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1. [15 points] 

Given an eccentric elliptical orbit around Earth with an eccentricity of 0.6, find the 
time it takes to go from 2x rp to 3x rp in terms of the orbit period, T. Where rp is the 
periapsis range. 

 
2. [40 points] 

For the following given geocentric equatorial Cartesian state around an oblate Earth 
(with effects from J2)  
 

r =
−4000
−4000
4000

"

#

$
$
$

%

&

'
'
'
 km      and       v =

4.5
−7.5
1.0

"

#

$
$
$

%

&

'
'
'
km / sec  

FIND: 
• The initial orbital element (a, e, i, Ω, ω, θ) from the state above 
• Find the mean motion, n, and the eccentric anomaly, E 
• Find the time since periapsis passage of the initial state 
• Find the number of periods since passing periapsis 

 
 Now assume a Δt = 5 days later: 

• Find the new time since passing periapsis for the new orbit 
• Find the new mean anomaly 
• Using Kepler’s equation to find the new eccentric anomaly  
• Find the new true anomaly 
• Find the updated longitude of ascending node and updated argument of periapsis 

due to J2 
• Find the position and velocity in the perifocal frame 
• Find the transformation matrix, Q, which transfers you from perifocal frame to 

Cartesian 
• Find the update Cartesian state 
 

3. [20 points]: Use your Lambert Fit code you wrote for homework to solve the 
following problem. 
 



MAVEN is launched in November 18, 2013 and arrive at Mars in September 22, 
2014 (flight time = Δt = 308 days, prograde launch).  Where the state (position and 
velocity) at Earth and Mars are given incorrectly as follow: 

 
State of Earth on 2013-NOV-18 

 x =  5.590320024290339E-01 (AU)   
 y =  8.134133558952261E-01 (AU)   
 z = -2.126221720223020E-04 (AU)   
vx = -1.447154898158485E-02 (AU/day) 
vy =  9.654329800823000E-03 (AU/day) 
vz = -5.252760012245049E-07 (AU/day) 

 
State of Mars on 2014-SEP-22 

 x =  3.834668093238747E-01 (AU)   
 y = -1.374614206935945E+00 (AU)   
 z = -5.825321390664943E-02 (AU)   
vx =  1.401916123454779E-02 (AU/day) 
vy = 14.949494434301385E-03 (AU/day) 
vz = -2.404856589220635E-04 (AU/day) 
 

 FIND: 
• Confirm the state of the Earth and Mars for their respective launch and arrival 

dates on http://ssd.jpl.nasa.gov/horizons.cgi 
o Change the setting appropriately, e.g., 

 
o If the states are not correct, then you must change them to be correct. 
o Note: The 6-state should be just below “$$SOE”. 

 
• The velocity that will take you from Earth to Mars in the specified flight time 

given above. (Write a Lambert Fit computer code to do this.) 
 

• Find V∞ at launch (where V∞ = Vs/c - VEarth at launch) 
 

• Find the launch C3 (V∞
2) 

 
• Find the arrival V∞ at Mars (where (V∞ = Vs/c – VMars at arrival) 

 
• Go to the following website and find out how much mass you can launch for an 

ATLAS V 551 (High Energy, NLS-II Contract): 
http://elvperf.ksc.nasa.gov/elvMap/staticPages/perf_query1.html 

 



 
 NOTES: 
 μ = μSUN = GMSUN = 1.32712440018 x 1011 (km3/s2) 
 1 AU = 149597870.691 km 
 1 day = 86400.0 sec 
  
 
4. [25 points]: A 5,000 kg (initial mass) spacecraft is in a 500 km (altitude) circular orbit 

around Earth.  It uses a bi-elliptical transfer to get to a 10,000 km altitude co-planar circular 
orbit.  The launch vehicle’s upperstage performs ΔV1 to take the spacecraft into an elliptical 
(e = 0.5) orbit. The Isp is 300 sec. 

 
• What is the total transfer time? 
• What is the total ΔV done by the spacecraft (exclude ΔV1)? 
• What is the final mass at 10,000 km orbit? 

 


