Name:

. Solutions posted
Launching Rockets Date:

Instructions: Show your thought process.

I. New Facts: Write these into your booklet and memorize.

Energy
o Mechanical energy is the sum of a system’s kinetic and potential energies
. ~ ° ° ° o . 245K Gm1m2 . i
e The potential energy function associated with the gravitational force Fg = —=—15 Us; =
Gmym,

.
e [Escape speed is the launch speed needed for an object to slow to a stop as it reaches infinity.

e The negative sign for energy means “less than 0 joules by™
e Ona graph of energy vs. position, higher on the graph means more energy.
Momentum

e Momentumisp = mv

e The law of conservation of momentum is:

Ap = X Impulses which is the same as . + ¥ Impulses = s

e The lmpulsé imparted by a single force that acts from ¢; to ¢y is fttlf Fdt

2. #. Launching rockets
A rocket (mass my,) is launched straight up from large object A’s surface at an initial speed of vesc,
which is the launch speed needed for the rocket to “escape” from the gravitational pull of the object A
and never return. Assume that object A is not rotating. (Object A has mass Ma and radius Ra.)

a. Derive an expression for the escape speed Vese in terms of Ma, Ra, and fundamental constants.

Include an energy bar chart with your solution.
Include a sketch, energy graph (showing UG and K at the initial and final positions, and the

TE line), and matching energy bar chart with your solution.

b. Calculate the escape speed if (i) the rocket was launched from Earth’s surface, and (ii) the rocket
was launched from the surface of Mars.

¢ If the rocket was launched from Earth’s surface with an initial speed that is 2000 m/s more than the
escape speed. calculate how fast it is moving when it escapes.
Include a sketch, energy graph (showing UG and K at the initial and final positions, and the
TE line). and matching energy bar chart with your solution.

d. What will happen to the rocket if it is launched from Earth’s surface with an initial speed that is less

than the escape speed?

e If the rocket was launched from Earth’s surface with an initial speed of 10,000 km/h, calculate the
maximum height it reaches above Earth’s surface.

Include a sketch, energy graph (showing UG and K at the initial and final positions, and the
. TE line), and matching energy bar chart with your solution.
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