LEITZ Universal Rotating Stages -
and Accessories ‘:&"

The universal rotating stages are supplied in two designs which differ in the number
of their axes or directions of rotation and have received their designations UT 4 and UT5,

4

The number 4 or 5 signifies”the number of oxes. In conjunction with supplementary
equipment, our rotating stages moy be employed for index meosurements of grains in
accordance with various methods, e. g. the % or i, t voriation, or, with the aid of the
Waldmenn holi. w glass sphere, they may serve to carry cut morphological and crystal-
optical measurements on crystals,

For the optica!l nvestigation of crystals ofier the Fedorow method, the UT4 and UT5S
stoges fulfil all ihe requirements. The latter surpasses the former in that it allows of
setting the seco.d plane of symmetry immedictely ofter the first one has been found,
thus focilitating he meosuring process.

All universol rotating stages have o practical device for exchanging and mounting the
thin sections an4 allow of o simple and ropid adjustment of the section surface into
the intersection of the axes of rotation. For the analysis of specimen structures it is
adventageous to equip the stages UT4 and UTS5 with the ouxiliary engulor slide (FEGFU)
for parollel mevement of the specimen which, however, necessitotes o speciol mount
of the upper segment (FEGSE).

For the demonstration of the principle underlying the construction and use of the
universal rotating stages, indicatrix models of opficelly uniaxiol ond bioxial crystals
can be accommodoted on all types of UT stages where they take the place of the inner
stage plate.

The application of the universal rotating stage methods necessitates the use of special
UM objectives which are corrected for a uniform working distance (1.5 mm.) in relation
to the UT stage segment and supplied with built-in iris diaphragm. The objectives of
higher numerical operture, UM 20/0.33 and UM 32/0.30 call for o special condenser
cop and ore ideal for the determination of directions of reference in crystallographic

Universal rotating stoge UT 4

work.
Specifications
Universal rotating stage UT 5 (5 oxes of rotation), on cenlring base,
Universal rotating stage UT § with poir of segments np = 1.554, in case 1ICGLI
with centring bose Universc! rotating stage UT 4 (4 axes of rotation), on centring bose,
with pair of segments n = 1.554, in case FEDRO
Interchangeable poir of segments np = 1,554 [as included above) KOSID

Interchangesble poir of segments ny, = 1.649 FEGNO
Interchongeable poir of segments n, = 1.516 FEGMA
Segments with other refractive index on request,

For the analysis of structures of materiols with the cid of the UT 4 or UT 5 stoge

the following is required:

Schmidt porcllel guiding slide with mm. scole, for systemalicolly displacing the thin

section under the segment FEGFU
The Schmidt slide necessitates ¢ modificction to the normal mount of the upper
segments, extra for each segment FEGSE
For genercl examination of thin sections on the UT stage without upper segment:
Auxiliory stoge :lip FEKLE
I the universel rotating slages are 1o be used with the microscope ORTHOLUX.POL
' required
Schmidt poralle! slide Intermedicte slide with clamping screw for raising the microscope tube POKUN

Objectives for universal stage methods
Built-in iris diephrogm, free working distance to top of segment 1.5 mm., magnifi-

cation und cperture volues apply to segment np, = 1.554

UM 5/ ICNXI
- 1ICOZI

UM 20/033 ICPBI

UM 32/0 1CQDI

Auvxiliarly setfin ggctive for adjustment of the A, oxis PEHO)

lective changing ring (required for each objective when the microscope to be
used is equipped with on objective centring clutch) PIZUT

Supplementory condenser for UM 20/0.33 ond UM 32/0.30, toking the ploce of the
normal swing-out condenser top
(3) for UTS HnyLC

Avsilloryabiective Sapgl N Nb?iorUTA IHTNG
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LEITZ Universal Stage Conoscope

