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1. Fundamental Orbital Mechanics & Keplerian State Vectors

A satellite trajectory in a two-body gravitational field is governed by Newton's law of universal gravitation and
Kepler's three laws of planetary motion. The six classical Keplerian orbital elements uniquely define the
osculating orbit at epoch t:

a: Semi-major axis (determines orbit size and orbital period T = 21 V(a3/p)).
e: Orbital eccentricity (e = 0 circular, 0 < e < 1 elliptical).

i: Inclination angle relative to the equatorial plane.

Q: Right ascension of the ascending node (RAAN).

w: Argument of perigee.

v: True anomaly (position of spacecraft along the ellipse).

2. Hohmann Transfer Delta-V Budget Calculations

Transfer Phase Velocity Change (Av) Burn Specific Impulse (Isp)
LEO Departure Burn (rl = 6678 km) 2.45 km/s 380 s (LOX/RP-1)
GEO Insertion Burn (r2 = 42164 km) 1.48 km/s 320 s (N204/MMH)

Station-Keeping Operations (per year) 0.05 km/s 3000 s (Hall Effect Thruster)



