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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

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
approximatelby —4 5 hMJ lkg—1. =21

(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!’.’p = o when determining the
change in the gravitational potential energy of the probe as it mowves between these
orbits 11
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H#2 7. Astar and a planet orbit their mutual centre of mass as shown. The diagram is not to scale.
Centre of mass
Star of mass /
6.0 x 10%kg X . 5"Igr;:alt1 311:'? nl::gss
) 52 10°m -

(a) (i) Calculate the period of orbit. 2]

(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
=1

Kepler's 279 law.

5 months

Use a formula for centripetal acceleration and Newiton's law of gravitation to show that, for

o)
a planet in circular orbit of radius, . around a star of Mass, A
T
where 7 is the period of the planet’s orbit =1
(=) A binarny star system consists of a star of low mass orbiting a far more massive neutron

star in a circular orbit of radius,_,

Low mass Massive
neutron star

orbiting star

Wihen analysing light from the low mass star, a hydrogen line at A = 486 140 nm has
a maximurm 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 > 1017 m_ 1]

(i) 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.
41

[Mass of Sun = 2.0 =< 1030 kg]

Question taken from Edugas examination paper 842102, June 2017
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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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HO
4, (a) (il Use the Principle of Conservation of Energy to show that the critical density, g, of
the universe iz given by [4]
_3m:
Bmir

iy Use the above equation to show that the critical density of the universe corresponds
to approximately 5 atoms of hydrogen per m?. [2]

@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor



theonlinephysicstutor.com

(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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#7 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]
i
Observed

. Rotational velocity

. Distance from centre
Galany e, il
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