—
M |
|
| . : ,
Al pecial equipment! has Le i designed to supplemen! any mode! of the universal rotot
’ ng stage for conoscopic work. The following items are required to build up o universal

staQe conoscope

Condenser on dovetail shide with sleeve taking the polarizer [for use in place of
~ the normel microscope condenser) and objective UMK 32/0.60

Joper segment with smoll hemisphere (11.5 mm._ dic.| rerrociive INdeX bl
Upper segment with small hemisphere (1 mm. dia.] refroctive index 1.554
Upper segment with small hemisphere (115 mm. dic.) refractive index ‘&
The lower segment is the same a: that supplied for the UT stages
Lower segment with hemisphere 25 mm. dia., refroctive index 1.51¢
Lower segment with hemisphere 25 mm. dic., refractive index 1.554
Lower segment with hemisp .ere 25 mm. dic., refractive index 1.649
Objective UMK 32/0.40

Objective m,éc
{Special svstem for the conuscopic examination of small objects

Condenserfor universal
stage conoscopy

Iipper segment for universol stoge conoscope

The Waldmann Hollow Glass Sphere

The Waoldmann hollow glass sphere

The Waldmann hollow glass sphere
in position on the UT 4 stage.
Cose with all the accessories ot the right

This accessory to the universal rotating stages which can be mounted on our polarizing
microscopes is for the morphological and crystal-optical examination of crystals ranging
in diometer from 1 to 11 mm. It consists of o hollow sphere of optical glass, 27 mm. in
diometer and with a 12 mm. bore. The space inside this sphere is filled up free from air
bubbles with o suvitable immersion fluid. The closure cap. with the object holder in
place, seals the sphere without extending beyond its surface at any point. This renders
the sphere copoble of being turned under the microscope without limination in every
direction.

Advantages of the hollow gloss sphere:

® Transparent crystals up tfo the stated moximum size can easily be brought into
the centre of the sphere, where they can be examined without the risk of damage,
and without preparatory meosures

® In the examination of thin sections, as has hitherto been customary, an initial po-
sition unfavourable for many components of the section is given by the plane of
the section. By controst, the sphere with its unlimited range of rotation cllows o
favourable initial position of the grain to be chosen, in addition to which the ob-
ject can clso be transposed on its holder

® The ongulor space remaining accessible for observation in a plane of symmetry
of the cop (about 26°), is considerably larger than in ordinary segments, in which
o spherical belt of less than 90° only can be fully utilized for transmitted light
microscopy.

® The conoscopic exomination method can olso be employed ot any time
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Three different types of closure caps are
available for the Waldmonn hollow glass
sphere:

Emmons circulation cell

Angle-true net ruling Surface-true net ruling

9509 85

Indicatrix model of on Indicotrix model of an
oplically biaxial crystal  epticolly uniaxial crystal

4 Left: closure cop with fixed
plass pin

Centre: closure cop with radi-
ally movable glass pin

Right: closure cop with cros:
pincers

& A

1. Closure cap with fixed glass pin on which the objec! 1o be examined is cemented.
2. Closure cap with radiclly movable aloss pin allowing the object to be brought
into the centre of the hollow sphere

Closure cop with cross pincers for crystal: of 5~ 11 mm. dia. The pincers are
opened and closed by means of o key

w

Specification:

Waldmann hollow gloss sphere, with tongs, adapter ring, end holder for use on UT
stage, key for vertical adjustment of closure cops. 2 wooden rings as supports for
the sphere, centring gouge, and 3 rlosure caps, in case HRUX

Emmons Circulation Cell

quip is primorily offered for the determination of re-
fractive indices ofter the double vaoriation method (%, t method os described by
Emmons).

The equipment consists of o special lower segment for UT stages and a circulation
cell surrounding this segment for varying the temperature. A thermostat is also
provided for the purpose. For i variotion when corrying out the % method the
linear mirror monochromator must be employed.

