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QUESTION ONE: SATELLITES

Mass of Earth = 5.97 x 10** kg

Universal gravitational constant = 6.67 x 10" 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 0f 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.

Gromdakond {efig aging @ cotellite 1n
otk , T B duke c)\\c'f\ L lf’o\f:o@b\’w_(mi&
B@ m Eﬁ(ﬂ\ / / ~_|The candidate correctly names the force and direction |

in which this force acts.

(b) Calculate the force acting on the satellite.
-l Tl
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e | = // Correct working and answer.
T 690% = 671N - |

(c) Show that the speed of the satellite is 3.07 x 10° m s~

G ve i
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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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Text Box
Correct equation and evidence for showing the speed of satellite.
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d) Kepler’s law states that, for any orbiting object,
T2 o< 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 10° m with a period of
6.78 x 103 s. The Moon has a radius of 1.74 x 10° m.

Use Kepler’s law to estimate the mass of the Moon.

In your answer you should:

. use the relevant formulae to derive Kepler’s law

«  use Kepler’s law to determine the mass of the Mooy

G
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.
CFexr - aw

4a" (_' ; :
- Incomplete derivation of Kepler's Law. For Achieved, attempt using Fg, Fc and V is
il = Gq— M made. For Merit, correct derivation of Kepler's law is required. For Excellence,
Py correct derivation of Kepler's Law and the correct calculation for the mass of moon
= =
i = is required.
2 =
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Incomplete derivation of Kepler's Law. For Achieved, attempt using Fg, Fc and V  is made. For Merit, correct derivation of Kepler's law is required. For Excellence, correct derivation of Kepler's Law and the correct calculation for the mass of moon is required.


QUESTION TWO: GRAVITY ELEVATORS |

Earth’s average radius = 6.38 x 105 m

In the 2012 science fiction movie Total Recall, a grav1ty
powered elevator called “The Fall” is used to transport 7
passengers between the Northern and Southern helmspheres
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 —  Adapted from: http://www.killerasteroids.
in the absence of friction — would just arrive at the far side of org/impact.php

the Earth.

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. .
T pascenger has 2_______§1¢{zfndi,,,, ot U\Ofﬁr\a}_ / |

o ‘f\lN\ as e 6 in Jatpll becanse he /i
16 not i tontack  with tle ﬂfovflﬂ(e Mhis |

_MemnS s et Qerting o kore  on te
orownd  hene Yo scals read  zerv

e e ~ | The answer clearly describes why the bathroom scales
read zero.

Correct equation and evidence for
_|calculating the maximum acceleration.

-6

_________ R \Q’D

Correct equation and evidence for calculating the
maximum linear velocity.
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The answer clearly describes why the bathroom scales read zero.
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Correct equation and evidence for calculating the maximum acceleration.
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Text Box
Correct equation and evidence for calculating the maximum linear velocity.


(c)

(d)
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Explain how the equation given shows that the elevator is undergoing simple harmonic AsSESSOR's

motion.

T o&alleletston i olwon, S..__’gr\@fao_f_ﬁoha{/.
o Yo displaement ond cna o= ~1swxo’y,
(L eation 1% pfmilofmf\ﬁt[ f mo{)/syﬂlﬂﬁwf?t(
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The candidate stated the proportionality relationship between acceleration and displacement with the reference to the given equation as SHM.
For Merit, complete explanation that acceleration or restoring force is proportional to the displacement and acts in the opposite direction to
each other with reference to SHM equation is required.

Ldlcllate e tme the journey mrom the INorth Fole to the South Pole would take.

W= gllC;quO"E’ s

W = WX Cady i

Correct equation,substitution and answer for a period. To gain
Excellence, the candidate needs to half the period to find the time for
the journey from North to South Pole.
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The candidate stated the proportionality relationship between acceleration and displacement with the reference to the given equation as SHM. For Merit, complete explanation that acceleration or restoring force is proportional to the displacement and acts in the opposite direction to each other with reference to SHM equation is required.
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Text Box
Correct equation,substitution and answer for a period. To gain Excellence, the candidate needs to half the period to find the time for the journey from North to South Pole.


QUESTION THREE: CATS AND GRAVITY

Cats have the ability to orient themselves in a fall, allowing them to avoid
many injuries even when dropped upside down. Cats can do this even
without tails to help them and they do not need to be rotating first.

The sequence of events for a typical 3.00 kg cat:
. The cat determines 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.

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

(a) Describe the motion of the centre of mass of the cat during its fall,
and explain why the linear momentum of the cat is increasing.

Te  eabit o Moo vtk

e Conalmedk ng&fé:aj d\C(X,\QJDNJ(\ https:/catsnco.files.
ok NGl T Bg® condeat qo%ahon Fillng entngpe
06 YW cak (‘o‘m}ﬂs oo s QLR “’J@ mase, Tl UL(O(AH
of To ok 15 nctasing o a6 Tt gells e fo

vty ond s P= MY, ond mnss con%b«ﬁ*

0\9 UQLQ(AP') WAL ARS WWOW’}\/\N\ OK\SO INEAse Q. Correct

/lexplanation

C0n81der1ng only the first half of the fall: {,

With 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) Ifthe angular momentum of the front half of the cat is 3.24 x 10 kg m? 5!, calculate the
rotational inertia of the front half of the cat.

