and analyzer hon rimF ro LimF w lh a su.lace m llor.

o
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lmmersion obieclives
0i1.16)

Table 6
lncidenl !ight immersion
objeci ves for low and medium
magnji;cations

Fig.25
Slag rlch in phosphoru

Epiplan 40,/0.65

Fig.25
S ag rlch in phosphorur

Besldes dry objecilves jmmersion objectlves are used in

incidenl Lighi microscopy lor low magnlflcations Parailin
oil (n.'1.5) ls used as mediunr between speclmen surface
and objective lront lens. Table 6 lists lhe incident light
immerslon obieclives for low and mediunr magnificaiions

Type Magnilicalion lmmersion working
medium distance (mm)

085Epi-Achromal 16/A.4

Epi-Achromar 4ol0.85

ln incident light microscopy immerslon objectives change

the jmage contrast (Figs.25126) especially ot phases with
low absorption coeJf icients.
The higher the deviation oJ the refraclive index of an obiect
phase from that of the medium beiween specimen and

objective, ihe more noticeable the surface gloss Ths
suppresses reflectance eflects from lhe internal siruclure
and the image will lack structural detail This applies,
for insiance, to an increase in carbonlzalion oJ pit coal
L e. the higher the carbon zalion of the coal, the higher
lhe carbon content, and th€ higher its refraclive index

An immersion medilm like paraffin oil reduces lhe jur.p
in refractive index between speclmen and immersion
medium and ihe surface gloss;lhe result js a belter image
ol lhe spFLimer s rL.r-.e. ln corl 'rlicro"copy paral'in o;Lr
may oe ;epla( ed by o y(erine as im'ne s:on mediun wl^ .'rt
wiih water is more easily removed from the poljshed coal
surface than paraffio.
Specimen phases with low absorption coefficients and low
gloss eltect due io an lmmersion rnedium show internal
reflections whose intensity and color are characierlstlc ol
the cofiesponding phase. Th€se internal rel ections occur'
ior inslance, al grain boundaries, cleavage surlaces and

05
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Fiq.25
Slag rlch in phosphorus,

Fiq.26
Slag rich in phosphorLs.

.1!

I

Specimen phases wilh hlcrh absorption coelficienrs and
considerab e changes of the re{racttve tndex as a lurcr on
of lha wavelenglh change the refteclion co or pronounced y
when us ns dry inslead of immersion objeci ves.
This is due lo ihe I d spersion c!rve lor air which intcrsecrs
that of the specimen at anoiher wavetength than ihe
2 dispersion curve of the imnjersion mediLrm
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It an ob;ecl oha)e 1as n aodi'io1 d orolouncad spe' "a'v
oeoenden brelecron lrelac on d' a turcron o' l_F

direc ion) inrrF'sio1 obj'clivFs inr'"ase l5e con 'a'L s'il
furlher.
An immersion obiective increases ihe image contrast

because it reduces muliiple reflectlons between fionl lens

/nd obiecrivp eJrtacF rora lna,l a dry sys'em The T

rrran5paren'r .oariro ol ea.h le'rs sJrracF ar 'levenls

1"";f:::ll;Llf ::'lttersion oriectives ," 
'nn' 'n"ufsipp e.. scrat.""s "_O 

reliels in l5e iraqe mor" l\a r drv
.vs FtIq, wh'.h rpvaal" l1a "oecin'n s'rJclLres
tmmerqion oo ec. v"s do rol incr6dse tne r"solv'rg powe'

. n* rnronii.ur,on. l O1 and 8 02 obje-lrvec we'e

.r'";nrrfu Jiv sy<lers wh 'h ara provioed wi l' nrFr'io1
i^,L w r" rl,* p.*.' obje.lives I'ris rpdu"s 'h" work 10

