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1 Introduction

The SM-LUX-POL stand is a microscope
for the most important methods of in-
vestigation in polarized transmitted and
incident light,

The unit-component principle permits
the following microscopic methods to be
carried out with the appropiate acces-
sories:

brightfield (in normal and polarized light)
darkground

phase conlrast

fluorescence

high-temperature microscopy

(up to 350°C)

microphotometry

microprojection

photomicrography

2 Setting up the
microscope

High-quality optical instruments must be
set up in a suitable work place. The
work-rcom must be free from oil- or
chemical fumes. Vibrations from neigh-
bouring machines and passing vehicles
as well as direct sunlight and appre-
ciable temperature fluctuations are
disturbing factors during measurement
and photomicrography. A robust work
bench of suitable height (about 75¢m/
30in) with drawers for accessories as
well as a comfortable chair censiderably
facilitate work, Work benches of the
LEITZ programme have been specially
developed for mi ¥ ing
these raquirements in the best possible
way (details see list 513-71). The instal-
lation ¢f a multiple socket for easy con-
nection of microscope illuminators and
accessories is recommended.
It is essential to compare the mains
voltage with the setting of the transfor-
mers and power units supplied.
Carefully check the equipment with the
packing note during unpacking and en-
sure that no small components are left
in the packing material,
Mechanical and optical components are
I d before dispatch and packed in
dust-proof containers.
To protect the microscope against dust,
it shoud be covered after use with the
special dust cover or kept in a cabinel.
The aczessories should always be kept
in the drawer of the work bench or in
the accessory case.




4 Technical description and assembly
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Stand

The stand supperts all other compo-
nents of the microscope. Owing to the
unit compenent system light sources,
condenser systems, optical systems for
observation. tubes, and other acces-
sories can be interchanged simply and
without lloss of time,

Object stage

The rotaling object stage No.32 has a
diameter of 130mm, runs on ball bear-
ings, and has verniers with a friction
clamp.

The vertical adjustment of the conden-
ser is siluated below the object stage.
Alfter it has been lowered, the polarizing
condenser can be replaced by other
condensers (darkground, phase con-
trast).

The busches in the top of the stage serve

Revolving nosepiece and tube lens
system

The revolving nosepiece accepts 5 ob-
jectives, which are individually centred.
The compensator slot (20x6mm) has
been arranged so that the compensators
itaccep!s are in the parallel beam of the
lube lens system. This preserves the fo-
cusing of the microscopic image when
the compensator is inserted. In addition
no correction factor need be allowed for
when tilting compensators are used. To
avoid collection of dust on the optical
system, the compensator slot must al-
ways be covered.

Other object slages

a) Instead of the standard SM-LUX-POL
outlit with non-interchangeable rotating
stage No. 32 an ouffit with the inter-
changeable object stage No. 832 (Code
No. 522241) is availab e. This permits the
attachment of universal rotating stages.

for the attachment of ies such

as the altachable mechanical stage or
the heating stage 350.

Fig. 2 Ratating object stage, graduated i dogroes,
and runnisg on ball boarings. (A titing compensator
i3 introduced Into the top of the stand.)

M ing the | rolating stage
(2a.27).

Unscrew the objectives from the revolv-
ing nosepiece. Lift the stage plate from
the object stage, unscrew the front lens
of the condenser, ra se the condenser
as far as it will go, Iower the stage by
means of the contrcl (20.19) or, after
unscrewing the clamping screw 2a.26).
in the object stage changing guide. At-
tach the universal ro'ating stage to the
stage with the two screws supplied.
Screw the condenser top for the uni-
versal stage for orthoscopy, Code No.
553139 or the auxiliary condenser A0.60
for conoscopy, Code No. 533140 in posi-
tion. Screw only twc UM or UMK ob-
jectives into the reve'ving nosepiece so
that the tilting movement of the stage is
not obstructed. Close empty nosepiece
apertures with screw caps.



Mounting the quartz glass plate,
segments, and specimen

See List 55-9 “Scheme of Investigation
with the Universal Rotating Stage”.

b) For special investigations such as
microscopy of large polished sections,
stages of the ORTHOLUX® Il and
ORTHOPLAN® outfits can also be used
on the SM-LUX-POL.
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Fig. 28 SMALUX-POL with universal rotating stage
19 Course adjustiment

% Clamping screw f0r 1290 change

27 Unheersal fotating stage



S Objectives and eyepleces

Objectives

The objectives in strainfree mounts for
polarized-light microscopy have the ad-
ditional letter P engraved. To remain
strainfree, they must be protecled
against «iolent shocks and temperature
fluctuations.

