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 NAME: SOLUTIONS  
 

 

 
• Read all problems carefully before attempting to solve them. 

• Your work must be legible, and the organization must be clear. 

• Correct answers without adequate explanation will be counted wrong. 

• Incorrect explanations mixed in with correct explanations will be counted wrong. 

• Make explanations complete but brief. Do not write a lot of prose. 

• Include diagrams! 

• Show what goes into a calculation, not just the final number. 

• Give physical units with your results. 

 

 

 

PROBLEM SCORE 

Problem 1 (30 Pts)   

Problem 2 (30 Pts)   

Problem 2 (30 Pts)   

Problem 4 (40 Pts)   

 

 

TOTAL (100 Pts)   

 
 

Choose Problem #2 or #3! 
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Problem #1 (30 points): 

The Orion Concept is based on a spacecraft propulsion system which detonates nuclear bombs 
behind the spaceship.  The spacecraft has a very thick “pusher plate” behind it and uses the 
detonation to change the spacecraft’s velocity. 

Imagine the Orion spacecraft motionless in space with a total mass of 60,000 kg (not including 
the nuclear bomb).  A 400–kg nuclear bomb detonates with an explosive yield of 3 kilotons 
(1.2552⋅1013 J) behind the pusher plate.   

Modeling this problem in two dimensions, we simplify and say that the plasma debris from the 
explosion travels like a thin circular blast wave as shown in the picture below.  Roughly half of the 
debris escapes behind the spacecraft and roughly half “sticking to” the pusher plate. (Assume that 
the mass lost to fission is negligible).   
 
Assumptions: 
Assume the density of the circular debris blast wave is uniform at 1.0 kg/° (kilogram per degree) 
from an angle θ =–90° to +90°.  Further assume that at some (very short) instant after the 
detonation the velocity of the blast wave is 300 km/s radially outward.  Given this information, 
find: 
a.) The mass of the ship after detonation, including bomb debris that sticks to the pusher plate. 

(The exact mass sticking to the spacecraft and not roughly.) 
 

b.) The final velocity of the ship. 
 

c.) The total kinetic energy of both the blast wave and the ship combined. 
 
d.) The equivalent force delivered by the bomb, if the ship takes two seconds to reach the final 

velocity calculated in Part b.). 
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Chose Problem #2 or Problem #3.  Cleary mark which one you chose. 

Do NOT do both. 

Problem #2 (30 points):  

Consider a frictionless duct with a heat interaction.  Assume the following parameters: 
 Area Ratio: A2/A1=1.05 
 Pressure Ratio: p2/p1=1.0 
 Mach Number at : M1=0.5 
 Specific Heat Ratio: γ=1.5 

 
Calculate Mach number at . 

 
 
 
 

Problem #3 (30 points):  

A rocket is launched along a horizontal rail.  There is malfunction right at the time of ignition and 
the parachute deploys.  Assume that the parachute fully inflates and that the produced drag is 
constant.  
Determine the burnout velocity and the burnout range for this rocket using the following 
information: 

 Average effective exhaust velocity ueq= 2209 m/s, 
 Average drag D = 125 N, 
 Propellant mass fraction ζ = 0.57 (there is no payload), 
 Burn time tb = 5.0 s. 
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Problem #4 (30 + 10 Points): 
A.) Consider an arbitrary elliptical orbit with apogee radius ra and perigee radius rp as shown below. 
Answer the following brief questions about the orbit. 
 
 
 
 
 
 
 
 
 
 

a.) Name three physical quantities that are conserved while a spacecraft is in this orbit, given 
the simplifying two-body problem assumptions (spherically symmetric gravity field, no 
third–body perturbations, only gravity force acts on the spacecraft, etc.) and no thrust 
during the orbit. Be specific. 

 
b.) How much total specific energy should a spacecraft have if it wants to just barely escape the 

Earth’s gravitational field? In other words, it has no excess velocity when it no longer 
experiences any gravitational force. 

 
c.) If a spacecraft in this elliptical orbit wants to just barely escape the Earth’s gravitational 

field, at what point in the orbit should it ignite its engine to apply an impulsive Δv if the 
goal is burn the least amount of fuel?  

 You must justify your answer with relevant conservation laws and/or equations. 
 

HINT: Find the total energy change ΔE that results from a change in velocity Δv as a first 
step. 

 
 
 
 
B.) Describe the condition, which determines the stability of a rocket. 
 
 
 

rp ra 






