2016 Ph.D. Qualifying Field Exam – Space Systems

https://svs.gsfc.nasa.gov/vis/a010000/a011900/a011950/New_Horizons_4Q_poster_v3.png

On January 19, 2006, the New Horizons spacecraft launched on an Atlas V 551 rocket from
Kennedy Space Center, heading to Pluto. This was the first time the Atlas V was configured
with five solid rocket boosters and three stages (Centaur second stage, and ATK Star 48B
third stage). The velocity of New Horizons with respect to Earth after the third stage burn
was 16.2 km/s. New Horizons had closest approach to Pluto on July 14, 2015.
Suggested assumptions: Assume that the Sun, Earth, Jupiter, Pluto, and spacecraft are all
co-planar and in circular orbits. Assume that the spacecraft direction is outward away from
the Sun and toward Pluto after Earth launch. Assume Pluto is at 40 AU from the Sun.
Assume Jupiter is at 5.2 AU from the Sun.
1 AU = 1.4960×108 km
MEarth = 5.972×1024 kg
rEarth = 6371 km
MSun = 1.989×1030 kg
rSun =6.95700×105 km
MJupiter = 1.898×1027 kg
Gravitational constant: 6.67408 × 10-11 m3 kg-1 s-2
1) What Δv is needed to exit the Earth’s sphere of influence? Explain why the velocity
of New Horizons as it departed Earth given in the description above may be
different than your answer. What Δv is needed to exit the Sun’s sphere of influence
launching from Earth?
2) What is the Earth’s heliocentric velocity? What is Jupiter’s?
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Figure 1: Spacecraft heliocentric velocity vs. distance from the Sun.
3) Explain Figure 1. How does velocity change as a function of distance from the sun?
Express as a mathematical relationship, and describe how this curve would be
obtained.
4) Explain how a gravity assist works. Draw on top of Figure 1 a curve that represents
the key features of a Jupiter gravity assist with an increase in heliocentric velocity of
5 km/s. Explain how the relationship between turning angle and altitude of periapse
at closest approach affects the outcome of the gravity assist.
5) How long would it take New Horizons to arrive at Pluto’s orbit without a gravity
assist, using a Hohmann transfer from Earth’s orbit to Pluto’s?
6) Explain why it may be unwise for a spacecraft such as New Horizons to fly by Earth.
7) Describe additional systems designs important to address for a mission far beyond
Pluto, like to the hypothesized 9th planet or the Solar Gravity Lens Focus (550 AU).

http://news.discovery.com/space/using-the-sun-as-a-magnifying-glass.htm
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