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(=) The diagram shows the elliptical orbit of a planet arcund a star. Use the diagram (by
#-I adding to it) to explain Kepler's second law of planctary moticn. 21

() Starting with Newton’s law of grawvitation, show that for a circular orbit, the period of orbit,
¥, of a planet arcound a star is related to its distance, r, from the centre of the star by the
relationship 7 o . Assume the mass of the planet is much less than the mass of the
star] =1

) Mars has two small moons, Phobos and Deimos. The diagram shows their orbital paths
arcound Mars.

(i) Phobos has an orbital period of 7.7 hours and the radius of its orbit is 9400 km.
Show that the mass of Mars is approximateby 6_4 = 1023 kg_ =1

{n) It is proposed to send a space-probe to study Phobos and Deimos. The first part of
the mission will be to place the probe in orbit around Phobos.

[ Show that the grawvitational potential due to Mars at the Phobos orbit is
approximately —4_ 5 MJ lkg—1_ I:

(1= The second part of the mission involves manosuwvring the space-probe into
a higher orbit to enable it to study Deimos. Howewver, on the jourmey to Mars
the probe used more fuel than was expected. Scientists are Nnow unNnsure as
to whether or not the probe has enough fuel to enable it to reach the orbit of
Deimos. The following information is available:

Energy awvailable per kg of space-probe: <1 _ <4 M.Jkg—"
Efficiency of fuel - burn process: 60 %6
Distance of Deimos from centre of Mars: 23 500 km

Assuming the mass of the fuel is very small compared to the mass of the
probe itself, and gnornng the grawvitational effects of both moons, determine
whether or not the scientists should attempt the mMmanoeuvre . =]

Explain why it is not possible to use the eguation A~ = mproeMfi when determining the
change in the gravitational potential energy of the probe as it mowves between these
orbits 11

Question taken from Edugas examination paper 842102, November 2020
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#H2 7. Astar and a planet orbit their mutual centre of mass as shown. The diagram is not fo scale.

/ Centre of mass
Star of mass x . Planet of mass

6.0 = 1D23kg 20 1[]2?kg

B 5.2x 10°m
fa} (1) Calculate the period of orbit. [
(i) Calculate the distance of the centre of mass from the centre of the star. [2]

{b) The centre of mass of this starplanet system is at rest relative to the Earth and the
system Is viewed ‘edge-on’. When analysing light of wavelength 556.3 nm from the star,
astronomers measure a maximum red shift of 2.0pm. Determine whether this shift is

(approximately) consistent with your answers to (a)(i) and (i1). [4]
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(c) Astronomers note a peniodic dip in the brightness of the star as shown in the sketch

graph.
A
Intensity
Time
Explain this observation. I

Question taken from Edugas examination paper 842102, June 2019
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#3 Johannes Kepler devoted much of his life to the study of planetary motion. In the process he
discowvered three laws which describe the motion of any orbital body.

(a) The diagram is taken from a physics text book. Describe how it is used to explain
Kepler's 279 law. =1

5 months

P —

S months

& months

=] Use a formula for centripetal acceleration and Newiton's law of gravitation to show that, for
a planet in circular orbit of radius, . around a star of Mmass, A

o art

Cr A
where 7 is the period of the planet’s orbit. =1
(=] A binarny star system consists of a star of low mass orb ng a far more massive neutron

star in a circular orbit of radius,_ .

Massive
neutron star

Low mass
orbiting star

iy Wihen analysing light from the low mass star, a hydrogen line at A = 486 140 nm has
a maximum Doppler shift of 0052 nm. Further experimental measurements show
that the orbital period is 1. 45 yvears. Show that the radius of thie low mass star’s orbit
is approximately 2 3 > 1077 m_ 21

Astronomers believe that the mass of the neutron star is 1.8 times the mass of the
Sun. Determine whether or not this is correct, stating any assumption you make.
[Mass of Sun = 2.0 = 103° kg] <41

Question taken from Edugas examination paper 842102, June 2017
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Question taken from Edugas examination paper 842101, November 2020
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#5 (a) Calculate the critical density of the universe giving appropriate units. 2]

(b)  An astronomer makes the following statement:
Assuming that the rafe of expansion of the universe is constant, two objects a distance R
apart in space will increase their separation by nearly 15% over a 2 billion year period.

