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1. INTRODUCTION.

The use of tensor methods in obtaining the effect of geocentric parallax on
the declination and right ascension of the moon or a planet is already known,
(Jeffreys, 1950). The object of this paper is to extend the method of tensors
to obtain expressions for the changes in latitude and longitude, right ascension and
declination, of a star due to (i) annual parallax, and (ii) aberration.

2. ANNUAL PARALLAX.

Take the origin at the centre of the earth, axis of # towards the first point of
Aries, axis of y towards the point on the ecliptic which is 90 degrees ahead of v and
the axis of z towards the pole of the ecliptic. Let the co-ordinates of the star be
2; = r'l;, and those of the sun be §; = ad;. Let r be the distance between the sun
and the star, then we have

2 = (1;— €)% = r'2—2r'al i+ 0,

a
or r = 1’ —alg,, to the first order of el

Thus 7' = r4al;A;, changing the dummy affix ¢ to k.

Let I; be the direction cosines of the line joining the centre of the sun to the
centre of the star. Then

i = z,—§&  r'li—ad;  (r+aldg)li—al;

r T r
or Z" = l‘+7T(lkAkl."“A‘) . .o .. . . (2)
where 7 (Eg) is the annual parallax of the star.

Now the direction cosines are given in terms of the angular co-ordinates by
ly =cosBcosd, Ily=cosBsinA, l3=sinﬂ,} 3)
Aj=1008 O, Ag=5in O, A3=0

where @ is the longitude of the sun and A, B are respectively the longitude and
latitude of the star,

Also LzA; = cos B cos (O —A) .. .. .. .. . R )
For the parallax in latitude, AB,

cos B. AB = l3—Ig = n(Ag—UAslg) = —m cos B cos (O —A) sin B
so that, AB = —wsin g cos (O —2A) . . .. . .. (B)
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Again, tan A = ;—2 s . lOg tan A = log l2___10g ll
1
86062 A _ lz-—zz _ ll—-il (e )‘1)
or tan A AA = "—‘lz ll =1 1; ll
_w (sin®  cos O\ _ - ‘ ~
= cosﬁ( SinA  cosA ) " o8 B sin A cos A sin (© —A).

Hence AA = 7 sec B 8in (O —A). .. .. .. .. .. (8

Cor. Expressing A and 8 in terms of the right ascension o, the declination &
and the obliquity of the ecliptic e, we have (Smart, 1931)

Iy =co8 8 cos o, lp=sind sine+-cos 8 cos e sin a,
I3 = 8in 8§ cos e—cos J sin € 8in « .. .. .. {0

and LAz = cos & ¢0s 8 cos (O 4sin b sin e sin ©4s8in o cos 3 cose Sin © .. (8)
From (7) we have )
8in & = I cos e+1y 8in ¢ .. .. (9
", co8 8. A8 = cos e. (lg—l3)+sin e. (la—l)
= 7 c08 e(A3—lpMels) + 8in € (Ag—LAxly)
= 7 sin € sin O —« $in&(cos & cos & cos @ +sin & sin e 8in ©
+-sin o cos & cose 8iN®)

Hence A8 = #(cosd sine sin @ —cos o 5ind cos © —sina 8ind cosesin® ) .. (10)
Again, from (7) cos « cos & = I,

lg-—Sin dsine lz—(la co8 €+l2 sin e)sin €
cos € - cos €

sin o cos & =

=lycose~—Ilzsine .. (11)

I, cose—13sine
L ’

log tan o = log (I cos e—I3 sin ¢)—log Iy

Sotan = (12)

., secta _ (lz'—l-g) cos e—(lg—1I3) sin e _ I,—1
* tan « . Iy cos e —Ig sin e A
__m(Ag cos € —)g 8in e) —alda(ly cos e—lg sine)  m(Ay—Ldaly)
- I cos e —lg sin e A
__n-cosesinQ mCos @
" sin o« cosd cos o CO8 d
Hence Aa = 7 8ecd (cos o cos € sin O —sin o cos @) .. . .. (13)

3. ABERRATION.

Let X be the true position of a star, A the apex towards which the observer’s
motion is directed. Let v be the velocity of the observer and u the velocity of
light. Along OA mark off length 04, to represent v and along XA, mark off the
length X4, to represent u, then X0 represents the velocity of light relative to the
observer, say u’. Draw A,X" parallel to OX'. Then A4¢X" (or 0OX') is the
apparent direction of the star while 4¢X is the true direction.
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o 5 A A

Let the longitude and latitude of the star be A and 8 respectively and let ®
be the longitude of the sun, so that the longitude of the apex is ® —90°,

Lot the co-ordinate axes be the same as in § 2, Let the co-ordinates of X, be
x; = u'l, and those of 4g be §; = v,

Then we have u2 = (1;—&)% = w2 — vl o2
or u=u —vlAs . .e e .. oo (14)
to the first order ofuﬁ, C oo = url N U )
Then the direction cosines of the line 44X, are I; where

= 2§ wli—vd  (udeldp)li—vd RV

l; = == " = L4kl —Ay) - .. (15)

where k = 5 » the constant of aberration.

Again the values of I; are given by (3) or (7) while
Ap=s8n O, = —co8s ©,A3=0 .. . .. (16)
S LA = cos Bsin (O —A).
Let A B and A X be the changes in latitude and longitude due to aberration, then
we have cos B. AB = l3—l3 = k(A3—l\ils) = —Fk cos B sin B sin (© —))

or AB = —ksinBsin (®—=A) .. .. .. Q7
2 ] ®y 7
Algo since tan A = Ly , we have, Sec?A Ad= le—ly _h—h
L an A A L

k
= ™ cos Bsin A cos A

S AA= —ksec B cos (®—A) . .. .o (18)
Again, using (9) we have cos 8. A8 = cos e - (l3—lg)+sin e - (ly—1I3)

cos (@ —A)

S, A8 = —Fkcos ® cose(tan ¢ cos §—sin « sin 8)
—Fk cos & sin § 8in ©, (from (15) and (16)) .. .. {(19)
Also from (12) proceeding exactly as in §2 and using (15) and (16) we get
A= —ksecd (cos & cos © cos e+sin o 8in O) .. .. .. (20)
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