The core collapses and, by a means oot well undersiood, the outer layers of the star
are flung ofT in a buge explogsion = a Type 11 sopernova, [4.3]

{h} The neutrinos will inderact with the gas hardly at all, so virtwally all of them
pass through the gas. Therefore the energy they deposit in the gas s negligible. The
electromagrenc radialion carries 100 Gimes less encrgy than the kinctic coergy of the
gjocted shell of gas, and a smaller fraction of il is absorbed. so the radiation can be
ipnored. [5.5.1]

We are thos left with 3 % 107 of the shell Kinelic energy.

We use the given equation

e, = 3LTI2
where ¢, 1% the thermal iranslational kinetic energy of the gas paricies, which we
can take o be hyvdrogen atoms mass of my. IF the increase in wemperature 15 AT, then
the: average mcrense in Kinete energy per hydrogen atom iz given by

Aey, = 3EATI2
The mumber of hydrogen atoms is [0M G ey, 20 the todal increxse in the kinetic
energy of 1the gas w given by

AE = (10M feip W 3RATIZ)

and w0

2 Ry
AT =& X 35 X 100,

Using the values given in the question and elsewhere i the paper,
2 167 x 1077 kg
= oy i ' - il
AT = (33107 x ) e T TR ™ 10 % 1,99 10Mkg
=2x WHF K

[1t is likely that your method would differ in detadl frome ours — full marks sould
be given for any valid approach. |

PART III

Question 4
[Book 2 (zublsectons are piven, ]

(a} Impacizs between planciary embryos {giant impaciz) will have involved
sulflicient kinetic energy For the resulting body W be largely or entirely meelted.
This iz known as acorcfional heating. [3.3.2]

This will have allowed denser, iron-rich material o segregaie inwards, amnd bess
dense silicate matenal 1o rise upwards, probably forming o magms ocean at frst

13.3.2]

Differentatiom will bave been further sccentuated by radopensc beating, 1352 and
3.5.2]

[Me marks would be given for tidal beating, which s nol applicable o Mars, or for
core formation, which is a consequence rother than a cawse of differentiation. |

Material crystallizing ol the wp of the magma ocean alter the final giant impact
would be the primitive croast, though the present crust iz probably mech modified
by volcanism, [3.3.2]

(b)  The innermost layer is the cone. In Mars thes s Likely o be weon-rich, [Mickel
iron, or iron and sulphor, are equally accepdabde. | This 1= overlain by o mantle of
silicate composition, probably perdotite. This in urn is overlain by a crust, also
silicate, but richer in silica (500 ) than the mantle. [3.2.3 and 3.3.0)