This pl tary

Lower segment ;mh circulation cell, in case PEJAG

Accessories for Universal Stage Methods

For the evaluation of the measurements obtained with the aid of the universal
stages the folowing accessories are availoble:
Angle-trve sereogrophic net ruling (cccording to Wulff] with roteting device (ac-

cording to M Reinhard) for the tracing poper IVW X1
Angle-true serecgraphic net ruling, single sheet 1ZWLI
Surface-true net ryling (according to Lambert) with rotating device (according to

M. Reinhard)for the tracing poper IVXZI
Surface-trve "@t ruling, single sheet 1ZMYI

For the demonstration and explonation of the universol stoge methods ond the
operations ivolved we supply, os suggested by M. Reinhard, the following indi-

calrix model ©f crystals which are acccommodated on the universal stage cfter the

stage inset his been removed:

Indicatrix mad= | of an optically biaxial crystal 1CSHI
Indicatrix made | of an opticelly uniaxiol crystal ICTKI
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Auxiliary arrangement INDEX

Heating ring for the hemisphere

Colour filter

Q/

Plano-paraliel cover plates

o522 85

special eyepiece INDEX 8 x

Design subject to allerations without notice

ERNST LEITZ comen

Uni

| Stage Ref

This equipment, also known os the Berek microscope refraciometer, is designed for
the determination of the refractive index of grain preparations ofter the embedding
method and with the aid of o universal stage

The refractive index of the immersion is adapted to that of the grain by varying
the temperature. Afier ¢ changeover from tr tted to diffused incident light the
refractive index results from the setting of total reflection on the UT-stage.

Specification:

Auxiliory arrangement INDEX comprising o lower segment, upper hemisphere with
cavity and 3 pleno-parallel cover plates, healing ring for the hemisphere with con-
necting cable, regulating transformer type RT 35 for 110/220 volts a. c.

Special eyepiece INDEX Bx (30 mm. dia.) with cross lines in helicel

focusing mount ond adjusiable eyelens

Obijective UM 20/0.33 .

llluminating stand with opal glass plate and tubuler lamp 25 watts for direct mains
connection *, filling to the microscope foot

'
When using o filament lemp os source of light one of the following filters must
be placed on the INDEX eyepiece or the top analyser:
Orange filter
Colour filter 670
Colour filter 550
Colour filter 480

*) please specify mains voltage when ordening

WETZLAR cGermany

Subsidiary: Ernst Leitz (Canada) Ltd., Midland, Ontario
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Procedure for Examinations with the
Universal Rotating Stage

I. Preparations

1. (a) Crossing the Nicols.
(b) Centring the objectives.

2. Estimation of the approximate degree of light refraction of the mineral to
be examined as compared with Canada balsam, to permit correct selection
of the appropriate segment.

3. Secure the object slide (with the vock section on top) and the spherical
segments on the universal rotating stage. The object slide should be
between 0.9 and 1.1 mm. thick. A little immersion oil is applied to the
lower surface of the object slide and to the cover glass of the specimen;
the slide is then placed on the glass plate, which rests loosely in the U-stage,
in such a manner that it lies at right angles to the line connecting the
two screws fastening the upper segment; these two screws press the
upper segment onto the specimen with an elastic pressure. The fastening
screw marked with a ring can be screwed in beforehand. The upper
segment, which is designed with a corresponding slot in its mounting,
is p under the spring-mounted socket of the screw, and is finally
screwed tight with the second screw. In order to be able to remove the
specimen and the upper segment conveniently, this screw is removed,
and the screw marked with a ring is then loosened. A little immersion
oil is also applied to the lower segment; it is then pressed against the
glasd plate from beneath, and is held in this position by adhesion.

4. There are 5 different axes of rotation; their varying nomenclature in the
literature is listed below. Berek's nomenclature of the axes, i.e. A,, A,,
A, A, A; corresponds to the sequence of the required operations, from
the centre outwards. A,, A; and A, (odd indices) are vertical axes of
rotation, while A, and A, (even indices) are horizontal.

