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QUESTION ONE
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Two astronauts, Sylvia and Sam, are on a mission to another planet. During their journey they are
doing a “space walk” outside their spaceship.
At one time they are moving freely as shown in the diagram below. They collide and stick together.

Sam (mass = 105 kg)

speed = 1.20 m s–1

speed = 1.40 m s–1

Sylvia (mass = 95.0 kg)

(a)

Calculate the distance between Sam and the centre of mass of the system when he and Sylvia
are 4.80 m apart.

(b)

Describe what happens to the centre of mass of the system as the astronauts move closer
together and then collide.

(c)

Calculate the astronauts’ combined speed after they collide.
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(d)

When the spaceship reaches the planet, the spaceship goes into
orbit around the planet with a period of 5.46 × 103 s, and at a
height of 351 km above the surface.

351 km

Assume the orbit is circular.
The planet has a radius of 5220 km.

5220 km

(i)

Calculate the mass of the planet.

(ii)

On the return journey to Earth, the spaceship goes past a
different planet. The spaceship’s path is shown in the diagram.

		

Explain how the spaceship’s speed changes as it gets closer to
the planet.
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QUESTION TWO
Sylvia and Sam’s spaceship spins clockwise on its axis as it is
moving through space. The astronauts can change the angular
velocity of the spaceship by firing two small rockets that
are mounted tangentially as shown. The rockets produce an
anticlockwise torque. The rotational inertia of the spaceship is
5.80 × 104 kg m2.

force
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rocket

clockwise
rotation

spaceship

rocket

force

(a)

Calculate the size of the torque required from each rocket to cause an angular acceleration of
2.00 × 10–2 rad s–2.

(b)

The spaceship is rotating clockwise at 0.580 rad s–1 when the rockets are fired.
Calculate the angular speed of the spaceship after one rotation.

(c)

Assume that the torque produced by the rockets is constant.
Explain what happens to the size of the angular acceleration as the rockets gradually emit
burnt fuel.
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(d)

Some time later, the spaceship is rotating freely at 0.450 rad s–1 with the rockets turned off,
as shown in Diagram 1. The spaceship’s photo-voltaic cells are then extended out from the
spaceship, causing the rotational inertia to increase by 2.74 × 103 kg m2.

Diagram 1

Diagram 2

photo-voltaic cells

ω = 0.450 rads–1

(i)

Explain why the period of rotation changes as the photo-voltaic cells are extended
(Diagram 2).

(ii)

Calculate the period of rotation when the photo-voltaic cells are fully extended.
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QUESTION THREE
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Astronauts need to be able to measure their mass regularly so that they can monitor their health.
They can do this by being strapped on to a lightweight seat that is attached to a spring as shown in
the diagram below.

+y
y=0

When Sylvia is displaced from equilibrium, she oscillates in simple harmonic motion with a period
of 8.00 s. You may assume her motion is linear.
(a)

Describe any changes in the size or direction of the restoring force as Sylvia moves away
from equilibrium in the +y direction.

(b)

The amplitude of Sylvia’s oscillation is 0.120 m.
Use a reference circle or other method to calculate the shortest time it takes for Sylvia to
move up 0.080 m from her equilibrium position.

If you need to redraw
your response, use the
diagram on page 8.
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(c)

On the axis below, draw a graph showing Sylvia’s velocity vs time, starting when she is
closest to the floor.
Include the value of the maximum velocity.

Velocity (m s–1)

0.1

2

4

6

8

Time (s)

–0.1

(d)

If you
need to
redraw your
response, use
the grid on
page 8.

To start the oscillation, Sam applies a vertical force of 4.40 N to Sylvia. This force causes
Sylvia to move a distance of 0.120 m.
•

Calculate Sylvia’s mass.

•

Describe any assumptions you have made to simplify your calculation.
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SPARE DIAGRAMS
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If you need to redraw your response to Question Three (b), draw it on the diagram below. Make
sure it is clear which answer you want marked.

If you need to redraw your response to Question Three (c), draw it on the grid below. Make sure it
is clear which answer you want marked.

Velocity (m s–1)

0.1

2

4

–0.1
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8

Time (s)
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Extra paper if required.
Write the question number(s) if applicable.
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