VISINDAMENN & SILFURBERG

VISINDAMENN SEM BREYTTU HEIMINUM - 19. TIL 20. OLD

SCIENTISTS & ICELAND SPAR

PEOPLE WHO CHANGED THE WORLD IN 19TH TO 20TH CENTURY

EHRENBERG WAS ONE OF THE FIRST TO DISCOVER THAT ORGANIC FIBERS SUCH AS HAIR, SILK AND HEMP EXHIBIT DOUBLE REFRACTION TO SOME
EXTENT. THIS PROPERTY HAS PROVEN VERY USEFUL IN MICROSCOPICAL RESEARCH IN BIOLOGY AND IN THE TEXTILE INDUSTRIES.

SCHMIDT, 1924

GOTTFRIED EHRENBERG
1795-1876, PYSKALANDI / GERMANY

Ehrenberg var einn frumkvodla i notkun skautads ljéss vid smdsjarrannséknir

{ liffredi, 4 5. dratug 19. aldar.

Ehrenberg was a pioneer in the use of polarized light for microscopical studies
in biology, in the 1840s.

TyNDALLS 1850 EXPERIMENT ON A PAIR OF SUSPENDED [CELAND SPAR SPHERES. IT CONFIRMED M. FARADAY'S CONCLUSION THAT THE
MAGNETIC PROPERTIES OF CRYSTALLINE MATERIALS DEPEND ON DIRECTION RELATIVE TO SYMMETRY AXES.

LIEBISCH, 1891

JoHN TYNDALL
1820-1893, IRLANDI-ENGLANDI / IRELAND-ENGLAND

Tyndall hélt rannséknum M. Faradays dfram 4 seguleiginleikum silfurbergs,
og vard eftirmadur hans vid Royal Institution. Hann leysti 4 drinu 1869 gdtuna
um orsdk himinblamans, med hjalp silfurbergsprisma.

Tyndall continued M. Faraday’s observations on the magnetic properties of
Iceland spar, and became his successor at the Royal Institution. In 1869 he used
Iceland spar prisms in experiments which demonstrated why the sky is blue.

MAXWELLS THEORY ABOUT THE CHARACTERISTICS OF LIGHT: ELECTRIC (E) AND MAGNETIC (B) FIELDS IN A ELECTROMAGNETIC WAVE IN FREE
SPACE. THE WAVE IS TRAVELLING IN THE DIRECTION OF THE Z AXIS.

JaMES CLERK MAXWELL
1831-1879, SKOTLANDI-ENGLANDI / SCOTLAND-ENGLAND

Maxwell setti fram kenningu 4 drunum 1862-65 um ad ljésbylgjur saman-
standi af sveiflum raf- og segulsvida. Hann byggdi par talsvert 4 eigin reynslu
af athugunum 4 skautudu lj6si og 4 silfurbergi, auk uppgotvana Faradays.
Kenningin fékk smdm saman stadfestingu med tilraunum 4 nastaaldarfjéroungi,
og kom silfurberg par enn vid sogu. Hin vard grundvéllur ad nttima edlisfredi
og morgum meirihdttar tekniframférum 20. aldar.

Maxwell proposed in 1862-65 that light waves consist of electrical and mag-
netic oscillations. This idea was in part based on experiments with polarized
light and Iceland spar by himself and M. Faraday. It gained support gradually
during the next quarter-century, to some extent due to observational evidence
involving Iceland spar. The electromagnetic theory forms the basis for modern
physics and for a wide range of major technical achievements in the 20th century.

EQUIPMENT FOR STUDYING THE FARADAY (1845) MAGNETO-OPTIC EFFECT, I.E. ROTATION OF THE PLANE OF POLARIZATION
OF LIGHT IN MATERIALS PLACED IN A MAGNETIC FIELD.

