
MEMoxRs oF Tlls CobLEGE eF ScrENcE, UwtvERslTy o" KyoTo, SffRmss B,
              Vol. XXI, No. 2, Article 3, 1954t.

A Study oR the Polarization of Epidote

                                   By

                              Yasuo UKAI

              Geological and Minera]ogical Instit3te, University of Kyoto

                           (Beceived Aug. 31, 1954•)

                                 Abstract

    It has been determined tltat the general direct;oB of the dipo}e of epidete inclines abo{xt

30-4iO diegrees Åírom the optic elasticlty X-axis on the optieal plane and approximately coincides

with one direction of the optic axes.

                                Introduetion

      When a mineral contains the polar components in its crystal structure, the
 orientation polarization should be accompanied witlt the atemie and eleetronic
 polarization within the range of suitable freguellcy wave. Tlaerefore, the
 dielectric constant of the mineral determined under these conditiens may be large.

 As the absorption of energy must occur most vigorously on the resonanced
 freguency, the dielectric loss also indicates a maaximum value. Even if the mineral
 is dipo}ar, if the dipole ls fixed to such a definite directien as to give a minimum

 potential energy, the mineral is accompanied with no orientation polarization.
 By heating, when enough energy is given to rotate the dipo}e to another minimum
- potential energy level, this mineral can be activated to a so-called disorder state.')

 Under these circum$taRce$, if the rotation period of the dipole is resonanced with
 the freguency of the magnetic wave, the dipole of the mineral will orientate
 most intensely accempanying the maximum dielectric2) Ioss.
      If the dipole of the mineral is directed te a definite direction, the maximum
 inten$ity of dielectric loss will show a different value according to the direction ef

 the applied electroinagnetic wave. Te investigate this relation, the dielectric
 characters of the epidote were studied.

                          Experimental method3X)

      The minerals were polisked into thin plates about 1-2mm. in thickness and
 heated graaua]ly in a small electric furnace by holding them between the
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electrodes of two p}atlnum plates. The varialion of electric capacity and dielectric

loss of each speclme.tt was measurecl by means of a Q-meter. In order to make
the reaetance of the circuit as little as possible, a short circuit connecting the
tetminals of the Q-meter and the eonclen•sex was effected by using a small furnace,
and to eliminate the dielectric Ioss clerivecl from the in-sulating m.aterials, a special

tocrlass of excelent dielectr!c character was aC opted. T.o keep the sample in a definite

conditioll between the p!atinum p}ates, lhe intermittenee of the circuit was
operated by manipulating back and feywarcl tke Q-rr}eter egaipped with the twe
terminals fiileG with mercury. Aecordingly even iB vaxious freguencies, the
results were ebtained under the same coBtact conditi6n. The temperature of the
furnace was measured by a thermo-couple. The heating and coo]ing ve}ocity of .
sample was adjust6d at the rate of 3-4"C. per minute and eacli specimen was
heated up to 6000C. The whole apparatug is shown in Fig. 1.
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    [rhe axial directions of each speeimen were determinecl aceurately by the
universal stage. The inc]inations of each plate to three optic elasticity axes
and the gomponents of rotation power a]ong the optical plane were ealculated
frem tlie stereogyaphic projections. Tke optical property of this specimen is
as follows:

           indices Nx =1.7367, Nz =l.7653, Nz-Nx :O.0286, .?.V==(-) 75e.
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Fig.

is illustrated in the following figure.

          2 Compenent of rotation power
   7==90e-QY Os=oQ cos r, sTi =oQ
   CosTSin ei, STft==OQ CosrSin ez•
  

    

                           Experimental results

    The temperatures which show the maximum peak ef dielectric loss are
nearly egua}5) with all $pecirnens, the temperature measured by !OO K.C./sec.
wave-being about-4iOOOC. ana that measured by 500 K. C.lsec. wave about 520"C.
But the amount of maximum intensity of die}ectric loss 1]as been found to be
exeeedingly different aecorCting to the inclination to the crystal axe$. These
re}ationships are indicated in the following figure and table.
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    XfCrith the exception of No. 8, each specimen is parallel or nearly parallel
to the Y-axis. Therefore the relation between the maxlmum intensity of di-
elcetrlc loss and the inclination to optic elasticity axes. is shown in tke following

diagramatic figure.

    No. 8 specimen which is cut nearly' perpendicularly to Y-axis shews the
smallest dielectric loss as is expected frem the calculated orientation power.
Aeeordingly the general directioll of the dipole may be consieeree to ineline 30

- 4,0 degrees from the X-axis on the optical plane and coineides approximately
with the direction of optic axis. The electromagnetic wave acting perpendicalarly
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inclination to optic elasticity axes.

on tlae acute bisectrix wi}1 orientate the clipole most effective}y between the two
   .optlc axes.

Re!ation betweeii the dielech'ic capaeit>rG) and loss

    The dielectric capacity a!so begins to enlarge its value from the temperature

at which the die}ectric loss begins to show the maximum intensity. After
                           .keeping the capacity constant till abeut 600"C., it increases abruptly again. The
first enlargement may be due to the orlentation polarizat!on of the dipole and
the second enlargement may be the effect of electric eonduetivity effeeted by
raising the temperature. The behaviour ef the dielectric eapacity relating to
temperature is indieated in Fig. 6.
    The re}.ative increase of dielectric capacity is proportional to the inerease
of the die}ectric censtant which is attributed to the orientation polarization. It

is impossible to determine the aaditional part of the clielectric constant
abSo}utely from the increasea capacity but tlie relative value ef eacli specimen is
approximately proportional to the intensity of the dielectric loss.. That is, .tlte
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              ioo 2oo Soo Iff)o 500 6oo 7oo c
              Fig• 6 Variatien of dielectric eapacity in 100 K. C. wave

dielectric constant of the p}ate eut perpendicularly to Z-axis i$ most enlarged by
the orientation polarization.

    In short, some minera]s which have the OH radieal in its crystal structure
show an orientation polarization by heating at an appropriate temperature. [lrhe
mechanism of orientatien polarization was investigated on the epidote.
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