The slrainfree achromats are used for
onhoscapy. For conoscopy the FI163/

0.85P objective is recommended. Only
in very special cases (e.g. with very
small granules or large axial angles) the
P Ol 100/1.30 objective in combination
with the condenser top No. 004 Oil 1.30 P
is used for conoscopy

The table below contains the technical
data of the objective.

Strainfree achromats for transmitted light (lurther objectives on request)

Dosignation of the objectives | Free working Cerarglasy | Adjustment
Raproduction scaleaporiure distanca coeroction* | langth
{mmj {mm}

Achromats 4/0.12P 24.08 Do |45
10/0.25 P 7.6 Do | 45

40/0.65 P 0.28 D |45

FI  63/085P 0.15 . D 45

0Oil 10011.30P 0.1 D | 45

¢e¢ plan-ach for Incident light {further objectives on request)

| Dusigration of the objoctives Froo workieg Coveslass | Adjustment
Roproduction scale/apeituie distance cofrection * length
N fmm) - (mm)
| Plan- NPI 5x/0.09 P 125 DO | 40
| achremats NP1 10x/0.20 P. 142 DO 40
NP1 NP1 20x/0.40 P 0.86 DO 30
NPI 50x/0.85P 0.38 o 30
NPIQIl 125%/1.30 P 0.28 [s] 30
“D: 10 be Jsed with covergiass d = O.17mm (malntain coverglass thicknoss Lo within + 0.08mm)

©: to be ssed without cowarglass, BO: 10 be used with o without coverglass

Strainfree plan-achromats NPI are free
from curvature of field across the entire
field of view and therefore eminently
suitable for photomicrography.
Eyepleces

In connaclion with aimost all objectives
and for the majority of applications GF
10x PERIPLAN widefield eyepieces are
used. A pair of eyepieces serves for
binocular observation, with only the
right-hand  eyepiece equipped with

crossline graticule and focusing eye-
lens. For monocular observation only
the eyepiece with crosslines is used.
The GF 10xM PERIPLAN® eyepiece wilh
graticule 10mm ~ 100 intervals supplied
is used for microscopic linear measure-
ments after calibration by means of the
stage micrometer supplied. Other spe-
cial eyepieces with various gralicules,
e.g. for point counting methods, ¢can be
tound in our sales literature.



6 Polarizing tubes

The following four tubes can be used
on the SM-LUX-POL microscope:
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Fig.3  Inclined monocular pol tube P12
Standard equipment for monocular ob-
servation, fitted with di

=T
&r\
Fig.« Straight pol tube O 15
With disengageable Bertrand lens. Dis-

1903510

Bertrand lens. Disengageable pinhole
stop for conoscopy of small grains,

Fig.s Inclined binocular pol tube S 20
For orthoscopic observation. Conosco-
py possible only with the pinhole stop,
which is inserted in the eyepiece lube
instead of the eyepiece.

er ble pinhole stop for conoscopy
of small grains. Application: Wright eye-
piece and micro-attachment for the
LEICA®,

v it

Fig.& Binocular phototube FSA 52

As binocular pol tube S, but with addi-
tional stra ght tube for photomicrogra-
phy and for the use of the Wright eye-
piece.



Mounting the tubes:

Fig.7 Mourting the tube

Push the tube lock back. Carefully lower
the tube onto the sland, so that the
locating pin on top of the stand engages
in the groove of the tube provided for
it. Release the tube lock and slightly
tighten it.

7 Adjustment

Condenser and image-forming optical
system

Place the object on the object stage and
clamp it in position.

Swing the hinged lens of the condenser
into the beam and fully raise the con-
denser.

Choose an objective of medium power -
preferably 10/0.25 P - for observatien.
Open the aperture- (1.13) and the field
(1.16) diaphragm. Swing the illuminating
lens (1.15) into the beam,

When a binocular tube is used set the
interpupillary distance ‘with bolh hands
(by pulling or pushing) unlil the two
part-images in the microscope coincide
(only one circular image is seen).