BIOT; 1846

MicHAEL FARADAY
1791-1867, ENGLANDI / ENGLAND

Faraday rannsakadi mikilveega patti vardandi seguleiginleika silfurbergs og
arid 1845 fann hann einnig ad segulsvid hafdi dhrif 4 skautad ljés { efnum med

hjalp pess.

Faraday investigated important aspects of the magnetic properties of Iceland
spar, and also found in 1845 with the aid of Iceland spar prisms that magnetic
fields affected the passage of light through materials.
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PASTEUR (1848) DEMONSTRATED THAT AQUEOUS SOLUTIONS OF MIRROR-IMAGE TARTRATE ROTATED THE POLARIZATION OF LIGHT RESPECTIVELY
TO THE LEFT AND TO THE RIGHT. SUBSEQUENTLY, HOFF AND BEL SUGGESTED IN 1874 THAT THREE-DIMENSIONAL CHEMICAL BONDS OF CARBON
COULD FORM MIRROR-IMAGE MOLECULES. IN THIS CASE IT IS THE AMINO ACID ALANINE.

Louis PASTEUR
1822-1895, FRAKKLANDI / FRANCE

Pasteur vard fyrst pekktur fyrir rannséknir 4 dhrifum lifreenna efna { vatns-
lausn 4 skautad ljés, frd 1848. Per urdu lykill ad nyjum skilningi 4 efnafredi
kolefnissambanda.

Pasteurs first major scientific discovery concerned the changes in polarized
light produced by aqueous solutions of certain organic compounds. This led to
a new understanding of the nature of carbon compounds.

AN UNPOLARIZED RAY FROM THE LEFT ENCOUNTERS A COLLECTION OF SMALL PARTICLES. | HEY ABSORB SOME OF THE LIGHT AND RE-RADIATE IT
SIDEWAYS. RAYLEIGH DERIVED IN 1871 THEORETICAL EQUATIONS FOR THE INTENSITY AND THE POLARIZATION (ARROWS) OF THIS SCATTERED LIGHT.

FOWLES, 1975

JoHN WILLIAM STRUTT,
3RD BARON RAYLEIGH
1842-1919, ENGLANDI / ENGLAND

Rayleigh gerdi margskonar ljésfredirannséknir med silfurbergsprismum,
medal annars vardandi hreyfingu jardar { ljdsvakanum. Hann setti fram fradi-
legar jofnur um dreifingu skautads ljéss frd smadgnum, sem stadfestu tilrauna-
nidurstddur J. Tyndalls um orsok himinbldmans.

Rayleigh carried out many research projects in optics with the aid of Iceland
spar prisms, including attempts to measure the Earth’s speed relative to the
acther. His theoretical equations for the scattering of light confirmed
J. Tyndall’s experimental results on the cause of the blue sky.

CALCAIRE
Fig.aﬁﬁ ;
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A DRAWING BY DES CLOIZEAUX OF AN ICELAND SPAR CRYSTAL OF UNUSUAL SHAPE, FROM HIS MONOGRAPH ON MINERALOGY.
DES CLOIZEAUX, 1874

ALFRED DEs CLOIZEAUX
1817-1897, FRAKKLANDI / FRANCE

DesCloizeaux var einn merkasti steindafredingur sins tima. Rannséknir hans
studdust mjog vid athuganir 4 kristéllum { smdsja med skautudu ljési. Hann
kom tvisvar til Islands.

DesCloizeaux was one of the most productive mineralogists of his time,

frequently employing polarized light in his microscopical studies on crystals.
He visited Iceland in 1845 and 1846.

COLOR DRAWING OF A TRANSPARENT THIN SECTION FROM A VOLCANIC ROCK, VIEWED IN A MICROSCOPE.
ZIRKEL 1876.

FERDINAND ZIRKEL
1838-1912, PYSKALANDI / GERMANY

Zirkel vard dsamt H.C. Sorby helsti frumkvodull { bergfredirannséknum med
peirri adferd ad skoda punnsneidar bergs { smdsjd med skautudu ljési. Hann
ferdadist um Island 1860 og doktorsrit hans fjalladi um bergsyni fra Islandi.

