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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 = mass x gravitational field strength on Earth

* Weight=4000x10=40000N

Aisincorrect as this is the mass of the module and not the weight of the
module on Earth

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

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

This questionis 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
canassume gonearthis 10N kg forpaper].

2

The coarrect answeris B because:

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

Gm
O dearth= .P'Z

e Forthe new planet:

© mass=3mandradius = 37
e Substituting these values into the equation gives:
Gx3m 3Gm 3Gmx9 27Gm

© Gpianet = (1 )3 Y T

3

0

e Therefore:
O dplanet= g Jearth= 27 x 10N kg'1
o gplfanefz 2?0 N kg_]
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Aisincorrect as this is the gravitational field strength on Earth and not en
the new planeat

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

Gm 1

—— then 3 rmust be squared, so
o

gis 9 x 3 times bigger on the new planet than on Earth and not just 3 x 3
times bigger, as 32=9

When substituted into the formula g =

1
Disincorrect as the radius of the new planetis 3 of the radius of Earth. 32

=9 and not 6, so gis ¢ x 3 times bigger on the new planetthan on Earth
and not just 6 x 3 times bigger

This question requires you to use the known equation for gravitational
field strength and substitute the correct valuesin carefully. Show your
workings clearly so that you do not makeamistake. For non-calculator
questions, itis valid to assume that g=10Nkg™.

3

The carrect answeris A because:

» The equation for the gravitational force Fbetween two masses m
and msis:

Gm_ m

12
o F= 7
¥

» Therefore, the force between m =1kg and m; = 9 kg if the distance
between themis xis givenby /=—-
X

» Additionally, the force between m =1kg and m; =16 kgif the distance

16G

betweenthemisis givenby f, =——~
¥

o Therefore x+ y=15 as shown below:
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x 16 kg

M
W

15m
x+y=15m

s |fthelkgmassexperiences zeroresultant force, then A = F:

=T
D
ki

A=k

e Therefore, equating the force equations gives:

G 16G
e

16 2
e

y 4 4
o ;=Eandsoy=§x

4
s Usingthe factthat x +y =15, then substitutinginy = 3% gives:

4
8 ¥4 — k=15

3
o §X=]5
o /x=45
o X=7 =5.4m

Bisincorrectasx+ y=15andnot 15+ x=y

16 }-3 16
Cisincorrectas — =— and not —
0 X 9

y
i
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Disincorrect as,

7 15x3 45

F}f:15whenrearrahgedbecomesx= - = and not
IS%T

Ll

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

4

The correct answeris D because:

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

Gm, m

12
2= 5
F

¢ risthe distance between the centre of masses, which means you
need to considerthe additional distance due to the radius of the
spheres:

e Therefore:
o r=d+ x+x=d+ 2xwhere xis the radius of the sphere
e Substituting this equation for rinto the force Fequation gives:
GMxM GM?

2 (d +2x)?

o F=
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e Rearranging the equation to obtain and expression for Mis:

F(d +2x)?
v I, i A
o =

d+2x)?
e PP

| ..

M
Aisincorrectas F= andnot F= 3 (whichis the equation for g) so

I

-
L

-
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 from the surface of each mass, so the radii of both masses
need to be considered. Fmust be multiplied by dthedistance between
the masses + 2xthe distance from the surface of each mass to the centre.
This gives d+ 2x

Gm_ m
172
Cisincorrect as inthe equation forgravitational force F= ———— wherer
o]
is squared and not just rthis means the top line of the fraction should be F
x (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.

The correct answeris D because:
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» The gravitational force on the satellite from the Earthis a centripetal
force

+ Centripetal forceis defined by the equation:

o F=mulr
» The gravitationalis defined by Newton’s law of gravitation:

GMm
=

» Therefore, equating both forces gives:

o muPr= Gﬂjm

r
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:

o F=

GM
o whr= 5
F
GM
° P
i}
GM (GM)i
o = = 3
w2 w2

» Therefore, the circumference of the satellite’'s orbit is:

GM )=
o 2Mxr=21 < 3
(3}
A isincorrect as this is the expression for theradius of the satellites orbit
and not the circumference. The answer for rmust be multiplied by 21 as

circumference is 211r

. , GMm . 4
Bisincorrect as w?is not equal to —— the centripetal force F= mufr=
}f-.n
GMm
|
}.-l.r_

1
Cisincorrect astheradius of the Earth's orbitis ( — )3 and not just

m;
GM L
- |because the equationis - so needs to be cube-rooted.
L
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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
sure to brushup onthem.