Look through the right-hand eyepiece
with the right eye. Adjust the eyelens
until the crosslines apaear sharp, then
focus the microscopic image with the
coarse and fine adjusiment. Now look
at the same portion of the specimen
with the left eye and rovate the left-hand
eyepiece tube until a sharp image is
produced of the same portion of the
object; here the fine adjustment must
not be operated.

Half close the field diaphragm and focus
the image of the diaphragm now visible
in the microscope by means of the ver-
tical adjustment of the condenser. Move
the image of the diaphragm into the
centre of the field of view by rotating the
two centring scrows (1.12). Now open
the field diaphragm far enough so that
its image just disappears beyond the
edge of the field of view (Fig. 9).

Close the aperture diaphragm (1.13) so
that it transmits only two thirds of the
objective aperture, Thig setting must be
checked as follows:

Remove one eyepiece from the tube,



and look down the eyepiece tube. When
the diaphragm is opened and closed, a
bright circular area will be seen in the
eyepiece which changes its size corres-
ponding to the diameter of the dia-
phragm (cf. Fig. 8).

The following rules must be generally
c¢bserved for the use of the diaphragms.
The ftield diaphragm protects the spe-
cimen from unnecessary heat and pre-
vents flare. It is therefore opened only
{ar enough to transmit the field of view
of the microscope. The aperture dia-
phragm - as long as it is smaller than
the diaphragm of the objective - deter-
mines the resolving power and contrast
of the microscopic image. With speci-
mens of normal contrast range the aper-
ture diaphragm is closed so that it
transmits only */; of the objective aper-
ture. When it is closed further the re-
solving power of the objective and
therefore the performance of the micro-
scope quickly fall off. With specimens
of low contrast range the following pro-
cedure should be adopted:

Remove the eyepiece and open the
aperture diaphragm so that it is just
visible in the rear lens of the objective.
The apertures of the condenser and of
the objective are now identical, If all the
details of the object are sufficiently
clearly reproduced in the microscopic
image the diaphragm of the condenser
is gradually closed until the less con-
trasty structural elements too, become
more prominent.

The aperture diaphragm does not serve
for the regulation of image brighiness;
this should be regulated only by means
of the transformer setting, or, with co-
lour photegraphy, by the insertion of
neutral density filters (grey filters).

”

320%e - 313

Fig. 8 I=age of the aporture diaphragm
Itis visible ie the tube after ramoval of the oyepiece

Adjusting the index lines for the polarizer
on the 702 fi condenser

Carry out instructions according to para-
graph "Crossing of Polarizer and Ana-
lyser™.

The index lines on the front of the con-
denser should be accurately aligned.
To achieve this, push the adjustment key
onto the adjustment screw (8a, 28) on
the back of the condenser from the left
and rotate it until the two index lines are
no longer displaced against each other
(8a, 29).

Fig.8a Condenser 702 fi
28 Adjustment key
2 Index lines
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Centring the objective

a) Move a prominent portion of the
specimen into the centre of the cross
lines M.

b) Rotate the object stage until the
portion of the specimen is furthest re-
moved from the cenlre of the crosslines
M (position A). In extreme cases the
point A (maximum deflection of the por-
tion of the specimen) may even be out-
side the field of view.

¢) Insert both centring keys (Fig. 11)
into the bushes above the objective in
the beam. Move the microscopic image

by turning the centring keys so that the
portien of the specimen is precisely haif-
way (position B) between the crosslines
M and the furthest position A

d) Move the specimen by hand or with
the aid o' the atftachable mechanical
stage until the prominent portion is in
the centre of the crosslines (M).

Rotate the object stage and check whe-
ther the axis of rotation of the object
stage coincides with the centre of the
crosslines in the eyepiece. Repeat the
centring procedure if coincidence is not
yet precise.

M
B,
Afo

[ d

ZTMa s12

Fig. 30 Diagrammatic representation: Centring an objective

Fig. 1

Cantring the objoctives



The following table provides information
about the use of the condenser No.7021:

| Object ve aperture: | Condensor top:

Veriical-_sauing of the condenser:

Fﬁe_r than 0.25 Remains swung

in

Approximately in topmast position.
A sharp image must be formed of the
field diaphragm.

Smaller than 0.25 $wung out

With visual work appreximately in top-
| mos1 position; no imag= need be
{ormed of the field diaphragm. With
photomicrography lower the conden-
ser until a sharp image is formed of the
field diaphragm.