Along with H.C. Sorby, Zirkel pioneered the use of polarized light for micro-
scopical studies in petrography, using thin sections of rocks. In 1860 he
travelled in Iceland, collecting samples of volcanics for his doctoral thesis.
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MOLECULAR STRUCTURE OF EIGHT DIFFERENT SUGARS WITH SIX CARBON ATOMS (ALDO-HEXOSES). IN 1902 E. FISCHER WAS AWARDED
THE NOBEL PRIZE IN CHEMISTRY FOR HIS FUNDAMENTAL RESEARCH ON THE STRUCTURE OF CARBOHYDRATE MOLECULES.

PRINGSHEUM, 1925

HeErRMANN EMIL FISCHER
1852-1919, PYSKALANDI / GERMANY

Fischer notadi skautad ljés vid rannséknir 4 sameindabyggingu margra liffraedi-
lega mikilvegra efnaflokka, svo sem sykurefna og aminésyra. Hann fann upp
nyjar adferdir til pess og bjé til fjolmorg efni { peim flokkum, sem ymist voru
adur pekkt ar ndttdrunni eda éfundin.

Fischer applied polarized light in his investigations on molecular structures in
several classes of biologically important organic chemicals, including sugars
and amino acids. He synthesized many such chemicals, some already known
from natural sources and some not.
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STRANGE PATTERNS EXHIBITED BY LIQUID CRYSTAL SPECIMENS, WHEN VIEWED IN A POLARIZING MICROSCOPE UNDER

VARYING CONDITIONS. ATION NOT STATED. HEXOL, A COBALT-AMMONIA COMPLEX. THE EFFECTS OF DISSOLVED HEXOL SALTS ON POLARIZED LIGHT PROVIDED STRONG SUPPORT
LEHMANN, 1900 ¢ 1911-13 FOR WERNER'S NOVEL THEORIES OF CHEMICAL BONDS AROUND 1910.

WIKIPEDIA

C. RAMSAUER'S EXPERIMENTAL SETUP TO CLARIFY ASPECTS OF THE PHOTOELECTRIC EFFECT IN 1921, THE YEAR WHEN EINSTEIN RECEIVED
THE NOBEL PRIZE IN PHYSICS FOR HIS THEORY OF THAT PHENOMENON. LIGHT FROM THE LAMP HG IS POLARIZED BY THE ICELAND SPAR
RHOMB K BEFORE FALLING ON A ZINC STRIP Z, RELEASING ELECTRONS.

RAMSAUER, 1921

OT1TO0 LEHMANN ALFRED WERNER
, ALBERT EINSTEIN
1855-1922, PYSKALANDI / GERMANY 1866-1919, SVISS / SWITZERLAND ,
1879-1955, PYSKALANDI-Sviss-USA

Lehmann uppg6tvadi hina sérstoku ljoseiginleika svokalladra fljétandi kristalla ~ Nystdrlegar kenningar Werners um efnatengi milli frumeinda fengu verulegan (GERMANY-SWITZERLAND-USA

arid 1889 og rannsakadi pd mjog itarlega { 30 4r. Skautad lj6s var 6missandi vid  studning af dhrifum tiltekinna efna 4 skautad ljés. Per breyttu mjog hugmynd-

par rannséknir, sem medal annars hafa leitt til préunar flatskjaa. um um byggingu sameinda, og eyddu einnig meginmun sem var talinn vera  Einstein setti fram nyjar fredikenningar um ymis fyrirbrigdi { edlisfradi,
milli lifrenna og 6lifrenna efna. par sem fyrri kenningar dugdu ekki til dtskyringa 4 nidurst6dum tilrauna.