Ji.i** r.a r,r,rs p'ov des lor p arp-pardllel inrp s on

4. Anlillex melhod
(ir. 17)

Fig,27
De.rease in rei ecuon

t:l

:l

1

I

Lr 'odldd q r<
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4. Antiflex melhod
0ir. 17)
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Wiih low-power incident light objeclives and a reitectance
far below 0.1 (<100/D), there is rhe danger of bturred or
invisible strLrctures in the microscopic image, because ol
resldual reflections of lens surlaces superimposed on the
lield of view, in spite of multipte anli reieciion coatings on
lhe lens element surJaces (Fig. 2Z).
It the siructures of low-carbonized (g€otogicalty young)
brown coal, slags, ceramics or ptastics are to be studied.
lhese disturbing lens retteciions are etiminated with the

The system comprises two crossed potarizing fitters and a
rotating birefringeni crystal ptare in ihe front part of the
objeclive (Fig.28). The linearly polarized wave coming from
ihe polarizer is splll up inlo two components by the crystat
plaie. These iwo components are reftecled by ihe speci,
men, pass the crysial plate again and sirike the anatyzer.
ln the crystal plate in lhe objeciive front paft rhe iwo wave
fronts have a path difference of two times;/4 (1800 phase
shill). Due io the analyzer they form a linearty potarized
wave para lel to the transmission direction oI rhe anatyzer.
The wave fronls emiited from the potarizer and reflected by
the glassio'air sudaces oi the opticat syslem are btocked
oui by the analyzer. They do not pass ihe crystat ptare in
ihe objeciive front parr and thLjs oscil]are perpendicutar to
lhe transmission direction oj rhe anatyzer.
This resLrlts in an unblurred microscopic image of the
specimen structure.
The following items are required for the Anliftex method:
Simple, swing oui polarizer
Simple analyzer
Alternative y objectives Epiplan 4/0.1 Pot, 8/02. pot,
LD Eplplan 16/0.3 Pol or LD Epiptan 40/0.6 pol
Antiilex cap oilfor Epiplan Pot 4/8/LD j6
Anliflex cap oil for Epiplan Pol LD 40
lmmersion objectives increase lhe anriflex eftect.
The immersion medium is paraffin oit.



Fis.28

Use of the Antiflex system:
1. Without obiective cross analyzer and polarizer using a
slrongLy rellecling isotropic specimen (surlace rnlrror)
2. Screw antitLex cap io oblective and wllh the objeciive
focus on ihe specimen.
3. Turn antiflex cap unl I maximurn brighiness ol lhe speci-
hen sLrrface is achieved: secure cap with counterrlng
The Aniiflex method cannot be t]sed Ior the examlnaiion of

:i::::"Jif ""3];"il:tr::,11"":xf 
:;ii:l::lii:"$""JI"":F

Birel ect ng specimens can be jnvestigaled wiih lhe antiflex

.aD t ihe;nliilex elfect is e iminaied by settlng the bire'
I inop_l , rv. al pd e _ ddrh Dosi'io,r relaliv' 'o polar:/er

-.ianatr-er. Tl s i acl'avpd I an isolropic ob p' oha\P

ls dark ailer rolaiion of ihe birefrlngent crysial plate in the

I

, ._-Lut'-2
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Obieclive

f - er"t"

Specimen

40 Photom

Generalintormalion
0ir. 18)

Fig.29
Pholom crographic ca



Photomicrography 41

General inlormation
(rir.18)

Fiq.29
Photomicrograph. camera w th

Pholonricrography ol slructures is of great imporiance,
because lhe phoiomicrooraph ls a rel able record of lhe
invest galed specimen.
ln malerials lestjng, for lnsiance, pholomicrographic record
ing is indispensable.
There is an ample select on of photomicrographic equlp
menti which is used depends on the requiremenls. Photo-
micro!,raphic equiprnent is either mounted on the m cro-
scope (photomicrographic cameras Fig.29) or built n

(Fiq.30).
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Both camera lypes are provided for 35 mm or large {ornrat
(9 x 12 cm or 4 x 5") negative material or transparency fi m.
Wheiher lhe miniature or arge format is pholographecl
direcily depends on several laclors. The posiive will
contain the more inlormalion lhe larger the original
negat ve or positlve slide formal. The 9 x 12 cm format has
more !'storage capacity' while the 35 mm lormat must be
subseqLrenlly enlarged which red!ces lhe informaiion
coni6n conpd,Fd w1h rra o.iqirdl niLros,op, rnaoF. 

