3 2023 PHYSICS EXAM

Question 2
The diagram below shows two charges, Q| and Q,, separated by a distance, d.

There is a force, F, acting between the two charges.

Which one of the following is closest to the magnitude of the force acting between the two charges if both d and the
charge on Q, are halved?
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T Question 3
= Space scientists want to place a satellite into a circular orbit where the gravitational field strength of Earth is half of
its value at Earth’s surface.
Z Which one of the following expressions best represents the altitude of this orbit above Earth’s surface, where R is the

radius of Earth?
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2023 PHYSICS EXAM 14

Question 2 (7 marks)
Phobos is a small moon in a circular orbit around Mars at an altitude of 6000 km above the surface of Mars.
The gravitational field strength of Mars at its surface is 3.72 N kg~!. The radius of Mars is 3390 km.

a.  Show that the gravitational field strength 6000 km above the surface of Mars ig 0.48 N kg™ 1. 23 2 marks
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b.  Calculate the orbital period of Phobos. Give your answer in seconds. 3 marks
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c. Phobos is very slowly getting closer to Mars as it orbits.

Will the orbital period of Phobos become shorter, stay the same or become longer as it orbits closer to

Mars? Explain your reasoning. 2 marks
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Question 5 (3 marks)

Figure 5 shows the sun, the moon and Earth.

The mass of the sun is approximately 3.3 x 10° times the mass of Earth.

The distance from the sun to the moon is approximately 390 times the distance from Earth to the moon.

sun moon Earth

Figure 5

magnitude of the sun’s gravitational force on the moon

Calculate - — .
magnitude of Earth’s gravitational force on the moon
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Question 2 (9 marks)

There are over 400 geostationary satellites above Earth in circular orbits. The period of orbit is one day
(86400 s). Each geostationary satellite remains stationary in relation to a fixed point on the equator.
Figure 2 shows an example of a geostationary satellite that is in orbit relative to a fixed point, X, on the
equator.

satellite \\_/

Figure 2

a.  Explain why geostationary satellites must be vertically above the equator to remain stationary relative

to Earth’s surface. 2 marks
Satellites rmust rotate (v thy sawe djrection 27
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Sutellites orbit the cenler of mass of Farth o~
force ey gravity Zowarcls centre of LForth. 1
b. Using G =6.67 x 107" N m® kg2, M = 5.98 x 10% kg and R; = 6.37 x 106 m, show that the altitude
of a geostationary satellite must be equal to 3.59 x 107 m. 4 marks
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C.

Calculate the speed of an orbiting geostationary satellite.
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Question 3

The gravitational field strength at the surface of a uniform spherical planet of radius R is g N kg
At a distance of 3R above the planet’s surface, the strength of gravity will be closest to

A. 0
GM . GA
B 5 I I (4p)t
c. £
9
Question 4

The Mars Odyssey spacecraft was launched from Earth to explore Mars. The graph below shows the

gravitational force acting on the 700 kg Mars Odyssey spacecraft plotted against its height above Earth’s
surface.
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Which one of the following is closest to the minimum launch energy needed for the Mars Odyssey spacecraft
to ‘escape’ Earth’s gravitational attraction?

A. 4.0x10%J
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Question 2 (7 marks)

’GM
The speed of a satellite in a circular orbit around a planet is given by v=,/——, where G is the
r

universal gravitational constant, A/ is the mass of the planet and r is the orbital radius of the
satellite.

Titan is the largest moon of Saturn and has an orbital radius of 1.2 x 10° m. The mass of Saturn is
5.7 x 1026 kg. Assume that Titan’s orbit is circular.

a. Calculate Titan’s orbital speed. 2 marks

Y
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Another moon of Saturn is Rhea. Rhea is in a circular orbit of radius 5.3 x 108 m.

b. Does Rhea travel faster than, at the same speed as or slower than Titan? Explain your answer. 2 marks
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c. Titan’s period around Saturn is 16 days.

Calculate Rhea’s period around Saturn. ShO\Z your vgg_rl%ing. 3 marks
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Question 8 (6 marks)
A satellite is moving in a stable circular orbit 25 Earth radii from the centre of Earth, as shown in
Figure 5. The period of the satellite is T.
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Figure 5

a.  Calculate the magnitude of the acceleration of the satellite. Show your working. 2 marks
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b. Indicate the direction of the acceleration of the satellite by drawing an arrow on the satellite
shown in Figure 5. 1 mark

c.  Another identical satellite is placed in a stable circular orbit 30 Earth radii from the centre of
Earth.

Using the terms ‘less than’, ‘same as’ or ‘more than’, complete the table below to describe the
magnitude of the acceleration, the kinetic energy and the period of this satellite compared to
those of the satellite that is orbiting at 25 Earth radii. 3 marks

Magnitude of acceleration | /. g65

Kinetic energy Lest

Period M ofe
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Questiond 4 ‘/ /.

