
ARO 309 Final 
 

Open Book(s) and Open Notes 
Tuesday 3/13/2012 

3:50 to 5:50 PM (Section 1) and 6:00 to 8:00 PM (Section 2) 
 

Useful constants: µEarth = 398,600 km3/s2 and REarth = 6,378 km 
 

1. (25 points) An Earth satellite, in its initial orbit, has a perigee of altitude of 1500 km and a 
perigee speed of 9 km/s.  Is required to change is eccentricity from it’s current value to 0.4, 
without rotating the apse line, by performing a ΔV maneuver at true anomaly, θ  = 100 deg.  
What is the required ΔV and the change in the flight path angle, Δγ . [Hint: See Chapter 6. Hint 
#2: Fine the flight path angle of the initial orbit at θ = 100 deg and then find the flight path 
angle of the orbit after maneuver (again at θ = 100 deg). Note: θ is the same before and after the 
maneuver]. 

 
2. (15 Points) The flywheel (A = B = 5 kg-m2, C = 20 kg-m2) spins at a constant angular velocity 

of ωs = 100  (rad/s) . It is supported by a massless gimbal that is mounted on the platform as 
shown. The gimbal is initially stationary relative to the platform, which rotates with a constant 
angular velocity of ωp = 0.5  (rad/s). What will be the gimbal’s angular acceleration when the 
torquer applies a torque of 500  (N-m) to the flywheel? [Hint: See Chapter 9. Hint #2: recall 
Euler’s modified equations and recall that angular acceleration is . Note: the 
spin axis and precession are along the Cartesian axis. Note: find 

€ 

Ω and ω first.] 
 

     
Problem 2      Problem 3 

 
3. (20 points) The body-fixed xyz axes are principal axes of inertia passing through the center of 

mass of the 500 kg cylindrical satellite, which is spinning at 1 revolution per second about the z 
axis. What impulsive torque (in N-m-s) about the y axis must the thrusters impart to cause the 
satellite to precess at 6 revolution per second? [Hint: See Chapter 10. Note: Impulsive Torque 
applied, 
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Τ = Hf
2 −Ho

2 ] 
 