I
The fo owing propeftles of the emulsions should be
consideted when choosing the lilm malerial:
1. Gradalion
2. Sensitivily
3. Resolving power
4. Co or temperaiure in case
5. Schwarzschild efiect
Age and storage conditions

ol color reversallilms

ol the film material are also

Fig.30

f



\..
\ .\
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The gradation of an emu sion delermines lhe intensity
range the malerial can failhJully reproduce. The gradient
qamma is given by ihe sensilometric curve shown in
Fig.31.

The densly or absorbance (S = log+) of an emulsion is

a function of lhe exposlrre (E i) whlch in turn depends on
ihe iniensily (E) and the time oJ influence (l). The value of
gamr.a resu ls from the slope ol ihe characteristlc curve
(ts a). f
Regarding the gradient there are sofl (gamma < 1), norma
{sam'na:1) and hard (samma > l) emulsions. Fig.32
shows how brlghtness dilJerences are reproduced by an

Gradai on is noi orly a function of lhe emulsion, but also ol
temperaiure and development lime (Fig.33)
The choice or lhe sradat on ol the fi m maierial depends on
lhe speclmen. lt is always betler, ihough, io have a "sofl"
negai ve contajning a wealth of inlormation and lo produce
''hard' paper prinls ol this negative.

As a rule, the sradient (gamma) decreases as rhe li m
speed (DlN or ASA) increasesi ihe emutsions are sofler.
The sefsjtiviiy oi emulsions is given in DIN or ASA values.

ExposureEr--
Scnq l.metr. . 

'rve 
I

Fiq.32
Densily curve, gradalio

O;",y",,".*"",*9

--F



45

Fig.32
Density cutue, gradalio.

'{i;3i, 
",.", ,,".,""

Three D N or two ASA values correspond to do!ble sensi-
tvity, l2 DIN=12 ASA, 15 DIN:25 ASA, l8 DIN:50 ASA,
eic. The DIN or ASA values are determined sensiio-
melrically by the manulaclurer.

I'14 2
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Color phoiomicrography

Emulsions are sensli zed for specific spectral ranges.
Black-and-wh le tilm malerial is availab e wiih orthochro-
malic and panchromatic emulsions (Fig.34).
Panchromatic sens lized for the eniire
speclral ranqe, while orthochromaiic emulsions have no
response in the red v sjble speclral range. The densiiy of
a photographic emulsion is also dependent on the spectra
emission of ihe light soLrrce, which is irnporiani especially
Jor color transparency ll ms. f
Especially important ior photomicrography on color trans-

1. The color lemperalure of ight source and filnr
2. The Schwarzschild elfect
The color temperature ol lhe light solrrce musi correspond
io ihai of ihe I m. f thls ls noi the case. convers on iillers
are requlred, wh ch are avai ab e irom microscope and lilm
manufaclurers. A dayllght coor lransparency il m, lor
inslance ls sensit zed for a co or temperatlrre oI 55000 K
(Kelvin) and intended for day ght exposure. Color trans-
parency fl ms for ariificial isht are provided lor lisht of
slighlly more than 30000 K.
lf, for instance, lhe color lemperaiure ol ihe lghi source is
32000 K and ihe I lm sensitized lor dayljght, ihe procedure
is as lollows: at lirst ihe so called deca mired (DM) valLres
ol light so!rce and color transparency film are calculaled.
one m red (micro reciprocal degree) corresponds to ihe
reciprocal va ue of one mil ionth ol a degree. T00000/5500
yields 18 DM and 100000/3200 yields 3l Dl\,4. The d llerence
o 3l ard -8 c 1'D[/ r.e. .1" colo' enp.'arLr^ o'lhei.
ligrl -ourL- o ,00o ( n.s ba rdnclo-nad lo l-- color
lemperalure oi lhe dayl ght i m of 55000 K w lh conversion
filiers ol 13 DM B (blue).

