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The correct answeris B because:

2GM
e The escape velocity veec Of a spherical mass Mis given by B
where ris the radius of the mass
s Therefore:
EGmE
o The escape velocity from Europais given by 5
E
EGmJ
o The escape velocity from Jupiteris given by ”
ip
escape velocity of Euro
¢ Theratio = b of oo is then

escape velocity of Jupiter

. JzamE L\/ZGmJ_\/EGmE X\/ K
By r, Fe EGmJ

This simplifies to:

szEr_r i m.r,
° rEx[EGmJ)_ my.

o Therefore, the correct answeris B

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

The carrect answeris D because:

» The change in gravitational potentialis from -40 MJ kg~ to -10 MJ kg™
o Hence, the gravitational potential increases by 30 MJ kg~ and
getscloserto 0
o Therefore, the satellite must be moving further away from the
Earth
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e Since the satellite is moving further away from Earth, it must be
moving antiparallel to a fieldline
o Thisis because field lines point toward the centre of mass of the
Earth
o This eliminates optionsAand C
e Thework done W(orenergy transferred) as a satellite of mass m
moves across a gravitational potential difference AV is given by W
=mAVy
o The change inpotential AVy=30MJkg'=30 x106J kg™
o Hence, the change in gravitational potential energy W=2000 x
(30x10%)=6x10"0=60GJ
e Therefore, the correct answerisD
You should be able to the direction of motion of any test massin a
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 - as it is in this question - thetestmass 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.

V=0 AT oo
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V==-3.0210"Jkg! «

V' DECREASES
THE SATELLITE WiLL
FALL TOWARDS EARTH V' INCREASES

DUE TO GRAVITATIONAL
ATTRACTION

53

WORK NEEDS TO
V=-50x10"Jkg-! |BE DONE TO PULL
THE SATELLITE AWAY
FROM EARTH
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The correct answer is B because:

e Theinternational space stationis in orbit around Earth; it therefore
acts as asatellite
e Thekinetic energy of a satellite of mass mmoving with speed vis
1
always positive, and is givenby Ex = Emvz
o This eliminates options Aand C
e The potential energy of a satellite movingin a gravitational fieldis

GMm
always negative, andis givenby Ep = — Twhere Mis the source

mass in the field
e The total energy E of an orbiting satellite is negative, andis givenby £
1 GMm
= Emvz + (— - )
o Therefore, Ep= E- Ex
o Hence, E> Ep
e Therefore the correct answerisB
o Becausetheline corresponding to the total energy Eis always
greater than the line corresponding to the potential energy Ep
Any orbiting satellite has a total energy equal to the sum of the kinetic and
potential energy. Some importantfacts toremember are:

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

4

The correct answeris C because:

e Thetotal energy of the probe atlaunch E = Ex + Ep, where Eg and Ep
are the probe's kinetic and gravitational potential energy

respectively
1 GMm
o Therefore, &= Emvz +|— T where Mand Rare the Earth's

mass and radius respectively, and mis the mass of the probe
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e Thetotal energy of the probe at maximum height from the surface of
GMm
¥
o Thisis because the kinetic energyis 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

the Earth &= —

=

e Sincethe velocity v= atlaunch, thenthe total energy at launch

2
becomes:
1 (Vm]z Sl WL Bl
“ 5 2™ 3 *(_ R)= 8§ R
2GM
o Using Vage =
r
( ZGMT
v GMm 2GMm GMm
s G 8 "R " B8R R
2GMm 8GMm _ 6GMm _ 3GMm
° Hence, 558Kk 2NN 1

e Totalenergy of the probeis conserved, therefore the totalenergyis

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

Y aatl @i~
3 1
AR~ »
4R
o Hence, r= 3

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

4R

o R+hs= T
4R R
© Hence, h= 5 —R= 3

e Therefore, thecorrect answeris C
There are a couple of superimportant things to rememberwhen tackling
questions about launching probes or satellites:
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+ 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 potential energy atlaunch is giveninterms of
the planet's radius R, whereas laterin the probe’s journey itis givenin
terms of a general 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 equation for the escape velocity, Ve = S .Thisis

given in your data booklet, but being familiar with its form is very
handy!

The correct answeris C because:

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

2GM , 2 _
by Vage = o where Mis the mass of the Sun and risitsradius

Hence, if the escape velocity is exactly equal to the speed of lighte.,
then:

2GM 2GM
o c= Twhichgivesﬁ: =

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

the speedof lightis given by r=

Hence,
2x(6.67x10711) x (2 x 1030)
Se= (3x 10%)2
Approximating G, Mand cto 1significant iigure allows an estimation
of thisradius to be computed as follows:
_2x(7x1071)x (2% 10%°) 28x 1019
- (3x 108)2 ~ 9x 1016
o Hence, r=3 x 103 whichis approximately 3 km
Therefore, the correct answeris C

o r

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


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

Ea]

Exam Papers Practice

The special radius at which any spherical mass Mhas an escape velocity
equalto 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
technigues to practise.

