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USEO

QUEST'ON ONE: SATELLITES ASSESS

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 tr ansmlt the signals appears to stay still above the equator.

The satellite, with a mass of 300 kg2 is actually travelling around the Earth in a geostationary orbit
at a radius 0of 4.22 x 107 m from the centre of the Earth.
pirparietcs L
"
(a) Name the force that is keeping the satellite in this circular orbit, and state the direction in
which this force is acting.

émw/j /&%&/ ﬂc_-ﬁr"\j oards He cen et /

o / [0[ v f[\ . 1/ / The candidate correctly names the force

/ and direction in which this force acts.

(b) Calculate the force actmg on the satellite, ey
b CF x07 x 57741037~ Soo

/tj: L d 20Ty

- 671N )/

Correct working and answer. /

(c) Show that the speed of the satellite is 3. 07 x 10F ms.
— MV
fﬁ fe T _Tes "200
’757{ - F22x[07 % N*
2 _ - ;
Voo© ‘7’#17[“06,,,/\3 // Z __

[ - z - Correct equation and evidence for
Y7 507z (0% w8

calculating the speed of satellite.
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Text Box
The candidate correctly names the force and direction in which this force acts.

sanjesh.kumar
Text Box
Correct working and answer.

sanjesh.kumar
Text Box
Correct equation and evidence for calculating the speed of satellite.
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Kepler’s law states that, for any orbiting object, ssEsson

72 o 3, 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 x 103 s. The Moon has a radius of 1.74 x 10° m.

https://upload.wikimedia.org/wikipedia/

5 i ; 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.

Physics 91524, 2015




QUESTION TWO: GRAVITY ELEVATORS

Earth’s average radius = 6.38 x 10% 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.

a=-1.54x 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.
[ ar /80y fn al Mo shri—of
He (/‘owney 9: £.38410°m  and a=-].549,10°° «
LEE i = “ 7. 88 ms SAS  means N Sealed
;-1,7/ read @/ aS a /¢ neja/,}e C/::ﬁ’)al)//

To get an Achieved, the candidate needs to explain that the passenger and the bathroom scales E
are falling at the same rate, so there is no contact force between them.

/ _/// )
e

(1)  The maximum acceleration of the elevator.

o CAAA g (54107 1 €38 210°

= YW = -‘LSSms’J//

Correct working and answer.

(b) Calculate:

(i) The maxijréfm linear velocity of the elevator.
v

A . ¢ WY Nlen a=0 = max

ASSESSOR'
USE ONLY

Incomplete working. For Achieved, the candidate needs to state a
suitable equation of SHM to calculate the maximum linear velocity.
For Merit, the candidate needs to have a correct equation with the
correct answer.
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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.

sanjesh.kumar
Text Box
Correct working and answer.

sanjesh.kumar
Text Box
Incomplete working. For Achieved, the candidate needs to state a suitable equation of SHM to calculate the maximum linear velocity. For Merit, the candidate needs to have a correct equation with the correct answer.
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(¢) Explain how the equation given shows that the elevator i uﬁﬁﬁ%

motion.

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

Physics 91524, 2015 l




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, / < mr2.

(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.

e conte o) magS of e
LA £ it ’{{Ge ler M(‘ﬂ d\_/f}’/""j /yf https://catsnco.files.

wordpress.com/2013/02/

7&/// , /'/ . 3/(0”‘) /,5 a/%,@,,'f/'f\j R falling_cat03.jpg
Her Vi P ,‘ncrea,gi'ﬂf prr)»/)//

Incorrect explanation. For a Achieved, the candidate needs to states that linear momentum increases because of
the increase in cats velocity while falling or linear momentum increase due to an increase in vertical velocity. To

get Merit candidate needs to explain that that the centre of mass accelerates downwards and linear momentum
increases due to the external force (weight) causing an increase in vertical velocity.

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 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 s7/.

(b)  If the angular momentum of the front half of the cat is 3.24 x 10 kg m* s, calculate the
rotational inertia of the front half of the cat.

Lefo % S24510°=[, 120 = = =
> /= it E TR

. -5
= 2.7 0 /

Correct working and answer.
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Text Box
Incorrect explanation. For a Achieved, the candidate needs to states that linear momentum increases because of the increase in cats velocity while falling or linear momentum increase due to an increase in vertical velocity. To  get Merit candidate needs to explain that 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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Text Box
Correct working and answer.


(d)

The cat is able to twist the front half o
the cat must remain zero.

Explain why the total angular momentum of the
happen to the rear of the cat’s body.

7& _ﬁj{a/ ﬂr\qm/ﬁy morhen/t/m W(Sﬂ/ egwa/ 7,

o e b N f_// yolode  avoun 0’ AT eon b ©of

agS  ond il won'd Jard o f8 Jeet. [/

“|Incorrect explanation. For Achieved grade, candidate needs tostate |
that no external torques act or Lrear = -Lfront . For Merit grade, /

candidate needs to explain that no external torques act so total angularf
momentum must be conserved so rear half of cat must rotates but in
the opposﬂe direction.

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.

