Gravitational Fields

The Global Positioning System (GPS) uses satellites to support navigation on Earth.

(a) One GPS satellite is in a circular orbit at a height h above the surface of the Earth.
The Earth has mass M and radius R.

Show that the angular speed of the satellite is given by
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(b) Calculate the orbital period of the satellite when h equals 2.02 x 107 m.
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Gravitational Fields

(c)

The figure below shows the orbital plane of the satellite inclined at an angle to the equator.
X, Y and Z are locations on the Earth.

X is at the North Pole, Y is on a high mountain and Z is on the equator.

orbit of satellite

The satellite is to be launched from one of the locations.

State and explain which launch site X, Y or Z minimises the amount of fuel required to send
the satellite into its orbit.

Launch from Z with some speed or energy argument «/

At this position the satellite has the largest initial speed/kinetic energy from the Earth’s rotation. «/

www. Educate-UK.net

(2)


Pedro Bianchi
Text Box
Launch from Z with some speed or energy argument ✔

At this position the satellite has the largest initial speed/kinetic energy from the Earth’s  rotation. ✔


Gravitational Fields
(d) The satellite has a mass of 1630 kg.

Calculate the gravitational potential energy of the satellite when in the orbit in part (b).

W= 2orxiom G M U s st
V= — | TebExle x 2 FFXRO S b 67896
é Y . I . )
Ke - 63Fx1 m LZ- 2xlet + 63T K\o ) J/\fj
5 9% k0 t
Me = 2.7 Txlo ¥y GPE = Vi =-lug36F89. 61 X 1630 =244 |
M § ) v—l satelli e
gravitational potential energy = J

)
(e) A different satellite is in a higher circular orbit.

Explain how the linear speed of this satellite compares with the linear speed of the satellite

in part (a)
Cs\ - T _ L\/ = - _—_’J\f

YA

2
(Total 10 marks)

www. Educate-UK.net
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Gravitational Fields

2 The distance between the Sun and the Earth is 1.5 x 1011 m

What is the gravitational force exerted on the Sun by the Earth?

-\ 30 Ly
A 35x10%2N - I:-_ G Mm bL.6%xe x 1.99xW0 X S-9Fx\0

v* (“SX\OH]?—

B 1.7x10%°N

YR
C 53x10%N [-2357Tx0 —A4A

i [ B €

D 89x10N

(Total 1 mark)

3 The diagram shows gravitational equipotentials. Adjacent equipotentials are separated by an
: equal gravitational potential difference V.

b,

:

B

Which point has the greatest gravitational field strength?

@]
gicjoin

(Total ©

www. Educate-UK.net
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Gravitational Fields

4 The figure shows a moon of mass m in a circular orbit of radius r around a planet of mass M,
where m<< M.

*.
: J &
‘moon of
planet of | mass m
mass M
TLL 1
The moon has an orbital period T. 21y v alty
V= — 1
Tis related to I by T T
T2=kr3
vt Gompm Ve Gm
where K is a constant for this planet. o = v
(@) Show that k= 4_]1_ 1 1 3 1 2
GM Ay &M _y 4am = T Gnm
2 - Y
-
v 30U - _]_7_
G .m

®3)
Table 1 gives data for two of the moons of the planet Uranus.

Table 1
Name T / days r/m
Miranda 1.41 1.29 x 108
Umbiriel 414 X

www. Educate-UK.net
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Gravitational Fields

(b) Calculate the orbital radius X of Umbriel.

1L 7
Tl_ AT ,/3 - T - ¥ : Constant
WA =
2 -1
Miyoncla . = 3 forelxio
e 3 (1-192x 103 )
2 1S 3 %
U v b 10y , 3 T° A4 L3S e 7= | - = 2.6y m
N = ) - _—'LS
I< 9 .14\ X\
orbital radius = m

()

(c) Calculate the mass of Uranus.

-15
6.9134 X\o

R
L\RL T" <l.tll L LAY éexéox _

— P -

3
Cum 3 (L2 X\ )

ant

{

S
= %.5¢4 X o ]i_j

_\\

-\5
6. 6F o X 6-934 X o

mass = kg

®3)

Table 2 gives data for three more moons of Uranus.

