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ECENTLY we have investigated the effect of

pressure on the optical rotatory power of
crystals.t The optical activity in crystals may
be described by a symmetric second rank axial
tensor (g) which may be represented by the
tensor surface

Q11 X% + goe Y? + g3 2* =
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When the crystal is stressed
represented by the tensor (g) deforms, If one
assumes that, in the first order theory, the
changes in the components of (g) are linear
functions of stress X,;, or strain x,; then
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g°,; and g, are the values of the ij** com-
ponent of (g) before and after stress. Since
(A g) is an axial tensor of 2nd rank and both
X, and x,, are polar tensors of 2nd rank, the
piezo-rotatory tensors R, and S .p should be
4th rank axial tensors, This is perhaps the
first time such tensors are used to describe a
physical property. The number of non-vanish-
ing coefficients of this tensor for different
point groups has been worked out by us
using group theoretical methods3-4 and the
forms of the matrices for the point groups
have also been determined.! Only non-centrs-
symmetric point groups have non-vanishing
coefficients for the piezo-rotatory tensor, These
crystals fall under three distinct classes.

Class A.—In the 11 enantiomorphic point
groups which show optical activity the pilezo-
rotation tensor (R) or (S) and the piezo-
refractive tensor (q) or (p) have the same
form in the matrix representation, These
groups with  their number of non-vanishing
coefficients (shown in parenthesis) are

1(36), 2(20), 222(12), 4(10), 422(7), 3(12),
32(8), 6(8), 622(6), 432(8) and 23(4)
Class B.-—The 4 non-cnantiomorphic optically
active point groups for which piezo-rotatory
and piezo-refractive matrices have different

forms are

m{16), mm2(8), 4(10), #2m{5H).
d

There are

Class C.—The 6 non-enantiomorphic optically
inactive point groups show an interesting result
in that the piezo-rotatory coefficients do not
vanish, i.e., stress actually induces optical
activity in them. These groups with their
respective number of non-vanishing coefficients
are

dmm (3), 3m(4d), 6mm(2), 6(4), 6m2(2), and
43m(1),

a-quartz (point group 32) belongs to the class
A, and has 8 independent coefficients, Its
piezo-rotatory matrix is
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One of the major impediments in the way
of recovering all the piezo-rotatory coefficients
is that 1t is rather difficult to measure the
optical rotatory power in directions other than
that of the optic axis. In the case of a-quartiz
the magnitude of only some of the coefficients,
viz., Ry and Ry, may be readily determined.
The changes in rotfatory power along the optic
axis for an uniaxial stress X, along the axis
and for an hydrostatic stress X, are given by

Apy = — Ras X,
Apy = — (2Rs; 1+ Rss) Xy
and should therefore differ for the same stress.
ie, X,=X_
Recently, Vedam and his collaboratorsi6

have measured the optical rotation of a-quartz
along the optic axis for hydrostatic and uni-
axial stress, It was gratifying to note that the
changes in rotation per unit stress were
significantly different for these two types of
stresses, as the theory predicts, The results
of their experiment are shown in Table I.

TaBLE 1
Perceutage Perceilage
Pressure  sirain strain
in parallel perpendi- A p°/
K - £O Uul.ll' i,
bar optic to optic
- M8 axiB *
1. Hydrostatic }-368 0] —~0+127 -0-232
pPressureé
2. Untexial atress 1-085 ~ 01 +0:0i3 -0:170
along optic
axis
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Now Agy = Symi Xes OF Ags = Sy Ty
in the one index form.,

Hence
— 0:232 = 28, (— 0-127 x 10-%)
+ Sas (— 0°1 % 10-2)
— 0:170 = 284 (+ 0-013 x 10°%)
+ S (— 01 X 167%)
giving
Sy = <+ 1:75 X 10? degrees/mm./unit strain
Su = + 0-2214 X 10? degrees/mm.junit strain

elastic compliances of e-quartz in units of
10-2 cm.2/dyne are?

S11 = 1277, 84a = — 0179, 84 = — §-122,

Sg3 = 0‘96, S1g = — 0'431, Sgq4 &= 2-004.

Also since
Rij = Six Si;

-'- Raa - 2831 s!]_ + 533 sﬂﬂ
R:u — SS], (311 =T 315) + SB& Sa1

substituting the -values one gets

Ry = + 0-16298 degree/mm./ Kk bar
R, = + 0:002959 degree/mam./ k bar
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