[1 billion = 1 % 109 years]
Justify this statement. [3]

(c) A starina distant galaxy shows a bright hydrogen emission line at 475 nm. The equivalent
emission line on Earth has a wavelength of 410 nm.

(i) Calculate the radial velocity of the star. [2]

(iiy Calculate the distance of the star from the Earth. [2]

(i) The temperature of the photosphere of the star is 7100K. Calculate the mean
kinetic energy of particles in the photosphere. Give your answer in eV. [2]

Question taken from Edugas examination paper 842102, November 2020
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H6

4,

(a)

L[}]

(i)

Use the Principle of Conservation of Energy to show that the critical density, g, of
the universe iz given by [4]

_3m;
Emiy

Use the above equation to show that the critical density of the universe corresponds
to approximately 5 atoms of hydrogen per m?. [2]
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(b) Astronomers analysing the wavelengths of the dark lines from the line spectrum of a distant
galaxy note that they are increased by 16% compared with their normal wavelengths.

(i) State why there iz an increase in wavelength. 1
(iiy Calculate the distance of the galaxy from Earth. [3]
fc)  Stating an azsumption, estimate the age of the universe in years. [3]

Question taken from Edugas examination paper 842102, June 2018
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5. The diagram shows the key features of the rotation curves for a distant spiral galaxy. Explain

how these features relate to the structure and motion of the galaxy. [6 QER]

Observed

_ Retational velocity

_ ; ., Distance from centre
Galaxy i

Question taken from Edugas examination paper 842102, June 2018

STEMUP.CO.UK


https://stemup.co.uk

Marking Scheme

Marks available

Question Marking details
AO1 AO2 AO3 Total | Maths | Prac

(a) Areas and time periods shown correctly or described [1]
Ay = 4, (= 43) indicated [1]

b 2
() ﬂ=G}f" [1] 1
r r

2nr
v=—xm-—1 1
- 11

Substitution and clear algebra step shown [1] 1 3 2

Or
GMm
— ]

r

mro =

2n
-1
@= [1
Substitution and clear algebra step shown [1]

© [0 o
(7.7 x 3600)

4 2 406\3
= (227x107) X{g_',? x10°) substitution and re-arrangement [1]
667 x10 3 3 3

M =639[8] x 102 K[g] [1]

or 2.26(7T) x 10 rads™ seen [1]

(i)

GM
Substitution into ¥, = Tz ie.

6.67x10"" x 6.4 x10%
V, = 3
£ 9.4x10

Ve=-45(4)x 10°[J kg [1] 1 2 2

1 1

I -1 23
V. at orbit of Deimos = = 6.67x10 x6/:x10
2.35x10

=-1.8(2) x 108 J kg-'[1]

AV=-182+454=272M[Jkg'][1]

Energy available per kg of fuel = 0.6 x 4.4 = 2.64 M[J kg""] [1]

Scientists should not attempt manoeuvre [1] [ecf based on calculations]

(iir) One of:

+ g is not constant [over the distance between orbits]
» g decreases as height increases 1 |
» work done per metre decreases as height increases.

