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Chapter 2 

Mission Analysis Fundamentals 

2.8-4 Homework Problems 

2.8-1 Assume that you are a deer hunter sitting around a mountain campfire recalling 

the days events. Your companion starts in with one of those “big fish stories” 

and claims that she once shot a deer on a ridge over 4000 feet above her 

location in the the valley. Knowing the muzzle velocity of her gun is 500 f/s, 

either confirm or refute this story. 

 

2.8-2 The comic on the last page shows a ballistic missile which has been modified to 

“deliver” garbage to a remote site (say New Jersey) 600 miles away. Determine 

the burnout flight path angle and burnout velocity for this mission. Plot your 

results for burnout heights ranging from 5 to 15 miles.  
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2.8-3 Some interceptors make use of a two pulse design (with a coast phase in 

between) in order to optimize performance. Let’s assume our interceptor is 

launched horizontally from an aircraft flying 200 m/s and that each pulse 

provides 500 m/s ΔV. Furthermore, assume that both pulses are 20 seconds in 

duration and that the velocity history during the pulse if given by:  

  2

1    consto igV V a t t a     

Where oV  is the velocity at the start of the pulse and tig is the time the pulse is 

initiated. During the coast phase, drag acts to reduce the missile velocity 

according to: 
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Where tc is the time of initiation of the coasting phase. Finally, our mission 

requires that we cover a range of 30 km in the one minute flight time of the 

device. 

a) Assuming the first pulse is fired as the missile is launched from the aircraft, 

determine the coast time required to accomplish the mission.  

b) Sketch the velocity history for this slight, noting velocity values at the start 
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and end of each flight segment.  

c) Sketch range as a function of time for the flight, noting velocity values at 

the end and start of each flight segment.  

 



120 

 

 



121 

 

 

 



122 

 

 

2.8-4 In 1997, the Mars Global Surveyor was captured into a highly elliptic orbit 

about the panet. Over the next few months, the spacecraft will use the Martian 

atmosphere as an aerobrake to eventually arrive at a low-altitude circular orbit 

about the planet. Assuming that the initial ellipic orbit had an apogee of 30,000 

Km and a perigee of 50 Km, estimate the v saved by using the aerobrake 

maneuver. i.e. What v would have been required if Mars didn’t have an 

atmosphere?  
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2.8-5 Suppose we wish to resupply the new space station using Boeing’s Sea Launch 

Vehicle. Using a Sea Launch, we don’t have any inclination changes and we 

can launch from the equator to minimize v.  

a) Assuming the space station is in a 200 km circular orbit, determine the 

total V  required using a conventional launch vehicle approach. 

b) An engineer has an idea as outlined below to resupply the station using a 

ballistic trajectory in which the payload is deposited on the station as the 

missile reaches apogee. Assuming a burnout flight path angle of 30° and a 

burnout altitude of 10 km, determine the required burnout velocity of the 

missile in this case.  

c) How much v  is saved by using option b)? Is this a good idea? You may 

wish to caluclate the horizontal velocity at apogee 

22 bo

a bo

v v
r r
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 
 

Is there an optimal flight path angle for the ballistic missile option? 



124 

 

 

 

 



125 

 

 

 



126 

 

 

2.8-6 Typical ballistic missiles have a burnout height of 100 miles with a maximum 

range of 8000 miles. How much extra v  capability would be required to use 

the missile as a launch vehicle to orbit payloads in polar orbits (90° inclination) 

at the 100 mile altitude?  

2.8-7 A small interceptor is launched horizontally from an aircraft flying at 0.8M   

at an altitude of 40,000 ft. The rocket motor operates over a one second 

duration after release from the aircraft. The missile velocity history during this 

time is given by 

  1 2sin              0 1
2o

tV V t     

where oV  is the aircraft velocity at the time of release. Guidance experts 

indicate that the missile will have adequate agilty to intercept its moving target 

as long as its velocity is at least 1000 f/s.  Assume that we can neglect drag 

during the brief boost phase. During the coast pahse, assume the following: 

Missile Mass = 300 lb. 



127 

 

Avg. Drag Coefficient = 0.2 (i.e., drag not negligible during coast) 

Reference Area = 50 in2 

Determine: 

a) The range at the end of the boost phase. 

b) The total range of the missile. 