Crossing the polarizer and y

Move an empty portion of the speci-
men inte the optical path or romove the
specimen from the oplical path.

Set lamp at maximum brightness.

Move condenser (1.11) into toepmost po-
sition.

Open the aperture diaphragm (1,13).
Swing analyser (1.5) into the beam.
Swing Bertrand lens (1.4) into the beam.
Move the pinhole stop (1.3) out.

Rotate the polarizer until maximum ex-
tinction s obtained in the eyepiece. (If
higher-power objectives are used a sym-
metrical, blurred cross will be seen
when the setting is correct.)

Swing out Bertrand lens.

Set concenser and diaphragms accord-
ing to Fig. 9.

The microscope is now ready for ortho-
scopic oaservation.

Adji of the 6v 15W light source:
Normally this illuminator has a lamp
which is centred as follows:

Place the centring disc on the dust glass
in the foot of the stand {1.17).

Release knurled screw (1.21),

Vertically adjust the lamp mount:

When the selting is carrect, the illumin-
ation of the setting disc will change
concentrically. Failing this, adjust the
centring screws (1.221 so that the lu-
minous patch is in the centre of the
centring disc.

Remove the centring disc from the foot
of the stand.

Check the microscopic image for even
illumination; if necessary repeat centra-
tion,

(Ensure that the illuminating lens (1.15)
is swung into the beam. It must be
swung out only when the Pl 1/0.04 P ob-
jective is used.)

On request a lamp with precentred
mount is supplied, so that centration Is
no longer nacessary.



8 Investigation of birefringent objects
in the orthoscopic beam

Orthoscopy is the normal observation of
the enlarged object image in a polariz-
ing microscope. Conoscopy or observa-
tion in the divergent or convergent
beam is used for the investigation of the
interference figure produced in the rear
focal plane of the cbjective. As a rule
this interference figure is viewed by
means of the Bertrand lens swunq into

Both rays have dilferential rates of pro-
pagation, i.e. two different refractive in-
dices. Ganerally the higher refractive
index is <called ny', the lower na'. The
magnitude of these relractive indices
changes with the transmission direction
in the specimen. In the direction of an
optical axis both refractive indices are
identical, in this di the object

the beam and the ordinary

The Bertrand lens here takes over the
function of an objective and together
with the eyepi forms a mi

which permits the observation of tha
magnified interference figure (Fig. 18).
Birefringent objects (except sections
vertical to an optical axis) appear dark,
when the object stage is rotated, after
907 intervals (- normal position) and
bright or coloured respectively in the
intermediate regions (= diagonal po-
sition).

Isotropic objects (in addition, empty
spaces as well as birefringent objects
cut vertically to an optical axis), on the
other hand, show no intensity differan-
ces during rotation of the object stage.
The causes of the alternate extinction
and appearance of the interference co-
lours are:

Birefringent objects (except in the di-
rection towards a crystallographic axis
in which the object exhibits isotropy)
split the light into two rays vibrating ver-
tically to one another. In a fibre, for in-
stance, one ray vibrates parallel, the
second ray transversely to the longitu-
dinal axis.

The dark position will occur when both
rays vibrate parallel te the transmission
directions of the polarizers.

Brightness (interference colour) occurs
when both rays vibrate diagonally to the
transmission direction of the polarizers.

pp isotropic. The maximum values
of both refractive indices are called ny
and na, énd 1he corresponding birefrin-
gence wil then be:

An = ny - na
The spatial distribution of the refractive
indices and of the vibration directions
is represented in a three-dimensional
model, the so-called indicatrix. Details
can be wobtained from special guide
books on polarized-light micrescopy.
The differential rate of propagation oi
both rays causes a phase difference 1,
which depends both on the magnitude
of the effactive birefringence An and on
the thickness d of the object:

I'=d-An
Both rays, after passing through the
analyser, interfere. Depending on the
magnitude of the phase difference pro-
duced in the specimen, a specific inter-
ference cr polarizing colour will appear.
which cam be obtained from the table on
the facing page.
Interfererice colours are divided into
orders. The unit chosen is the wave
Iength §81nm, which corresponds ap-
p y to the brigh maximum
of the salar spectrum. Colours of the
first orde- correspond 1o a phase differ-
ence from 0-551nm, colours of the se-
cond ordar from 551 to 1102nm etc. With
some practice the magnitude of the
phase dilference can be estimated al-
ready on the basis of the interference
colours.
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With ascending orders the interference
colours become increasingly pale and
merge into the so called ~higher-order
white”, Adjustable compensators - see
».19) - serve for the accurate measure-
ment of the phase differences. The se-
quence of the interference colours up
to the fourth order can be observed
through the adjustment of the quarnz
wedge (Fig. 14) or of the tilting compen-
sator (Fig. 16). To co this, the quariz
wedge or the tilting compensator is in-
serted in the tube slot {1.6). For observ-
ation the Bertrand lens (1.4) can also be
inserted in the beam,

The use of /./4 and /-plates

The vibration directlions v and o', which
correspond to the rays of refractive in-
dices ny’ and no’, as well as the angles
including these vibrazion directions with

17847550 1788550 B45-550

Fig. 13 aand b additicn positicn
€ and d sublraction pesition

Fig. 14 Compoentators and Juarts wodge
81 10 4th ordes



fissures, crystal planes, elc., are fre-
quently of interest. The vibration direc-
tions can be datermlned by the intro-
d of an p (com-
pensator) in one of lhe tube slots of the
microscope. If the vibration directions
of the specimen ny" and compensator
ny corresponding to the higher refrac-
tive index are parallel to each other, the
total phase difference in the microscope
will be increased and a “higher" inter-
ference colour will be observed. If, how-
ever, the two vibration directions cor-
responding 10 the rays of the higher
refractive indices are vertical to ecach
other (Fig. 13) the phase difference will
be docreased. The vibration direction v
of the auxiliary compensator is engraved
on the mount with an arrow (Fig. 14).

Example 1:

A specimen exhibits the interference
colour first-order yellowish-white (see
table). After introduction of the 2/4-plate
(phase diffzrence about 137nm) into the
tube slot of the microscope the speci-
men exhibits the colour red-orange, The
phase difference. as can be seen from
the fable, therefore has increased:

the vibration direction " (specimen) is
parallel t¢ the vibration direction
(compensator) Fig. 13a,

"

Example 2:

Interference colour of the specimen:
grey-blue, with i-plate sky blue.

The phase difference therefore has in-
creased: y' (specimen) is parallel to v
(compensalor) Fig. 13a.

Example 3:

Interferenca colour of the specimen:
vivid yellow:

With /4-plate: yellowish-white.

The phase difference has decreased:

v (speci ) Is vertical 1o ¥ (compen-

Fig. 15 Compensator with A-plate in sub-paraliel
position

sator) Fig. 13.

In place of the two fixed compensators,
the quartz wedge (Fig. 14) and the tilting
compensator (Fig. 16) can be used for
the determination. The choice of the
compensator 1o be used depends on
which compensator yields the definite
results.



Use of the i-plate in sub-paraliel

This compensator serves for the identi-
fication of very weak birefringence
{I" < 20nm) and the determination of the
vibration directions ¥ and «’ in weakly
birefringent specimens.

The vibration direction v of the rotating

Quantitative determination

of phase differences through the use

of lors

Adjustable compensators serve for the
exact measurement of phase differ-
ences. When the thickness of the speci-
men d is known the birefringence An
can be calculated eccording to the

i-plate is parallel to the tr 1
directior of the polarizer (East-West)
when the two red dots face each other.
After negligible rotation of this plate to-
wards tre right or left from the normal
position, areas of the specimen of very
small phase difference will be identified
by a colour shift towards blue (addition)
or yellow (subtraction). Since the orien-
tation of the i-plate is known because
of the subsequent rotation (WSW-ENE
and WNW-ESE), the vibration direction
v in weakly birefringent samples can be
determired as with the use of the - and
M/4-plate (Fig. 13).

Reterences
LAVES, F., und Th. Ernst: Die Sichtbarmachung des
cn auBorst

9 :
I' = d-An’" [nm]
For the m 1t the p t
is introduced into the tube slot and ad-
justed until maximum extinction is ob-
tained on the area of the specimen to
be measured. For this purpose the spe-
cimen must be brought into a cenain
diagonal position. Details can be ob-
tained from the directions for the use
of the compensators.

The following compensators are avail-
able:

Elliptical compensator according

to Brace-Kdhler

The compensator is supplied with a

choice of compensator plates of phase

differences of 1/10, }/20, 1/30. The maxi-

mum measuring range always corres-

ponds to the phase difference of the

built-in compensator plate. The mea-
ied cul in white or in

‘etokle.

