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The carrect answeris D because:

e The questionis asking about the weight of the module on Earth and
noton Jupiter

o Weight =
o Weight =

Ais
incorrectas

Bis
incorrect as

Cis
incorrect as

mass x gravitational field strength on Earth
4000 x10=40000N

thisis the mass of the module and not the
weight of the module on Earth

The question is asking about the weight of
the object on Earth and not on Jupiter, so
the mass should be multiplied by the
gravitational field strength on Earth and
not by that on Jupiter

the weight of the module onEarthis its
mass x gravitational field strength on
Earth.Itis not mass x the increasein
gravitational field strength on Jupiter

This question is easy, but you need to read it carefully. It is asking about
the weight of the object on Earth and not'on Jupiter. Remember that you
can assume gon earthis 10 Nkg ' forpaperl.

2

The correct answeris B because:

¢ The gravitational field strength on Earth is defined by the equation:

Gm

O Qearn=
Gear =

s Forthe newplanet:

1
o mass=3mandradius=—r

3
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e Substituting these values into the equation gives:
Gx3m 3Gm 3Gmx9 27Gm
° gp.fanef= l ) - lrz - .P'Z - P'I
3 0

s Therefore:

© Gpianet=27 x Gearth=27 x 10N "‘Lg_1
© Gpianet=270Nkg™!
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Aisincorrect as
the new planet

this is the gravitational field strength on Earth and not on

3

. . Gm 1

When substituted into the formula g=—— then 3 r
i

must be squared, so gis 9 x 3 times bigger onthe new

planet than on Earth andnot just 3 x 3 times bigger, as

32-9

Cisincorrect as

1
the radius of the new planetis - of theradius of Earth.

1
theradius of the new planetis 3 of the radius of Earth.

32=9andnot 6, so gis 9 x 3 times bigger onthe new
planet thanon Earth and not just 6 x 3 times bigger

Disincorrect as

This question requiresyou to use the known equation for gravitational
field strength and substitute the correct values incarefully. Show.your
workings clearly so that you do not make a mistake. For non-calculator
questions, itis valid to assume that g=10N kg™,

i

The correct answeris Abecause:

e The equationfor the gravitational force Fbetween two masses m
and msis:

Gm ., m

12
o F=
rz

e Therefore, the force between my =1kg and m; = 9 kgif the distance

9G
betweenthemis xis givenby [ =—5
X
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o Additionally, the force between m = 1kg and m; =16 kgif the distance
16G
betweenthemisis givenby F = T
Y

e Therefore x+ y=15 as shown below:

h
W

15m
x+y=15m

s |[fthelkgmassexperiences zero resultant force, then /= F5:
{ =

o,

=T
Uk

¢ Therefore, equating the force equations gives:

0G 116G
¥ @ g

16 2
Lo ?=F

y 4 4
o ;=Eandsoy=§x

4
e Usingthefactthat x+y =15, thensubstitutinginy = 3x gives:

¢ x+—x=15

3
o EX:]E
o IN=45
: 6.4
o X= 7 =6 m
Bis g %
s x+y=15andnotl5+x=y
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Cis 16 32 16
, — == ananot — =
incorrectas ' 9 x? 0 x

— x=15whenrearranged becomes x=

3
: 15«3 A5
Dis ] and not
incorrect as
15x7
i

Always annotate the diagrams to help visualise any missing distances so
you can make the correct calculation. Simultaneous equations are a
common occurrence in B physics that you would have learnt from GCSE,
an annotated diagram will also show you other equations such as the sum
of distances.