CL M. Berek .Neue Wege zur Universalmethode” (New Applications of the Universal Method)

N.7b. Mineral. Vol. 48 (1923), pp. 34-62.

| 55-9/Engl. |
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— Nomenclature

(1924) according to (1931) Reinhard R. C. Emmons
Nikitin-Duparc-Reinhard

A, N (normal axis) ON() LV.

A, H (horizontal axis) H() N-S

A M (mobile axis) A (auxiliary axis) 0.V.

A, I (immobile axis) K (control axis) 0. E-W

A, M (Microscope axis) M

<1

N~

. Assembly and adjustment of the U-stage on the object stage of the micro-

scope.

(a)
(b)

(€)

Remove ring plate from the object stage.
Fasten universal rotating stage to the object stage with two screws,
so that the graduated drum of the A, axis is on the right.

Lock Ay; lock A, and A, at index “0“.

(The centring of the objective used can also be carried out at this point
by rotating on axis A; and observing the specimen).

(d) Adjusting the A, or A; axis. Rotate on axis A, or A, If the axis of

(e)

rotating of the specimen does not coincide with the point of inter-
section of the cross-lines, then the two screws securing the U-stage
are loosened, and the latter is repositioned accordingly. Centring is
correct if the axis of rotation of the specimen still coincides with
the point of intersection of the cross-lines on rotating on axis A,, or
A, and A, respectively. The A, axis is now adjusted parallel to the
horizontal line of the cross-lines of the eyepiece.

Focus the microscope on the surface of the upper segment. Set the
index of A, to 270°. Rotate on A, and observe whether the dust par-
ticles on the surface of the upper segment move exactly parallel to
the vertical line of the eyepicce cross-lines; if not, rotate on A; until
the required effect is achieved. This adjustment must bé carried out
carefully, The final position of A; is the zero position of A, Lod,
and note down this position.



(f) Turn all axes to the normal position and lock.
A:0 Ay:0  A,:270 (or 90) A,:0
A, i zero position as determined above.

(8) Adjusting the vertical position of the specimen.

Rotate on A, in both directions from the zero position. If on doing so.
the plane of the specimen appears to move above the horizontal line
of the cross-lines, then the plane of the specimen lies under the axis
A,, and must be raised. This is done with the aid of the ring fitted
with four notches, which is located under the centre of the stage;
this ring is turned in a clockwise direction, holding the screws securing
the upper segment in position at the same time, until the axis A,
finally lies in the plane of the specimen. Conversely it is also possible
to hold the notches in position, and to rotate on A,.

(h} Close the objective iris diaphragm. Focus the Bertrand lens on same
and centre. Centre source of light to the objective iris diaphragm.

(i) For the graphic evaluation of the results of the measurements, we

supply angle-true (stereographic, Wulff's, Reinhard's) and surface-
true (Lambert's, Schmidt's) net rulings with a revolving device after
M. Reinhard.

(k) It should be noted that when using the Wulff's net ruling, the index
of the A, axis lies at 270°, where it normally remains arrested, since
the graduation of the net ruling is usually marked from the top [North)

with 0:360° and lies correspondingly at 270° analogous as with the
U-stage.

6. In the 5-axis universal rotating stage, an additional horizontal axis has
been introduced between axes A, and A,, and lies vertical to A,. This
axis, which bears the designation A’, and has its angle graduation on
adjustable arcs, facilitates determination of the position of the indicatrix
in the crystal. The advantages of the 5-axis stage in determining the second
and third planes of symmetry are described in detail in the book by
Rinne-Berek: ,Anleitung zu optischen Untersuchungen mit dem Polari-
sationsmikroskop® (Instructions for Optical Examinations with the
Polarizing Microscope), Stuttgart 1953, p. 279.

II. Basic Procedure for Fxaminations*

Introductory Remarks: Check the centration of the source of light at frequent
intervals with the Bertrand lens.