The planet Phobetor has a mass four times that of Earth. Acceleration due to gravity on the surface of Phobetor is
18ms=2

If Earth has a radius R, which one of the following is closest to the radius of Phobetor?
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Question 3 (6 marks)

The motion of Earth’s moon can be modelled as a circular orbit around Earth, as shown in Figure 3.

~
—————————

Figure 3

Data

mass of Earth

5.98 x 102 kg

mass of the moon

7.35 x 1022 kg

radius of the moon’s orbit around Earth

3.84 x 108 m

universal gravitational constant (G)

6.67 x 1071 N m? kg2

a.

Calculate the magnitude of the gravitational force that Earth exerts on the orbiting moon. Give
your answer correct to three significant figures. Show your working,.

3 marks
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The average orbital period of Earth’s moon is 27.32 days. The moon is moving slightly further
away from Earth at an average rate of 4 cm per year.

Given this information, will the average orbital period of Earth’s moon decrease, stay the
same or increase? Explain your answer. 3 marks
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; Question 11 .5 f 7. 0

I The International Space Station (ISS) is travelling around Earth in a stable circular orbit, as shown in the diagram

below.
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A. Both the momentum and the kinetic energy vary along the orbital path.
B.  Both the momentum and the kinetic energy are constant along the orbital path.
C. The momentum is constant, but the kinetic energy changes throughout the orbital path.

Specol coustanlt soO EK:cm&f

Df/"ed"oﬂ @f the L/,Z/()cr'z[/ ChauwbLs

Which one of the following statements concerning the momentum and the kinetic energy of the ISS is correct?

The momentum changes, but the kinetic energy remains constant throughout the orbital path.

SECTION A — continued
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Question 4 (10 marks)

The Tonospheric Connection Explorer (ICON) space weather satellite, constructed to study Earth’s
ionosphere, was launched in October 2019. ICON will study the link between space weather and Earth’s
weather at its orbital altitude of 600 km above Earth’s surface. Assume that ICON’s orbit is a circular orbit.
Use R; = 6.37 x 106 m

a. Calculate the orbital radius of the ICON satellite. 1 mark
‘SN .
6.3750° + 610 18~
€.97<l0* m
b. Calculate the orbital period of the ICON satellite correct to three significant figures. Show your
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¢.  Explain how the ICON satellite maintains a stable circular orbit without the use of propulsion engines. 2 marks
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Question 3

Three charges (-Q, +2Q, —2Q) are placed at the vertices of an isosceles triangle, as shown below.

—Q

+2Q -2Q

Which one of the following arrows best represents the direction of the net force on the charge —Q?

Al ¢—m—

N\

Question 4 .5-8 Ve

BB —»

N

The magnitude of the acceleration due to gravity at Earth’s surface is g

Planct Y has twice the mass and half the radius of Earth. Both planets are modelled as uniform spheres.

_ 2019 PHYSICS EXAM

Which one of the following best gives the magnitude of the acceleration due to gravity on the surface of Planet Y9

1
A, =

2g
B. 1g
C. 4g¢

ey
Fza

G «2M
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Question 4 (5 marks)

Assume that a journey from approximately 2 Earth radii (2Rg) down to the centre of Earth is possible. The
radius of Earth (Rp) is 6.37 x 10° m, Assume that Earth is a sphere of constant density.

A graph of gravitational field strength versus distance from the centre of Earth is shown in Figure 4.

gravitational field strength
(Nkg1)

: |
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s s
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1 ; distance from the
R IR centre of Earth (m)
E E
Figure 4
a.  What is the numerical value of Y? 1 mark
i g
q' g Nkg!
b. Explain why gravitational field strength is 0 N kg ! at the centre of Earth, 2 marks
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Question 5 (5 marks)

Navigation in vehicles or on mobile phones uses a network of global positioning system (GPS) satellites.
The GPS consists of 31 satellites that orbit Earth.

In December 2018, one satellite of mass 2270 kg, from the GPS Block ITIA series, was launched into a
circular orbit at an altitude of 20 000 km above Earth’s surface.

d.

b.

Identify the type(s) of force(s) acting on the satellite and the direction

(s) in which the force(s) must act

to keep the satellite orbiting Earth, 2 marks |

. . ; g |

Ouly one fora actiai - gravity direetfec! 3824 |

0 4 / U -( 7 |

towarpls the contre of the Earts.

;

Calculate the period of the satellite to three significant figures. You may use data from the table below |
in your calculations. Show your working. 3 marks
35%

Data

mass of satellite

227 % 103 kg

mass of Earth 5.98 x 10¥ kg
radius of Earth 6.37 x 105 m
altitude of satellite above Earth’s surface 2.00 x 107 m

gravitational constant

6.67 x 10711 N m? kg2
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Use the following information to answer Questions 2 and 3.

