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1 The formulae obtaining.

The projections of an Earth satalite position and velocity on the equatorial coordinate system axises are
determined by the formulae:

= R-[cosQcos(w + f) — cosisinsin(w + f)]

R - [sinQ cos(w + f) + cosicossin(w + f)]

R -sinisin(w + f) (1)
= V-[cosQcos(w+ f+wy) — cosisin Qsin(w + f + wy)]

= V -[sinQcos(w + f 4 wy) + cos icos Psin(w + f + wy )]

V., = V-sinisin(w+ f+wy) (2)

where 1 is the orbit plane inclination,

2 is right ascension of the ascending mode,

w is the angle at the orbit plane from the ascending node
to the perigee,

f is the true anomaly,

R is the distance from the Earth center to the satellite,

V is the length of velocity vector,

wy is the angle between the vector connecting the Earth
center and satellite and vector of velocity.
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Delay and delay rate projected on the source direction are determined by the following eqations:

= Xcosdcosa+Ycosésina+ Zsiné (3)
= Vzcosdcosa+ V,cosésina+ V,;siné (4)

r
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where «, § are right ascension and declination of the source.

Having substituted expressions for X, Y and Z from equations (1) we can obtain the following equation
for the delay:

7 = R{cosé[coswy cos(Q — o) — cosisinwy sin(f2 — «)] + sinisinwy sin §} (5)

where wy =w+ f
We can rewrite the expression (5) introducing a new angle 3 determined by the following expression:

cos isinwy coswy

(6)

; cosyY =

siny =
\/cos2 wy + cos? isin® wy \/c052 wy + cos?isin® wy




Using equations (6) we can obtain another equation for delay:

r=R (\/1 —sin®wy sin® i cos § cos(y + Q — o) + sinisinw; siné) (7)

Having provided the same type of analysis we can obtain the following two type of expressions for the
delay rate:

7=V {cos é [coswy; cos( — ) — cosisinw, s sin(Q — «)] + sin isinwy sin §} (8)

where wypy, =w 4wy + f.

=V (\/1 — sin? Wiy sin’ ¢ cosé cos(y + Q2 — a) + sinésinwy, sin (5) (9)
%y is determined by the following expression:

cosisinwyg, COSW fy

sin ¢, = ; COSY =

(10)

\/cos2 Wiy + cos? isin’? Wiy \/cos2 Wiy + cos? isin? Wiy

2 Analysis of errors

It is natural that the orbit parameters are not known ideally in advance. As a result the delay and delay
rate calculated by formulae (5), (7) and (8), (9) differ of the real values. The errors of the prediction can
be evaluated depending on parameters errors. The list of the parameters affecting the delay and delay
rate error is the subject of the consideration. The first aproach to the list is all six parameters of the orbit
at the reference time. This aproach is not realistic because the time of estimating can be far away from
the reference time and as a result the error of orbit prediction can be rather big. At the same time some
orbit parameters such a distance to the satallite, its angular position on the orbit are probably measured
often. So instead of six original parameters of the orbit we can offer to use four following parameters:

1. Distance from the Earth center to the satalite - R. For the delay rate it is the length of the velocity
vector - V.

2. Inclination of the orbit plane to the equator - 1.

3. Right ascension of the ascending node - 2.

4. Angular position of the satallite on the orbit - w; as a sum of angle of the peregee to the ascending
node w and true anomaly f. In the case of delay rate, the third term w, is added in wy.

Using these parameters we can write the following expressions for the errors:

or or . . or or
AT = —8-—]—%-AR + EAl + -B—Q-AQ + %Awf (11)
. 0T ar . . or or
Ar= ﬁAR =+ _5{Al + %AQ + mAwﬂ, (12)




The relevant partitial derivatives can be found using equations (5) and (8).

g—;— = cos b [coswy cos(Q — ) — cosisinwy sin(Q — «)] + sinisinwy siné
or oL . . .
T R{cos 6sinisinwy sin(2 — o) + cosisinwy sin é}
or . .
50 = —Rcosé [coswy sin(Q — o) + cosisinwy cos(2 — )]
or . ; . .y .
s = R {cos 6 [~sinwy cos(Q — a) — cosicoswy sin(2 — a)] + sinicoswy sin 6}
Wy
ot . . o .
7 c0s 6 [coswyy cos(2 — o) — cosisinwyy sin(f2 — )] + sinésinwy, sin
ar o . . .
i V {cosésinisinwy, sin(2 — a) + cosisinwy, sin 8}
ot . .
ol —V cos é{coswy, sin(Q — o) + cosisin wy, cos(Q — a)]
ot . . . o .
B; = V{cosd [—sinwy, cos(£ — &) — cos i coswyy sin{ — @)] + sini coswy, sin 6}
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