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QUESTIONS

13 questions - 76 marks - 3 sub-topics

A



SUB-TOPIC 12.1

GRAVITATIONAL FIELD STRENGTH AND NEWTON'S LAW OF GRAVITATION

Sub-topic 12.1 - 1 question - 1 marks - lowest tariff first

A



ANSWER >

( )
8 The acceleration of free fall at the surface of the Earth is 9.81 ms™.
The mass of the Earth is M and the diameter of the Earth is D.
Which of the following gives the acceleration of free fall, in ms™, at the surface of a
D
planet with diameter 5 and mass o ?
9.81x2
0 A
9
9.81x4
0 B
9
9.81x2
0 ¢
3
9.81x9
0 D
4
(Total for Question 8 = 1 mark)
L J

INZ)



SUB-TOPIC 12.2

GRAVITATIONAL POTENTIAL AND ORBITS

Sub-topic 12.2 - 8 questions - 71 marks - lowest tariff first




ANSWER >

2 A satellite of mass m orbits the Earth with speed v.

What is the speed of a satellite of mass 2m orbiting at the same distance from the Earth?

0 A <~
2
[0 B v
0O Cc w2
0 D 2v

(Total for Question 2 = 1 mark)

INZ)




ANSWER >

12 The diagram shows two black holes, A and B, orbiting each other.

Assume that the centre of mass C of the system is the centre of a circular orbit for each
black hole as shown in the diagram.
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Black hole A is in an orbit of radius 2.9 x 10°m and black hole B is in an orbit of radius
3.6 x 10'°m. Both orbit with the same period, so the total distance between them is
6.5x10"m.

(a) Calculate the force between the black holes.

mass of Sun, M_ = 1.99 x 103%kg
mass of black hole A =36 5
mass of black hole B = 29MO

(b) By considering the orbit of one black hole about C, determine the period of the orbit.
3)

(Total for Question 12 = 5 marks)




ANSWER >

17 The asteroid Bennu is in an approximately circular orbit around the Sun. Scientists
consider that Bennu may collide with Earth within the next century.

(a) In 2060 Bennu will be 7.49 x 10°m from the Earth.
(i) Show that the mass of Bennu is about 7.8 x 10'’kg.

mean radius of Bennu = 245 m
average density of Bennu = 1260kgm

(i1) Calculate the magnitude of the force F between Bennu and Earth in 2060.

mass of Earth = 5.98 x 10*kg

(b) The orbital time of Bennu around the Sun is 1.17 years.
Calculate the mass of the Sun.

average distance of Bennu from the Sun = 1.70 x 10" m
mass of Bennu = 7.8 x 10'kg
1 year=3.15x10"s

Mass of Sun = ...,

(Total for Question 17 = 9 marks)




ANSWER >

15 In 2015 the Messenger spacecraft crashed into the surface of the planet Mercury after
four years in orbit observing the surface of Mercury.

Messenger’s orbit was highly elliptical, varying between 200 km and 15 000 km above
the surface of Mercury. Messenger completed one full orbit every 12 hours.

mass of Messenger spacecraft = 565 kg
mass of planet Mercury = 3.30 x 10> kg
radius of planet Mercury = 2430 km

(a) It has been suggested that the same orbital period of about 12 hours could have been
achieved if Messenger was in a circular orbit 7690 km above the surface of Mercury.

(1) Determine whether this suggestion is correct.

(i1) The elliptical orbit chosen had advantages over this circular orbit.

Explain one advantage.

INA




ANSWER >

(b) Calculate the velocity an object would have as it reached the surface of Mercury if it
was released from Messenger’s maximum orbital height.
Assume the object is released from rest and that Mercury has no atmosphere.

VeloCity = .

(Total for Question 15 = 10 marks)

INZ)
10



ANSWER >

14 In 2016 astronomers announced the discovery of an Earth-like planet orbiting
Proxima Centauri, the closest star to the Sun.

The planet was detected because of the small movement of the star as the planet orbited.
The movement was detected using the Doppler shift in the frequency of light travelling to
the Earth.