Naturwiss. BY, €8-69, 154).

SCHMIDT, W. J.: Diagonale und subparalisle Gipa-
platte Aot | und verwandte Hiltsmittel in der histo-
logischen Folarisationsmikroskopie

Ledtz-Mittel ungen Wiss. Techn, Il {8, 234-20, 1967,

i
monochromatic light,
Main field of applicatian:

Specimens of very small phase differ-
ences,



Elliptical compensator according

to Senarmont

(#/4-plate in sub-parallel position).

The measurement is carried out in mon-
ochromatic light, version for 589nm (Na)
or 546nm (Hg), requiring the use of a
rotating analyser (Wright eyepiece). The
setting accuracy is considerably improv-
ed through the use of a hall-shadow de-
vice in the tube with intermediate image
i tion (Wright eyepiece). Normally
this compensator serves for the measu-
rement of phase differences of 1 order.
Higher phasedifferences, can, of course,
also be measured. Bul in this case
the compensator will not yield the
entire phase dilference, but only the
amount that exceeds a whole wave
length or a multiple thereo!. Whole wave
lengths must be determined with & tilt-
ing compensator, quartz wedge, or by
estimation of the interference colour.
Accuracy is grealer than with the filting
compensator only.

Tilting compensalor M, measuring range
of up to 4 erders

Compensator with MgF, plate for mea-
surements in monechromatic or white
light up to about 4 orders' phase differ-
ence. The phase difference can be read
off a calibrating table supplied. Its va-
lues resull from the sum of the two
compensaling angles obtained by tilting
the compensator plate in both direc-
tions,

Tilting compensator K, measuring range
of up to 10and up to 30 orders

For the measurement of phase differ-
ences in white or monochromatic light
up to the maximum phase difference
stated. The compensator plate consists
of calcite; evaluation by simple calcu-
lation by means of the tables supplied
and the calibrating constants indicated.

17160550

Fig. 16 Compensator according o Brace-Kohler, tilling compensator, compensator with JM-plate in sub-

paraliel positicn

0



9 Microscoplic measurement

Linear measurements of microscopic
specimens are carried out in conjunc-
tion with a micrometer eyepiece (gra-
duation usually 10mm = 100 intervals).
Before measurement is begun the micro-
meter value of the objective used must
be knowA. The micrometer value is the
distanceiin the object plane of which the
objective forms an image coinciding
precisely with 1 interval of the graticule
graduation in the micrometer eyepiece.
Since tha optical constants of the ob-
jectives are subject to slight deviations,
the user is recommended to determine
the micremeter values with the aid of a
stage micrometer himself.

Example
Determination of the micrometer value
with the aid of a stage micrometer 2mm
200 intervals and a micrometer eye-
piece with graticule 10mm = 100 inter-
vals,
Make the zero lines of micrometer eye-
piece and stage micrometer coincide in
the microscope. The micrometer value
is read cif at this setting at the end of
the graduation of the micrometer eye-
piece (Fig.17).
I 1.220mm of the stage micrometer
coincide with 100 intervals of the micro-
meter eyepiece, the micrometer value
= 1.220 : 100 =~ 0.01220mm — 12.20um.
With low-power objectives, which do not
form an mage of the graduation of the
stage micrometer acress the entire gra-
duation ©of the micrometer eyepiece,
only 10 intervals of the micrometer eye-
piece are compared. If, then, 0.36mm of
the stage micrometer coincide with 10
intervals of the micrometer eyepiece,
the micrometer value ~ 0.36 : 10 -
0.036mm = 386um. The screw microme-
ter eyepi=ce is used for highly accurate

W0c-0

Fig. 17 Division of the graticule in the eyspiece and
image of the slage micromate

measurements in the microscope. List
513-17 comtains detailed relevant in-
formation.



10 Investigation of birefringent objects in the

conoscopic beam

The optical axes of crystals are demon-
strated and the optical character (posi-
tive or negative birefringence) deter-
mined in the conoscopic beam. The
sample is transilluminated in directions
which are as different as possible, i.e. at
large condenser aperture, and the inter-
ference figure produced in the rear focal
plane of the objective is observed with
the Bertrand lens in the optical path”.
If the sample is cut in a suitable plane,
the shape of the interference figure can
indicate whether the crystal is uniaxial
or biaxial (Fig. 18). The additional use
of fixed and variable compensators also
allows the determination of the optical
character on the basis of the displace-
ment of the interference fringes in the
various quadrants and sectors of the
interference figure. Details of the deter-
i can be obtlained from guide
books of polarized-light microscopy.