Lehmann discovered the peculiar optical properties of so-called liquid crystals Silfurberg var notad vid sumar per tilraunir, sem og vid préfun 4 kenningum

in 1889 and carried out comprehensive investigations on them for 30 years.  Strong supporting evidence for Werner’s novel concepts of chemical bonds was ~ Einsteins og beitingu peirra 4 ny fyrirbrigdi.

Polarized light was quite essential in this research, which has for instance  provided by the effect of certain compounds on polarized light. This revolu-

resulted in the development of flat TV screens and displays. tionized chemists’ ideas of molecular structure, and erased the walls existing  Einstein proposed alternative theoretical foundations for various physical
between organic and inorganic chemistry. phenomena where previous theories had not accounted satisfactorily for obser-

vational results. Some of these observations had involved Iceland spar; it was
also used in many experiments aimed at veritying Einstein’s predictions and at
applying them to new situations in physics.

NOBELSVERDLAUN OG SILFURBERG
NOBEL PRIZES AND ICELAND SPAR

I. UPPGOTVANIR SEM HEFDU VARLA VERID GERDAR AN SILFURBERGS EPA NICOL-PRISMA
[DISCOVERIES WHICH DEPENDED MUCH ON THE USE OF NICOL PRISMS

EMIL FISCHER, ErNAFRAEDI - CHEMISTRY 1902: SKILNINGUR A BYGGINGU SAMEINDA AF SYKRI OG FLEIRI EFNUM SEM HANN SMIDAPI - SYNTHESIS OF SUGARS AND OTHER ORGANIC COMPOUNDS

ALFRED WERNER, EFNAFRZEDI - CHEMISTRY 1913: NYJAR VIDDIR OPNUDUST [ OLIFRANNI EFNAFRZADI MED RANNSOKNUM HANS - COORDINATION BONDS, A NEW CONCEPT IN CHEMISTRY

2. UPPGOTVANIR PAR SEM SKAUTUN L]éSS, SILFURBERG EPA NICOL-PRISMU SKIPTU TALSVERDU MALI EN VORU E.T.V. EKKI AFGERANDI
[DISCOVERIES WHERE POLARIZATION OF LIGHT PLAYED A CONSIDERABLE PART

H.A. LORENTZ & P. ZEEMAN, EbLISFREDI - PHYSICS 1902: ZEEMAN-HRIF - ZEEMAN MAGNETO-OPTIC EFFECT
J. STARK, EpLISFREDI - PHYSICS 1919: STARK-AHRIF RAFSVIDS A LITROFSLINUR - STARK ELECTRO-OPTIC EFFECT ON SPECTRAL LINES
H. V. EULER, EFNAFRZEDI - CHEMISTRY 1929: GERJUN OG EPLI ENSIMA - FERMENTATION AND THE NATURE OF ENZYMES

C.V. RAMAN, EpLISFREDI - PHYSICS 1930: RAMAN-LJOSDREIFING - SCATTERING OF LIGHT, WITH CHANGE OF WAVELENGTH

3. UPPGOTVANIR PAR SEM KALKSPAT (ISLENSKT SILFURBERG) EPA NICOL-PRISMU KOMU EITTHVAD VID SOGU
D1SCOVERIES WHERE INICOL PRISMS OR CALCITE CRYSTALS PLAYED SOME PART

