“(Jurestion 3

This question relates 1o Block 2. Chapters [=3. and
carries 8% of the marks aviilable for this asignment.

Before you atternpt this question, yvou need 1o read the
following text, which is extracted (rom an article that
appeared in the popular science magazine New Scientis
in 1992, This extract covers vanous aspects of the
formation of the Solar Systern, with some of which Vi
should already be familiar from vour stedy of Block 2,
Chapters 1-3 (especially Chaprer 2}

*We believe that we understand quite weil how
one particular fragment of gas collapsed to form
our dodar System. The clowd fragment mittally had
a miass of about 2.5 times that of the Sun today,
and it was about 100 nmes the width of the Solar
System. [t gradually shrank 1o the present size of
Meptune's orbil, which bas a radius of aboor 30
asironomical units (one AL is the average
distance between the Earth and the Sun), Then the
cloud became opagqee and the hear generated as it
continued to shrink could ao longer sscape. The
temperatune b is cenire rose abour 2000 °C,
bresking up the molecules of byvdrogen and then
ionising, both the hydrogen and helium atoms,
This “sink™ of energy destroyed the supporming
pressure inside the core of the fragment. =o it
collapsed suddenly. The radius dropped
precipitously from about the orbit of Neptune to
that of Mercury in only a few vears.

Dwring this collapse. o huge amount of potential
energy was released, making the collapsed core
shine brilliantly as a “protostar”. For a few vears
its luminosity Mared up to abour 10000 times the
present-day luminosity of the Sun

The central temperature of the protostar rose
steadily until it was sufficiently high for hyvdrogen
nuclei to imeract and fuse tnlo helivm. This
generndad thermonuclear cnergy wihich balanced
the inward grawvitational force. The protostar
stopped contmacting — it wis now 3 star, the Sun,

The nebula cloud surrounding the protostar had a
mass of between about 3 and 10 per cent of the
Sum. It was homest near the inner edee. and much
cooler further out. As it cooled, nongaseous
material in the nebuls condensed into dusi
particles and snowflakes. These orbiting particles
collided with exch other, and ended up forming a
flat disc of growing “planctesimals™. In the mid-
[980s, astronomers made infrared observations of
just such a disc around the young star Beta
Pictoris,'

(a} (/4 marks)

{1} The second sentence of thes extrct sugzests a total
mass for the cloud fragment that Formed the Sun and the

solar nebula. With reference to Section 2.2 of Book 2,
discuss which varety of the nebula theory 15 being
described in this paragraph, (1 ar 2 senrences)

(i) There has evidently been a considerable loss of
mass from the system 13 a whole between the stage
described in the firsr paragraph and the stage described
in the iasr paragraph. Based on what vou have leamed in
Chapter 2 of Book 2:

* suggest ways in which this mass loss could have
ocrurred between these e stages,

« state the processes of mass loss from the nebula
sovered in Chapter 2 that are inappropriore for the
period berween the two stapes, 2IVING your reasons
for discounting them.

(e more thaw abour 150 words)

(b} (4 marksy The last paragraph of the extract refers
to the condensation of dust pasticles and snowflakes, the
latter presumably mesning water ice. At what distance
ouiwards from the Sun would you expect water ice to
become able o condense, and what evidence is there
that this did in Fact rake place? {2 v 3 sentences)

restion 4

Thiz question relates fo Block 2, Chaprers I-3, and
corries §2% of the marks for this assiyrnment.

Karfa is a recently discovered icy body about 200 km tn
diameter, which orbits the Sun ar 44 AL

(ap (IO marks) Supposing that Karla acereted homao-
genoualy from a mixture of about 805 jce and 20%
rocky material, discuss (non-numencally) the potential
sources of heating, and whether any of these are likely
1o have ever been of sufficient magnimde o allow Karla
to become differentiated,

(Mo move than gbaone 200 vrrds)

(b} {2 marks) If a body of Karla's proposed compo-
silion were differentisred. whar would be the composit-
iong of:

{1} its core, and
{ii} its mantle?

(Ve sreore Hhuen bwg or Hiree wards each)
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