The correct answeris D because:

AV
» The gravitational field strength g=— ﬂrg
AV
o The quantity ﬁrg represents the gradient of a potential-

distance graph, like the one in this question
o Therefore, the gravitational field strength atthe distance r= Ris
determined by calculating the gradient of the potential at that
point and multiplying it by -1
e Therefore, the correct answerisD
This question catches alot of candidates out because many are inthe
(good!) habit of calculating the gradient of a graph and then stopping
there. Though subtle,you mustremember that thefield strength
is proportional to the gradient of apotential, butisexactlyequal to
the negative of the gradient. This is sketched out below:

0 Tu,r?)ﬂ'r.lmd'ﬂﬂ

»
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A bit of (non-rigorous!) calculus also shows this nicely:

V: —GM = "'C{HI"F.

dy re
..
So, o
= il
q = P A2

The correct answeris C because:

e The magnitude of the gravitational field strengthis givenby g= Cj,—zM
for a spherical source of mass Mat a distance rfrom its 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 at its surface

e Ataheight of 2rfromthe Earth's surface, the distance from Earth's
centreis therefore r+ 2r=3r

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

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

GM V¥V
o The gravitational potential becomes V' = — m =3

¢ Therefore the correct answeris C
Drawing a quick sketch - as should be the case for any question without
one! - will help you visualise the correct distances to use in equations for
the Fields At Work topic. Check this out below:

Asyoucansee, the correct distance to use in equations for gravitational
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
sketch to help!It'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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The correct answeris A because:

+ Thecharge moving fromJtoKinthe electric field is equivalent to
moving along two components one parallel and one perpendicular to
the field:

o Thevertical distance travelled in the electric field, parallel to field
lines,is JKcos @

o The horizontal distance travelled, perpendicular to field lines, is JK
sin @

o Thisis showninthe image below:

TKeos 4 o - e

:rKsCh'i’

» Thework done W/(orenergy transferred)is a product of force Fand
distance travelled dparallel to that force
o Theforce Fexerted on gby the electric fieldis givenby F= g£
o Thedistance travelled parallel to the force (i.e. parallel to the field
lines)is JKcos @
+ Theenergytransferredis the changeinthe charge's electric potential
energy, andis given by:
o W=Fd=(gE)x(JKcos &)= Eq/Kcos ¢
o Therefore, the correct answeris A
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the quantity JK'sin @is the distance travelled
perpendicular to fieldlines -i.e., along

an equipotential. There is no work done along an
equipotential (because thereis no change in potential),
therefore no energy is transferred and this cannot be an
expression for the charge's change in electric potential
energy

Bisincorrect
as

the guantity tan @is aratio of the two vertical and
horizontal distances, of no physicalimportance. It is
included purely as a 'distractor’!

Cisincorrect
as

the quantity Eq/Kis the product of force exerted by the
Disincorrect electric field Egandthedistance JK Since this distance
as is not parallelto the force exerted, itdees not correctly

determine the changeinthecharge’s potential energy

The correct answeris D because:

¢ Since the particles reachthe negatively charged plate at the same
time, they must have the same acceleration
¢ Accelerationisthe ratio of resultant force Fto mass m
o The question allows us to neglect gravitational effects
o Hence, the only (and hence, resultant) force actingon each
charge is that from the electric field: /= Eq,oncharge ¢hand F; =
Eqg, oncharge g
e Sincethe accelerationis the same, then the ratio of Fto mis the same
for both charges:
qu
0 as m—lfor charge g;of mass m
qu
o a= m—zfor charge gz of mass my
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e Therefore, equating expressions gives:

qu qu
0o —=——
e
9, 9,
0o —=—
B "

e Hence, the correct answerisD
Note that the ratio of charge-to-mass must be equal, not the individual
charges and masses. This is a surprising result: one which only arrives after
careful consideration that acceleration must be the same for both
chargesif they travel the same distance in the same amount of time.

1
Recall, s= ut+ 5 at?, so if both charges start from rest, and the distance

travelled sand time taken tforeach charge is equal, then their
acceleration must be equal too. Crucially, this accelerationis given by the
ratio of resultant force in the electric field to each particle's mass: which
is actually aratio of charge to mass in thisuniform electric field.

10

The correct answeris Bbecause:

Between two plates, the electric field strengthis uniform: E = ?
A Ve
Ar
Plate Xis chargedto -180 Vandplate Y is charged to +180V
o Therefore, the change in potential from plate Xto plate Y, AV, =

final potential - initial potential
o So, AV.=(180)-(-180)=360V

Gradient of the electric potential: £=—

The distance between this change in electric potential Aris 2.0 m

s 300 180V m™
B~ B I

o This eliminates options CandD

o Therefore the gradient
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e Theelectric fieldis always directed from positive charge to negative
charge
o Therefore, the electric field must be directed to the left

e Hence,thecorrectanswerisB
Determine the direction of an electric field, first of all, wherever possible.
This will provide a starting point from which to consider things like the
directions and shape of equipotentials. For this question, which may
seem complicated at first glance, you should remember the crucial fact
that the electric field strength is proportional to the gradient of a
potential. Gradients are very simply calculated: the change in electric
potential AVs with distance Ar.
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