UndeFexposures and false representation oJ lhe object
color are possible on color transparency filnr ii the
Schwarzschild effect is neglected. Fig. 35 exp alns why lhe
density is not only dependeni on the product of llurn nance
and illum nation t me (t) but a so on short{ime exposure
with hlgh or long time exposure with low luminance (E).
The E curve has a sleeper slope than the t curve. The
railo of the two gamma values (t/E) is a term p which in the
Bunsen-Roscoe law of photochemislry appears as expo-
nenl: Er + E, : (h - ir)p and is termed Schwarzschild
exponenl according lo the astronomer schwarzschi d. lis
value lies gefera ly between 0.95 and 0.65.

|F'""1,".",,i..,*.
r.lensily ard llme cude

ln..n
photograph c emuls onr
..... sensllivlyoilh€
-- -- orthochromat c I

- - panchromatcit
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ln praclice this means: if intensiiy and co or of an object
are corectly reproduced on film at an exposure time oi 1",
ufder exposure and color lalsification would occur at one
tenih of lhe llumjnance and 10" exposure time. As a rule,
correcl exposure can be achieved by reducing the lllu-
m nance by the factor 10, if ihe exposlrre is nor made with
the factor 10 but 2 x 10 (Table 7)

fn..o
Spectral sensitivity oi
photoqraphic em!ls ons

.. . se.s tvty of the eye
- odho.hromallc i lm

. panchromalcilm

d'".::"-",,"",."
int€nsity and time cutue

Wavele.qth, ; /L 

-

s.
--\

ight -7
.t

-\

,/.

//

rv

2 7



Table 7
Elinrlnat on of the
Schwarzschild effect

Besolving power of
photographic emulsions
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Exposure lime lonser

7x 20x
20x - 50x 3x
50x 100x

T1e co,re, ivp Ia^rors Ior 'he pxooqurF line listed iAr
Tdbl. / d p p pp ierce vdlJes. When Js 19 color lrdns
parency malerial, make lhree test exposures, one at an
exposure iime correcied accordinq to Table 7, one at half
ihis exposure iime and one ai double this exposure tlme.

The resolv ng power is another property oI photographic
ernulslons. lt is imporiant lor retaining microscopically
resolved object structures. The resolving pow€r of a phoio
graphic emulsion is given in I nes per m llimeter, and is for
commerc:al photographic emulsions of medium sensitivity
about 100lines/mm.
As proved by a praclical example, a film ol 100 lines/mm
resolvlng power is adequate to retain the object structures
resolved by lhe microscope.

With an objective Epjplan 40,/0.85, an 8x eyepiece, and a
camera factor 0.5 (35 mm li m), the total magnificailon on
the photographic emulsion will be 160x. The Epiplan
40/0.85 objective resolves object details of aboui 0.4 tm
spacing.



49

NA.b (rive I NA ,. -, ".
0.550 0.550

0.85 + 0.65 1.5

This distance of about 0.4,m in the object ptane is entarg
ed in ihe plane of lhe 35 mm litm ro about 60rrm: 0.4 x 40
x I x 0.5 (line spacing in rhe objecr aboul 0.4 !m,Epiplaf 40,;0.85 objeclive, 8x eyepiece and camera
factor 0.5). With 35 rnm f tm having a resotving power oJ
l00lines/mm object siructures in the microscopic image ot
10 tim can be reso ved, which means rhat this litm covers
slruciuressrr11es, F? t'rdr re"otved bv lha r Lros, ope
Commercial film materiats have adequate resotving power
for ihe doclrmentaiion oJ microscopjc siruclures.
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Lir.19

Photomicrographic camera

The followlng microscope altachments or microscopes can
be used for photomicrographic documentation:
1. Photomicrographic cameras
2. Photomicroscope lll
3. lM 35 and lC[,] 4O5
4. Ultraphot ll'b
5 Axiomat IAC an.l NAC f'

Simple or auiomatic modeTs are avallable. ln boih iypes an
objective (obiique arrow in Fig.36) in the basic unii relays
the microscopic image lying at infinlly behind the eyepiece
io !he film plane and into the focusing eyepiece.