 

2.8-8 In this problem, consider an orbital transfer vehicle raising an orbit of radius 1,r

to a higher orbit of radius 2r  with no plane change. We would like to determine 

the V penalty (or benefit) in using a spiral trajectory versus a standard 

Hohmann transfer for this mission. Let ΔVS and ΔVH represent the total V

required for the spiral and Hohmann trnasfers, respectively.  

a) Show that the ratio ΔVS/ΔVH depends only on the radius ratio r1/r2 and 

determine the form of that dependence. 

b) If r1/r2 = 0.2, how much V penalty (benefit) do we incur by employing the 

spiral trasfer (as compared to Hohmann transfer)  



128 

 

 



129 

 

2.8-9 In the Apollo lunar missions, the lunar lander had to rendezvous with the 

command module which was orbiting the moon at an altitude of 80 nmi (1 nmi 

= 6076 ft).  Estimate the v  required to accomplish this mission assuming that 

no plane change is required and that gravity losses amount to 20% of the ideal 

velocity increment.  

 

2.8-10 A ballistic missile has a maximum range of 3000 km when launched on the 

earth. If we use an identical missile on Jupiter, what will it’s maximum range 

be? You may assume that the burning time of the missile is so short that it 

effectively burns out at the surface of the planet (i.e., zero altitude).  
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2.8-11 A ballistic missile is launched so as to maintain a 70°angle with respect to the 

local horizon during the burn. The acceleration history for the vehicle is given 

by 

10 0.8a t                    0 50 sect   

where a is in m/s2.  Determine the range of this missile. 
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2.8-12 The U.S. launches the bulk of its satellites from Cape Kennedy (inclination 

28.5°) while the French launch the Ariane from New Guinea (inclination 3°). 

a) Determine the advantage the French have in terms of lower ideal velocity 

requirements if an 85 nmi equatorial orbit is desired. 

b) How do the two launch sites compare for a 90 nmi orbit which passes over 

the center of the continental U.S. (inclination 35 ). 
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2.8-13 Compare the ideal V  between a Hohmann and spirla transfer from LEO to 

GEO. Assume the LEO orbit is circular at 150 km altitude for your calculation.  

 

 

2.8-14 An interceptor has a velocity history:  

  2V t at bt     ,   constants       ba b t t  

a) If the total mission time is mt , determine the range of the interceptor, z , in 

terms of a, b, tb, and tm.  

b) If 2 ma bt , determine the burn time which maximizes the range.  

c) What is the mazimized range, Zmax, corresponding to the optimized burn 

time derived in Part (b) above.  
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2.8-15 As many of you know, airbreathing engines (scramjets, etc.) have been 

proposed as a means to develop a singe stage to orbit (SSTO) vehicle. The 

airbreather operates over a portion of the trajectory at which point the vehicle 

transitions to a rocket-propelled mode. The other option is a pure rocket 

vehicle. Assume a Scramjet engine can accelerate the vehicle to Mach 15 at 

150,000 feet, and that a 90 nmi circular orbit is desired (no plane change). 

What fraction of the ideal energy is constant? Suppose the mass varies with 

time (as it really does). How would this fraction be effected?  
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2.8-16 What v  is required to travel from Earth’s orbit (around the sun) to Mars’ 

orbit? The radii from the su to earth and mars are 
81.5 10  km  and 

82.28 10  km , respectively.  

 

 

 

2.8-17 Determine the burnout flight path angle and burnout velocity for a ballistic 

missile with a  maximum range of 5000 miles. Plot your results as a function of 

the height at burnout (hbo) for 10 miles < hbo < 100 miles.  
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2.8-18 Estimate the v  required to reach a 100 nmi polar orbit assuming southerly 

launch from Vanderberg AFB.  

 

2.8-19 A very important orbit utilized by many satellites has a period of 24 hours. This 

orbit, called a Geostationary Earth Orbit (GEO) is such that a satellite remains 

fixed with respect to a point on the ground (obviously desirable for 
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communications).  

a) Find the altitude of this orbit in feet, miles, and kilometers. 

b) What ideal ΔV would be required for a launch vehicle to deliver a payload 

to this altitude. 

 

2.8-20 Prove that the ideal V  required to travel from earth to the moon and return to 

earth is 88,900 f/s.  What is the ideal value assuming we can use the earth’s 

atmosphere as an “aerobrake” during the descent pahse in the return to earth?  

 

2.8-21 The Titan Launch vehicle boosts on IUS and payload to a 85 90 nmi  

equatorial parking orbit. Assuming the first stage of the IUS fires from the 

apogee of this orbit determine:  
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a) The v  required by the IUS first and second stage burns required to place 

the satellite in GEO orbit. 

b) The ideal v  input by Titan to attain the parking orbit including 

contributions for the plane change to equatorial orbit.  