¢ With tubes without Bertrand lons the inferforence
tigures will become visible after removal of the
eyepiece. The Image will be Impiovod aftor the
pinhcle stop S53031 has been mounted

Operation of the microscope

for conoscopy

Look for & sample of suitable cutting
direction ir. the parallel beam, if neces-
sary with a low-to-medium-power ob-
jective.

Turn an objective of the highest possible
aperture into the beam, e.g. 63/0.85 or
Oil 100/1.30 objective (it oil immersion
objectives are used the condenser top
No. 004 OI11.33 P must be turned in).
Turn the condenser top and the Bertrand
lens* into the beam.

As a rule the interference figure can be
observed already now.

Only with small granules is it necessary
to mask the field of view by means of
stopping down the field diaphragm
(1.60) and turning the pinhole stop into
the tube (1.3).



Determination of the optical characler

Unilaxial crystals:

For the determination of the optical
character cutling planes are particularly
suitable in which the optical axes of the
crystal and of the microscope are pa-
rallel to each other. In the orthoscopic
beam samples orientated in this way
show no ar only small phase differences
when the object stage is rotated. Uni-
axial crystals when viewed in the cono-
scopic {divergent) beam exhibit a dark
cross, whose point of intersection in-
dicates the location of the optical axis.
The cross is surrounded by coloured
interference fringes. When a variable
compensator (quartz wedge or lilting

Orlentatior. of the
compensal

compensator) is operazed, the rings in
two diametrically opposed quadrants of
the cross move towards the centre and
the periphery respectively. The optical
character is determinec from the move-
ment direction of the rings according to
the following rule (Fig.18):

Uniaxially pesitive crystals

The movement direction of the fringes
from the intersection of the cross to-
wards the periphery is vertical to the
engraved v-direction on the compen-
sator.

Uniaxially negative cryslals

The movement direction of the fringes
from the intersection of the cross to-
wards the periphery is parallel to the
«-direction of the compensator.

saler plale Unaxlal Blaxial
Einachsig Zweiachsig
Orientierung
des + -
Kompensator-
plattchens

®

9.

@[+
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* Beim 17a°A- Glimmerplitzchan treten an Stetle dor schwarzen Bogen schwarze Punkle auf.

* Wit the i-d-mics piste black dols repisce the black arcs
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Fig. 18 Table for tho cetormination of tho optical charactes
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For the determination of the optical
character culling planes are also suit-
able in which the optical axis of the
crystal is slightly inclined to the obser-
vation direction. The optical character
can usually be determined even when
the intersection of the cross is outside
the field of view. Fig. 18 shows that for
the determination of the optical charac-
ter fixed compensaters can be used in
place of variable ones.

s

Biaxial crystals

For the determination of the optical
character particularly those cutting pla-
nes are suitable in which the angle bi-
sactor of the two optical axes is roughly
parallel t¢ the viewing direction (section
veortical to the acute bisectrix). In the
divergent beam a dark cross will be seen
which, when the object stage is rotated,
opens oul into two legs of a hyperbola,
the so-called isogyres. The cross and
the legs of the hyperbola respectively
are surrounded by coloured interference
fringes. The optical character can be
determined from thedisplacementdirec-
tion of these fringes after the compen-
sator has been operated according to
Fig.18 or to the rule below. The plane of
symmetryof the isogyres (= axial plane)
must now be vertical to the y-direction
of the compensator.

Biaxially p-ositive crystals

When the compensator is operated, the
interference fringes move from the con-
vex to the concave side of the isogyres.
Biaxially negative crystals

The interference fringes move from the
cencave t2 the convex side.

Usually the oplical character can be de-
termined .even when only one of the
optical axes is located in the viewing
direction of the observer. in the parallel
beam the brightness of samples orlent-
ated in this way changes littie if at all. In
the divergent beam, only one of the two
isogyres becomes visible.