The correct answeris D because:

¢ The equation for the gravitational force Fbetween two masses rm
and msis:

Gm . m

12
o F= >
¥

e risthedistance between the centre of masses, which means you
need to consider the additional distance due to the radius of the
spheres:

r

W_

=x+d+x=d+2u
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o r=d+Xx+x=d+2xwhere xis the radius of the sphere
e Substituting this equation for rinto the force Fequation gives:

GMxM  GM

o F=

e (d+2x)?
e Rearranging the equation to obtain and expression for Mis:
2
Lo F(d+2x)
G

d+2x)?
s i PO

Page 5

Aisincorrect as

GM? GM
and not F=———(whichis the equation for g}

Fe——
re &
so when rearranged the final equation must be square

rooted to obtain the correct expression for M

Bisincorrect as

the gravitational force acts from the centre of each
mass and not just fromthe surface of each mass, so the
radii of both masses need to be considered. Fmustbe
multiplied by dthe distance between the masses + 2x
the distance from the surface of each mass to the
centre. Thisgives d+ 2x

Cisincorrect as

Gm

inthe equationfor gravitationalforce F=———5— ‘where
¥

ris squared and not just rthis means the top line of the
fraction should be Fx (d+ 2x)? and not Fx (d+ 2X)

You should remember that the distance between bodies in gravitational
fields needs to be between the centre of mass of each body. Thisis an
important consideration for the distance r.

Especially in questions with additional context, like a satellite orbiting the
Earth, you are sometimes given only the distance between the Earth's
surface and the body. This distance is not the distance you should
substitute into equations for gravitational force and / or field strength:
youwould need toinclude the radius of the entire planet (i.e., from the
surface toits centre) as well! Only then would the distance between the
two bodies (the Earth and the satellite) be between their centres of mass.
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The correct answeris D because:

e The gravitational force on the satellite from the Earthis a centripetal
force
Centripetal force is defined by the equation:
o F=muwlr
The gravitational is defined by Newton's law of gravitation:
GMm

2
r
Therefore, equating both forces gives:

GMm
o muPr= 5
r

o F=

o Where mis the mass of the satellite, Mis the mass of the body
being orbited (the Earth) and ris the orbital radius
Rearranging for rgives:

GM
o Whr= 5
I
GM
° P o
]
GM (GM)l
o = = 3
w2 w2

* [herefore, the circumference of the satellite’s orbit is:
GM\:
o 2Mxr=2m T 3
2]
this is the expression for the radius of the
Ais satellites orbit and not the circumference.

incorrectas The answer for rmust be multiplied by 21
as circumference is 21rr

. GMm :
, w?is not equal to —— the centripetal
Bis re
incorrect as GMm
force F= mwir=——s;
.
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. . (GM\:

the radius of the Earth's orbit is > |7
; i)
Cis
. : GM :
Incorrectas | and not just —5 |because the equation

i)
is r° so needs to be cube-rooted.

This question requires very careful substitution and rearranging of the
equations for gravitational and centripetal forces. Remembering also that
the satellite remains in orbit because of the centripetal force caused by
gravity is key to this question, and is very common in this topic! You will
see many circular motion equations appearing in this topic too, so make
sureto brushup onthem.

The correct answeris C because:

e The gravitational field strength on Earth is defined by the equation:

Gm
© Gearth=" 5

e Forthe new planet:
o Mass=2mandRadius = 3r
e Substituting this intothe gravitational field strengthequation gives:
Gx2m  2Gm
@ Ypianet= (3?‘)2 = 0p2

e Therefore:

2
O Gpianet= 9 Gearth

A the mass of the planetis 2 x mass of earth
and not 3 xm. The radius of the planetis 3 x

incorrect as :
radius of earthandnot 2 xr.

,, the 3 and rboth need to be squared, so the
Bisincorrect i
B final fraction should be and not asthe

formulais g= andnot g=
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the fraction has beenmanipulated

Dis incorrectly to produce

incorrectas
2 x 9 asthe numerator

This question requires you to use the known equation for gravitational
field strength and substitute the correct values in carefully. Show your
workings clearly so that you do not make a mistake and make sure that all
values are squared that need to be!

The correct answeris A because:

e Newton'slaw of gravitational states that the force between two

planetsis:
GMm . )
B = = where ris the separation between two masses Mand
F
m
¢ During separation Rthe forceis:
GMm
a F= R
e During separation 4Rthe forceis:
GMm  GMm
o F= =
(4R)?  16R?

