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The Use of POLARIZING MICROSCOPES

Science has found many uses for the optical phenomenon of polar-

ized light—uses thar affecc an increasing number of industries and
sciences—uses that affect the health, wealth and happiness of the
average man. It is used in the determination of sugar concentrarion,
as a test for strain in glass, to eliminate glare in photography or
automobile headlighrs. It has many applications in scientific research,
and the polarizing microstope is a most useful tool in indusery.

This bookler will give you information which should prove valuable
in the fields of petrography, chemical microscopy, and metallography
for the study and idencificarion of crysealline macerial.



CONOSCOPIC ORTHOSCOPIC Polarized Light and How it is Obtained

Ordinary light is said o vibrate in all directions perpendicular
to its direction of propagation but polarized light is forced to vibrate
in only one direction.

The ordinary light delivered to the microscope may be represented
as in Fig. 1. The behavior of light that has been polarized could
Cross Hair then be illuserated as in Fig. 2.

Eyepiers B Polarized light was firsc obrained wich ngmrall crystals such as tour-
maline. Later methods used black glass reflectors, or highly selecred
material called Polaroid.
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A Polarizing Microscope includes a polarizer and an analyzer in
addition to the oprical equipment found in an ordinary laboratory
microscope. The light is directed from the mirror or built-in base
illuminator or attached illuminator to the polarizer, where it is changed
to polarized lighc. From the polarizer the light passes on through the

Specimen Plane

Condenser optical system to the analyzer. The analyzer is in a body tube mount
ﬁ\_jr g with irs vibration direction set ar 90° to that of the polarizer as
— — Iris e shown in Fig. 4. As a result of this setting none of the light which
. 3 Polarizer reaches the analyzer is allowed to pass. The extraordinary ray of the
. e - polarizer becomes the ordinary ray of the analyzer and therefore is
hUIlIRI)‘ blocked out of the field of the microscope. The field appears to be
Condenser black.
i Crystals and some other materials exhibit definite oprical properties
V Nivior B when observed in this field. The crystals rotate the plane of polarization

and appear bright or colored on a black background.
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Fig. 3 Fig. 4

Crystals and Their Optical Classification

An important use of polarized light is the identification of crystal-
line material. This booklet gives a brief description of the optical prop-
erties of crystals which make possible their identification with a polar-
izing microscope.

A crystal is a solid body whose physical properties result from an
arrangement of atoms into definite geometric forms, such as cubes,
hexagons or rhombohedra. Precipitation, condensation and changes in
the solid state are common methods of obraining crystals.
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They are generally classified under six systems. However, we are
more interested in optical classification because each crystal has a Fig.7
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set of optical properties which makes its identification possible.
Oprtical classification divides crystals into three groups:
Isotropic (Isoaxial)
Anisotropic (Uniaxial )
( Biaxial )

Isotrropic is a term to describe marterial which shows no bi-refringent
properties or is invisible when observed between crossed polarizer
and analyzer. Light travels through this material ac vniform speed
regardless of the direction of passage through the crystal.

Isoaxial: Such marerials as glass nor under stress, some transparent
substances and cermain crystals are “isoaxial”, because light rravels
through them in all directions at the same speed. They are invisible
between crossed polarizer and analyzer. These isoaxial crystals are
identified by determining their single refractive index by the Becke
Line Method.

Anisotropic refers to material which appears alternately bright and
dark when rotated berween crossed polarizer and analyzer. Lighr travels
through this material ar different speeds, depending upon the direc-
tion in which it passes through the crystal.

Uniaxial Crystals: In uniaxial crystals, light is said to travel ar a
definite speed when parallel to one axis. At an angle to this axis the
speed is different. These crystals are anisotropic, appearing alternarely
bright and dark when observed between crossed polarizer and analyzer.
They have two refractive indices. Quartz crystals, starch grains and
fused sodium nitrate are a few uniaxial substances. Uniaxial marerial
may be identified quickly by inserting the Bertrand lens* and observing
a definite pattern, called an interference figure, appearing as a large
black cross at the center of the field with colored concentric circles
proceeding ourward from the center.

