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MATRIX RELATIONS BETWEEN DIRECTION COSINES
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(Recetved May 15, 1965)

For magnetic measurements in triclinic crystals, directions are usnally speci-
fied by the Millerian indices of one or two planes, while for many calculations, the
direction cosines with reference to somo orthogonal axes z,y,z, arc necessary.
As an example, suppose tho z axis coincides with the crystatlographic ¢ axis and the

x axis lior in the a —¢ plane close to the a axis. Tho eosines of the angles between
the various axes are as follows.

a8 b ¢
x sin g (cos y--~cos & cos f)[sin f 0
Y 0 Msin p 0
2z cos f3 Cos o 1

whore M = (1-—cos? a—cos?f—cos 2y 2cos @ cos f cos y)t and is positive. The
matrix [J] of transformation from . y,2 to a, b. ¢, is the matrix formed by tho
trigonometrical quantitios as arrangod in the above table (Ghose, 1964). Theso
coordinates x, g, z, have a slight advantage compared to those discussed by U. S.
Ghosh and Mitra (1965), because the determinant of [J] is positive. The valucs
of [J] and [J]~ noed be calculated only once for a particular variety of crystal.
Tt may be verified that

_ 1 co8 o coB ff—cosy
JI = - Ll -0
L] sin 4 M sin
sin #
0 s 0

_cosf cosfcosy—cosa
sin # Msin g
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As shown by Ghose (1964), a unit vector [¢9¢]in 2 9.z coordinatos,
transforrms to a unit covariant vector [V,] and a unit contravariant vector [ V?)
in a, b, ¢ coordinates such that

[Enll= Vo Vy VJIT =[N VNPT e (1)

It may be noted that V,, V,, ¥, are cosines of tho angles made by the wnit vector
with a. b, ¢ axes while £, y, {are thoso made with the orthogonal x, y, z axes.

If a:b:c bo the axial length ratio and (hkl) be the Miuerian indices of a
plane, then any contravariant vector lying i this plane, is given by

[WU”N:“M%W—%M-w]

‘ h kool

where m and n are any two numbers.  For a covariant unit vector [V,] normal
to this plane, [V,][T7?] is zero for all values of m and n.  Hence wo got

, ko k1
Vi Vel =0 ] . 2

l e Vo Ve ] Q a b ¢ ( )
where ¢ is a suitable multiplier to mako the magnitude of the vector oqual to unity.

Again if two planes (hkl) and (B'k'l') are hoth kept perpendicular to the plane
of measuroment, then the normal to the lattor lies in both (kkl) and (K'k'l') planes
and is given by the contravariant vector

(VOVOVE) = Qakl'- 1) bk~ T'h) o(hk'~ K'E)Y G

where (), is a suitable multiplier.

Valuos of £, 9, ¢ may be found by combining either og. (2) or og. (3) with
oq.(1). If £, 9, & are the values obtainod when ¢ or @, is arbitrarily taken as
1, then the actual value of @ or @ is (€244 &) Whon only the ratio of
two direction cosinos is required, @ noed not be caleulated.

This matrix mothod of caleulating the direction cosines seems to bo simpler

and quicker than other methods.
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