= field is not uniform

Question total 4 7 4 15 10 0
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H2

Cuestion

Marking details

Marks available

AO1

AD2

AO3

Total

Maths

Prac

{a)

k]
=

Substitution:
T R
| (5.2x10°)
T=Imj——————
V667107 x6.2x10°
[or mass on bottom line = (6.0« 1028 + 2.0 = 1077]] [1]

T=1.16 = 10°[] [1]
If mass of planet ignored — T=1.18 » 10F [s] award 1 mark

Substitution:
X107 5526107
T B2x107

r=1.68 x 108 [m] accept 1.7 x 10° [m] [1]

()

Use of (a)(i) and (i) ecf -

nx1.68=10°
p =—————— 1
R T
Vour = 910 [ms™] [1]
Use of Doppler shift:
Either:

=
_=Q1Dx556.?;x10 [mi or i\/’.=910x656'3 nfm] [1]
3=10

3100
A =199 p[m] seen . consistent [1]
Or:

_ 2x10 x3x=10°
V=]
“ 656.3= 107
Vimr = 914 [ms7] .. consistent [1]

(9

Planet moves in front of star

Question T total



https://stemup.co.uk

#3

H4

Question

Marking details

Marks available

AO1

AQ2

AO3

Total

Maths

Prac

(a)

Line drawn from Sun to planet..... (1)
...... will sweep out equal areas reference to 4y = 4> = A4z (1)
...... In equal time intervals / 6 months (1)

(b)

P GM
= )

r ¥

2rr
v="2 1)
T
Substitution and clear algebra step shown (1)
Or:

,  GMm
mro = =

(n

Substitution and clear algebra step shown (1)

e | M

1.45 years = 4.573 « 107 [s](1)
Substitution into '\—_A=I ie 0.052 _ ;a

] 486.14 3.0x10
v=3200 % 10° [ms"] (1)

T 3.209x10'x4.573 10’

(1)

F= =
2T 27

=234 10" [m] (1)

Alternative for 4 573 < 10’ see 1.45 = 86400 = 365

(i)

Assumption CoM at/near centre of neutron star or M; much
areater than M (1)

Either:
‘l-‘zl"
— (N

G
(3.209x10 k2.34x10 "

M=

M= (substitution) (1) ecf on v

6.67 x10™
M=36x10% [kg] and valid conclusion (1)

(i)

Alternative:
1.3
4x r: )
GT~
_ 4r'x(2.34x10 ) °
T 6.67x10""x(4.573x10 ¥ 2
M= 3.6 10% [kg] and valid conclusion (1)

M=

(substitution) (1) ecfon T

Question total

14

1
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Question

Marking details

Marks available

AO1

AD2

AO3 Total

Maths

Prac

(a)

Essentially F = ma (1)
u%"is rate of change of momentum for gases (1)
Hence it is (equal & opposite to force on rocket (of mass m) (1)

(b)

Mass will be (approximately) constant (1)
uand % constant from paragraph 3 (1)
Mass m is large and %" is small (1)

(€ |®

Unit is s not s OR accept wrong unit for 7

(i)

Subtracting 0.02 s (1)
Due to electromagnet delay OR systematic error in 7 (1)

(d)

x=ut +0.5ar" quoted or its use implied (1)

Leading to 1* = Zn
F

OR equivalent (1)

3
But 1= gradient and x = 1.4 so gradient = 2 x; A )
m

(e)

Multiplication implied and reference to equation or reference to
rate of change of momentum

Gradient equated to ? (1)

Gives 4.41 [N] or 4.409 [N] and so correct (1)
Alternative:

or Gradient = 28 (1
44
=10.64 or 0.636 so consistent (1)

(@ | ®

Change in wavelengthffrequency (1)
Due to motion (of source relative to observer) (1)

(i)

Point telescope/device at [Accept: observe] exhaust/gases (1)
Spectral analysis/prism/diffraction grating [Accept: pick out one
wavelength or equivalent] (1)

) AL v
Use Doppler equation or ba ==(1)
(4

Question total

15
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#5

Question

Marking details

Marks available

AO1

AOD2

AD3

Total

Maths

Prac

(a)

Substitution i.e.
_3(220x107°)

 8r(6.67x10™) (1]

p =866 x 107 kg m® (unit mark) [1]

(b)