A powerline carries a current of 1000 A DC in the direction cast to west. At the point of measurement,
Earth’s magnetic field is horizontally north and its strength is 5.0 x 105 T

Question 2

Which one of the following best gives the direction of the clectromagnetic force on the powerline?
A.  horizontally west

horizontally north

vertically upwards

Faw

vertically downwards

Question 3

The magnitude of the force on each metre of the powerline is best given by

A, 50x10°N
B. 50x10°N
C. 50x1072N
D. 50x10°%N

Question 4
The gravitational field strength at the surface of Mars is 3.7 N kg1

Which one of the following is closest to the change in gravitational potential energy when a 10 kg mass falls
from 2.0 m above Mars’s surface to Mars’s surface?

& 371 =

b 740 LE = e
377 = 10437y

e}
74]

Use the following information to answer Questions 5 and 6.

A light globe operates at 12 Vius AC that is supplied by a 240 V to 12 V transformer connected to a
240 Vg mains supply.

Question 5

In the transformer, the ratio of turns in the primary (input) to tumns in the secondary (output) is
A, 20:1

B. 1:20
C. 281
D. 1:28

Question 6

If the light globe is to be operated using a battery instead of the mains supply, what voltage should the
battery have for the light globe to operate correctly?

A. 12V
B. 17V
C: B3V
D. 60V

SECTION A — continued
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Question 10 (6 marks)

A spacecraft with astronauts on board is in orbit around Mars at an altitude of 1.6 » 10° m above
the surface of Mars,

The mass of Mars is 6.4 x 10% kg and its radius is 3.4 x 10° m,

Take the universal gravitational constant, G, to be 6.7 x 107 N m? kg2
The mass of the spacecraft is 2.0 x 10* kg,

a. Calculate the period of orbit of the spacecraft around Mars. Show your working. 4 marks

I 4 3,‘1{!961'-/,6)(/96:5.9#/@6%/

qu}-s
T:\/ZM

S
T\ Gt < {5xt0b T
CoTelo™"c €.4x10°

f./x/E?# s

b. The altitude of the spacecraft above the surface of Mars is doubled so that the spacecraft 1s
now in a new stable orbit.

Will the speed of the spacecraft be greater, the same or lower in this new orbit? Explain your

reasoning. , G py Z}TG_'_? 2 marks
Y = T E T |

F'r-_b U
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i Question 6

Lisa is driving a car of mass 1000 kg at 20 m s~! when she sees a dog in the middle of the road ahead of her. She

L takes 0.50 s to react and then brakes to a stop with a constant braking force. Her speed is shown in the graph below.
Lisa stops before she hits the dog.

| speed (m s7) g'

4 i
20 {
154 Z

10
5+

0 T T T T T — time (5)
0 05 10 15 20 25 30

g{ Which one of the following is closest to the magnitude of the braking force acting on Lisa’s car during her braking
| time?

A. 67N 1
B. 67kN
C. B8OkN
D. 200kN

;-\/ Question 7 16 7%

At one point on Earth’s surface at a distance R from the centre of Earth, the gravitational field strength is measured as
9.76 Nkg.

Which one of the following is closest to Earth’s gravitational ficld strength at a distance 2R above the surface of
Earth at that point?

i
1.08 N kgt 5 - G H rt
| B, 244Nkgl S > = = .
| C. 325Nkg! : /2 r T ;
| D. 488Nkg! &/ t

9.- T F')J' T=e2P=3R

~ SECTION A — continue
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Question 9 (8 marks)

The spacecraft Juno has been put into orbit around Jupiter. The table below contains information about the
planet Jupiter and the spacecralt Juno. Figure 11 shows gravitational field strength (N kg™) as a function of
distance from the centre of Jupiter.

Data
mass of Jupiter 1.90 = 1027 kg
radius of Jupiter 7.00 x 10" m

mass of spacecraft Juno 1500 kg

14

12 \

gravitational field  § \
strength (N kg1) \

. \\Q-\
0 T b

0 1 2 3 4 5 6
distance from the centre of Jupiter (x10% m)

Figure 11
a. Calculate the gravitational force acting on Juno by Jupiter when Juno is at a distance of 2.0 x 108 m
from the centre of Jupiter. Show your working. 2 marks
- 7
Frem #he angm g=5 /ngf STY
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Use the graph in Figure 11 to estimate the magnitude of the change in gravitational potential energy
of the spacecraft Juno as it moves from a distance of 2.0 x 103 m to a distance of 1.0 x 10® m from the
centre of Jupiter. Show your working, 3 marks

Arec wneler the 02/-4?9/7 14 s uares 335
/’9?“’”( 1x0-5xp” 5"%/97J159"

~
2 f;[,, s MxPArea = 1500 XY 5 XD

: 2
Acce/;%eo/ 50" — 1,15 %10

- ;2
75 J .
{0341 (2 = 1Is s?ua«f'@‘

Europa is a moon of Jupiter. It has a circular orbit of radius 6.70 x 108 m around Jupiter. H

Calculate the period of Europa’s orbit. Show your working. 3 marks
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M
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Question 10 (4 marks)

Members of the public can now pay to take zero gravity flights in specially modified jet aeroplanes that fly
at an altitude of 8000 m above Earth’s surface. A typical trajectory is shown in Figure 12. At the top of the
flight, the trajectory can be modelled as an arc of a circle.

