18- STATE VECTOR AND GEOCENTRIC EQUATORIAL FRAME

At any given time, the state vector of a satellite
comprisesitsvelocity v and acceleration a.

Orbital mechanics is concerned with specifying or
predicting state vectors over intervals of time

the equation governing the state vector of a satellite

traveling around the earthis,
I=-—=r
X

I is the position vector of the satellite relative to the
center of the earth.

'r =v and r =a, must be measured in a non-rotatin: :
frame attached to the earth.
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18- STATE VECTOR AND GEOCENTRIC EQUATORIAL FRAME

A commonly used nonrotating right-nanded cartesian
coordinate system is the geocentric equatorial frame
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18- STATE VECTOR AND GEOCENTRIC EQUATORIAL FRAME

In the geocentric equatorial frame the state vector is
given in component form by

r=XI+ Y]+ ZK
v = vxl + vyJ + 07K
For the magnitude of the position vector we have:
r=ru,

we see that the components of “ur (the direction
cosines of r) are found in terms of the right
ascension o and declination 6 as follows :

u, = cosdcosal + cos é sinaJ + sin 6K
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18- STATE VECTOR AND GEOCENTRIC EQUATORIAL FRAME

EXAMPLE 18.1

[f the position vector of the International Space Station is
r = —53681 — 1784] + 3691K (km)

what are its right ascension and declination?

The magnitude of r is

r=+/(—=5368)2 + (—1784) + 36912 = 6754 km

Hence,

ol r e . A )
u, = — = —0.79471 — 0.2642] 4+ 0.5464K (a)
r

From this and Equation 4.5 we see that sin § = 0.5464 which means
8 = sin™! 0.5464 = 33.12°

There is no quadrant ambiguity since, by definition, the declination lies between —90°
and +90°, which is precisely the range of the principal values of the arcsin function.
It also follows that cos é cannot be negative.
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18- STATE VECTOR AND GEOCENTRIC EQUATORIAL FRAME

EXAMPLE 18.1

From Equation 4.5 and Equation (a) just above we have

cosdeoso = —0.7947 (b)
cosdsing = —0.2642 (c)
Theretore
—(0.7947
cosy = ———— = —().9489
cos 33.12°
which implies
o = cos™' (—0.9489) = 161.6° (second quadrant) or 198.4° (third quadrant) i f?—" E

From (c) we observe that sin « is negative, which means « lies in the third quadrant, §

a = 198.4°
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