The correct answeris C because:

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

Gm
O Qearth= 7

Forthe new planet:
o Mass=2mandRadius = 3r

Substituting this into the gravitational field strength equation gives:
Gx2m 2Gm

9 Yplanet= (3?_)3 e
Therefore:

£
9 Yplanet= E Hearth

Aisincorrect as the mass of theplanetis 2 x mass of earth andnot 3 < m.
The radius of the planetis 3 xradius of earthand not 2 xr.

Bisincorrect asthe 3 and rboth need to be squared, so the final fraction
should be and not as the formulaisg=andnotg=

Disincorrect as the fraction has been manipulated incorrectly to produce
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:
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Newton's law of gravitational states that the force between two

planetsis:
GMm . .
- B 5 where ris the separation between two masses Mand
¥
m
e During separation Rthe forceis:
GMm
- R
e During separation4Kthe force is:
GMm GMm
o F= =
(4R)?  16RZ

This means Ffor a separation of 4Ris:

38 16 ti |
o 16{|.e. imes less)

Bisincorrect astheradiusis 4 x R, soltis now 4 times further away.

1
Accordingto the inverse square law the force will be 2 smaller and not 4

times larger

Cisincorrect as the inverse square law states that the force will be

1

1
reduced by 2 and notjust 71

Disincorrect as the distance between the planets has changed.so the
force between them will also change

The inverse square law relationship appears many times in this topic,
rememberto always considerit’'simpact.

8

The correct answeris B because:

e Gravitational field strengthis a vector quantity

¢ |nthe second situation, Pis now between two gravitational fields
actingin opposite directions (towards P and towards Q)

e The overallmagnitude of the gravitational field strength at xwill be
less than when xis in just one gravitational field

For more help visit our website www.exampaperspractice.co.uk
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e Therefore, the correct answerisbetween gandzero
e This canbe seenfrom the diagram below:

Aisincorrect as the distances between PXand QX are not the same, so
the gravitational field strengths from the two masses do not cancel each
other out to give zero. PX is alot smaller than @X

C&D areincorrect as gravitational field strength is avector, so the
gravitational field strength'of Pacts in one direction andin Qactsinthe
other, so the overallmagnitude of the gravitational field strength at Xis
less and not more than between Pand X.

This questionrequires you to recognise that gravitational field strength is
avector, so actinginone direction, it is positive and in the otheritis
negative. This means that it has a direction and this must be takeninto
consideration.

The correct answeris C because:

e Sincethe spacecraftis travelling with its motors shut down, this
means itis decelerating due to the gravitational field strength of Earth

e Newton's second law states: F=ma=mg

e So,the acceleration of the rocket can be calculated using the
eqguation:
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v—u

o g=changeinvelocity /changeintime = where vis the final

velocity and uis the initial velocity
e Touse this formulakm s 'must be convertedtoms™!
o Thereare 1000 minlkm
= 2kms=5200ms"’
s 7kms'=5700ms!
e Therefore:
v—u 5200-5700
t 1000

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

]

» Instandardform, thisis -5x 107" N kg™
e The acceleration is negative because the space shuttle is moving
away from the Earth and the gravitational field strengthis acting
towards the Earth, therefore it is decelerating due to the gravitational
field pulling it back
Aisincorrect as the velocities of the spacecraft must be converted into m
s 1to use the equations of motion to calculate acceleration and not leave
the velocitiesinkms™!