Table 2
Name Mass / kg Diameter / m
Ariel 1.27 x 1021 1.16 x 106
Oberon 3.03 x 1021 1.52 x 106
Titania 3.49 x 1021 1.58 x 106

www. Educate-UK.net
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Gravitational Fields

(d) Deduce which moon in Table 2 has the greatest escape velocity for an object on its
surface.
Assume the effect of Uranus is negligible.

3)

www. Educate-UK.net



Gravitational Fields

(e) A spring mechanism can project an object vertically to a maximum height of 1.0 m from the
surface of the Earth.

Determine whether the same mechanism could project the same object vertically to a
maximum height greater than 100 m when placed on the surface of Ariel.

3
(Total 14 marks)

5 A planet has radius R and density p. The gravitational field strength at the surface is g.

What is the gravitational field strength at the surface of a planet of radius 2R and density 2p?

A 29
B 4g
C 8g
D 169

(Total 1 mark)

www. Educate-UK.net



Gravitational Fields

6 The diagram shows equipotential lines for a uniform gravitational field. The lines are separated
: by 20 m.

gravitational
potential

; o—l
— (V+3)Ikg! (D

equipotentials 20m

12m

An object of mass 4 kg is moved from P to Q.
AV =V -V =5

0m— GPE= m BV = 4 xd =0

A 723 .
B 7.8

C 1023

\ s It
D 36J Becvie V A \7 Lot eney 13 Sl G
C hanyeJ ]3“5u41 with J\]JJCO\V\‘Q

o bt ke wh

What is the work done against gravity to move the object?

34 .
- _35—&\7_-_ = __?’lj

Don't we f\ft&/ ra bl -l:; ﬁw \/!

(Total 1 mark)

(a) Define gravitational potential at a point.

1)

www. Educate-UK.net
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Gravitational Fields

(b) The diagram shows the positions of equipotential surfaces at different distances from the
centre of the Moon.

distance from )
centre of gravitational

Moon/10¢ m " ", potential/106 J kg
I+-"‘L T " .. Y B GK /‘/\
306 e —1.60 V=
258" 7 T 2190 M= VY

not to 223 m 2220 -G
scale

b
" —raget RN LY\ 73
- - =
_bF x\o“ 21

Explain how the equipotential surfaces in the diagram show that the gravitational field is K‘Dl
not uniform. (ﬁ

1)

(c) Calculate, using the diagram above, the escape velocity at the surface of the Moon.

radius of Moon = 1.74 x 106 m

\‘é‘)/ e)c,qlge \/q,loc.'b . KE = Grmu:t‘qtfonm(_ FD-{:C)] f’:ﬁi_ <€V\f,{ﬁj l>

_L T L_)QM = %,C_\’L_/V—\/
7/}/«\/ = 7<-——> V S

14 Y

-1 1L
6. . 3
- \Fé?—x\o < Féx\e - L3 FY4ex ™ 2 2 4y0 ”‘/5
[.F4 K\og

escape velocity = m st

4)
(Total 6 marks)
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Gravitational Fields

8.

The graph shows how the gravitational potential V varies with the vertical distance d from the
surface of the Earth.

What does the gradient of the graph represent at the surface of the Earth?

A potential energy

B mass of the Earth

C  magnitude of the gravitational constant

o] o] o] [o

D  magnitude of the gravitational field strength
(Total 1 mark)

What is the angular speed of a satellite in a geostationary orbit around the Earth?

Gz
A  1.2x10%rads™
2T o

= —

_L/
IZ K_;y ‘nm FWUEU(
Kiwe ?o«!ak

B 7.3x10%rads™’

C 4.4x1073rads™

o] [o] [o] o]
__\

D 26x10'rads™ 5

9 _
0 = ,_j_—— ll\l}"%\o
2 kb0 L6°

r
/J (Total 1 mark)

Synchronous: has a 24h period but its location does not
appear stationary!
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Synchronous: has a 24h period but its location does not appear stationary!
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Gravitational Fields

The graph shows how the gravitational potential varies with distance between two planets, K and

gravitational

J_,_/q potential
1AM
v o= -

Which statement is correct?

