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QUESTION ONE: SATELLITES

Mass of Earth = 5.97 x 10** kg

Universal gravitational constant = 6.67 x 107! N m? kg2

Digital television in New Zealand can be accessed by using a satellite dish pointed at a satellite in
space. The satellite used to transmit the signals appears to stay still above the equator.

The satellite, with a mass of 300 kg, is actually travelling around the Earth in a geostationary orbit
at a radius of 4.22 x 107 m from the centre of the Earth.

(a) Name the force that is keeping the satellite in this circular orbit, and state the direction in
which this force is acting.

Grﬁw\’r\\ 1S heezp\i(j the  sedelite 1w orbit
And  taig 'Fo(ce LW be c«:\-i@ tow o ds Eiaf*\r\"‘

The candidate correctly names the force and direction
in which this force acts.

(b) Calculate the force acting on the satellite.
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(c) Show that the speed of the satellite is 3.07 x 103 m s~!,
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Correct equation and evidence for showing the
speed of satellite.
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The candidate correctly names the force and direction in which this force acts.
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Correct working and answer.
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Correct equation and evidence for showing the speed of satellite.
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(d) Kepler’s law states that, for any orbiting object, SSESSOR

T2 < 13, where r is the radius of the-orbit, and 7 is
the time period for the orbit.

NASA uses a robotic spacecraft to map the Moon.
The Lunar Reconnaissance Orbiter orbits the Moon
at an average height of 50.0 x 103 m with a period of
6.78 x 10° s. The Moon has a radius of 1.74 x 10° m.

https:/fupload.wikimedia.org/wikipedia/
commons/9/95/Lunar_Reconnaissance_

Use Kepler’s law to estimate the mass of the Moon. Orbiter 001,jpg

In your answer you should:
. use the relevant formulae to derive Kepler’s law

. use Kepler’s law to determine the mass of the Moon.
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QUESTION TWO: GRAVITY ELEVATORS

Earth’s average radius = 6.38 x 105 m.

In the 2012 science fiction movie Total Recall, a gravity-
powered elevator called “The Fall” is used to transport
passengers between the Northern and Southern hemispheres,
straight through the Earth. If a straight tunnel could be dug
through the Earth from the North Pole to the South Pole,
protected from the heat inside the Earth and the journey
unaffected by friction, an elevator could be used, harnessing
the gravity of the planet.

Once dropped, the elevator would accelerate downwards and

then decelerate once it had passed through the midpoint and —
in the absence of friction — would just arrive at the far side of
the Earth.

Adapted from: http://www.killerasteroids.

org/impact.php

An equation can be used to summarise acceleration of the elevator.

a=-1.54 x 107 y, where y = distance from the midpoint

(a)  One of the passengers on the elevator stands on bathroom scales at the start of the journey.

Describe why the bathroom scales read zero.
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To get an Achieved, the candidate needs to explain that the passenger and the bathroom scales
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“lare falling at the same rate, so there is no contact force between them. [ ———
(b) Calculate: T T /131
e maximum acceleration of the elevator.
-
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(i) The maximum linear velocity of the elevator. /.//
P
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To get an Achieved, the candidate needs to explain that the passenger and the bathroom scales are falling at the same rate, so there is no contact force between them.
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(d)
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Explain how the equation given shows that the elevator is undergoing simple harmonic

motion.

Calculate the time the journey from the North Pole to the South Pole would take.

Physics 91524, 2015




The cat can be modelled as a pair of equal mass cylinders (the front and
E back halves of the cat) linked at the centre of mass of the cat. The moment
of inertia, 7 o< m2.

{

Correctly states
that linear
momentum
increases
because of the
increase in cat's
velocity while
falling. To get
Merit candidate
needs to explain
that the centre of
mass
accelerates
downwards and
Linear
momentum
increases due to
the external
force (weight)
causing an
increase in
vertical velocity.

ina fail, allowing them to avoid
pside down. Cats can do this even

termines which way is up (by rotating its head).

‘The cat exerts internal forces to twist the front half of its body
to face down (by twisting its spine around its centre of mass and
aligning its rear legs).

Then the cat exerts internal forces to twist the back half of its body
to face down (by arching its back).

The cat lands safely.

Describe the motion of the centre of mass of the cat during its fall,
and explain why the linear momentum of the cat is increasi
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https://catsnco.files.
wordpress.com/2013/02/

a\so

sidering only the first half of the fall: RIS

the cat’s legs tucked in, the front half of the cat can be modelled as a cylinder of radius

0.060 m.

During the first part of the fall the cat uses its muscles to twist its front legs around quickly to reach
an angular velocity of 1.20 rad s™!.

(b)

[f the angular momentum of the front half of the cat is 3.24 x 10 kg m2 s, calculate the
rotational inertia of the front half of the cat.
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Correctly states that linear momentum increases because of the increase in cat's velocity while falling. To  get Merit candidate needs to explain that the centre of mass accelerates downwards and Linear momentum increases due to the external force (weight) causing an increase in vertical velocity.
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..Thc cat is able to twist the front half of its body, even though the total angular momentum of j
the cat must remain zero. ; ;

Exﬁia-hi Why the total angular momentum of the cat must remain zero, and explain what must
happ(n to the rear of the cat’s body.

During the first half of its fall, the cat stretches out its rear legs. The rear half of the cat can be
modelled as a cylinder of radius 0.120 m.

Explain how the cat can rotate the front and rear of its body at different speeds.

In your answer you should:

. calculate the angular momentum of the rear half of the cat

. explain why there is a difference in rotational speed between the front half of the cat and
the rear half of the cat

. calculate the angular velocity of the rear of the cat.
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Extra paper if required.

auesrion Write the question number(s) if applicable.
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