Measuring field tor lkophol M expos!re
conlrol the automat c shutler accord ng

6cm )i 6cm

meter and area used to

Fiq,38
lkophot lM exposure mel

24 mrn x 36 mm
6.5cmx9cm

9cmx12cm

56 mm x 72 rnm
\2\li, x 23/4")

Fig.36
Beam path in the photomicroqraph c

Fiq. 37
Retic e ln the locusing eyepiece
lor lhe phoiomicrographic camera



Fig,38
lkophot M expos!re meter
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A reticle in ihe foc!sing eyeplece ndicales the objecr area
whlch is photographed (Fig.37).
Belore focusing the objective, the focusing eyeptece is
focused on the double circle if the aenter of rhe reiicte.
lf the microscope is adlusted to lhe specimen plare, rh s
guaranlees that the image of the microscopic specinren is
aTso ln locus in lhe film plane.
The exposure iime is also nreasured in rhe doubte circte in
the simp e photomicrographic canrera w lh ihe tkophoi N4

(Fis. 38), or with the automatic pholomtcrographic camera.

Wth the lkophot lil the exposure tlme ls determined as

1. Sei filnr speed on DIN or ASA scale o1 lkophot N,4

2 B ing ah sorso in t p rirda ol he toc-s.q eyppp,A

3. Push red knob of exposlrre meter and retease ir if the

4. With the outer r ng brinq ihe red pojnrer ro coincidence
wiih the measur ng polnler.
5. The red symbo s indicate ihe exposure times for difjereni

Triang e for 35 mnr
Square for 65 x 90 mm
Clrcle lor 90 x 120 mm
With lhe sinrple photorn crographic camera exposure time
setiing and 35 mm filnr lransport can be made manuatty;
wiih the CS malic shutter and corresponding controt
(Figs. 39/40) they are automaiic.
Automatic exposure:
1. Sel CS malic shutterto Automatic.
2. Set lilrn speed (DlN or ASA) with the outer ring of ihe

3. Wiih the inner ring adjust the pholographic lormat.
4. Bring lhe ighi sensor n the slide ot ihe iocusing eye-
piece in the beam pathj if the image brightness in ihe
focusing eyepiece is dazzling, there is the dafger of
exceeding the ranqe where the shutler conrrols lhe expo-
sure tinre re iably. Light inlensity can be reduced wlh a
neutral densiiy I lter.
5. Cock shuiter; alter exposure lhe flm is automaricatty
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mage scales of mi.ro

Inl:

4

I
The fo owing camera attachrnents arc most frequently
usecl ln the above mentoned photomicrographic camera

C 35 ior 35 mm llm
CP 100 lor Polaroid iilm packs 3r,rr x 4rn'
C 912 lor 9 x l2 cm sheet I lm
CP 545 Jor 4 x 5" Polaroid I m
The lnlormaton conlenL s grealer on 9x l2 cm llm than
o '. rnIlr. r''rr' i P^ rd o a-
'orq6 6 o a .. 9r r r. 