The graph shows how the component of the star’s velocity v towards the Earth varied
over time.

v

Time/days

INA
11



ANSWER >

(b) (i) Use the graph to show that the angular velocity of the planet is about
6 x 107 radian s'.

3)
(ii) The mass of Proxima Centauri is 0.12 times the mass of the Sun.
Determine the distance of the planet from Proxima Centauri.
mass of Sun = 1.99 x 10*°kg
3)

Distance = ...

(Total for Question 14 = 10 marks)

INZ)
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ANSWER >

17 Astronomers observing stars at the centre of our galaxy have suggested that many of
them are orbiting a supermassive black hole. The mass of this black hole is 9.2 x 103°kg.

(a) Calculate the orbital period for a star in a circular orbit at a distance of 1.9 X 10*m
from a black hole of this mass.

Orbital period =

(b) The star S0-2 is in a highly elliptical orbit around the position of the black hole.

At its point of closest approach, S0-2 is at a distance of 1.8 x 103 m from the centre
of the black hole.

At the most distant point of its orbit, S0-2 is 2.7 X 10"m from the black hole.

(1) Show that the change in gravitational potential between the closest and most
distant points in this orbit is about 3 x 10" Jkg ™.




ANSWER >

(ii) At its point of closest approach, the star is travelling at a speed of 8.1 X 10°ms™".

Calculate the speed of S0O-2 at the furthest point in its orbit using the change in
gravitational potential.

mass of S0-2 =24 x 10*'kg

3)
Speed =
(c) Trigonometric parallax and Hubble’s law are two methods used to determine
astronomical distances.
Explain whether either of these methods is suitable to determine the distance to SO-2.
3)

(Total for Question 17 = 11 marks)

INZ)
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ANSWER >

7
20 In 2016 scientists at the Laser Interferometer Gravitational-Wave Observatory (LIGO)
announced that gravitational waves had been detected.
The signal they detected is shown on the graph.
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time /s
(a) Gravitational waves travel at the speed of light.
Determine the mean wavelength of the waves detected between 0.30s and 0.35s on
the graph.
3)
Mean wavelength = ... ...
\

INZ)
15




ANSWER >

(b) Gravitational waves alternately compress and stretch matter by very small amounts as
they pass through.

The LIGO detector has two arms, at 90° to each other, each 4km long. As a
gravitational wave passes the detector, the arms change length. The detector
continuously compares the lengths of the two arms.

arm 1

arm 2

(1) An article states that ‘the maximum change in the 4km length of the arm is about
0.001 times the diameter of a proton’.

Determine whether this statement applies to the gravitational wave shown in the
graph.

diameter of proton = 8.8 x 10 “m

INZ)
16



ANSWER >

(i1) In the LIGO detector, any change in the lengths of the arms is detected using a
laser beam and photodetector.

mirror

Y
wuee | grm 1

arm 2

B £ | mirror
laser ® 1%

photodetector

The laser beam is split into two at B, one beam travelling to one mirror and the
other beam travelling to the other mirror. After reflection at the mirrors,

the beams are recombined at B and reach the photodetector. The photodetector
measures the intensity of the incident light.

The system is arranged so that when no gravitational waves are present, the
beams have a path difference of half a wavelength at the photodetector.

Explain how the photodetector detects very small changes in the length of
one arm, when the other arm stays the same length.

INA
17




ANSWER >

4 N\
(iii)) The system could be arranged so that when no gravitational waves are present,
the beams have zero path difference at the photodetector.
Explain whether using an initial path difference of half a wavelength is a more
sensitive way of detecting changes in length than having an initial path difference
of zero.
(2)
(Total for Question 20 = 12 marks)
\ J

INZ)
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ANSWER >

6 In 1990, the Hubble Space Telescope (HST) was launched into a low Earth orbit above
the Earth’s atmosphere.

(a) HST orbits the Earth in a circular orbit with a speed of 7.59kms™.

mass of Earth = 5.97 x 10**kg
radius of Earth = 6.37 x 10°m

(i) Show that the height of HST above the surface of the Earth is about 6 x 10°m.
3)

(i) Calculate the increase in the gravitational potential energy as HST is raised, from
its initial position at the Earth’s surface, to its orbital height.

mass of HST = 11 600kg

INZ)
19



ANSWER >

(iii) A student suggests that giving HST more energy than that required in (ii) would
result in the satellite orbiting at a greater height and with a greater speed.