Check the position of axis A, frequently with the auxiliary circles.

If the adjustments are disturbed by pronounced dispersion, use a good orange
or red filter,

If necessary, use an eyepiece with iris diaphragm and cross-lines.

* For the first exercises it is advisable to use rock sections orientated vertically to an optical
symmelry axis, and to start accordingly with 11, 5.



1. Finding the plane of symmetry.
(a) Rotate on A, until extinction.

(b) Test whether on rotating on A,, extinction is retained.
Likewise for the other position of extinction.
For the further operations, use the position with optimum extinction.

(¢) Alternating inclination on A, and restoration of extinction through
turning on A, until extinction is retained on turning on A,

(d) Take readings of the co-ordinates a', and a', (a’; is positive if read on
the right auxiliary circle, and negative if read on the left).

2. Finding a second plane of symmetry.
(a) Axes A, and A, in the normal position.

(b) Index of A, at a', —80, if o', positive
« @'y 190, if a'y negative,

(c) either: rotate A, < to the left and lower A, to the left until extinction
is reached,
or: rotate A, — to the right and lower A, to the right until extinction
is reached. The smaller / o', /, the smaller should be the rotations on
A,, and incline primarily on A, only.
Continued checking of the extinction by inclining on A,

Take readings of the final co-ordinates a", and a",.

3. Determining the co-ordinates of a symmetry axis.
Either: with the aid of Wulff's net ruling.

(a) Mark the North pole on an auxiliary sheet (tracing paper).

(b) Mark the angles «', and «"; on the outer circle in an anticlockwise
direction from the North pole: points P'; and P",.

(c) Rotate the auxiliary sheet until P'; coincides with the North pole of
the net ruling; mark the angle «’, at the equator from the centre (to
the right if o', is positive, or to the left if «', is negative): point P',.
Repetition of the same procedure for the point P",, a”, gives point P',.

(d) Mark the point of intersection of the two great circles determined by
P-‘ " md P." P”u

(e) Rotate the auxiliary sheet to the right — until § falls on the equator;
read the angle of rotation from the North pole on the outer circle:
. Read the inclination of S towards the centre: 4, (positive on the
right half, negative on the left).
Or: by calculation with a slide rule.

1 ~ tan a",
sin (a'y—a",) tan a'y

(a) tan_ (o', — &) =

(b) Thus giving %,.

- Cotan (a" s u"l).



_ tan o,
cos (a'y =1%&,)
% and @, are the co-ordinates of a symmetry axis.

. Setting a symmetry axis in the direction of observation.

Set index A, at %,, index A, at &, index A, at 0.

Test: After rotating on A; in each of the two positions of extinction,
the extinction must be retained on inclining on A,.

. Determining the characteristic angle of extinction.
(a) Set axis A, at 0.

(b) Rotate on A, in the diagonal position.

(c) Determination of the character of the direction of oscillation SW—-NE
with gypsum red of the first order, with marked refraction with a
quartz wedge or a compensator; note down the results.

(d) Rotate on A; clockwise until first extinction; repeat four times; as
accurately as possible: average of the readings a,.

(e) Set A; at index a; + 45°.
(f) Set A, at the value * 54.7°,
With considerable differences in the light refraction of the mineral (n)

(c) tan 4= The signs demand special attention!

and that of the segment (n’), A, should be set to the value 54.7.

-
(8) Rotate on A; anticlockwise until first extinction; repeat four times; as
accurately as possible: average of the readings a,.

(h) Characteristic angle of extinction:
% = zero position of A; — a;.

. Determining the optical characteristic.

(a) True angle of the optical axes: Determine ¢ in the standard diagram,
read 2 V.

(b) Character of double refraction: upper sign in the diagram, if in 5¢
the character of the direction of oscillation was determined as being
SW-NE: c (k), but the lower sign if the character determined was
a (g).