' 
o-r ot ot oron . oo. p"/

is laken n rapid sequence Po aroid I lm ls recommended
wherever paper pr nls m!st be inslanlly availab e. However.
contrary lo Poaroid 1lm mat-.rial. normal negalivc and
positvc lilm materas can be influenced by darkroonr

I3

804

634

540

J2A

250

aa

t2

12,5

0

1250

6JA

504

320

250

240

125

00

63

5A

J2

25

63

5A

Control for CS mal c shutler

12,5

63

(d 
' 2,5)
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lmaqe sca es of microscope and
photomicrographic camera
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lmage scale The image scale is of greal mportance for photomicro
graph c documentation. Fig.41 shows the image scales oi
different objeclives, eyepieces and photomicrographic

The image scale of a photomicrograph is ihe railo of image
size to object size. For exaci determifatlons the specimen
is replaced by a micrometer on the microscope stage.
and the enlarged image of the microrneter is measured
on the carnera ground glass or on the film.
For the compound microscope the image scale on the filr
can be approxlmalely deterrnjned from the objeclive nragnj-
fication x eyepiece nragnification x camera iactor- The
camera factor of the 35 mm atiachment and of commercial
35 mm cameras is 0.5.
The 6.5 x 9 cm aitachmerls (Rollex casseltes or 6 x 6 reflex
cameras) have the camera factor 1.25, and ihe Polaroid lilm
pack attachment and the I x 12 cm (4 x 5") altachment lhe

Problem: lake a specimen w lh 35 mm attachrnenl
,'aclo. 0.51 obieclv- 40 dnd Kp pveoi-. F 12.5x. Th. imagp
suale is aop.o{. L0 5 ( z0 x 12.5 250) 25,0 -

Fig.41 shows ln ihe rjght-hand margin the lolal magnifica-
rior of rhe inage whe.r view-d rh'ouqh lh^ m c'oscoDe.
The difierence belween the individual sieps is 1.25. ln the
left-hand margjn these sieps are given magnjiied by the
factors of lhe camera attachrnenls lor 35 rnm and sheel
film. Th€se dala are Jor image sca es ot the negative or
subsequeni enlargement to ihe 9x12cm and 13x18cm
'orrd .. Ar lhese slepq rl'e gu de rines lor naqr lca'io!.
or ob.cr'ves l'om l'p los-r r'qh. io l1e uppFr "l
intersect those of ihe eyepiece magnificai ons. The thicker
lines are the guide llres of ihe nrost iiequenlly used
eyepieces 8x and 12.5x.

Microscope nragnificatlon should only be increased so far
that all objecl siructures resolved by lhe objective can siill
be made visible lo the eye. The range of uselul magnifi
cation lies between 500x and 1000x the numerical aperture
ot the objective used. Higher rnagnifcations are put into
brackets in Fig.4l in order 10 demonsiraie that they do not
make vislble additional objeci delails (empty magnif icalions).

a
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The Tessovar is a specialized pholomicrographic insiru-
ment (Fig.42).
This photomacrographic zoom system has a magnification
range between 0.4 and 40x. Photomacrography ts possibte
of objecl fields beiween 55 x 82 mm and 1.7 x 2.6 mm.
The instrument is primarily used for incidenr tight darkJietd
photomacroqraphy.
Pholomicrographic cameras can be used in conjunction
with the Tessovar, especially ihe 35 mm or ihe Potaroid
camera attachmenl CP100. Fig.43 is the incident light
darklield pholomicrograph of a bullet taken with the Tesso-
var with automatic 35 mm photomicrographic camera.
The Tessovar is an oplical system oliering an oplimum
compromise between depth of lield which is panicuTarty
importani for photomacrography and resolvinq pow€r.
Changing ihe magnification with the zoom system auio-
md iLally .on ol" ad Jstma'1t oi l-F apFrtLre diaphrdgn
which controls depih oi iield and resoluiion of the opticat
sysienr. Thls ensures thai lhe above-mentioned maonifica-
. ons are oblc 1ed ar opl TJn ocpr'] or rietd and o;rirnum
resolution (Table 8).