L= 3% LlLxo \’—c)m A

B ol - A ey T //

S

Correct working and answer.
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Correct working and answer.
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(d)

Explain why the t
happen to the rear

5

~ |Correctly explained that rear half of cat must rotates but in the opposite direction to keep the angular momentm equal to
zero. For Merit grade, candidate needs to explain that no external torques act so total angular momentum must be conserved|
so rear half of cat must rotates but in the opposite direction.

During the first half of it
modelled as a cylinder of 1

. explain why

the rear half | |
- calculate the a f the rear of the cat.
om0 I~ et o
> Lswle e - e -

Mo fott hilf of 1 cat pasa  olifferen
fottbond  merha  ond to  Prcle helf~

|Incorrect working and explanation. —

e A4
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Correctly explained that rear half of cat must rotates but in the opposite direction to keep the angular momentm equal to zero. For Merit grade, candidate needs to explain that no external torques act so total angular momentum must be conserved so rear half of cat must rotates but in the opposite direction.
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Incorrect working and explanation. 


L |

o1s24. INIINN

N Z A SUPERVISOR’S USE ONLY

NEW ZEALAND QUALIFICATIONS AUTHORITY
MANA TOHU MATAURANGA O AOTEAROA

QUALIFY FOR THE FUTURE WORLD
KIA NOHO TAKATU KI TO AMUA AO!

Level 3 Physics, 2015

91524 Demonstrate understanding of mechanical systems

9.30 a.m. Friday 20 November 2015

Credits: Six
Achievement Achievement with Merit Achievement with Excellence
Demonstrate understanding of Demonstrate in-depth understanding of | Demonstrate comprehensive
mechanical systems. mechanical systems. understanding of mechanical systems.

Check that the National Student Number (NSN) on your admission slip is the same as the number at the
top of this page.

You should attempt ALL the questions in this booklet.

Make sure that you have Resource Booklet L3—PHYSR.

In your answers use clear numerical working, words and/or diagrams as required.

Numerical answers should be given with an Sl unit, to an appropriate number of significant figures.
If you need more room for any answer, use the extra space provided at the back of this booklet.
Check that this booklet has pages 2—8 in the correct order and that none of these pages is blank.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.

Merit

TOTAL 16

ASSESSOR’S USE ONLY
© New Zealand Qualifications Authority, 2015. All rights reserved.

No part of this publication may be reproduced by any means without the prior permission of the New Zealand Qualifications Authority.



; e accessed by using a satellite dish pointed at a satellite in
- signals appears to stay still above the equator.

2. s;aétually travelling around the Earth in a geostationary orbit
s centre of the Earth.

The candidate correctly names the force and direction
~|in which this force acts.
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Faj 3 % é 7 : 1 N (2 S'Q Correct working and answer.
that the speed of the satellite is 3.07 x 10° m s
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Correct equation and evidence for showing the
speed of satellite.
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Text Box
Correct equation and evidence for showing the speed of satellite.


(d)
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Kepler’s law states that, for any orbiting object,
T2 o 13, where r is the radius of the orbit, and T 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 10° m with a period of
6.78 % 103 s. The Moon has a radius of 1.74 x 10° m.

https://upload.wikimedia.org/wikipedia/
" . commons/9/95/Lunar_Reconnaissance
Use Kepler’s law to estimate the mass of the Moon. PR N
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.
myvE
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Extra paper if required.
Write the question number(s) if applicable.
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\ Correct calculation for the mass of moon. For higher grades, derivation of Kepler's
——————Law is required.
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Text Box
 Correct calculation for the mass of moon. For higher grades, derivation of Kepler's Law is required.


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 — Adapted from: http://www.killerasteroids.
in the absence of friction — would just arrive at the far side of org/impact.php
the Earth.

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

=-1.54 x 10°® 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.

The olevalec is €9y_\\iv_~s& So W\efe € MO Feachen
free poshiny up en Ye <cales. The foor of Yhe Clewor
s Qxlhrg davrpards at the ame @ie o the St and $he

peson harter e pemon is 0Ok PURRY anyg Bie on the S

o6 Yher & o adion (e owosfr% follrg okjls @0 a

y 3
2 ; f &( . / The answer clearly describes why the bathroom scales
Serge 6k Weghllasness 15 SRI%-// e e

(b) Calculate:

(i)  The maximum acceleration of the elevator.

Omar = Aw®  Amac= é-«_W )
. =

) X
Q Mo = <A g 3 wms (%S-C) : / Correct equation and evidence for

calculating the maximum acceleration.

/
Uman H A(j_) UMOUL _:@,39_’&_106*(\[1764 X0

(i)  The maximum linear velocity of the elevator.
) —
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Urmax = 7912:3F mfs —
7
UW\[H- - -7€1 l_‘?' 8] /5 @SC)// Correct equation and evidence for calculating the

maximum linear velocity.
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The answer clearly describes why the bathroom scales read zero.
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Correct equation and evidence for calculating the maximum acceleration.
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Correct equation and evidence for calculating the maximum linear velocity.
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(c) Explain how the equation given shows that the elevator is undergoing simple harmonic ASSEsSOR's

motion.