Figure 12

a.  Calculate the radius of the arc that would give passengers zero gravity at the top of the flight if the jet

is travelling at 180 m s™'. Show your working. 2 ? 2 marks
! U 2_ I r - ..Q:-— = [f@ 63 7
| = ? T g g 0O
| v g 1
3306 m
3 |
| 3.3x10 |
b. Ts the force of gravity on a passenger zero at the top of the flight? Explain what “zero gravity experience’
| means, 2 marks |
| Fore o gravity s net zerp. 427,
s v
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SECTION A - Multiple-choice questions

Instructions for Section A
Answer all questions in pencil on the answer sheet provided for multiple-choice questions.
Choose the response that is correct or that best answers the question.
A correct answer scores 1; an incorrect answer scores 0.
Marks will not be deducted for incorrect answers.
No marks will be given if more than one answer is completed for any question.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.
Take the value of g to be 9.8 m s72.

Question 1

Engineers are measuring the force due to Earth’s magnetic field on the supply wire of a railway line. The
wire runs east-west and carries a current of 2000 A. Earth’s magnetic field is horizontal and due north at the
place where measurements are taken.

The engineers measure the force on a 10 m length of the wire to be 1.0 N,

Which one of the following best gives the strength of Earth’s magnetic field at this point?
A. 20x108T

B. 50x10°T

C. 50x10*T

D. 200T

Question 2

Data

mass of Mercury 334 % 10% kg

radius of Mercury 2.44 x 10°m

universal gravitational constant, G | 6.67 x 10-1! N m?2 kg2

The gravitational field strength at the surface of Mercury is close to

A. 9.00 % 109N kg! : 3 2
bT¥ Y
B. 9.81 Nkg! CM = ©.6T¥10™ ¢3. 34 ¢/D

(C) 374N kg J B (2-‘{'{»*/09‘
D. 3.74x102Nkg!

3

SECTION A — continued
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SECTION B

Instructions for Section B

Answer all questions in the spaces provided. Write using blue or black pen.

Where an answer box is provided, write your final answer in the box.

If an answer box has a unit printed in it, give your answer in that unit.

In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the value of g to be 9.8 m s72.

Question 1 (9 marks)

A 1500 kg weather satellite is in a circular orbit around Earth at an altitude of 850 km. The radius
of Earth is 6400 km.

a. Calculate the period of the satellite in seconds. Take the mass of Earth to be 6.0 x 10?* kg and

the universalz gravi‘;ati(iual constant, G, to be 6.7 x 10711 N m? kg 2. Show your working. 3 marks
T, 42 . "
F3 5 M [=E400+ 501250 irms

_ o y7trd
T‘ ]/r_'.M

= 3
T Vﬂ‘xy.zs <104
"V erx k6 5%

6. AxID> s

SECTION B - Question 1 - continued
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b. The controllers of the satellite use its motors to move the satellite into a higher orbit.

i. Will this increase, decrease or have no effect on the speed of the satellite? Justify your

answer. 3 marks
G-
U= tJ F

As T UV

ii. Will this increase, decrease or have no effect on the gravitational potential energy of the
satellite? Take the surface of Earth as the zero of gravitational potential energy. Justify
yOur answer. 3 marks

When Setollife moves o f U‘;Lzr orpit i 'S
7mwfa/1’wm[ poZential entlgy incremses. A 7

Moww frowt I to 1, area cgec/er the ,?/-awé

74
(MCreasls Sp ehera olees.
7 V74
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7
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: Question 4 (9 marks)

Assume that Pluto is a uniform sphere.

a. Calculate the gravitational ficld strength at the surface of Pluto. Show your working and include an

|
; Charon, a moon of Pluto, has a circular orbit. [
2

| Data E

; [ mass of Pluto 1.3 x 102 kg :j

i {

' | radius of Pluto 12%10°m z

JE |

mass of Charon 1.6 x 102! kg ‘
radius of orbit of Charon 1.8x10"m

}

universal gravitational constant (G) 6.67 x 101! Nm? kg? |

i

|

|

H

{

|

[ appropriate unit. G M _ 6-67* tD"LlK [ 3?‘(9& -0 6 3fnarks
J°FT ” 2<ipt)? "~ ™ 617
A4 L} \

0.6 N g l

b. Calculate the period of orbit of Charon. Show your working. 49 ¢ r S 3 marks
= ‘.
T = 6_ M 3 D /e

2 ' '_f\)
x—-a,(}‘/‘ﬂ <l 7 %[0
| Txio " xl 310t

= .512[(/93 |

5.2%1@‘5 s
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|

i

Scientists wish to place a spacecraft, of mass 1000 kg, in an orbit of the same radius as Charon. Three
students, Rick, Melissa and Nam, are discussing the sitnation and have different opinions.