G i T s Horn L of Ho rear 0;4
He cat- pREeAV® 3.24 107 SkymAs™' [

Z

R The candidate correctly states the angular momentum of the rear half of the cat. To gain higher
grades, they need to explain that the cat can change the rotational inertia of both parts its body
_|independently, cat can change the speed for both parts by changing its mass distribution, tucking in
the legs distributes more of the cats' mass close to the axis of rotation so angular velocity is greater
since angular momentum is conserved or vise versa. Correct calculation for the angular velocity of S
the rear of the cat is required.
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Incorrect explanation. For Achieved grade, candidate needs to state that no external torques act or Lrear = -Lfront . 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.

sanjesh.kumar
Text Box
The candidate correctly states the angular momentum of the rear half of the cat. To gain higher grades, they need to explain that the cat can change the rotational inertia of both parts its body independently, cat can change the speed for both parts by changing its mass distribution, tucking in the legs distributes more of the cats' mass close to the axis of rotation so angular velocity is greater since angular momentum is conserved or vise versa. Correct calculation for the angular velocity of the rear of the cat is required.
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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 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.

The Force Keepmﬁ e satellive  in gebir
%rc‘u;l’o\‘f;owa} €Or‘ce, Whicklh 18 OtC""H’\% in fhe
‘(;\\r{g‘riam of e eat¥eR OG e Em\’h//

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

(b) Calculate the force acting on the satellite.

G Mrm
£, Z

- £ 5 7 134]
~ L. 6.67x10""x 5.47x10™ x 300 i
4.22.10")

s FE
6 N Correct working and answer.
Y

0.0N

(c)

12
» - 300 = 9
6 [ 4. 2 b8 O 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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Text Box
Correct working and answer.

sanjesh.kumar
Text Box
Correct equation and evidence for showing the speed of satellite.


(d)

3

Kepler’s law states that, for any orbiting object,
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 10° m with a period of
6.78 % 10% 5. 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 Moon.

https://upload.wikimedia.org/wikipedia/
commons/9/95/Lunar_Reconnaissance
Orbiter_001.jpg
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QUESTION TWO: GRAVITY ELEVATORS Mol |

Earth’s average radius = 6.38 x 10° m.

In the 2012 science fiction movie Zotal 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.

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.
AR buroow S MY ar Qq\\ma) ay s

Soaw € 3(J€€d a5 vy PC‘SLQM.CXNI and  no (GrCQ 'S /
m.ma) execved gwvro Yhe SCQ\@.S-//

The answer clearly describes why the bathroom scales

read zero.
(b) Calculate:
(i)  The maximum acceleration of the elevator.
0= = 1.54% ¢\O 9
T LS4 10T & 6.3% x10"
Correct working and answer. /
& q i g 5 - S— 2

(i) The maximum linear velocity of the el¢vator.
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(c) Ex;;lgm how the equation given shows that the elevator is undergoing simple harmonic
motion.

D\’-‘-@-"‘ﬂ SWFW Macmonic  wio Fion(shm)  Fhe >
velocity _oF e Susteen " IS 7GE [P Maximomi
when of Fne W?,foﬁpoimf_ S‘.n(e o = M o x

Yt

when 97 0 a = 0. This i3 beccote at e

¢

tidpoint U iy oY iYs wiaxivhum  ga Them— (s 1O

ccce \ & ra \_l o (_\// For Achieved , the candidate needs to reference SHM equation. 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.

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

Physics 91524, 2015
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For Achieved , the candidate needs to reference SHM equation. 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.


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, 1 ec my2,

(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.

Ps Yra car iy fang pa}\im’\, 5 velociy

WA g sl S du 2 \“{3 5 g ceelacali or Ave https/eatsnco. files.
wordpress.com/2013/02/
k’fb 3(_«;;\\, e .»§ . S‘\m ce E; i Y 23 v Cl J (s falting_cat03.jpg

\"“-Cr‘\i&ﬁ'\“ﬁ ot i VARSL v &\ﬂm}g Frg  owee

S

they ivaor womenom  ofF e ot \f\a,w‘lﬂ'imj//

i i i i i i idate needs
Correctly states that linear momentum increases because of the increase in cats velocity while falling. To get Mer:tfcandlc\j,\iﬂei .
to explain that that the centre of mass accelerates downwards and linear momentum increases due to the external force (weig

causing an increase in vertical velocity.

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 of radius
0.060 m.

During the first part of the fall the cat uses its muscles (o 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 103 kg m? s~ calculate the
rotational inettia of the front half of the cat.

Lzle
1= /o

.3 24 1077 N T 3
- 1. - OD - 0 Z 2709:.\3) ?’3\3\.’\

i~
=y

“

Correct working and answer.
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Correctly states that linear momentum increases because of the increase in cats velocity while falling. To  get Merit candidate needs to explain that 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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Text Box
Correct working and answer.


(c)

(d)
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The cat is able to twist the front half of its body, even though the total angular momentum of
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.

‘\? | \’0\'0\\___01?4_0)u\o\r A A I¥%a o?_ te cel s
Zeco  Yhren it (5 oble Yo contro] Vhe
movemeny of (1 bodu. Thy real of the
cats boo’_\v) pmost  viok  Ywist in erdef Yo

ﬁ/{’,_@? H’\/C i’Gh‘\\ ‘o‘t’\ﬁu\w haoma @il af ’L_ero.//

Incorrect explanation. For Achieved grade, candidate needs to state
that no external torques act or Lrear = -Lfront . 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
During the first half of its fall, the cat stre|ie opposite direction.

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.
Wy/@" L & MV ond The Foue palues
v ¢ O{i#ﬂfr{ W radius .0 // gt

Incorrect explanation
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Incorrect explanation. For Achieved grade, candidate needs to state that no external torques act or Lrear = -Lfront . 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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