Bisincorrect as this is the initial velocity 5.7 minus final velocity 5.2. The

. v—u final — initial
equationstates thata= : = " . hot the otherway around

Disincorrect as thisis the strength of the Earth's gravitational field on
Earth's surface. Whilst the spacecraftis affected by the Earth's
gravitational field, itis only affected by a fraction of it since it is moving
away where the field strength is 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 object is moving away from the Earthis
important to success in 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 B because:

10

F
» The acceleration aof amass misgivenby a= = where Fis the

resultant force on the mass
» Theresultant force onamass in a gravitational field is given by F= mg

(because the gravitational field strength g= ;]

F  mg
= [herefore,a=—=—"_14g
bigs iy

¢ Therefore, statementBisincorrect

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 on the strength of the field. This is one of the major discoveries
of physics, famously investigated by Galileo Galilei and verified by
astronauts onthe moon, who observed a hammer and a feather falling to
the surface of the moon at exactly the samerate (in the absence of air
resistance!)

L

The correct answeris D because:
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¢ The gravitational field around Misradial
e The path of the test mass mis parallel to a gravitational field line, and
isinthe same direction
o Therefore, the gravitational field does (positive) work on the test
mass
o Thisis because work is defined as the product of force and
distance moved in the same direction as the force
Aisincorrect as positive work is done by the gravitational field, since the
gravitational force attracts mto M. In other words, the motion of misinthe
same direction as the field line, therefore, energy is transferred tom

B is incorrect as negative work would be done only if the test mass moved
inthe opposite direction to the fieldline, orinotherwords, if the test
mass moved inthe opposite direction to the gravitational force

Cisincorrect as gravitational equipotentiallines are circles of constant
radius from the centre of mass of M. Theline ABis parallel to the
gravitational field lines around M

Aradial field around a planet consists of field lines that radiate out of the
centre, as shownin the image below

FIELD" LINES  TOWARDS
CENTRE OF (THE (MASS

RADIAL FIELD LINES
EVENLY SPACED

UNIFORM SPHERE e.g. A PLAMNET

NON=-UNIFORM GRAVITATIONAL
FIELD LINES OF A SPHERE

For more help visit our website www.exampaperspractice.co.uk


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

FIE Page 13

Exam Papers Practice

12

The carrect answeris C because:

o Thework doneis perpendicular to equipotential lines
o Inotherwords, inthe direction of the electric field caused by @
» The electric potential difference AV, is greaterfromP along path X
o PathXstarts at the outermost equipotential and finishes at the
innermost equipotential
o This potential gap is greater than pathY, which only crosses a
potential difference to the middle equipotential
» Therefore, more work is done moving the test charge from P along
path X towards @
Remember that no work is done by electric field when a test charge
moves along an equipotential surface. Thisis because the changein
potential, AVz = 0. Hence, the work done; W= gA V.= 0.

[ &

Theincorrect statement isDbecause:

» The gravitational potential V= N

e Forconstantradialdistance r, the value of the potential V5 is
proportional to mass M
o Imagine an equipotential surface corresponding to -400V, with
some radius rfromthe centre of mass
o Theradius of this equipotential surface can only be varied by
varying the mass of M, notits diameter
Ais correct as equipotentials are lines or surfaces corresponding to
constant gravitational potential. For a spherical mass M, points of
constant gravitational potential would be joined by a sphere around M
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B is correct as the gravitational field strength gis proportional to

AV
the gradient of the potential, Ay Since gdecreases with distance by

1
theinverse square law, or g « — , thenequal changes in potential AV
ol

should happen over greater distances Arfurther away from M. This
corresponds to a shallower potential gradient

Ciscorrect asworkis only done by the gravitational field if atest mass
moves parallel to the direction of gravitational force - i.e., along a
gravitational field line. Equipotential surfaces are perpendicular to field
lines; hence, no work is done by the gravitational field along an
equipotential surface

14

The correct answeris D because:

GM

The gravitational field strengthg = — e
&

o This has the units of Nkg™'
The area under a gravitational field strength-distance curve has the
units of field strength multiplied by the units ef distance

o Therefore (Nkg)x (m)=Nmkg '=Jkg!
Therefore, the arearepresents a change in gravitational potential
between two points
This is shown on the diagram below:

94

Area =AY batweasen
e 1

Aisincorrect as thereis a point between the Earth and the Moon at which
the resultant gravitational field strengthis zero, but the potential is non-
zero. This is represented as maximum point on a potential-distance graph
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https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