I
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Table I
Tessovar photomacrographic zoom sysrem

Free working dlsiance

35 mnr camera aiiachment

q;tfl:i,:1i::1",,

Camera atlachments C 120
and cF 120
Magnif ication factor 2.5

I
(b1ack)
320 rnm

04 05 063 0.8

1 125 16 2

(red)
150 mm

1.25 1.6 ;- 1.25 1.6 2

ll
l25 32 1.6 2

, 25 31 63

(vel
75t

a

CP 100 camera allachmenl

C 912 (9 x l2;4 x 5")
lVagn lication facior 3.2

Aperlure wilh stop 1

I
c 120
cR 120

CP 100 iPolaroid)
c 912
l9 x12t 4 x5")

(mm)

1.25 1.6 25 32 4 2.5 3.2 4

1:64 1

90
T25

1:90
125
180

1 :112
150
225

1:90
125
180

1 :112
150
225

125
1A0

1:112
150
225

1 :150
225
300

1:180
280

1:112
150
225

1:150

300

2.6
5.2

10.4

10

5555

1:45
64
90

1:36
50

1:36 l
50
72

i30
42
60

:75
105
150

I i 180
2AO

400

:90
125
180

75 1:
105 1

150 l

0.

0.i

t.

1

2

1.7
3.4
6.8

2.6
52

10 4

l:160
225

1:90
125
180

1:l
1

Aperlure ratio - ettective stop
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il llt !.'l'#'"'"1 I I I
2 25 32 2.5 3.2 4 64 32 4

56.38 63 8 10 125 16 10 125 16 20 25 32

6.4 8 10 128 16 20 10 r2.8 16 2A 25.6 32 40

75 mm

64 8 10 12.8

a

64 I l0

1:36 1:45 1:64
50 64 90

1164
90

125

1:64
90

12s

1:30
42
60

1:45
64
90

1:30 1:36
42 50
60 72

:45
64

90

:150
225

300

72 9A 125

112

150

1:160
225
320

Ii 75
105

1:90
125
180

1:90
'125

180

1:90 | 112
125 150
180 225

1 :112 1 :160'150 225
225 320

1:112
150
225

1:150
225
300

1:180
280

1:180
2AO

400

0.04
0.08
016

O.lt 0.06
o.22 4.12
0 44 4.24

016
0.32

0.26 0.16
a.52 032
1.04 0 64

0.43
0.85
1.72

1:ll2 1:150
150 225
225 300

L1 160 1:75
225 r 05

1 1a0 1:90
280 125
400 180

: , ;-..
2 128 1.24
4 256 256



Pholomicroscope lll

58

The Phoiomicroscope (Fis 44) is a ILr ly autornatlc photo
micrographlc system. Only the DIN or ASA number of thc
35 mm film must be set; p!shbutton-operaled lhe aulomatjc
system opens lhe shuiler, controls the exposLrre, closes
the shutter and advances ihe ll m. lmage scales between
10 :1 and 630 : 1 are obtainable on 35 mm filn]. They reslrll
by rrL lrplying rre ,litial ncqn'i.alio"r o .h6 -ricroq.opp
objeclive by lhe intermediaie magniJication oi ihe Opiovar

l;Y::l;Til""mHi;fl:1i€,rasnicatonotihecamr o

Fig.45
Beam paih in Photoffi.

f



I

59

ln photographic position (beam palh see diagram Fig.45)
a reticle is seen through the eyepiece, which indicates ihe
object lleld ol the microscopic image which;s phoio-
graphed. The microscopic image is iocused with the
reticle, and is used lo check for which area of rhe object
the €xposure is measured. The exposure time is determin-
ed either by iniegral measurement of ,/i ol the image
lormat or as spoi measuremeni tn the center of lhe 35 mm

A 12V 60W filament lamp is recommended lor incideni
Iighi work wiih the Phoiomicroscope jnslead of the 6V
15W filameni lamp which is sufficient tor normal trans-
mitted lighl work.

Fig.45
Beam palh lr Pholomicroscope lll
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Fig.46
Ultraphot lll b camera m croscope

Fig,47
Beam path in U t.aphol lll b.

Swllchover tom incident to transmilted
liqhl ilumination is possible.