¢ Thismeans Fforaseparationof 4Ris:

F 16 ti |
o 16{|.e. imesless)

theradiusis 4 x R, soitisnow 4 times

Bi further away. According to the inverse
is

1
incorrectas square law the force willbe F smaller

and not 4 times larger
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the inverse square law states that the

1
Cis force will be reduced by E and not just
incorrect as

1
4
the distance between the planets has

changed, so the force between them will
also change

Dis
incorrect as

The inverse square law relationship appears many times in this topic,
remember to always considerit's impact.

8

The correct answeris Bbecause:

e Gravitational field strength is a vector quantity

¢ |nthe second situation, Pis now between two gravitational fields
acting in opposite directions (towards P and towards @)

e The overall magnitude of the gravitational field strength at xwill be
lessthan when xis in just one gravitational field

e Therefore, the correct answerisbetween gandzero

e This canbe seenfromthediagrambelow:

N
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the distances between PXand @Xare not
the same, so the gravitational field
strengths from the two masses do not
cancel each other outto givezero. PXis a
lot smaller than QX

Ais
incorrect as

gravitational field strengthis a vector, so
the gravitational field strength of Pactsin
C&Dare one direction and in @acts in the other, so
incorrect as the overall magnitude of the gravitational
field strength at Xis less and not more than
between Pand X.

This question requires you to recognise that gravitational field strengthis
avector, so actinginone direction, itispositiveand in the otheritis
negative. This means that it has a directionand this must be takeninto
consideration.

The correct answeris C because:

» Since the spaceeraft is travelling with its motors shut down, this
means it is decelerating due to the gravitational field strength of Earth
» Newton'ssecond law states: F=ma=mg
» S50, the acceleration of the rocket canbe calculated using the
equation:
v—u

o a=changeinvelocity /changeintime = where vis the final

velocity and uis the initial velocity
¢ Touse this formula km s 'must be convertedtom s~
o Thereare1000minTkm
= 2kms'=5200ms’!
» 7kms'=5700ms"!
o Therefore:

1

v—u _ 5200-5700
g 1000

o Gravitational field strength, g = =-0.5Nkg”

1
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e Instandardform, thisis -5 x 107N kg™
» The acceleration is negative because the space shuttle is moving
away from the Earth and the gravitational field strengthis acting

Page 11

towards the Earth, therefore it is decelerating due to the gravitational

field pulling it back
the velocities of the spacecraft mustbe
Ais converted into m s to use the equations
incorrect as of motion to calculate acceleration and
not leave the velocitiesinkm s™

this is theinitial velocity 5.7 minus final
velocity 5.2. The equation states that a =

Bis o

, v—u  final — mmtial

incorrect as T : ., hotthe other way
around
this is the strength of the Earth's
gravitational field on Earth's surface.

Dis Whilst the spacecraftis affected by the

: Earth’s gravitational field, it is only

incorrect as

affected by afraction of it sinceitis
moving away where the field strengthis
getting weaker |

V—u

Remembering to use the equation a = is key to answering this

question correctly. Also recognising that the gravitational field strength
will be negative because the objectis moving away from the Earthis
important to successin this question. The Earth’s gravitational field
strength acts towards the centre of the Earth. So, it acts in the opposite
direction to arocket moving away from the Earth.
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The correct answeris Bbecause:

F
The acceleration aof a mass misgivenby a= = where Fis the

resultant force on the mass
The resultant force on amass in a gravitational field is given by F= mg

o3
(because the gravitational field strength g= ;}

R |

Therefore, a:; = g

Fiy]
Therefore, statement Bis incorrect

This questionis vital to help you understand that the acceleration of any
freefalling body in a gravitational field is independent of its mass: it only
depends onthe strength of the field. Thisis one of the major discoveries
of physics, famously investigated by Galileo Galilei and verified by
astronauts on the moon, who observed a hammer and a feather falling to
the surface of the moon at exactly the samerate (in the absence of air
resistancel)
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