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It aj> pointed out that the. bending ojj fiay* hi the. ghRvitRtionaZ 
fiietd oi the. Aun iA latLQQ. enough oveA mo6t o£ the. &ky to fizqulAe. 
that it be, tak&n into account in caZcu&cLting appcuie.nt AouAce. position* 
fan. the, (/LA. The. ne.ceA6a/iy meuthematicaJL exp^eA6ion6 a/ie. de/uLved.

I. INTRODUCTION

According to VLA Computer Memorandum 105, the synchronous programs will 
make the reduction from the mean to the apparent position of a radio source 

with an internal accuracy of 0U002. This involves the classical adjustment 

of the coordinates for precession, nutation, and aberration.

A further effect which is significant for the VLA, but generally ignored 

in optical astrometry, is the relativistic bending of rays in the sun’s 

gravitational field. The deflection is IV75 at the sun's limb and decreases 
almost linearly with angular distance from the sun. According to Brandt (1974), 
the magnitude of the deflection, which is radially away from the sun's center, 
is

= 0'.'0040720 is the deflection at D = 90°. Table 1, taken from Brandt's paper,

(1)

where D is the angular distance from the sun, and k = 1.9742 x 10-8 radians
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gives the deflection for various values of D. It is evident that the deflect­

ion is as large as 07002 anywhere within nearly 120° of the sun. Therefore 

allowance must be made for it if the intended accuracy of the VLA ephemeris 
routines is to be achieved.

Table 1

D e D e D e

0 °1 6 ' 177498 10° 070469 90° 070041

1° 07 4666 15° 070314 105° 070026

2° 072334 30° 070161 120° 070015

3° 071556 45° 070108 135° 0.0007

4° 071167 60° 070079 150° 070002

5° 070934 75° 070058 165° 070000

II. THE RELATIVISTIC DEFLECTION IN DIRECTION COSINE FORM

The problem is treated most directly in terms of three unit vectors, 

which are coplanar since the relativistic shift is radially away from the sun. 

Two of the vectors are known a priori; these are the position of the sun

cos 6 cos a ©0 © X
cos sin a = ©© e y

sin 0z



3

and the undeflected position of the source

cos 6 cos a PX
cos 6 sin a — Py

sin 6 pz

The unknown vector is the deflected position of the source,

cos 6' cos a * P'X
cos 6* sin a' — P'y

sin 6' p‘z

The relation of the vectors is shown by

Two equivalent expressions for a unit vector perpendicular to the plane

of (P1/ P*, ©) are

P' x P
i ->•) P' x P

= (P‘ x P)/sin 0 (2 )

and
P x Q 
|p x el

(P x ©)/sin D. (3)

Equating the right-hand sides of (2) and (3) and taking the vector product 

with P, one has



Using the vector identify A x  (B x C) = B(A • C) - C (A • B) , this becomes

P' (P • P) - P(P' • P) = --in [P(P • @) - 0 (p • P)1s m  D J

Since P* P = 1, P' • P = cos 0, P *0 = cos D, one has finally

-> -> sin 0 ->P' = P cos 0 + — :---  (P cos D - @) . (4)s m  D

Because 0 is always a very small angle, one can set cos 0 = 1  and sin 0 
0, whereupon (4) becomes

P 1 = P + y(P cos D — ©), (5)

where

V = ~ = k (i ^  + 1/2 cos D ) s m  D \ 1 - cos D /

Obviously, the effect of the shift can now be expressed in direction 
cosine form as
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III. THE EFFECT ON APPARENT RIGHT ASCENSION AND DECLINATION 

Differentiating the direction cosines of P, one has

AP =
-AS sin 6 cos a - Aa cos 6 sin a 

-A6 sin 6 sin a + Aa cos 6 cos a 

A6 cos 6
(7)

Equating the right-hand sides of (6) and (7) , and solving for Aa and A<! 
finds

Aa = y sec 6 cos S@ sin (a - a^)

A5 = y ("sin 6 cos 6^ cos (a - a_) - sin 6 cos 6 |J

These are equivalent to eqs. (18) - (20) of Brandt's paper.
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