The acelerohion of the clerakel § (nversly
Peertonal o twe  displacment of the elewrion
@A res\@rima ore s alloys . acktng faiuwandls
the auilibnum Festkon. The —1-54x16™ sheus thal
‘}L@ aceleobbn i tn thwe @chxt‘P Avreclon To the
depbaren. A condition of sinmple POW"C‘MC"‘“‘"”//G

|
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opposite direction to each other with reference to SHM equation.

The candidate stated that acceleration acts in the opposite direction to the displacement with reference to the negative from the constant
given for the equation. For Merit, complete explanation that acceleration or restoring force is proportional to the displacement and act in the

(d)—carcuTare e tmE e JOurney IToMm e NOTT POIe T0 The SOUth Pole Would Take.

7 Ve =Us + AL —
THIF=o+H@S & T

@TUJ——;; ) TS il 206.39 s

g

' b e £x2 = ng;f_,f__
Irrelevant equation . // d

L
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The candidate stated that acceleration acts in the opposite direction to the displacement with reference to the negative from the constant given for the equation. For Merit, complete explanation that acceleration or restoring force is proportional to the displacement and act in the opposite direction to each other with reference to SHM equation.
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Text Box
Irrelevant equation


QUESTION THREE: CATS AND GRAVITY -

Cats have the ability to orient themselves in a fall, allowing them to avoid
many injuries even when dropped upside down. Cats can do this even
without tails to help them and they do not need to be rotating first.

The sequence of events for a typical 3.00 kg cat:
. The cat determines 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.

The cat can be modelled as a pair of equal mass cylinders (the front and
back halves of the cat) linked at the centre of mass of the cat. The moment

of inertia, / o< mr>.

(a)  Describe the motion of the centre of mass of the cat during its fall,
and explain why the linear momentum of the cat is increasing.

The Centre of Mass 1S Cc\\\m\o-\ %’rmig\/\L T——
alown. @ 7)’\8 m'”ﬁ of the tentre of mass IS  falling cat03.jpe
not allrecl while e @ is muing as no exterral \stces ore | K
Cltmrbm L The I'neaar Omenkum of the @t s ievasing /

F € acdernding Jolraids He draind due b the fre o qramlq p= mu// —

Considering only the first half of the fall:

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

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)  If the angular momentum of the front half of the cat is 3.24 x 1073 kg m? 57!, calculate the
rotational inertia of the front half of the cat.

= TL0 2.24x10° = 120 324003 : T

I 2 Tx 10 3 kﬂm /%Correct working and answer. | /

USE UNL‘

wordpress.com/2013/02/

Candidate correctly states that linear momentum increases because it is accelerating
towards the ground due to the force of gravity. 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.

20
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Candidate correctly states that linear momentum increases because it is accelerating towards the ground due to the force of gravity. 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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Correct working and answer.


(c)

Correct
explanation

(d)

D’IW(M? The—raur of-he it must moweon the obhercele

T

The cat is able to twist the front half of its body, even though the total angular momentum of AssEssors

the cat must remain zero.

Explain why the total angular momentum of the cat must remain zero, and explain what must
happen to the rear of the cat’s body.

The folal anguior momentim of fre @k rush

rerain Zero bequise Ynere ase nO edeval fores ackig

e F, dhecfore Wnere are o togrges achhg on

Jhe ls certre of wss. [oth vo forques the @'@ m

cut Conrot argqurly accelerdie, Ynerfere it pust have Sero ak/gu/:crL

o Cavel ouf the 4 cuenl amguuaf‘ MO WL

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.

@f: zmr I* —K’SVO \‘ZO 7 B oZlbhgwp?.

\_,__,_-

Tlme,re s a Allerence in Spe_d because the front
anch raar of Ihe cat have dv€erent wiciss diclrlapibn -
Colokonal Imhas with diaent wtabonal inbriag —

the oM
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(O must deafmse e

| rear ha/f must = and oppisite Guat il o L= - 3-24x G"kgm/
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| ol =
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The candidate correctly explains the difference between the mass distribution and the rotational inertia, and then relates this to rotational velocity. To gain
Excellence, they need to explain that the cat can change both the rotational inertia and the speed of the front and rear end of its body independently. This
can be done by changing its mass distribution. By tucking in its legs, the cat's mass is concentrated closer to the axis of rotation so its angular velocity is

greater since angular momentum is conserved or vise versa. Correct calculation of the angular velocity of the rear end of the cat is required.
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The candidate correctly explains the difference between the mass distribution and the rotational inertia, and then relates this to rotational velocity. To gain Excellence, they need to explain that the cat can change both the rotational inertia and the speed of the front and rear end of its body independently. This can be done by changing its mass distribution. By tucking in its legs, the cat's mass is concentrated closer to the axis of rotation so its angular velocity is greater since angular momentum is conserved or vise versa. Correct calculation of the angular velocity of the rear end of the cat is required.