I,r.

Ulhaphol lllb

ICM 405 invened camc

a
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Ullraphot lll b Ullraphol lll b (Fig.46) is another specia ized microscope
lor photomicrography. The compound microscope can be
eqlipped with an aulomaiic 35 mm camera or wlh an
autornai c camera for the 9xT2cm (4x5") formal. The
35 mm format lends itself for image sca es belween 10 : 1

and ihe feasible maximum oI optical microscopes. When
changing the objectives and the camera Ienglh, image
scales oi 32 : 1 and more are obiainable on the I x 12 cm
format (Fig.47).
ultraphol lllb can also be used as slmple incident light
microscope in that the rea m croscopic inierrnediale image
is projected on 9 x 12 cm sheet film by means of lhe
varlable camera length using special phoiomicrographic
Luminar objeclives
Luminar oblectves are recommended for mage scales
of 6.8 : 1 io aboui 50 : 1 for incideni I ghl darkfield and
ncident light brlghtfield phoiomicrography. Ihe image

quality ol these objeclives is superor lo that ol a cor.-
pound microscope (obieclive ard -ayepiece) for ihe above
mentioned imaqe sca e range.

0

Fig.4S
lCr,4 405 nveried camera microscopc

s8
a
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The Zeiss Axiomat evolved lrom a cornplelely rew
mechanical and opiical design concepl There are iwo
Axiomal versions for incidenl lght examinalions inc uding
documenlation: Zeiss Axiomal lAC (Fig. 49) and Zeiss
Axiomat NAC (Fig.50).
These microscopes are of oltsland fg mechanical stabilliy,
b..aJse l'p cerlral na, hanic:i a\i) ot l-p lr, oeuope
coincides wiih ihe optical axis.
F q.5l ql'ows rh. _divdudl nodul6s or lh6 7.\'Ariamd.-
lAC. l-F irver.-o A' o-rrl vF s:on tor "( d"n l:q-lr nifio5-f

Fiq.49

Fig.50

f"
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ln the IAC version of the Zeiss Axiomat ihe object is
placed above the objeci ve, an arangemenl corresponding
to an lnstrument buili according io lhe Le Chatelier
princip e.
A zoom system ln the observation modlle has magnifica
iion laclors between 0.8 and 3.2.
The oplically feasble lotal magniiicalion ol lhe Zelss
Axiomat throush the binocu ar tube lies between 10x and
T600x. The aulomatic 35 mm and large format cameras are
included in lhe.amera module

Fis.50
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Zelss Axiomat AC an(

f
lncident qhi object
for Zeiss Axiornat N,

19.52



Fig.5l
Zelss Axiomat IAC and ils modules
irom top to boltom:

observal on module

Ouo," ,
lncidenl I ght objeclives
for Ze ss Axiomat NAC and IAC

C:"j'r*, n the obserlar on mod! e

65

The newly compuled optlcs s oi superor quality. The
objeclives for medium and high inltia magn I cations are
planapochromatical y corrocLed (Table 9). Furthermore,
lhe maximum fieid of vi€w number oi ihe eyepieces is 25i
which means an optcal wjdefield system is actuaLly
avallable. Compared with opt cal systems ol conventiona
incideni lighi microscopes the object felds covered by
ihese eyepieces are larcler by abolri 250/0

Obiective Workins distance (mm)

Epiplan 5,'0.12 HD 85
Epjp af 10 0 25 HD

Epi-P arapochromal 25.'0.65 HD 0.5

Fig.52 shows ihe beam path in ihe obseruation modu e.

The wave fronts emitlcd lrom the obiect O are directed by
the zoom system parlly to a bnocular t!be. party lo the

Besides lor qualitalive evaluation and documentation of
microscopic oblects, Zess Axomat microscopes can be
used ior quanliialive microscopy.

Epi P anapochromal 50,'0 95 HD 0.18

Epr Panapochromatr00 I 3 HD o l 0.18

y'
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