W. OSTWALD, CHEMISTRY 1909, USED POLARIMETERS IN SOME OF HIS STUDIES ON CHEMICAL PROCESSES CITED BY THE NOBEL COMMITTEE.
O. WALLACH, CHEMISTRY 1910, WAS AWARDED THE PRIZE FOR HIS WORK ON TERPENE AND CAMPHOR COMPOUNDS FROM PLANTS, WHICH INCLUDED OPTICAL ACTIVITY MEASUREMENTS.
R. WILLSTATTER, CHEMISTRY 1915, NOTES IN HIS WORK ON FLOWER PIGMENTS THAT SOME OF THESE EXHIBIT HIGH OPTICAL ACTIVITY AND ROTATORY DISPERSION.
HE ALSO USED POLARIMETERS AND OTHER INSTRUMENTS WITH INICOL PRISMS IN HIS RESEARCH ON CELLULOSE, ALKALOIDS, HYDROLYSIS, AND ENZYMES.
THE X-RAY DIFFRACTION STUDIES OF W.H. & W.L. BRAGG, Puysics. 1915, M. SIEGBAHN, PHYS. 1924, AND A.H. ComMPTON, PHYS. 1927 ALL EMPLOYED CALCITE CRYSTALS FOR ACCURATE WAVELENGTH MEASUREMENTS.
THE RESEARCH OF R.A. ZSIGMONDY, CHEMISTRY 1925, ON COLLOIDS WHICH INCLUDED OBSERVATIONS OF LIGHT SCATTERING AND POLARIZATION, WAS PRECEDED BY HIS STUDIES ON COLORED GLASSES.
Z.SIGMONDY’S ACHIEVEMENTS IN TURN INSPIRED INVESTIGATIONS BY J.B. PERRIN, PHYS. 1926, ON THE ATOMIC STRUCTURE OF MATTER.
A. WINDAUS AND H. WIELAND, CHEMISTRY 1928, BOTH MEASURED OPTICAL ACTIVITY IN STEROL COMPOUNDS.
H. FISCHER, CHEMISTRY 1930, EMPLOYED POLARIMETERS IN SOME OF HIS WORK ON HAEMIN AND CHLOROPHYLL (INCLUDING SPECIAL EQUIPMENT TO MEASURE STRONGLY COLORED SOLUTIONS).
W.N. HAWORTH, CHEMISTRY 1937 ELUCIDATED THE STRUCTURAL CONSTITUTION OF MANY SACCHARIDES AND OTHER CARBOHYDRATES. HIS GROUP WAS ALSO THE FIRST TO SYNTHESIZE THE OPTICALLY ACTIVE COMPOUND ASCORBIC ACID (VITAMIN C).

R. KUHN, CHEMISTRY 1938 DID SOME OF HIS PRIZE-WINNING WORK ON CAROTENES WITH A POLARIMETER, AS WELL AS RESEARCH ON MUTAROTATION, FERMENTATION AND AMYGDALIN DERIVATIVES IN THE EARLY 1920s. HE ALSO WROTE MAJOR REVIEW PAPERS ON OPTICAL ACTIVITY.

4. NOBELSVERDLAUNAHAFAR SEM GERDU YMSAR RANNSOKNIR MED SILFURBERGI EPA A SKAUTUDU LJOSI, EN FENGU VERDLAUNIN FYRIR ANNAD
NOBEL LAUREATES WHO PUBLISHED PAPERS ON WORK INVOLVING POLARIZED LIGHT OR CALCITE, BUT RECEIVED THEIR PRIZES FOR DISCOVERIES IN DIFFERENT FIELDS