F/E Page 15

Exam Papers Practice

Bisincorrect as the gravitational field (hence, the gravitational force)is
always attractive - directed toward the centre of mass. Gravitational
potential is the work done per unit of mass to bring a test mass from
infinity. Since zero gravitational potential is defined at infinity, everywhere
else is at negative potential(i.e., work must be done on atest massto
move it to infinity, against the attractive gravitational field)

Cisincorrect as

the gradient of the gravitational potentialis related to the gravitational

AV : il o
field strength g= — b Therefore, the gradient of the potential A me—=
}fl.¢

Therefore, the gradient of the gravitational potentialis inversely
proportional to the square of the radial distance rfrom some massive
body

15

The correct answer is B because:

2GM
e The escape velocity vags. Of a spherical mass Mis given by * T

where ris theradius of the mass
¢ Therefore:

o The escape velocity from Europais given by

o The escape velocity from Jupiteris given by

escape velocity of Europa

* Theratio - . is then
escape velocity of Jupiter
. EGmE y ZGmJ_ ZGmE § F;
Fy ¥, e ZGmJ
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s Thissimplifies to:

ZGmEFJ i mer,
® rEX(ZGmJ)_ myy

o Therefore, the correct answerisB

Make sure you can manipulate expressions algebraically, carefully
keeping track of subscripts such that the appropriate quantities refer to
the correct bodies as stated inthe question.

16

The correct answeris D because:

» The change in gravitational potentialis from -40 MJ kg "to -10 MJ kg™’
o Hence, the gravitational potentialincreasesby 30 MJ kg'and
getscloserto O
o Therefore, the satellite must be moving further away from the
Earth
e Since the satellite is moving further away from Earth, it must be
moving antiparallel to a field line
o Thisis because fieldlines point toward the centre of mass of the
Earth
o This eliminates options Aand C
e The work done W(orenergy transferred) as asatellite of mass m
moves across a gravitational potential difference Alg is given by W
= mAly
o The change inpotential AVy=30MJkg =30 x10%J kg™
o Hence,the change in gravitational potential energy W=2000 x
(30 x10%) =6 x10'°= 60 G
e Therefore, the correct answerisD
You should be able to the direction of motion of any test massina
gravitational field depending on the initial and final values of potential.
Since gravitational potential is defined as zero atinfinity, and negative
everywhere else, if the final value of potential is less negative than the
initial value - asitis in this question - the test mass must be moving further
away from the source mass(i.e., Earth) towards infinity. Therefore, itis
moving antiparallel to a gravitational field line, which always points
towards the centre of the source mass.
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Any orbiting satellite has a total energy equal to the sum of the kinetic and
potential energy. Some important facts toremember are:

e The potential energy is always negative in a gravitational field
e The total energy is always negative for an orbiting body
e The total energy is always greater than the potential energy

18

The correct answeris C because:

e Thetotal energy of the probe atlaunch £ = Ex + Ep, where Ex and Ep
are the probe’s kinetic and gravitational potential energy

respectively
1 GMm
o Therefore, &= sz«w2 ~ where Mand Rare the Earth's
mass and radius respectively. and mis the mass of the probe

e The total energy of the probe at maximurm height from the surface of
GMm

the Earth 7= — P
o Thisis because thekinetic energy is zero at maximum height, as
the probe momentarily comes to rest
o Here, r= R+h, where his the maximum height above the Earth's
surface

B85

e Sincethevelocity v= atlaunch, then the total energy at launch

2
becomes:
1 (VMT SllnY M. TR,
a&:Em 2 +(— R ): g g
2GM
o Using Vege =
r
( ZGMT
il A GMm 2GMm GMm
o Epm 8 "R - B8R R
26Mm 8GMm 6GMm  3GMm
tEeseE=5y w — & - i
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e Totalenergy of the probeis conserved, therefore the total energy is

equalto the energy at the probe's maximum height. Therefore:
3GMm GMm

°TT4aR T &
3 1
° AR 7
4R
o Hence,r=T

e Recalling that ris the distance from the Earth’s centre of mass, such
that r= R+ hwhere his the height above Earth's surface, then:

4R

© R+h= g
R
o Hence, h= 3 =:' £y

e Therefore, the correct answerisC
There are a couple of superimportant things toremember when tackling
questions about launching probes or satellites:

e Thetotal energy Eris always conserved. Hence, you can find an
equation for the total energy at launch, which you can equate to other
equations laterin the probe’s launch: the form may change, but the
quantity does not