Assess the validity of the student’s suggestion.

(b) The transmission of electromagnetic radiation through the atmosphere is shown on the graph.

100
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wavelength / m

State one advantage shown by this graph of positioning a telescope above the atmosphere.

(1)




ANSWER >

4 N\
(c) High resolution images from HST allow astronomers to make detailed measurements

of very distant galaxies. The graph shows how the recessional velocities of distant
galaxies depend on their distance from Earth.
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Determine an age for the universe.
3)
Age for the universe = ...
(Total for Question 6 = 13 marks)
\ J
INZ)

21



SUB-TOPIC 12.3

COMPARING GRAVITATIONAL AND ELECTRIC FIELDS

Sub-topic 12.3 - 4 questions - 4 marks - lowest tariff first

22



ANSWER >

4 N\
4 Which of the following is not a similarity between gravitational fields and electric fields?
[J A For a point charge or point mass, the field follows the inverse square law.
[] B For a point charge or point mass, the field is radial.
[] C Both fields act at a distance.
[J D Both fields act on all particles.
(Total for Question 4 = 1 mark)
\ J

INZ)
23



ANSWER >

9 Electric and gravitational fields have a number of similarities and differences.

An electric field is produced by a point charge and a gravitational field is produced by a
point mass.

Which of the following statements applies to both of these fields?

[J A The field causes a force on all particles.

[J B The force caused by the field can be attractive or repulsive.

[J C Ata distance x from the centre of the field, field strength is proportional to x2.

[J D Ata distance x from the centre of the field, potential is proportional to 1/x.

(Total for Question 9 = 1 mark)

INZ)
24



ANSWER >

6 A proton can be considered to be both a point charge and a point mass. There is an
electric field and a gravitational field associated with the proton.

Which of the following statements about the fields is not correct?
[J A Field strength is a vector.

[J B Potential is always less than 0.

1
distance from proton

1
(distance from proton)’

[ C Potential is proportional to

[J D Field strength is proportional to

(Total for Question 6 = 1 mark)

INZ)
25



ANSWER >

7
5 A particle P has charge and mass. The particle causes an electric field and a
gravitational field.
Which of the following statements is correct, at a distance » from P?
o . . 1
[J A gravitational field strength is proportional to —
P
[0 B electric field strength is proportional to 1
,
[0 C gravitational potential is always positive
. . . 1
[J D electric potential is proportional to —
’
(Total for Question 5 = 1 mark)
\
INZ)
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MARK SCHEMES

official mark schemes

&
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< QUESTION

Question
Number

Answer Mark

8 The only correct answer is B because mg = GMm/r* so acceleration of free fall is proportional to mass / diameter* = 1
a(M/9Y(Df2)? = 22222

A
28



< QUESTION

Question Answer Mark
Number
2 The only correct answer is B 1

A is not correct because gravitational force is equal to centripetal force, so the velocity is independent of the mass of the satellite
C is not correct because gravitational force is equal to centripetal force, so the velocity is independent of the mass of the satellite
D is not correct because gravitational force is equal to centripetal force, so the velocity is independent of the mass of the satellite

INZ!
29



< QUESTION

et Acceptable answers Additional guidance Mark
Number
12(a) (1) | Example of calculation
o useof F = Gmmy/r* F=6.67x 10" Nm>kg? x 29 x 1.99 x 10** kg x 36 x
_ 31 @) | 1.99 x10* kg /(6.5 x 10" m)>
s force=6.5x10"N force = 6.5 x 10°' N 2
12(b) . Example of calculation
Either F=mV*/r= mQur/T)/r
_ Q) | P=4a*mr/ F
* useof F'=my/r ect from (a) — 42 x 29 % 1.99 x 10 kg x 3.6 x 10 m /6.5 x 10°' N
e use of v=2mr/T @ |[=121x10"5¢’
(1) | T=1.12x10°s
o T=11x10%s = 18700 min
=312 hours
Or =13 days
e use of F = mw?r ecf from (a) M
o useofw=2n/T a) 3
1
e T=11x10°s @

