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Fields and Energy
Now that we know that the gravitational force
changes as you travel out into space, we also have
to refine our idea of gravitational potential energy. The old equation PE =
mgh only works near the surface of the Earth, where g isn't changing.

Notice that potential energy, calculated this
way, is negative. We imagine it as a valley
created by planets in an otherwise flat
potential energy plain. A total energy of 0 or
more means taht an object is free of all
valleys; anything less than 0 means that it is
"bound" in the valley of one or the other
object.

As something like a comet goes around the sun, it is doing the familiar switch-off between kinetic and
potential energy. When it is near the sun, a comet is deeper down in the "gravity well," having much less
potential energy, so it must have much more kinetic energy. It slows down as it moves further out and thus
higher up.

. 1 A space shuttle with a mass of 2×106 kg is sitting on Earth's surface.
a) How much energy would it take to get the shuttle free of Earth's gravity?

(As it turns out, the shuttle couldn't carry enough fuel to make it out of Earth's
gravity. The more fuel you add, the more you need (to carry all that fuel). So,
the shuttle uses a strategy with three stages. Two big, heavy boosters carry the
shuttle part of the way up, then detach and splash down in the ocean. The
shuttle continues upwards, fueled by a huge fuel tank, until finally it has
exhausted the tank and drops the tank to burn up in the atmosphere. Finally,
the shuttle itself maneuvers toward the space station or other goal. All this
effort can only carry a cargo of about 2.4×104 kg into orbit.)

. 2 One of the early science fiction books in which people traveled to space involved firing a space
vehicle out of a giant cannon.
a) How much energy would it take to get a 75 kg person from Earth's surface out of Earth's gravity
well?

b) How fast would the person need to be going as they left the cannon?
(Hint: Recall that the equation for kinetic energy is KE = ½mv²)



. 3 Halley's comet orbits around the sun, coming into the inner solar system for a short time every 76
years. It has a mass of about 4×1013 kg.

In the orbit of a comet, there are two special points we make note of. The point where it is closest to
the sun is called "perihelion" (ἣλιοϛ = "sun" in Greek), and the point furthest from the sun is called
"aphelion". Halley's comet was at perihelion in 1986; it will be at aphelion in 2024 and back at
perihelion in 2062.

a) At aphelion, the comet is traveling at a velocity of 879 m / s. What is its kinetic energy?

b) At that point, it is 5.24×1012 m away from the sun. What is its potential energy?

c) What is its total energy? (should be negative, since it is "bound" in orbit)

d) At perihelion, the comet is 8.5×1010 m away from the sun. What is its potential energy?

e) What is the comet's kinetic energy at perihelion?
Hint: Use the Law of Conservation of Energy)

f) What is the comet's velocity at perihelion?

Answers: 1) 1.25×1014 J 2) b) 1.12×104 m / s 3) e) 5.53×104