Rick says as the spacecraft is lighter, it will have to move at a greater speed than Charon to achieve the
same orbil.

Melissa says the spacecraft would need to move at the same speed as Charon.
Nam says the spacecraft would nced only to move at a lower speed as it is lighter than Charon.

Evaluate these three opinions. Detailed calculations are not necessary. 3 marks
Me/i}&a JAS cor,-g&‘f 237

BT |

Ol'b f{‘ﬁbé @Aa r‘a&fé[‘bt‘fﬁ& @’j' e _gq,zf',e/éz’ée |
Lucluwcling _sﬁeed are z’na/c/ogm’aj of the malt o4
the 50./1[25‘{?- ;
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' 5

!

i ; i

! Question 6 (6 marks) |

a. Explain the conditions for a satellite tobe ina geostationary orbit (that is, stationary over a fixed point E

on Earth’s surface). There is no need to calculate the actual radius of the orbit. 3 marks t
i
i
|
_E

|
| Orbit wmust be over tue equater. 2 7
| /

Orbital period = 24§ howrs
/
Moo R-&t'ﬂf/ﬁ&_\ L.VL {-M Seifl a/f}’Z(’/?L}'DV) 2.5
Earth. |

e

7

b. Roger states that there arc a number of situations on or near Earth’s surface where a person may “feel
weightless’.

Emily states that this is impossible. It is only possible to feel weightless in decp space where there is
no, or very little, gravitational force on a person.

Is Emily correct or incorrect? Explain your answer. 3 marks

EMI.ZY Vs [ua&rr@&f 36
Apmmv/ weihtlesnets ceu exis T Jhere
ggrm'r:ffajmna/( _f(fz(o/.;./O £ normel reacti e |
)Co;—ce =0, Fre f@ﬁ[. ’

1
I
1
|
|
i

SECTION A - Core studies — continued
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Question 7 (7 marks)

A spacecraft is placed in orbit around Saturn so that it is Saturn-stationary (the Saturn equivalent of
geostationary — the spacecraft is always over the same point on Saturn’s surface on the equator).

The following information may be needed to answer Question 7:

» mass of Saturn 5.68 x 10% kg
¢ mass of spacecraft 2.0 x 10* kg
» period of rotation of Saturn 10 hours 15 minutes
a. Calculate the period, in seconds, of this spacecraft’s orbit. 1 mark
1Of {5 =36 9pp S 86 7.
36900

b. Calculate the radius of the orbit of the spacecraft to achieve the spacecraft orbit in part a.
Show your working. 3 GMT 2 3 marks
r=\ ot ks

\/6 57*“"‘15 7x19° xéé?ooa

- s
= f : '{ A0
(Axfp! m
¢.  Would an astronaut in this spacecraft feel weightless? Explain your answer. 3 marks
Ul
Yes, astronaut will J.ee/ u/e:ﬁ»ii(.ais 117

He will be in o :;fa/fﬁ 9-,L cc/pmrgd We,c;ﬂasmg

as  normal reection torw =0 awd he (S i o
J

Lree fall.

i+ 4

SECTION A — Core studies — continued
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Question 5 (6 marks)
A distant star has a planet orbiting it. The period of the planet’s circular orbit is 1200 hours. The radius of
the planet’s orbit is measured to be 7.0 x 109 m

a. Use the data above to calculate the mass of the star. Show your working. 4 marks

e p >
c 7R 437,

! Z T
= 2 " (.1;<303

4ap® ke

b. Isit possible to determine the mass of this planet from the data above? Give a reason for your answer. 2 marks

/Uv (18 iMpossiple as (v $ Bt
’MU MM
{ = Da
ISy Emtt
"rz 7R

mads 04_ +the p/a,u,e‘f cunctls owt. @rﬁ;é&c&
cl,amvfeﬁ&ﬂm cre mobl/&eno[éw?‘ ot The mass

Dj i satelite

SECTION A — Core studies — continued
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Question 7 (6 marks)

A satellite is in a geostationary circular orbit over Earth’s equator. It remains vertically above the same
point X on the equator, as shown in Figure 9.

satel

lite o
Figure 9
Data
mass of Earth Mg =6.0 x 10** kg
radius of Earth Rp=6.4x10°m
mass of satellite 1000 kg
universal gravitational constant | G=6.7 x 10711 N m? kg™

a. Calculate the period of the orbit of the satellite. 1 mark
Same «s Farth 24x60x60=8640Y 4¢ 7.

§é 490 s

b. Calculate the radius of the orbit of the satellite from the centre of Earth. 2 marks
%IGM 4 327
[ = -u‘r’vlr:”

Lr g |

. i 24 4
_=3d6‘-b7 YI0 « & X/D < 86 Yob
_ 1a®

AT

‘1’-2)(/9—r m

SECTION A — Core studies — Question 7 — continued
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Question 8

a. Before the spacecraft Apollo 11 landed on the Moon, it travelled around the Moon in an orbit with a period of
2.0 hours.
Calculate the height of Apollo 11 above the Moon’s surface during its orbit of the Moon. Take the orbit to be
circular.