 

 

 

 

 

 

 

 

2.8-22 Suppose we wish to replace the IUS with an electric OTV. What v  would be 

required by this vehicle assuming the same initial and final orbits?  



138 

 

 

2.8-23 What ideal V  is required to travel from a LEO of 200 km to Mars and back? 

Include V  budget to actually land on the Martian surface. 

 

2.8-24 An interceptor is required to travel a distance Z in a mission time, tm. Because 

the rocket motor on the interceptor has a thrust which decreases with time, the 

velocity of the missile during rocket operation can be expressed: 

  0.5

1 2v t K t K           0 bt t   

where 1 2 and KK  are constants and bt is the motor burn time. 

a) Derive and expression for Z in terms of 1 2,  ,  ,  and .m bK K t t  

b) If the missile is intially at rest, determine vales for 1 2 and KK in terms of 

Z, ,  and .m bt t  

c) Suppose 0.5
1 30 f/sK  , 2 100 f/sK  , 30 secmt  , and 9 secbt  .  

Determine the range Z at mt t  and the portion of this range attained during 

the coasting period.  
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2.8-25 An ambitious student wishes to launch a rocket into low Earth orbit from 

his/her backyard. Nearby power lines inhibit an easterly launch, so the student 

elects to launch in a westerly direction. The Isp of the vehicle is 300 sec. 

Assuming the launch site is at a latitude of 35 degrees, and a 200 km circular 

orbit is desired, what ideal velocity increment would be required to complete 

this mission. 

 

2.8-26 We would like to modify our analysis of mission requirements for Earth 

escapes to take into account dissipation due to atmospheric drag. Assume we 

can write the average drag during the ascent as 
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a) Using this expression, derive a relation (analogous to 4.17) for the 

impulsive velocity to attain a height Z(uz) in terms of the parameters above, 

the body mass (m) and known characteristics of planet Earth. 

b) How much additional impulsive velocity (above the case with no drag) will 

be required if 5 -11 10 mDC A m    and z = 100 km? 

 

2.8-27 What V  is required to escape Jupiter’s gravitational field assuming one starts 

on the surface of the planet and drag is neglected? 
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2.8-28 The initial portion of the return trajectory for a future Mars probe would 

involve a launch from the surface of Mars to a temporary circular orbit 150 mi 

above the planet’s surface. Assuming the probe is departing from the equator, 

estimate the V  required to accomplish this portion of the mission. Hint: The 

length of a Martian day is 97.5% that of a day on Earth. 

 

2.8-29 The “g-t” loss for a typical launch from Earth is roughly 5000 f/s. Can you 

estimate the loss for a launch from the surface of Venus? Carefully state all 

assumptions required to make this estimate. 

 

2.8-30 What altitude would be attained by a projectile launched vertically at half of 

earth’s escape velocity? 
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2.8-31 We have had considerable discussion on the v  estimates for launch vehicles. 

The highly simplified result that surfv v vc    (with vc  evaluated at earth’s 

surface) works okay for orbits very near the surface of the earth (neglecting 

gravity and drag losses, of course). For Kennedy Space Center, this technique 

gives v  of 7.5 km s.  

a) How does this estimate compare with a Hohmann transfer from Kennedy 

Space Center to a 150 km orbit inclined at 28.5 ?  

b) Which approach do you prefer and why?  Do you have a better suggestion?  
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2.8-32 Typical ballistic missiles have a burnout height of 100 miles with a maximum 

range of 8000 miles. How much extra v  capability would be required to use 

the missile as a launch vehicle to orbit payloads in polar orbits (90° inclination) 

at the 100 mile altitude? 
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2.8-33 Recently, the Mars Global Surveryor was captured into a highly elliptic orbit 

about the planet. Over the next few months, the spacecraft will use the Martian 

atmosphere as an aerobrake to eventually arrive at a low-altitude circular orbit 

about the planet. Assuming that the initial elliptic orbit had an apogee of 30,000 

Km and a perigee of 50 Km, estimate the v  saved by using the aerobrake 
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maeuver. i.e. What v  would have been required if Mars didn’t have an 

atmosphere? 

 

2.8-34 A solid rocket motor is to be utilized for propulsion on an air-launched missile 

whose drag characteristics are shown in the plot below. Assuming the missile is 

launched at 0.9,M   discuss the implications of the SRM grain design on the 

missiles performance. Which grain design should be used (regressive, neutral, 

or progressive) assuming that each one provides the same total impulse? 

 

Additional Problems 

1.) 
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2.) 
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3.) Refers to problem above 
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4.) 
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5.) 

 

 

 