(¢) Orientate the Ist and 2nd centre lines in relation to the symmetry axis
as set according to 4. above, as shown in the diagram. Accurate speci-
fication of the position of the centre lines in relation to the rock
section normal by means of the angle 4, and in relation to edges,

cleavages, and the border lines of twinnings in the specimen by means
of the angle 4%,

. Repetition of the determinations (5 and 6 above) in a special diagram.

(a) Selec.tlion of the test conditions 7 and 7 as functions of the angle 7
in 5 h:



? @ /. ? @
0— 2 100 10 88 — 90 10 10
1— 6 100 20 84 — 89 10 20
5§—15 100 35 756 — 85 10 35
10 — 23 100 50 67 — 80 10 50
20 — 28 100 65 62 —70 10 65
27 — 33 105 65 57 — 863 15 65
32 —37 115 65 53 —58 25 65
35 —45 130 65 45 — 55 40 65

(b) Set A, at a; + 2 (ay: average from 54d).
(c) Set A, to the value * y or # 1: C o

(d) Rotate on A; anticlockwise until first extinction;
repeat four times; average a,.

(e) Extinction angle 7 = zero position of A; — a,.

(f) Read 2V from the special diagram. The cases in the same horizontal
row of the table (a) above require the same diagram. The construction
data for these are given on page 39 of the original paper.

Besides polished thin sections, individual mineral grains or crystals can be
examined with the U-stage (see literature under Dimler-Stahmann).

With the method of H. Waldmann, the segments are replaced with a hollow
glass sphere, in which grains of 1-11 mm. diameter can be measured
morphologically and crystal-optically.

For examinations in incident light, the UTR 2 is available.

The following literature will facilitate introduction to the universal rotating
stage methods, or give instructions for carrying out special examinations.

Berek, M. Mikroskopische Mineralbestimmung mit Hilfe der Universaldrehtisch-
methoden (Berlin 1924) Gebr, Borntraeger.

Reinhard, M. Universaldrehtischmethoden [Basel 1981), Wepf & Cie, (mit besonderer
Berticksichtigung der Plagioklasbestimmung).

Nikitin, W, Die Fedorow-Methode. (Berlin 1836).

Emmons, R. C, The Universal Stage (with five axes of rotation).
Mem. Geol. Soc. Amer. 8, 1943,
Ausfithrliche Darstellung der 1-T-Variationsmethode.

Chudoba, K. Die Feldspiite und ihre praktische Bestimmung. (Stuttgart 1032).

6



Nikitin, W.

Chomard, L.

Berek, M.

Emmons, R. C.
Dimler, R, J. und
Stahmann, M. A,
Waldmann, H.

Trbger, E.

Chudoba, K.

Tertsch, H.

Kohler, AL

Rittmann, A.

Baler, E.

Nikitin, W.

Melon, |.

La méthode universelle de Fédorow.
Traduction francalse par L. Duparc et V. de Dervies.
[Genéve, Paris, Lidge 1014).

Theorie et pratigue de la méthode de Fédorow,
Procédé classique et méthode analytique générale.
Ann. Mines (13), Memofres §, (1934), P. 153-218.

Grundsiitzliches zur Bestimmung der optischen Indikatrix mit Hilfe
des Universaldrehtisches.
Schwelz. Mineral.-Petrogr. Mitt. 28, (1949), S. 1-1a.

A modified universal stage. Amer. Mineral, 14, (1943), pp. 441461

A mount for the universal stage study of fragile materials,
Amer. Mineral. 285, (1940), pp. 502504,

Glashohlkugel fir Kristall- und Edelsteinuntersuchungen.
Schweiz. Mineral.-Petrogr. Mitt, 27, (1947). 8. 472-520.

Nomogramm zur Reduktion von Kippwinkeln am Universaldrehtisch.
Chbl. Mineral. A, (1039), S. 472-520.