11 Further accessories for
polarized-light microscopy

Circular polarization

Birefringent samples show the extinc-
tion effect (normal position) described
on p. 14'when they are rotated. Especial-
ly with low-power observation, some of
a large mumber of birefringent objects in
the field of view will always be in the
extinction position. For simultaneous
observation of all ebjects in their inter-
ference colours (diagonal position) cir-
cular polarization is used:

For this purpose the i/4-plate is intro-
duced into the tube, and an additional
4-plate (Code No. 513090) in the
crossed position into the appropriate
slot in the condenser (Fig. 19).

A
T2
P
T
29355

Fig. @
P ~ Polasizer
A = Anzhgsor

v+ = wibration direction of the lower i'4-plate
72 = vibratlon direction of the uppst hid-plate

Relorence:-:

MECENBASH, K.: Ober dlo Untersuduang von ged-
Boren Cbjekion im lisear- wnd zirkular-polarisionen
Licht am CRTHOPLAN-POL

LEITZ-Mittpitungen tir Wissenschaft und Technik V
(3-4), 31-34 1970

SM-LUX-POL with

Pol-interference contrast device R

The Pol-interference contrast device R
consists of:

Illuminator, pol objectives and adapters
with Wollaston prisms, polarizer, and
analyser.

It is fitted in the same way as the incl-
dent-light device, p. 2¢,

Fig. 20
Pol Interference device R

Application: contrasty representation of
the surface relief of samples viewed in
incident light.



12 SM-LUX-POL with incident-light attachment

This incident-light device serves for the
observation of polished sections in ordi-
nary and in polarized incident light.
Special incident-light objectives® with
adapter rings are required. A hand press
is necessary for the exact alignment of
the surface of the sample (Fig. 23).

Conversion from transmitted to incident
light

Release the tube lock and remove the
tube (Fig. 21).

Withdraw the compensator from the
tube slot.

Release clamping screw (Fig.22), re-
move the intermediate oplical system
and protect it from dust.

Mount the Incident-light attachment on
the stand, ensure that the guide pin on
the underside of the device enters the
slot of the stand.

Retighten the clamping screw.

Mount tube and lock it in position.

* Soo tablo p. 9

Unscrew the transmitted-light objecti-
ves and protect them from dust.

Screw the incident-light objectives (P =
strainfree) into the centring revolving
nosepiece together with the adapter
rings supplied.

The NPI £x/0.09 objectives (as well as
oil and methylene iodine) are adapted
with the short adapter ring (6mm), all
other objectives with the broad adapter
ring. (Owing to the design of the 6mm
adapter ring, it is necessary to refocus
through abiout 1mm after the NP1 5x/0.08
objective nas been lurned in or out of
the optical path.}

Adjustmenrdt

1) Align the incident-light stage micro-
meter or surface-silvered glass plate by
means of the hand press and plasticine
on a microscope slide and place it on
the object stage.

2) Adjust the eyelens of the eyeplece
until the crosslines appear sharp to the
relaxed eye.

Fig. 21 Remowval of the monocular pol tube

b3

Fig. 2 Remcval of the intermediate optical system



3) Swing the Bertrand lens (24.4) and
pinhole stop {24.3) out of the beam.

4) Withdraw the analyser from the beam
(see text Fig, 24).

5) Open the aperture and flield dia-
phragms (24.24 and 23).

6} Centr2 the objective to the axis of
rotation of the object stage by means of
the centring keys (as for transmitted-
light obsarvation p. 11).

7) Adjust the light source for even illu-
mination of the object field (if precen-
tred filament lamps are used centration
is not necessary). If necessary check
illuminaton additionally with the Ber-
trand lerns,

8) Cross the polarizers:

Insert the polarizer (24.25).

Rotate the analyser until maximum ex-
tinction eccurs in the field of view.
(This adjustment cannot be carried out
with samples exhibiting double reflec-
tion, a particularly precise crossed po-
sition of the polarizers is obtained if the

setting is carried out with the aid of the
Bertrand lens. In the crossed position a
dark blurred cross will then be visible.)
Open the field diaphregm (24.23) up 10
the edge of the field of view, turn the
desired objective in, set the aperture
diaphragm depending on the desired
contrast.

17656513

Fip. 23 Handpress for the alignment of objects

Fig, 24 Incdentslight device for the SM-LUX-POL
3 Pinhote stop, 4 Bertrand lens, 23 Field disphragm,

o

28 Apesture disphragm, 25 Pelarizer
Analyser nat visible in Fig. 24 see Fig. 1