10. L, that have the same radius.
planet K planet L
LEJCC(J’Q VQk‘”E]:
: |
) e G P e Ly
——‘%\/ - f 1 I : : 1
y 0 i distance '
0 |
. GM
\ = v !
I
|
|
I
I
I
I
|

A The mass of L is greater than the mass of K.

B The gravitational field strength at the surface of L is greater than that at the
surface of K.

C The escape velocity from planet L is greater than that from planet K.

D More work must be done to move a mass of 1 kg from the surface of K to a
distant point, than 1 kg from the surface of L.

(Total 1 mark)

Derive an expression to show that for satellites in a circular orbit

11.| @

T2 o« r3

where T is the period of orbit and r is the radius of the orbit.

G T @
Weytr = GML . s . ‘/;
I c
O \
2 M 1 3 1 M Civenlor
ﬁful—— = _— L“m Y = GLN\T OYLG‘-t
T (3
z 3
Tl:- 4T Y
G M
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Gravitational Fields

(b) Pluto is a dwarf planet. The mean orbital radius of Pluto around the Sun is 5.91 x 10° km
compared to a mean orbital radius of 1.50 x 108 km for the Earth.

Calculate in years the orbital period of Pluto.

7 7 2 R 3 z 3
TL: Rl YS — T XV — T ZkY T !
Gy M
. (1) (4
o o —J) =y
mmssf/su ) TE £
T l

“ . - av ¥ e — = —
E \/'H\~ T= A— jﬁ / Q~5 X\m\.\}3 (1)1: Ls-ﬁ\x\oﬂ §

- . ‘ \;SX‘J)
- 7“ 3 L S.9 3L 2ag e
Pluke 1= kv = \( SRR GALN ) L o= 24y Yems

L5ylo
Ceswe ) orbital period of Pluto = yr

()

(c) A small mass released from rest just above the surface of Pluto has an acceleration of
0.617 m s,

Assume Pluto has no atmosphere that could provide any resistance to motion.
Calculate the mass of Pluto.
Give your answer to an appropriate number of significant figures.

radius of Pluto = 1.19 x 10 m

&L
7 \9«‘\0 1L
\3: G M — M = _3,{,: °-61% ﬁ(l J - .3t xle \j
{Z O .é,é-rl—\x\;“
mass of Pluto = kg

®3)
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Gravitational Fields

(d) The graph shows the variation in gravitational potential with distance from the centre of
Pluto for points at and above its surface.

distance from centre of Pluto / 10° m
0 10 20 30 40 50 60

'l.
M
y= - &2
Y il o
d\v _.,Clﬂ-” —3
S— = e gravitational
AT potential / —44———
107 J kg-!
5]
—6
_:.‘_
3 e ST
P -E"

3

A meteorite hits Pluto and ejects a lump of ice from the surface that travels vertically at an
initial speed of 1400 m s~L.

Determine whether this lump of ice can escape from Pluto.

take V\/\Lﬁ,lﬁ
y
\ = S .
KE - lim\/l: Lo A (140) = 80 = S B o > F. 4y

]V\:tio\,l '\(E > M ape 3)’01.\;170&%:0”]\‘@‘ FQtﬁWt;;\—Q —) ;R'L_ Com QSCQPQ.-

3)
(Total 10 marks)
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Gravitational Fields

12 A satellite X of mass Mis in a concentric circular orbit of radius R about a planet of mass M.

my” G M _//;f ﬁ-\

Y - ( = f ..l"'.
| /"_ h
e |I [ c:?\'g_ﬂ R |
v'- | Il
- \ lanet /
Y \ P /
\ 3
) Gum e M . e
ke= 3; mv= 2" v e S

What is the kinetic energy of X?

;)X KB
G v .
A S — - Thl
L Xe X AN
B GAn .
R m\
F:B = ?HY
o EGf” X NoOA
e
D 4G En o3 - - _;)( K /
R -
T

(Total 1 mark)

13 The distance between the Sun and Mars varies from 2.1 x 10 m to 2.5 x 101 m.
When Mars is closest to the Sun, the force of gravitational attraction between them is F.