* Note the gravitational potentialenergy at launch is given in terms of
the planet's radius R, whereaslaterin the probe’s journey itisgivenin
terms of ageneral distance r. This is because the launch begins at the
Earth's surface, therefore the potential energy must be the value of
the potential energy at this point

. . 2GM o
« Know the equationfor the escape velocity, Vege = = .Thisis

given in your data booklet, but being familiar with its formis very
handy!
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The correct answeris C because:

The escape velocity from any spherical mass, like the Sun, is given

2GM 1 o 1
by Vage = ——— where Mis the mass of the Sun and risitsradius

Hence, if the escape velocity is exactly equal to the speed of light ¢,
then:

2GM 2GM
o c= Twhichgives.E: =

Therefore, the radius at which the escape velocity is exactly equal to
2GM

c2

the speedof lightis given by r=

Hence,
2x(6.67x 10711) x (2 x 1030)
. (3x 108)2
Approximating G, Mand ¢to 1 significant figure allows an estimation
of this radius to be computed as follows:
_2x(7x1071)& (2% 10°) 28x 1019
: (3 x 108)2 - 9x 1016
o Hence, r=3x 102 which is approximately 3 km
Therefore, the correct answeris C

o r

The specialradius at which any spherical mass Mhas an escape velocity
equal to the speed of light cis known as the Schwarzschild Radius. You
do not need to know this for your examination, however; understanding
how to use the equation for escape velocity, and estimating quantities by
rounding to an appropriate number of significant figures, are useful
techniques to practise.

20

The correct answeris D because:
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AV
Ar

e The gravitational field strengthg=—

AV
£

Ar

distance graph, like the one in this question
o Therefore, the gravitational field strength at the distance r= Ris
determined by calculating the gradient of the potential at that
point and multiplying it by -1
e Therefore, the correctanswerisD

This question catches alot of candidates out because many are in the

(good!) habit of calculating the gradient of a graph and then stopping

there. Though subtle, you must remember that the field strength

is proportional to the gradient of a potential butis exactly equal to

the negative of the gradient. This is sketechedout below:

o The quantity represents the gradient of a potential-

ngea'h!m of =R

»r

Grroduiuk ¥ *geuk = £
", Grasitohwal 3=__41
‘F"‘HM{. &

A bit of (non-rigorous!) calculus also shows this nicely:
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-1
V: -—GH -;-""C(Hi"
r

GL.U’_ &Mf-l..'_ OM:"‘B

PP s
. AV
Sﬂf t:l.f
_ — W
J e

21

The coarrect answeris C because:

» The magnitude of the gravitational field strengthis givenby g= GF_—EM
for a spherical source of mass Mat adistance rfromits centre of
mass

o Hence, if the radius of Earth is given as r, then this equation gives
the magnitude of the gravitational field strength atitssurface

» Ataheight of 2rfromthe Earth's surface, the distance from Earth's
centreistherefore r+2r=3r

GM
o Hence, the gravitational field strength at this height g' = (37)? =
GM g
92 9

GM
» The magnitude of the gravitational potentialis givenby V= — Tfor

aspherical source of mass Mat adistance rfromits centre of mass
o Again, the height from the Earth's surface is 2r

o Therefore, fromits centre of mass the total distanceis r+ 2r=3r

—— , GM V
o The gravitational potential becomes V' = —@: 5

For more help visit our website www.exampaperspractice.co.uk


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

F/E Page 23

Exam Papers Practice

e Thereforethe correctanswerisC
Drawing a quick sketch - as should be the case for any question without
one! - willhelp you visualise the correct distances to use in equations for
the Fields At Work topic. Check this out below:

As you cansee, thecorrectdistance to usein equations forgravitational
field strength and potential at the surface of a planetis r, since this is
determined from the object’s centre of mass. This question, though
seemingly simple at first, requires a bit of thought - and asyoucansee, a
sketchtohelp!lt's acommonly used exam trick: so be on the lookout for
similar questions which give you distances from the surface of a planet or
spherical mass.
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