J.H. VAN’T HOFF, CHEMISTRY 1901 (AND INDEPENDENTLY J.A. LE BEL) PUT ORGANIC CHEMISTRY ON A NEW FOUNDATION BY THEIR PUBLICATIONS (E.G. HOFF 1874) ARGUING THAT OPTICAL ACTIVITY
OF SOME CARBON-CONTAINING MOLECULES IS DUE TO MIRROR-IMAGE SYMMETRY IN THREE-DIMENSIONAL BONDS OF CARBON.
W.C. RONTGEN, Puysics 1901 INVESTIGATED THE KERR AND POCKELS ELECTRO-OPTIC EFFECTS, AS WELL AS THE FARADAY MAGNETO-OPTIC EFFECT IN GASES.
S. ARRHENIUS, CHEMISTRY 1903 USED POLARIMETRIC OBSERVATIONS MADE BY HIMSELF AND OTHERS FOR HIS THEORETICAL ANALYSIS OF CHEMICAL REACTION KINETICS.
H. BECQUEREL, PHysics 1903 DID VALUABLE RESEARCH ON THE FARADAY AND ZEEMAN MAGNETO-OPTIC EFFECTS.
RAYLEIGH, PHysics 1904 WROTE A NUMBER OF PAPERS ON THEORETICAL AND EXPERIMENTAL ASPECTS OF POLARIZED LIGHT, ESPECIALLY THE SCATTERING OF LIGHT BY SMALL PARTICLES AS OBSERVED BY J. TYNDALL.
J.J. THOMSON, PHysics 1906 WROTE THEORETICAL PAPERS ON POLARIZED RADIATION.
A.A. MICHELSON, Paysics 1907 INCLUDED SOME OBSERVATIONS OF POLARIZATION IN HIS RESEARCH ON THE ZEEMAN EFFECT.
F. BRAUN, PHysics 1909, PUBLISHED PAPERS ON DOUBLE REFRACTION IN INHOMOGENEOUS MATERIALS.
W. OSTWALD, CHEMISTRY 1909 AS MENTIONED ABOVE, USED THE INTERFERENCE OF POLARIZED LIGHT IN HIS LATER INFLUENTIAL STUDIES ON COLOR PERCEPTION.
A. GULLSTRAND, PuaysioL./MEDICINE 1911, DESCRIBED SOME OPHTHALMOLOGICAL PROCEDURES WHERE NICOL PRISMS PLAYED A PART.
J. STARK, PHysiCs 1919 AS MENTIONED ABOVE, ALSO STUDIED FOR INSTANCE CANAL RAYS AND PHOTOGRAPHIC MATERIALS WITH POLARIZING PHOTOMETERS.

W. NERNST, CHEMISTRY 1920, PUBLISHED A WELL-KNOWN PAPER WITH P. DRUDE ON THE POLARIZATION OF STANDING LIGHT WAVES, AND ALSO PAPERS WHERE A WANNER PYROMETER WITH NICOL PRISMS WAS EMPLOYED IN HIGH-TEMPERATURE RESEARCH.
A. EINSTEIN RECEIVED HIS PHYSICS 1921 PRIZE FOR THEORETICAL WORK ON THE PHOTOELECTRIC EFFECT AS A QUANTUM-MECHANICAL PHENOMENON. MANY RESULTS ON POLARIZED LIGHT BY VARIOUS EXPERIMENTALISTS LED UP TO HIS DISCOVERIES ON THIS MATTER
AND OTHERS, WHILE SUBSEQUENT EXPERIMENTS CONFIRMED AND SOMETIMES EXTENDED EINSTEIN’S CONCLUSIONS. SEE A SEPARATE ACCOUNT ABOUT HIM ON WWW.RAUNVIS.HI.IS/~LEO.

N. BOHR, PHysics 1922, J. FRANCK AND G. HErRTZ, PHYS. 1925, W. HEISENBERG, PHYS. 1932, AND E. FERMI, PHYS. 1938 WROTE ON POLARIZED FLUORESCENCE, RESONANCE RADIATION AND RELATED TOPICS.

F.W. ASTON, CHEMISTRY 1922, BEGAN HIS CAREER BY INVESTIGATING OPTICALLY ACTIVE ORGANIC COMPOUNDS WITH P.F. FRANKLAND.

O. MEYERHOYF, PHysIOL./MEDICINE 1922, WROTE PAPERS ON FERMENTATION.

R.A. MILLIKAN, Puysics 1923, MEASURED THE POLARIZATION OF HEAT RADIATION IN 1895.

A. HARDEN, CHEMISTRY 1929 STUDIED THE ROTATORY POWER OF GLYCOGEN IN THE EARLY 1900S, AND LATER INVESTIGATED POLYSACCHARIDES, ENZYMES AND THE RESOLVING EFFECT OF MICROORGANISMS ON OPTICALLY INACTIVE ACIDS.