Take G = 6.67 x 10711 m3 kg™ s2; M, = 7.36 x 1022 kg, oon = 1.74 X 106 m

3 GMTa sle6 610" 1. 3696192%« 7200°
R=V g5 “a

:/_3{;;{/9‘6"”

b %
b s 86xiB’ - 17000 s L2 X0

Loxip’ m

YEWE
4 marks

b.  Explain the terms ‘weightlessness’ and ‘apparent weightlessness’, and identify which term best applies to the
astronauts in Apollo 11 during its orbit of the Moon.

Weqﬂt‘beium — ghseute c} ravily
Afﬂ/p@f@"i we g hT lpssness — n@m,«ru( reactioq %o/'cé = 0,
@b;ec/?‘ 8 in a pret fall
Askrpnguts ‘dre [u thostats of @,,Mm@n/z’
u/aquﬂffemuu.

2 marks

45 7

END OF AREA OF STUDY 1
SECTION A - continued
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-
i
i The following information relates to Questions 21-23.
3

Figure 8

Assume that somewhere in space there is a small spherical planet with a radius of 30 km. By some chance a person
living on this planet visits Earth. He finds that he weighs the same on Earth as he did on his home planet, even though
Earth is so much larger.

Earth has a radius of 6.37 x 10° m and a mass of 5.98 x 10 kg.
The acceleration due to gravity (g), or the gravitational field, at the surface of Earth, is approximately 10 N kg L.
| The universal gravitational constant, G, = 6.67 x 107! Nm? kg 2.

Question 21
What is the value of the gravitational field on the surface of the visitor’s planet? [

; . ¢
| As W@,(gbf L8 The Same, J (s the sam

i 10 Nkg! sz

1 mark !

Question 22 |
What is the mass of the visitor’s planet?
Explain your answer by showing clear working.

2
JEM o oy
re G

2
co7x 0

gj XV,
.35 x/P

"

le

L35 ¥/ ke

q) v
2 marks
SECTION A — Area of study 1 — continued




17 2011 PHYS EXAM 1

The visitor’s home planet is in orbit around its own small star at a radius of orbit of 1.0 x 10° m. The star has a mass
of 5.7 % 10% kg,

Question 23
What would be the period of the orbit of the visitor’s planet? Show working.
- 17l [
M
k]
(7l !
= ~u S
| - E.0TxR {5‘ 7 x/0
b
= 3.22%P
&
3.22 xp s
2 marks
70%.
END OF AREA OF STUDY 1
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The following information relates to Questions 18-20.

The International Space Station (ISS) is currently under construction in Earth orbit. It is incomplete, with a current mass
of 3.04 x 10° kg. The ISS is in a circular orbit 0f 6.72 x 10° m from the centre of Earth.

In the following questions the data below may be needed.

Mass of ISS
Mass of Earth

Radius of Earth

Radius of ISS orbit
Gravitational constant

Question 18

3.04 x 10° kg

5.98 x 10% kg

6.37 x 10°m

6.72 x 10 m

6.67 x 101 N'm? kg2

What is the weight of the ISS in its orbit?

FJ G-MM .67 x% ,(5 ?’dpxIO K3@YX/@
T (6 72 %104
b
-2 'Eq‘ L% 4
b N _
2.69«/B 53 2.
2 marks
Question 19
What is the period of orbit of the ISS around Earth? 5 o
pp r-s L{.qea( 6. 7¢ f/Ob
s 67x 19" 5. 45"
i
=5. 4 x/D
- 3 .
ST s AW
2 marks
Question 20

When the ISS is completed in 2011, its mass will have increased to 3.70 % 10° kg.

Will the period of orbit of the ISS around Earth then be greater, the same, or less?

Same

Seete s /é/"wo{” L8 L

fIOMA fhe wiasy @ f &

M//QMMZL
(o satebite g1y,

1 mark

END OF AREA OF STUDY 1
SECTION A — continued
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The following information relates to Questions 7-9.

approximately
100 m

net

Figure 3

A ride in an amusement park allows a person to free fall without any form of
attachment. A person on this ride is carried up on a platform to the top. At the top, a
trapdoor in the platform opens and the person free falls. Approximately 100 m below
the release point, a net catches the person.

A diagram of the ride is shown in Figure 3.

Helen, who has a mass of 60 kg, decides to take the ride and takes the platform to the
top. The platform travels vertically upward at a constant speed of 5.0 m/s.

Question 7 64%

What is Helen’s apparent weight as she travels up?

Since Helen was moving up at a constant speed the net force acting on her was zero.
Therefore the normal reaction force (apparent weight) equalled the gravity force =
mg = 60 x 9.8 =588 N.