(Total for Question 12 = 5 marks)

A
30



< QUESTION

D Acceptable Answer Additional Guidance Mark
Number
17(a)(i) Example of calculation
% _3 4
* UseofV=zmr Wy = 5245 m)* = 6.16 x 10" m?
o Useofp= = m
v M 1126 x10°kgm™ = —————
26X 10T kg m ™ = e 107 m?
e m=7.76x10% (kg) 6)) ~ 3
m=126x103kgm™3 x 6.16 x 10’ m3
wm=776x10"kg
17(a)(ii) Example of calculation
e Useof F = % M| F 6.67 x 10711 N2 m? kg=2 x 5.98 X 10%* kg x 7.76 x 1010 kg
(7.49 X 108 m)2
e F=55x%x10"N 6)) ~F=553x10"N )
(ecf m from (a)(i))
17(b) Example of calculation
21
o Useof T ==— @ _2m 2m rad _ -7 -1
© pr © = T I17x315x107s /0 x 107" rads
Or use of v = -
F=mw*r =78x%x101kg x (1.70 x 107" rad s 1)? x 1.70 X 10! m
e Useof F = mwzrz 1) |~F=383x108N
Or Use of F = %
o= Fr? 3.83 x 108 N x (1.70 x 10! m)?
_ Gmam, T Gm 667 x 1011 N2m? kg2 x 7.8 x 1010k 4
e Useof F = " M | . 4= 914 % 1070 kg g g
e M=21x10%kg 1)

(Total for Question 17 = 9 marks)



< QUESTION

15(a)(i) o use of F = Gmmyi and use of F = mra? I;/IPsozré;ll :S -r ;‘0; if;cér(;:e and angular velocity, both
Or use of F = Gmymy/r* and use of F = mv"/r (1) PP q
e use of 7=2n/® Or use of T=2mr/v Example of calculation
(1) P =47/ Gm
e T=12hours
Or F =120 N by gravitational approach and centripetal T = 4n* x (2 430 000 m + 7 690 000 m)’ / 6.67 x 107"
force approach N m® kg? x 3.30 x 10 kg
Or w=1.45 x 10 radians s by gravitational approach B B
and circular motion approach 1) T'=43115s=11.98 hours
Or height of orbit = 7700 km
e Comparative statement consistent with their value(s) Q) 4
15(a)(ii) For each, the second marking point is dependent on the
Max 2 ‘ 1) first.
*  Allows satellite to get (much) closer to surface Award second marking point for other sensible
e So more detailed photographs/scans possible (1) advantages
OR
e Allows satellite to spend time further from the surface (1)
e So prevents exposure to prolonged heat from planet
damaging probe D
OR
e Satellite varies distance from surface (1)
e So it can take wide-angle and close-up pictures of the
planet (1) 2

N2
32



< QUESTION

15(b) o Use of Vgay = - GM/r Example of calculation
Or Use of Ep = - GMm/r with an assumed mass (1) AV=6.67x 10" N m® kg™ x 3.30 x 10” kg (1/2.43 x
10°m —1/1.743 x 10’ m) = 7.795 x 10° J kg ™'
e Subtraction of potential at surface from potential at Yo mv* =7.795 x 10° T kg™ x m
orbital height Assume 1 kg 4
Or Subtraction of potential energy at surface from v=3948 ms’'
potential energy at orbital height (1)

e Use of difference in potential = Ex/m = ¥ v*
Or Use of difference in potential energy = Ex = %5 mv* (1)

e v=39%48ms’' (1)

(Total for Question 15 = 10 marks)

INA
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< QUESTION

°)

r=7.2 x 10° m (ecf from (b)(i))

r=72x10°m

(r=7.6 x 10° m for ‘show that’ value)

