Q1.

Stars go through a life cycle. About 90 % of all stars are in the ‘main sequence’ period of

the life cycle.
(a) Stars are stable during the ‘main sequence’ period of the life cycle.
Why?

(b) The table gives an estimated time for the number of years that three stars, X, Y

and Z, will be in the ‘main sequence’ period of their life cycle.

. Estimated ‘main
Relative mass of the star , Lo
Star sequence’ period in
compared to the Sun -~
millions of years
X 0.1 4 000 000
Y 1.0 9 000
V4 40.0 200
(i) This data suggests that there is a pattern linking the mass of a star and the

number of years the star is in the ‘main sequence’ period of its life cycle.

What is the pattern suggested by the data?

(1)

(i) Scientists cannot give the exact number of years a star will be in the ‘main
sequence’ period.

Suggest why.

(1)
(iii) Nuclear fusion is the process by which energy is released in stars.
Which one of the following can be concluded from the data in the table?

Draw a ring around the correct answer in the box to complete the sentence.

faster than
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(c)

Q2.

(a)

The rate of nuclear fusion in a large star is | the same as in a small star.

slower than

Explain the reason for your answer.

()

In this question you will be assessed on using good English, organising
information clearly and using specialist terms where appropriate.

Describe what happens to a star much bigger than the Sun, once the star reaches
the end of the ‘main sequence’ period of its life cycle.

Your answer should include the names of the stages the star passes through.

(6)
(Total 12 marks)

Complete the sentences.
The Sun is a stable star. This is because the forces pulling inwards caused

by are in equilibrium with the forces pushing outwards caused by

the energy released by nuclear

(2)

Write down the equation that links distance travelled (s), speed (v) and time (t).

(1)
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(c) The mean distance between the Sun and the Earth is 1.5 x 10" m.
Light travels at a speed of 3.0 x 108 m/s.

Calculate the time taken for light from the Sun to reach the Earth.

Time = S

(3)
(d) Some stars are much more massive than the Sun.

Describe the life cycle of stars much more massive than the Sun, including the
formation of new elements.

(6)
(e) Stars emit radiation with a range of wavelengths.

Which property of a star does the range of wavelengths depend on?

Tick (v') one box.

Density

Page 3 of 8



Mass

Temperature

Volume

(1)
(Total 13 marks)
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Mark schemes

Q1.
(@)  forces (within the star) are balanced
if specific forces are mentioned they must be appropriate

(b) (i) bigger the mass (of the star) the shorter the ‘main sequence’ period
accept bigger the star the shorter the time

(i) any one from:
. insufficient evidence
. do not know (exact) amount of hydrogen in star

accept do not know (exact) mass of star
. time too long (to measure directly)

. may be other factors (not yet known) that determine length of
‘main sequence’ period

. values are based on theory / calculation

(iii) faster than

larger stars have a shorter ‘main sequence’ period so they must have
the faster (rate of) nuclear fusion

there must be a link between shorter ‘main sequence’ and
nuclear fusion, this may be implied from the first marking
point

the end of ‘main sequence’ happens as the hydrogen in (the core of) a
star is used up

or

(since) they use up hydrogen at a faster (rate)

accept more massive stars (are brighter so) release energy
faster

(c) Marks awarded for this answer will be determined by the Quality of
Written Communication (QWC) as well as the standard of the scientific
response. Examiners should also refer to the information in the Marking
gquidance, and apply a ‘best-fit’ approach to the marking.

0 marks
No relevant content.

Level 1 (1-2 marks)
There is a basic description of what happens to a star much larger than the
Sun after the ‘main sequence’ period.
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Q2.

OR
Two stages are correctly named and are in the correct sequence.

Level 2 (3-4 marks)

There is a clear description of what happens to a star much larger than the
Sun after the ‘main sequence’ period.

AND

At least two stages are correctly named and are in the correct sequence.

Level 3 (5-6 marks)

There is a detailed description of what happens to a star much larger than the
Sun after the ‘main sequence’ period.

AND

At least three stages are named, in the correct sequence. There are no
additional incorrect stages given.

Examples of the points made in the response:
extra information

* (the core of the) star runs out of hydrogen
* (the star) expands (to form)

* (the star) cools (to form)
e the core shrinks
* helium starts to fuse to form other elements

* ared supergiant

accept super red giant
do not accept red giant

* (outer layers) explode

» fusion of lighter elements to form heavier elements (up to
iron)

* as a supernova

» elements heavier than iron are formed
accept heaviest elements are formed

» core shrinks
* becoming a neutron star
» if mass large enough (core collapses)

* (to form) a black hole

if a correct description and sequence for a star the same size
as the Sun and much bigger than the Sun given without
clearly indicating which is which is limited to Level 2

2]

(force of) gravity
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do not allow weight

fusion

distance = speed x time

allow a correct re-arrangement
or
s=wt

do not allow d = st

1.5x%x 10" =3.0x 108 x t

15 = 10"
t= 30x10°
t =500 (s)

Level 3: Scientifically relevant facts, events or processes are identified and
given in detail to form an accurate account.

Level 2: Scientifically relevant facts, events or processes are identified and
their relevance is clear. The account is not fully accurate.

Level 1: Facts, events or processes are identified and simply stated but their
relevance is not clear.

No relevant content

Indicative content:

. fusion (processes in stars) produce new elements
. cloud of gas / hydrogen and dust OR nebula
. pulled together by gravity

. causing increasing temperature (to start the fusion process)
. (to become a) protostar

. hydrogen nuclei fuse to form helium nuclei

. and the star becomes main sequence

. hydrogen begins to run out

. helium nuclei fuse to make heavier elements
. up to iron

. the star expands (to become a)

. red super giant

. (the star collapses rapidly) and explodes

. called a supernova

. creating elements heavier than iron

. and distributing them throughout the universe
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. leaving behind a neutron star
. or a black hole.

(e) Temperature

[13]
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