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Hertzsprung-Russell (HR) diagram

Adapted from: http://www.atnf.csiro.au/outreach/education/senior/cosmicengine/stars_hrdiagram.html
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QUESTION ONE: VEGA AND RIGEL

Prominent in the winter night sky are the stars Rigel and Vega. Rigel is 20 times the mass of the Sun,
whereas Vega is approximately twice the mass of the Sun.

(a) Using the HR diagram on page 2, complete the table below to list the properties of Vega and Rigel.

Star Luminosity Temperature Colour
Rigel [0} [0,000 K LS M Blue
Vega { Oﬁ /O/ o0o I( L;du’ B(\Jvﬁ

(b) Explain the difference in fuel use of Rigel and Vega, by relating it to luminosity and mass.

In your answer, you should consider the rate at which the fuel is being used.
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(¢) Compare the likely outcome of BOTH stars as they end their life cycle. (Note: you do not need to
explain the various stages of each star’s life cycle.)

In your answer, you should consider:
the mass of the stars
the role of gravity.

An annotated diagram may assist your answer.
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QUESTION TWO: NEPTUNE’S SATELLITES

Neptune is the outermost planet of our solar system. It
is a giant planet with 14 natural satellites.

The largest of the satellites is Triton. Its orbit is
retrograde (rotates in the opposite direction to the
planet), and it contains 99% of the total mass of all the
satellites.

(a) Describe what is meant by the term natural
‘satellite’.
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There are a number of different theories about how satellites are formed.
(b) Scientists think Triton may have been captured.

With reference to the diagram above and the information provided, explain why scientists may think
this.

In your answer, you should consider:

. the capture theory of moon formation

. the mass of Triton

. the position of Triton’s orbit and its motion around Neptune.

An annotated diagram may assist your answer.
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(c) Explain, in detail, ONE theory of satellite formation, other than the capture theory, that may explain
the formation of Neptune’s other satellites.

In your answer, you should consider:
the influence of gravity
the mass of the satellites
the orbits of the satellites.

An annotated diagram may assist your answer.
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QUESTION THREE: NEUTRON STAR OR BLACK HOLE

Astronomers estimate that the Milky Way has anywhere from 10 million to one billion black holes, and
around one billion neutron stars.

(a)

(b)

With reference to the HR diagram on page 2, state where you would expect to find stars in the main

sequence that will become neutron stars or black holes, and explain why they are found there.
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Explain, in detail, the life cycle of stars that lead to the formation of neutron stars from the main
sequence.

In your answer, you should explain:
. energy changes during the different life stages
. fuel use during the different life stages.

An annotated diagram may assist your answer:
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(c) Explain why some dying stars form neutron stars, while others form black holes.

In your answer, you should consider the effects of mass and gravity.
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Extra space if required.
Write the question number(s) if applicable.

QUESTION
NUMBER
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Extra space if required.
Write the question number(s) if applicable.

QUESTION
NUMBER
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Extra space if required.
Write the question number(s) if applicable.

QUESTION
NUMBER
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Annotation

M6

The candidate has explained the rate of fuel use in relation to
the respective star's masses and luminosity values. The
luminosity is linked to the energy being released with star size
and surface area. Star outcomes are explained in terms of
mass, however an important part of the process involving
Vega has not been included.

M5

The candidate has provided an explanation for why Triton is a
captured moon in terms of size (mass) and orbit with
reference to Neptune's inner moons. The role gravity played
in the capture and orbital characteristics is commented on.
The inner moon formation is linked to the accretion of residue
after the planets' formation with a reference to their orbit and
the planets rotation. No comment is made about properties.

A4

Whereas the candidate as adequately explained the how large
stars form, the process during their life span and eventual
demise, no reference has been made to the quantitative
values of star mass and star core mass after the supernova
explosion. Lacking this evidence or linking star mass to
outcome in this was reduces the quality of the explanation.