Increase in distance = (2 x 10° x 365 x 24 x 3600 x 2.2 « 107'8)R
(=0.14R) [1]

Rincreased by 14 % [ 1]

Nearly 15 %, justified [1]

Alternative:

1 k
Da— or D=—11]
H, H,
Appropriate algebra e L [years] and
pprop gel '9'4-1_»14}(101” i
., k nd/or k-ﬂ—@

22 x10°x1 44 x10° D144
Hence & approx. = 14 % shown (approx. 15 %) [1]

[=1.14][1]

(c)

:;;'calculated or shown: i.e. %or 0.16 seen [1]

v calculated = 0.16 x 3 x 108 =4.8 » 107 [m 5] [1]

(ii)

Substitution and re-arrangement:

. _ 48x107
Distance = g (ecfonv) [1]

Distance = 2.18 x 10% [m] [1]

(iii)

Use of E, =2kT

Ex =147 x 100° [J] [1]
=0.9[2eV][1]

Question total

11
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H6

Question

Marking details

Marks available

AO1

AD2

AO3

Total

Maths

Prac

(a

U]

Some context e.g. Consider matter within [shell of] radius &
(assuming homogenous universe) [credit from diagram]
Mass within shell = £zR% « p (1)

. GAD
Yo mn/ — R—’” = 0 (or equivalent) (1)
Substitution of v = H,R (or equivalent, e.g. H;D) (1)
Convincing algebra (1)

(i)

Correct substitution of H; and G leading to

po=87 =107 kgm?® (1)

8.7 x10%
1.66x10%
(1
Alternative for 2nd mark
Calculation of mass of 5H m™ using 5<molar mass / N — 5.3
<107 kgm™ (1)

= 5.2 (m®) (approx. 5 atoms of hydrogen m™)

Alternative
Density of 5 H atoms m™ =5 1.66 x 1077
=83 =107 kgm™ (1)
Correct substitution of 4; and G leading to
pe=87 =107 kgm™ + comment [e g. similar] (1)

(b)

m

Due fo expansion of universe [or space-time] / cosmological
red shift or galaxy is moving away from earth or Doppler
shifted (1)

'Red shift' only is not enough

(i)

Use of 22 Y where
A c A

0.16 % 3.00 » 108=4.8 = 10" ms™ (1)
4.8x10

T220x10™"

=0.16 (1)

=218« 10%m (1)

(c)

Assuming constant recession speeds / universe expands at a
censtant rate / Hy constant (since Big Bang) (1)

=4 5[6] =107 s (1)

Age of Universe =
a
= 1.4[4] = 10" [years] (1)

Question 4 total

13
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H#7

Question

Marking details

Marks available

AD1

AOD2 AO3

Total

Maths

Prac

Indicative content:

2
ta jlb- . [
1. Referenceto 2= G {m or equivalente.g. v=, — |
R R . R

2. For small R theory agrees with observation

3. v x observed M

4. Observations of [baryonic /ordinary matter show a
concentration of mass at the centre leading to ...

5. ... Forlarge R theory predicts: v = R~? [shown by dotted
line] [based on observed baryonic matter]

6. Observed line shows v constant or greater than expected.

7. Indicates M = R or M greater than expected [or accept even
distribution of matter]

8. Mis not observed however, indicating missing mass/ dark
matter. [possible link to Higgs boson]

9. All stars [matter] orbit centre of galaxy

10. Curves extend beyond visible disc

11. Orbital speeds [of stars and gas clouds] measured using
Doppler effect.

6

5-6 marks

At least 5/6 clear points made

There Is a sustained line of reasoning which is coherent,
refevant, substantiated and logically structured.

3-4 marks

At least 3/4 clear points made.

There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.

1-2 marks

At least 2 clear points made.

There is a basic line of reasoning which is not coherent, largely
irrelevant, supported by limited evidence and with very little
structure.

0 marks
No attempt made or no respense worthy of credit.

Question 5 total
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