What is the force of gravitational attraction between them when they are furthest apart?

A 071F
B 0.84F
C 12F
D 14F

(Total 1 mark)
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Gravitational Fields

14.| Charonis a moon of Pluto that has a mass equal to % that of Pluto.

The distance between the centre of Pluto and the centre of Charon is d.
X is the point at which the resultant gravitational field due to Pluto and Charon is zero.

not to scale

9

Pluto Charon

-y ]

What is the distance of X from the centre of Pluto?

A%cf
2

B Zd
3

3,

c 4
4

8,

D 54

(Total 1 mark)

15 The Rosetta space mission placed a robotic probe on Comet 67P in 2014.
(@) The total mass of the Rosetta spacecraft was 3050 kg. This included the robotic probe of
2050k mass 108 kg and 1720 kg of propellant. The propellant was used for changing velocity
M= 2090 while travelling in deep space where the gravitational field strength is negligible.
o)
Calculate the change in gravitational potential energy of the Rosetta spacecraft from launch
until it was in deep space.
Give your answer to an appropriate number of significant figures.
eSS "ﬁ the Mass of the Earth = 6.0 x 1024 kg
Car X Radius of the Earth = 6400 km
-1\ 14
y _Gm 6. otxle Kb xlo o é_Lﬁo(\o? J/l
- ) = <
Y 6/L\ © 0 A\D 3 \j
q}‘% {V\P{“‘-S: VvV =0
change in gravitational potential energy J

0 4
OWZW\. DV = %OSD;& 6,15 X\}'—'—‘.@\X\o J ®
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Gravitational Fields

(b) As it approached the comet, the speed of the Rosetta spacecraft was reduced to match
that of the comet. This was done in stages using four ‘thrusters’. These were fired
simultaneously in the same direction.

Explain how the propellant produces the thrust.

3
(c) Each thruster provided a constant thrust of 11 N.

Calculate the deceleration of the Rosetta spacecraft produced by the four thrusters when
its mass was 1400 kg.

decleration m s—2

(1)

(d) Calculate the maximum change in speed that could be produced using the 1720 kg of
propellants.

Assume that the speed of the exhaust gases produced by the propellant was 1200 m s—1

maximum change in speed ms1

©)
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Gravitational Fields

(e)

When the robotic probe landed, it had to be anchored to the comet due to the low

gravitational force. Comet 67P has a mass of about 1.1 x 1013 kg. A possible landing site
was about 2.0 km from the centre of mass.

(i)

(ii)

(iii)

Calculate the gravitational force acting on the robotic probe when at a distance of 2.0
km from the centre of mass of the comet.

gravitational force N

3)

Calculate the escape velocity for an object 2.0 km from the centre of mass of the
comet.

escape velocity ms1

3)

A scientist suggests using a drill to make a vertical hole in a rock on the surface of
the comet. The anchoring would be removed from the robotic probe before the drill
was used. The drill would exert a force of 25 N for 4.8 s.

Explain, with the aid of a calculation, whether this process would cause the robotic
probe to escape from the comet.

®3)
(Total 20 marks)
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Gravitational Fields

16.

Which graph shows the relationship between the time period T and the orbital radius I' of a planet
in orbit around the Sun?

& B
T log [
> !
Cc D
log I r
log log r

@]
o] [o] [o] o]

(Total 1 mark)
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Gravitational Fields

The diagram shows equipotential lines near a group of asteroids.

—3.5%=1079 ) kg~!

-3.0 % 10 T kg~

~2.0 % 10-9 J kg~

1.5 % 109 Tkg!

Which arrow shows the direction of the gravitational field at X?

17.
A
B
C
D
18.

o] o] o] |

What is the gravitational potential at the surface of planet M?

A

~16V Vy=-V

-8V U -G

Y, fy

-0.2V 2= % = %M;;fi

www. Educate-UK.net

(Total 1 mark)

Planet N has a gravitational potential -V at its surface. Planet M has double the density and
double the radius of planet N. Both planets are spherical and have uniform density.

—

/o

e
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