Biaxial Crystals: In biaxial crystals, light travels ac different speeds
in the direction of the two axes. These crystals are anisotropic and
have three indices of refraction which are determined by the Becke
Line Method. Boric acid, Sulphonal, Topaz and Kyanite are a few
biaxial materials. These crystals have several characreristic interference

*Bertrand lens conoscopically brings interference figure to focus in focal plane
of eyepicce. Interference figures can also be seen by removing eyepiece and
observing, with naked eye, through small apermres.
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figures which are observed by using the Bertrand lens and crossed
analyzer and polarizer.

It is not possible to explain the theory of these characteristic figures
here. However, one or another of these figures will be observed de-
pending upon how the crystal is oriented with reference to its opric
axes.

This method of classifying crystals is used by all chemical micro-
scopists, metallurgists and petrographers who actually identify un-
known materials. The chemical microscopist sometimes is more inter-
ested in the presence of crystals racher than in their identification.
The polarizing light feature is all thac is necessary for making this
observation. This is the reason why chemical microscopes usually
are not equipped with a Bertrand lens.

It is quite impossible o enter upon a complete scientific explana-
tion of all the optical characteristics of crystals in this manual. The
main optical properties of crystals, as investigated by petrographers
and, in some cases, chemical microscopists, are described in the various
text books on the subject.

Explanation of Optical Characteristics

Other properties of crystals are explained below. They are as fol-
lows: —

1. Refractive Index 5. Extinction Angie
2. Optic Sign 6. Birefringence
3. Sign of Elongation 7. Pleochroism

4. Opric Axial Angle

1. Refractive Index: Refractive index is a measure of the refraction
or bending of light rays as they pass, ar an oblique angle, from one
medium to another, for example glass to air, air to water.
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Mathematically, the refractive index is equal o the sine of the
angle of incidence over the sine of the angle of refraction.

Sine 1
Index of Refraction = —
Sine R
The refractive indices of a few common substances are:—
Air 1.000 Canada Balsam 1.337 "cooked”
Water 1.333 Raw Balsam 1.525-26 liquid
Clove Oil  1.330 Quartz 1.544 & 1.553

Methylene lodide 1.740
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Becke Line Method—In crystal analysis the index of refraction is
determined by the Becke Line Method. The crystals are immersed in
oil on a microscope slide whereupon a concentrated brighe line ap-
pears around the edge of the specimen. As the body wbe of the micro-
scope is slowly raised the bright line shifts roward the medium of
higher refractive index, either the oil or the crystal. By trial and error
method an oil will be found in which the crystal disappears. (A
similar condition exists when a glass rod is immersed in a borte
of cedar wood oil.) The index of refraction of the specimen is recorded
as the index of the oil which is known.

2. Optic Sign: To explain the optic sign of a crystal it is necessary
to recall the fact that light is splic into two rays wraveling ar different
speeds when it enters certain crystals. One of these rays is called the
ordinary ray (O) and the other the extraordinary ray (E), Fig. 16.
When the ordinary ray travels faster than the extraordinary, the
crystal is positive; when the opposite is true, the crystal is negative.
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In pracrice the quartz wedge, selenite plate or mica plate may be used
to determine the opric sign of the crystal.

3. Sign of Elongation: Many minerals and crystals specimens are
elongared along one axis and appear like long needles or rectangles.
Some of these shapes may be illustrated as in Fig. 13. The axis along
which the crystal is elongated will determine its sign of elongation,
positive or negative. The selenite plate or mica plate may be used for
this determination. Further information appears in later pages.

i

Fig. 13

4. Opric Axial Angle: The term opric axial angle refers ro biaxial
crystals only and is an important factor in the identification of these
crystals. The optic axial angle is the angle between the rays of light
which follow the two optic axes of the biaxial crystals. This char-
acteristic is denored as 2V in the description tables, for instance
2V=14°,

A
2 V= optic 2V
axial
angle
B’ Al
Fig. 14

5. Extinction Angle: Uniaxial and biaxial crystals are extinct for
certain positions under the microscope when observed between crossed
analyzer and polarizer. The angle through which a cryseal must be ro-
tated from a position parallel with a cross hair to its extincrion posi-
tion is its extinction angle. This is measured by reading the scale on
the rotating stage.