As the platform approaches the top, it slows to a stop at a uniform rate of 2.0 m s~2.
Question8  43%

What is Helen’s apparent weight as the platform slows to a stop?

mg — N = ma N=m(g—a) N =60x78=468N

Helen next drops through the trapdoor and free falls. Ignore air resistance.

During her fall, Helen experiences ‘apparent weightlessness’.

Question 9 26%

In the space below explain what is meant by apparent weightlessness. You should
make mention of gravitational weight force and normal or reaction force.

Apparent weight is the normal reaction force. Helen was in free fall, accelerating at
the value of the gravitational field, so the normal force was zero. Since there was a
gravitational field, there was still a weight force acting on Helen. It was

common for students to incorrectly state that the normal force equalled the
gravitational force, thereby cancelling each other out and creating a feeling of
weightlessness. Others referred to Helen reaching terminal velocity and equated this



to apparent weightlessness. Another common approach was to explain apparent
weightlessness in terms of an astronaut in orbit in a spaceship; however this did not
relate to the question.

The following information relates to Questions 13 and 14.

The Jason 2 satellite reached its operational circular orbit of radius 1.33 x 107 m on
4 July 2008 and then began mapping the Earth’s oceans.

mass of the Earth = 5.98 x 1024 kg

mass of Jason 2 = 525 kg

G =6.67 x 10-11 N m"2 kg"-2

Question 13 26%

On the figure below, draw one or more labelled arrows to show the direction of any
force(s) acting on Jason 2 as it orbits Earth. You can ignore the effect of any
astronomical bodies other than the Earth.

_ direction of motion

-\f_.
~
S
.

A
v

i Earth Q [j Jason 2

v

Students were required to draw and label arrow(s) to represent any force(s) acting on
the satellite orbiting the Earth. The required answer was one arrow from the satellite
and pointing towards the Earth, with a label weight or gravitational force or mg or

F 4. 1t was not acceptable to label it F, or centripetal force or g. Many students
incorrectly included an arrow tangential to the path. Others had two arrows pointing
towards the Earth. A small number of students did not attempt this question.

Question 14 51%

What is the period of orbit of the Jason 2 satellite?

For the orbiting satellite 47°Rm/T* = GMm/R?, therefore T=V4 1 *R*/GM
=41 %(1.33 x107)/(6.67x1077)(5.98x10"*) = 1.53 x 10*s.




2008

Figure 8 shows the orbit of a comet around the Sun.

Figure 8

Question 15 28%

Describe how the speed and total energy of the comet vary as it moves around its
orbit from Xto Y.

The speed decreased from X to Y and the total energy remained constant.

Use the following information to answer Questions 16 and 17.

In March 1999 the Mars Global Surveyor (Figure 9) entered its fi nal circular orbit
about Mars, sending information

about Mars back to Earth.

Below is some data that you may find useful when answering Questions 16 and 17.
G =6.67 x 1011 N m"2 kg"-2

Mass of Mars Global Surveyor = 930 kg

Mass of Mars = 6.42 x 10”23 kg

Radius of orbit of Mars Global Surveyor = 3.83 x 10"6 m

Question 16 58%

Calculate the gravitational force on the Mars Global Surveyor.

You must show your working.

Applying the formula F = G m—f’: showed that the gravitational force
T
was 2.7 x 10"3 N.

Question 17 45%
Calculate the period of orbit of the Mars Global Surveyor.
You must show your working.

mv? GmM 2nr 47273 5
2 andva, T = M =72x%x10°s

From
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The dwarf planet Pluto was discovered in 1930, and was thought to be the outermost
member of our solar system. It can be considered to orbit the Sun in a circle of radius
6 billion kilometres (6.0 x 10712 m). In 2003 a new dwarf planet, Eris, was
discovered. It has approximately the same mass as Pluto, but the average radius

of its orbit around the Sun is 10.5 billion kilometres (10.5 x 10"12 m).

Question 12

Which of the choices (A-D) below gives the best estimate of the ratio

gravitational attraction of the Sun on Eris to gravitational attraction of the Sun on
Pluto?

A.0.33

B. 0.57

C. 175

D. 3.06

A

Fy 717 62

Fp 12 10.52

The period of Pluto around the Sun is 248 Earth-years

Question 13 36%
How many Earth-years does Eris take to orbit the Sun?

TE _ T8 -
o= T=574 years
2006

The planet Mars has a mass of 6.4 x 10723 kg. The Mars probe that was launched in
August 2005 is now orbiting Mars in an orbit with an average radius of 3.00 x 10°7 m
Question 16 30%

What is the period of the orbit in seconds?

4273
GM

T = =1.58x%x10°s

2004

A spacecraft of mass 400 kg is placed in a circular orbit of period 2.0 hours about
Earth.

Question1 45%

Show that the spacecraft orbits at a height of 1.70 x 10"6 m above the surface of
Earth. My =5.98 x 1024 kg, Ry = 6.37 x 106 m

v mvz_GmM p _2mr 3| GM
rom ——=——and v=—r 7= |5

= 8.06 x 10° Subtract radius of Earth and you will get required number.