Bestimmung der Plagioklase in Doppelzwillingen nach dem Albit- und
Karlsbadergeselz bei Untersuchungen mit Hilfe des Universaldreh-
tisches. N. Jb. Mineral. A. Beil. — Bd. &3, (1932), S. 267—278.

Die Ermittlung der kristallogr. Orientierung der Plagioklasoptik chne
Verwendung von Spaltrissen oder Flichenspuren.
Z. Kristallogr. 188, (1944), S. 330-334.

Drehtischmessungen an Plagioklaszwillingen von Tief- und Hodh-
temperaturoptik. Mineral.-Petrogr. Mitt. 83, (1942), S. 150-179.

Die Zonenmethode. Ein Beitrag zur Methodik der Plagioklasbestim-
mung mit Hilfe des Théodolittisches.
Schweiz. Mineral.-Petrogr. Mitt. 9, (1929), S. 1-46.

Der Zwilling als Spezialfall zentrischer Verdrehung zweier Kristalle.
Z. Kristallogr. 87, (1834), S. 306-325.

Korrekturen und Vervollstindigungen der Diagramme zur Bestim-
mung der Feldspite nach Fedorows Methode.
Mineral.-Petrogr, Mitt. (Leipzig) 4, (1933), 8. 117-180.

Essai de détermination des propriétés optigues d'un minéral par la
mesure, en lumiére paralléle oblique, des retards en différents points
d'une lame cristalline, Ann. Soc, Geol. Belgique (Lidge) 57, M 3-M 108,
(1933--1934).



Mosebach, R.

Burri, Conrad

Nieuvenkamp, W.

Dodge, T. A.

Schumann, H.

Schumann, H.

Schumann, H.

Sander, Bruno

Dietzel, A.

Doeglas, Th. J.

Duparc, L. und
Reinhard, M.
Plato, W.

Drescher, F. K.

Ehrenberg, H.

Uber die Bestimmung der Brechzahlen doppelibrechender Minerale im
gededklen Diinnschliff, Nachr. Akad. Wiss. Gottingen, Math.-Phys. K1
(1047), 8. 20-22.

Das Polarisationsmikroskop, - Verlag Birkhiiuser, Basel (1950).

M. Berek's Methode der dharakteristischen Gangunterschiedsverhiilt-
nisse, Proc. k. Akad. Wetensch. Amsterdam 30, (1927), S, 534-542.

The determination of optic angle with the universal stage.
Amer. Mineral. 18, (1934), pp. 6275,

Erweiterung der konoskopischen Beobadhtungsweise durch den Dreh-
tisch. Fortschr. Mineral, 21, (1837), S, 102-108.

Uber den Anwendungsbereich der konoskopischen Methodik.
ibid 28, (1941), S. 217-252,

Demonstration allseitig drehbarer konoskopischer Interferenzbilder
mittels Mikroprojektionsapparates und Drehtisches. Cbl. Mineral. Abt.
A (1938), S. 120-127.

Gefiigekunde der Gesteine (1930), Wien.

Die ldentifizierung der Entglasungsprodukte von techn. Natron, Kalk,
Kieselsiure, Glisern, Glastechn, Ber. 8, (1031), S, 307300,

A rapid microscopic method for distinguishing quartz from untwinned
oligoclase-andesine.
Amer. Mineral. 21, (1836), pp. 531-532; 28, (1040), pp. 288206,

La détermination des plagioclases dans les coupes minces.
Genéve 1824,

Bestimmung kristallogr. Daten kristallis. geschliffener Edelsteine.
Z. wiss. Mikrosk. 57, (1940/41), S. 137,

Ein neues groBes Universal-Drehinstrument. Fortschr. Mineral. 15,
(1931), S. 310-320.

Ein neuer Universaldrehtisch fiir Anschliffe und seine Anwendungs-
mbglichkeiten, Erzmetall 3, (1950), S, 65--69.
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