K. LANDSTEINER, PuaysioL./MEDICINE 1930, WAS MAKING POLARIMETRIC OBSERVATIONS ON BLOOD SERUM IN THE LATE 1920s.

O. WARBURG, PnHys1oL./MEDICINE 1931, BEGAN HIS SCIENTIFIC CAREER IN RESEARCH ON OPTICALLY ACTIVE ORGANIC COMPOUNDS WITH E. FISCHER (CATEGORY 1 ABOVE).

P. KARRER, CHEMISTRY 1937, DID HIS DOCTORAL RESEARCH ON COBALT COMPLEXES UNDER A. WERNER (SEE CATEGORY 1 ABOVE) AND LATER CARRIED OUT VARIOUS STUDIES (ON POLYSACCHARIDES, VITAMINS, TANNINS, GLUCOSIDES, ALKALOIDS ETC.) WHERE POLARIMETERS WERE EMPLOYED.
E.O. LAWRENCE, Paysics 1939, USED ELECTRO-OPTIC KERR CELLS IN RESEARCH IN THE 1920’s.

G. DE HEVESY, CHEMISTRY 1943 DEPENDED ON CALCITE CRYSTALS IN HIS PIONEERING STUDIES ON CHEMICAL ANALYSIS BY X-RAY FLUORESCENCE IN THE 1920s.

M. BORN, PHysIics 1954 WROTE IMPORTANT THEORETICAL PAPERS AND BOOKS ON CRYSTAL OPTICS, THE KERR EFFECT, AND OPTICAL ACTIVITY (E.G. BORN 1935).

HEeiMILDIR / REFERENCES: LES KRISTJANSSON
EINSTEIN, A., 1917. Zur QUANTENTHEORIE DER STRAHLUNG. PHYS. ZEITSCHR. 18, 121-128.

KRISTJANSSON, L., 2007. SILFURBERG: SKYRSLA UM AHRIF PESS f RAUNVISINDUM: MINNISBLOD OG HEIMILDASKRA”, NOV. 2007, 384 BLS.

KRISTJANSSON, L., 2010. ICELAND SPAR AND ITS INFLUENCE ON THE DEVELOPMENT OF SCIENCE & TECHNOLOGY IN THE PERIOD 1780-1930. NOTES AND REFERENCES.

LEHMANN, O., 1900. STRUKTUR, SYSTEM UND MAGNETISCHES VERHALTEN FLUSSIGER KRYSTALLE UND DEREN MISCHBARKEIT MIT FESTEN. ANN. PHYS. 2, 649-705.

LEHMANN, O, 1911-13. NEUE UNTERSUCHUNGEN UBER FLUSSIGE KRISTALLE I-I1I. SrTZUNGSBER. HEIDELB. AKAD. WISSENSCH. 1911 No. 22, 1912 No. 13 AND 1913 NO. 13, 42 + 27 + 29 p.

RAMSAUER, C., 1921. DIE LICHTELEKTRISCHE WIRKUNG UNTERTEILTER LICHTQUANTEN. ANN. PHYS. 64, 750-758.

WERNER, A. 1911, 1914. Zur KENNTNIS DES ASYMMETRISCHEN KoBartaTroMms [. BER. DEuTscH. CHEM. GESELLSCH. 44, 1887-1898. XII. UBER OPTISCHE AKTIVITAT BEI KOHLENSTOFFFREIEN VERBINDUNGEN. 47, 3087-3094. ExTrRACT IN C.R. 159, 426-429. MILESTONES IN HIS WORK ON METAL COMPLEXES.

¢RSITq

(2

i,/ o
" o SRR
o e MENNINGARRAD 0,0 EXELE

o/

BREIDDALSSETUR AUSTURLANDS SOKNARAZTLUN NATTURUSTOFA

MALVISINDI - JARDFR ADI - SAGAN FJARDABYGGD AUSTURLANDS HASKOLI ISLANDS NATTURUSTOFA AUSTURLANDS SUPAUSTURLANDS

GRAFisSK HONNUN: ZDENEK PATAK