Pictures of astronauts in the orbiting spacecraft are ‘beamed’ back to Earth. In these
pictures the astronauts appear to be ‘floating’ around inside the spacecraft.

Question 4 24%

Explain why the astronauts appear to be floating around inside the orbiting spacecraft.



The key to understanding why the astronauts appear to be ‘floating’ inside the
spacecraft involves an understanding of apparent weightlessness. The key point here
is that both the astronauts and spacecraft are in free fall; that is, they are

both accelerating towards Earth at g. Furthermore, this implies that there will be no
normal contact force between the astronaut and the spacecraft in this situation.

2003

The spacecraft, Odyssey, has been in a circular orbit around Mars at an altitude of 400
km.

Question 1 47%

Show that the period of this orbit is approximately 2 hours.

Ryrars = 3.4 x 106 m, My,-s = 6.4 x 10723 kg

4273
GM

T = wherer =34x10°4+4x10°m T=71x10%s

Last year astronomers discovered a new body, Quaoar, in our solar system just
beyond Pluto. This very large asteroid orbits our Sun in a near perfect circle of radius
6.5 x 10M12 m.

Two enthusiastic astronomy students, Kiera and Darla, were talking about what it
would be like to travel and land on Quaoar. Both agreed that they would feel a very
small gravitational effect if they were on the surface of Quaoar. However, Darla did
not agree with Kiera’s reason for the small gravitational effect.

Darla explained that a very small gravitational effect would be felt because Quaoar
has such a small mass and that the gravitational force between the asteroid and
himself would be very small.

Kiera explained that because Quaoar was in orbit around the Sun they would
experience apparent weightlessness because both they and Quaoar would be
accelerating towards the Sun at the same rate.

Question 4 15%

Was Kiera correct or incorrect? Explain your answer.

Students needed to address the following key points when considering whether Kiera
was correct or incorrect:

« Kiera was in fact incorrect

« at the surface of Quaoar a person would be subject to the combined gravitational
force of the sun and that of Quaoar itself

* because both the person and Quaoar were in orbit around the sun then this part of
Keira’s explanation was correct but she has neglected the gravitational field due to
the mass of Quaoar itself

« a person on the surface of Quaoar would feel a contact force between themselves
and the surface and hence would not feel weightless.



2002

Currently, the space probe, Cassini, is between Jupiter and Saturn (see Figure 2
opposite). Cassini’s mission is to deliver a probe to one of Saturn’s moons, Titan, and
then orbit Saturn collecting data. Below is astronomical data that you may find useful
when answering the following questions.

mass of Cassini 22%x10°kg

mass of Jupiter 1.9 % 10" kg

mass of Saturn 5.7x10% kg

Saturn day 10.7 hours
Question 3 32%

Calculate the magnitude of the total gravitational field experienced by Cassini when it
is 4.2 x 10711 m from Jupiter and 3.9 x 10711 m from Saturn.
The expected answer for this question involved subtracting the
gravitational field due to Saturn from that due to Jupiter according to the
equation.
g= G(%’—%S) =47%x 1077 N kg™t
T
When Cassini arrives in the vicinity of Saturn this year, scientists want it to remain
above the same point on Saturn’s equator throughout one complete Saturn day. This is
called a ‘stationary’ orbit.
Question 6 31%
Calculate the radius of this ‘stationary’ orbit.
3| GM

— — 8
r = W—11X10m

2000

When people went to the Moon in the Apollo 11, the spacecraft was initially placed in
a ‘parking orbit’ 190 km above Earth’s surface. This is shown below

neoiic scae




Question 6 58%
Which one of the following graphs (A—F) best represents the net gravitational force
acting on Apollo 11 as it travels from its parking orbit to the Moon?

A B.

et et

net

distance from distance from

Cah \= P curface of Eartn Earth *— suftace of Earth

C D.
A A
F"e1 Fnet
Moon distance from Moon distance from
i ist
Earth - P irface of Earth Earth surface of Earth
E. F.
A A
F, ol Fnet
—
1
1
I
I
1
: Moon distance from e distance Sown
i ist
Earth ; —P . iface of Earth Earth P surface of Earth

C

The force decreases according to the inverse square law as Apollo 11 travels away
from Earth, reaching zero at a point closer to the Moon. The direction of the force
now changes as Apollo 11 experiences a net force directed towards the moon. The
magnitude of this net force again increases as Apollo 11 approaches the Moon.



1982

An object is let fall from rest at point X, 6400 km above the surface of the earth.

g at surface - 6:“ —X
of carth -
w10 ms~

Question 26 28%
How far will it fall in the first second?
Since the object is at 2 X re, the acceleration due to gravity will be % of that on the
surface of the earth.
Therefore g = 2.45.
We can make the assumption the distance it falls in the first second will be small
enough to enable us to consider the field to be constant.
X =Uut+ Y gt?
o X=0+%x245x12
o Xx=1225m
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