%ﬂ?:tt:g? Acceptable answers Additional guidance Mark
14a The frequency/wavelength (of a line in the spectrum) 1)
emitted by the star must be measured
Determine the difference between this . .
frequency/wavelength and that emitted in the lab Q) MP2 — accept in terms of_ difference between measured
frequency/wavelength with average frequency/wavelength
(The Doppler equation is used to) determine the speed of
the star (relative to the Earth) v/c = Afff, or vic = Ailio 1)
Clear indication (stated in words or via a formula) that v is
positive/approaching when the frequency has increased and
negative/receding when it has decreased
Or corresponding statement about wavelength (@)
4
For MP3, accept correctly rounded answers in range
bi Use of o =2m/T 1) 6.5 x 107 radian s ' t0 6.6 x 107 radian s’
@
For at least 2 full cycles Example of calculation
w=6.5x10° (radian s ") 1) 3
w =5x2r/(56 % 24 x 60 x 60) s
=6.49 x 10 ® radian 5!
5 ) Q) Example of calculation
bii Equates F = Gmim./r and F = mw*r
Or F = Gmimy/r? and F = mv#/r with v = 2zr/T 1) rP=6.67x 10" Nm?kg?x 0.12 x 1.99 x 10¥ kg / (6.5
- o x 1076 radian s7')?
Correct rearrangement and substitution (e.g. in r° = Gmy/ 1) 3

(Total for Question 14 = 10 marks)




< QUESTION

QUICHDT Acceptable answers Additional guidance Mark
Number
17 (a) o, . _ a) Example of calculation 3
Use of F1=my? [ r with F' = Gy mz /° F=Gmmy/r=mVv/r=Qnry}m/rI*
Useofv=2nr/T ey =471/ G m
- 8 o (— =472 x (1.9 x 10" m)* /
T'=06.64>10%s (= 21 years) M | (6.67x go-“ N m? kg)-2 x 9.2 x 10% kg)
or T =6.64 x 10%s (=21 years)
Use of F = ma’r with F = Gmy my / 1?
Useof w=2n/T
T =6.64 x 108 s (= 21 years)
17 (b)(i) . Uscof V=—Gm/r ) Exargnle of calculation 2
Y = 13 -1 m AV==-Gm (1 /r, —1/r)
e Changein V=3.18 x 10° (Jkg™) = —6.67x 107" N'm?> kg2 x 9.2 x 10 kg x
((12.7%x10"m —1/1.8 x 10" m)
=3.18 x 10" Jkg!
17 (b)(ii) e Equate change in gravitational potential energy to Example of calculation 3
change in kinetic energy mx3.18 x 108 J kg™!
Or use of E, =mV 1 =(0.5%xm % (8.10 x 10° m s71)%) — (0.5 x m v,?)
v =14x10ms"!
e Use of Ex-Y2m/? 1)
e v=14x10ms"! )
17(c) An explanation that makes reference to the following points: 3
e Hubble is for cosmological distances a e.g. to distant galaxies
e is not suitable since S2 is in our galaxy @
e trigonometrical parallax is suitable for local stars
because the parallax angles produced are large enough
to measure accurately )
(Total for Question 17 = 11 marks)




MARK SCHEME - A Level Paper 2

- June 2017 - Q20

12.2 Gravitational Potential and Orbits

< QUESTION

LG Acceptable answers Additional guidance Mark
Number
20(a) ) MP3: accept variations e.g. 1.75 waves or two
use of /= 1/T wavelengths averaged with correct calculation
use of v = /i 1) 5)\(::\1/21: of calculation
wavelength = 7.5 x 10°m 1 |27=005s 3
7=0.025s
f=1/0.025s =40 Hz
2=3.00x10*ms"' +40 Hz
=7.5x10°m
20(b)(i) ) ) Example of calculation
use of strain = extension / length (1) | Changeinlength=1.2x 102 x 4000 m=4.8 x 10 ¥ m
change in length = 4.8 x 10™'® (m) Erzcglgnl(())fgroto;ngdéalxnelt:)efé
Or max strain for 0.001x proton size = 2.2 x 107 @ — 0.0055 m=e. m 3
comparison of their change in length to 8.8 x 10~'°(m)
Or comparison of their max strain to 1.2 x 10°%! @
20(b)(ii) . o
half wavelength path difference means waves in antiphase 80 Do not accept ‘out of phase’ for MP1
so destructive interference takes place 1)
this results in zero amplitude, (so no signal detected) )
a change in length will result in a change in path difference,
so signal detected
Or a change in length will result in a change in phase Accept reference to being ‘not out of phase’ for MP4
difference, so signal detected Q)] 4
20(b)(iii) o ) ) ) MP?2 alternative: a change from minimum amplitude
if 1n1‘t1a11y the path difference is zero there will be a would represent a much larger percentage (therefore more
maximum signal 1) sensitive)
a change from max amplitude would represent a much gfl’éﬁ f:cept itis easier to detect the change from no light
smaller percentage (therefore less sensitive) 1) MP2 Accept suitable reference to uncertainty 5

