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Friedrich Johann Karl Becke (1855-1931) was an Austrian 
geologist, mineralogist and petrologist from the University of 
Prague, who developed a method for determining the relationship 
between light refraction and refractive index differences observed 
in microscopic specimens. The phenomenon, which is now referred 
to as the formation of Becke lines, has been named for him. Becke 
also conducted important work on 
metamorphic rock recrystallization, 
and later contributed to the develop-
ment of a descriptive terminology and 
classification of mineral assemblages 
in metamorphic rocks.

In transmitted-light microscopy, 
the Becke line test is a comparative test 
utilized to determine the approximate 
refractive index of a mineral. Utilizing 
plane-polarized light, the substage iris 
diaphragm is partly closed to accentu-
ate grain boundaries, resulting in the 
appearance of a thin line of light, the 
Becke line, which either surrounds the 
specimen or is visible within the specimen boundaries. If the micro-
scope objective is then moved up or down, away from the position 
of focus, the Becke line will move into the medium having a higher 
refractive index. In general, a medium suitable for determination of 
refractive indices (and to observe Becke lines) is either an adjacent 
mineral of known refractive index, an immersion oil, or a mounting 
medium such as Canada balsam.

Born on New Year’s Eve, 1855 in Prague (then part of the 
Austro-Hungarian Empire), Becke moved to Vienna, where he 
studied under Gustav Tschermak and was appointed chairman of 
mineralogy at the University of Vienna (1898). Many years later, he 
was made rector (1921), and died ten years after that in the summer 
of 1931. Becke presented a landmark paper (1903) on the com-
position and texture of the crystalline schists to the International 
Geological Congress, which represented the first comprehensive 
theory on metamorphic rocks. His subsequent work on retrogres-
sive metamorphism led to a more thorough understanding of 
many ancient mountain belts, and he served as editor of the journal 
Mineralogische und Petrographische Mitteilungen (Mineralogical 
and Petrographical Notices) after 1899.

The Austrian Mineralogical Society (founded in 1901) awards 
the Becke Medal, a tribute to the famous mineralogist and their 
second president, to outstanding scientists for their significant 
contributions to mineralogy, crystallography, petrology, and other 
disciplines in geophysics and geochemistry. Becke was a member 
of the Berlin-Brandenburg Academy of Sciences and Humanities 
(then the Prussian Academy of Sciences and Humanities) and an 
honorary member of the Geological Society of Sweden (1916).

Becke Lines - Are defined as the broad, dark or bright lines 
(due to refraction and/or diffraction) formed in the image at the 

boundary between media of different optical path lengths. They 
move in the direction of the longer optical path when the distance 
between the objective and the object is increased. The Becke line 
disappears in the region of the object that lies in exact focus.

Formation of Becke lines is illustrated in the figure above. In 
(a) the transparent specimen has a higher refractive index than the 
surrounding medium. When the objective is raised above focus a 
bright Becke line appears inside the specimen, but the Becke line 
appears to enlarge and surrounds the specimen when the objective 
is moved below the focus point. If the specimen has a lower refrac-
tive index than that of the medium (b), the situation is reversed 
and raising the objective above focus produces a bright Becke line 
surrounding the specimen.

Grains and fibers are often convex in shape and either diverge 
or converge light, depending upon whether their refractive index 
is lower or higher than the surrounding medium (usually oil). In 
either case, light is converged into the medium having a higher 
refractive index. A specimen having parallel faces will produce 
Becke lines at the boundaries having the higher refractive index 
by total internal reflection.

Reliable Becke lines may be obtained with medium-power 
objectives (10x through 50x) with numerical apertures ranging 
from 0.5 to around 0.7. The condenser aperture should be reduced 
until strong Becke lines are observed through the microscope eye-
pieces, with increasingly smaller aperture sizes being employed as 
the refractive index difference between the specimen and medium 
is narrowed. Adjustment of the condenser aperture should be un-
dertaken while viewing the specimen and progressively closing the 
diaphragm until good Becke lines are observed.

Note: This phenomenon is used to recognize relative differences in refractive 
index of two adjacent media, for example, a particle and the surrounding mount-
ing medium. When the refractive indices are matched, the Becke line disappears.

Anders Jöns Ångström (1814-1874) was a Swedish physicist, 
mathematician, and astronomer who is widely considered the father 
of spectroscopy. His most famous work is the atlas, Researches on 
the Solar System, which listed the wavelength of over 1000 lines 
in the solar spectrum. Ångström expressed his results in the unit 
(one ten-millionth of a millimeter) that now bears his name. The 
Ångström unit (Å) was formerly used in describing the wavelength 
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of light and in electron microscopy. However, not an official SI unit 
of length, the Ångström was ultimately replaced by the nanometer.

Educated at the University of Uppsala, in 1839 Ångström 
became a member of its faculty, and by 1858, succeeded to the 
chairmanship of the physics department. As the discoverer of 
hydrogen in the solar atmosphere and later in other stars, he was 
the first to examine the spectrum of the aurora borealis from his 

Uppsala observatory. Using a prism to 
examine spectra, Ångström was able to 
disprove the then-accepted theory that 
the northern lights originated from 
reflected sunlight through sky-borne 
ice crystals. He demonstrated that the 
characteristic bright line in the yellow-
green light was due to electrically 
excited oxygen atoms. The Swedish 
scientist also discovered the relation-
ship between the Fraunhofer lines in 
the solar spectra and the discontinuous 
spectra of hot gases. His pyrheliometer, 
designed for the direct measurement of 
incident solar radiation, was adopted 

as an official instrumental standard in 1905. Ironically, Ångström, 
a chaplain’s son, was born August 13, 1814 in Lögdö (Medelpad), 
Sweden during a solar eclipse.

In thermal conductivity studies, Ångström devised a method 

to quantify temperature with respect to electrical conductivity. 
His 1853 research on electric sparks uncovered two superimposed 
spectra, one from the electrode metal and the other from the gas 
through which it passes. Ångström’s principle of spectral analysis 
states that incandescent gases emit rays of the same refrangibility 
as those they can absorb. He also studied geomagnetism.

As a modest, reserved person, despite his important scientific 
work, Ångström was not immediately recognized neither abroad 
nor even in his own country. In 1867, he was appointed secretary 
of the Royal Society of Sciences in Uppsala. Ångström was also a 
member of the Stockholm Academy, and in 1870, became a Fellow of 
the Royal Society of London from which he received the prestigious 
Rumford Medal (1872).

Ångström Unit - A unit of length, equal to 10-10 meters or 
0.0000000001 meters. The symbol used to specify the Ångström 
unit is Å. This measurement of length was formerly often used 
in describing the wavelength of light and for size determination 
in electron microscopy. It is not one of the SI units of length. Ab-
breviation: AU or au.
Å = 100 picometers = 0.1 nanometers = 10-4 microns = 10-8 centimeters.

The unit, about the size of a hydrogen atom, is named in 
honor of nineteenth century Swedish physicist Anders Ångström 
(1814-1874) who coined the measure to describe exceedingly 
small wavelengths originating from the solar spectrum. Current 
scientific literature utilizes the Ångström unit to describe atomic 
and molecular dimensions.   n
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