36

(Total for Question 20 = 12 marks)



< QUESTION

%ﬁﬁg‘;p Acceptable Answer Additional Guidance Mark
6(a)(i) o Useof F=Mm ih =™ 1) Example of calculation:
r? GMm _ mv?
e Correct substitutions to calculate r 1) rz 7
GM
e h=54x10’m ) r=z
OR 6.67x10" N m2kg2x5.97x10%* kg
r =
e Useof g = < to find value of g at orbit height 1) (7.59%103 m s1)2
T r=6.91x10°m
2
e Useof a = = with value of g at orbit height @ « h=(6.91x10°-6.37x10%) m=5.42x10°m
e h=54x10°m ) ’
6(a)(ii) e Useof GPE = ZM™ (1) Example of calculation:
r 1 1
. GPE = GMm |———
e GPE =5.7 x 10% J (ecf from (a)(i)) (1) " <T1 rz) 2
~GPE=6.67x10"1'Nm?kg? x 5.97 x10%* kg
1 1
x 11600 kg (6.37x106m'6.91x106m>
~.GPE=5.67 x10'9]

A
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< QUESTION

6(a)(iii) e This would bring the gravitational potential energy
closer to zero Q)

e This would mean that the satellite would orbit at a
greater height as GPE « % (1)

e Toremain in orbit the centripetal acceleration must
equal the gravitational field strength at the orbit

2
height Or Since gravitational force smaller, =~

would be reduced 1)
e (Hence) r is greater so v must be smaller
Orv? = % and satellite would orbit at lower speed (1)
OR
e HST will have more kinetic energy at the original
orbit height @)
e The centripetal force will be too small to keep it in
this orbit €))
e The satellite would be travelling too fast, so it would (1)
move to a higher orbit
e (Hence) ris greater so v must be smaller
Orv? = % and satellite would orbit at lower speed ) 4
6(b) e Stars emitting infra-red radiation can be detected Accept identified wavelength range

above the atmosphere
Or Some visible wavelengths emitted by stars

reduced to 50% intensity or less by the atmosphere 1) 1
6(c) e Gradient of graph determined @) Example of calculation:
.. (44000-1000) kms™ 181
e v=Hd,sot=1/H = L/gradient (1) Gradient= (2.00-0.00)x1022 km =2.15x10""s
o t=47x 1017 S (1) t=m=4.65><10175
3
(Total for Question 6 = 13 marks)
@*@'
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< QUESTION

Question Answer Mark
Number
4 D Both fields act on all particles. 1
Incorrect Answers:

A — this is a similarity
B — this is a similarity
C — this is a similarity

N2
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< QUESTION

9 D The only correct answer is D: potential is proportional to 1/x 1
A is not correct because electric fields do not cause a force on uncharged particles

B is not correct because the force caused by gravitational field has only ever been shown to be attractive
C is not correct because field strength is inversely proportional to x?

A
40



< QUESTION

Question Acceptable Additional guidance Mark
Number answer
6 B The only correct answer is B because the electric field is always positive except at infinity, when it is zero 1

A is not the correct choice because the statement is correct
C is not the correct choice because the statement is correct
D is not the correct choice because the statement is correct

INZ)
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< QUESTION

Question Answer Mark
Number
5 The only correct answer is D 1

A is not correct because gravitational field strength is proportional to 1/r*
B is not correct because electric field strength is proportional to 1/
C is not correct because gravitational potential is always negative

A
42



