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Question | Expected Answers Marks
1 (a)() | number of nucleons = 27
50 mass of nucleus = 27 x 1.67 x 107 = 4.5(1) x 10%°kg 1M
(i) | volume of nucleus V= ¥31° 1
r=27"x140% 10" (= 4.20%10"°m) arith. 1
V= 31420 <107 = 3.1(0)x 10°m® ans. 1.3
alternative answer
V= nARn) = YanAr®
H3mx 27 % (140 107%)° = 3.1(0)x 10 m*
(atleast 2 sf)
density of nucleus = 451-x10% = 145x10"kgm™ 1 M
310%10%
must show substitution and calculated answer (not just 1.5 x 10™)
(b) sither density of gold nucleus = 1.45x107kgm®/1.5x 107
or  density of gold nucleus = density of aluminium nucleus; 1
because spacing of nucleons is same inside both nuclei; ™)
proton and neutron have approx. same mass (so proportions of neutrons.
and protons make no difference); )
the volume of a nucleus is proportional to number of nucleons; )
any (1) |1 [2]
©@) | 197x(167x107) =73
27x(167x107)
19.3x(10%) = 7.1; 1
270x (109
sither have assumed that mass of atom = mass of nucleus
or  have assumed that electrons (in atom) have negligible mass; 1
2
(ii) | (average) space occupied by gold atom =/~ (average) space occupied by | 1
aluminium atom;
allow: volume of gold atom =/~ volume of aluminium atom not
‘size’
do not allow mass of atom(s) proportional to density M1

10
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1(a)(i) Nearly all candidates were able to calculate the mass of an aluminium nucleus by
multiplying the given mass of a nucleon by 27. Very few problems were experienced.

(i) Itwas also pleasing to see that the great majority of candidates were able to use the
given equation to form an expression for the radius of the aluminium nucleus, to substitute into
the correctly recalled formula for the volume of a sphere and to arrive at a correct value.

(i) This part merely required candidates to apply successfully the density formula and nearly
all were able to do this, though some failed to write down the answer to their own calculation,
being content to give the approximate value quoted in the question.

(b) This part was intended to test whether candidates realised that the density of all nuclei is
the same and their understanding that this is true because the nucleons in all nuclei are equally
spaced. Many were able to state that the density of the gold nucleus is the same as that already
calculated for the aluminium nucleus. This could be done by a statement or simply by writing
down the same density as they calculated in (a)(ii). Candidates were less successful in
explaining, in terms of nuclear structure, why this should be so. Many answers were framed in
terms of the mathematics of calculating the density value and as such made no reference to the
Physics of the situation. Credit was however given for the statement that the volume of the
nucleus is proportional to the number of nucleons and so this factor will cancel out. However, no
credit was awarded to those who referred to the fact that most of the atom is empty space. This
was also popular in (c)(ii) to explain what could be deduced from the given relationship. Many
candidates thought that since the gold nucleus contains about 7 times as many nucleons, that it
must be 7 times as dense as the aluminium nucleus.

(c)()  In this part candidates were expected to calculate the ratio of both the atomic masses
and the densities of gold and aluminium metals and thereby show that the values were
approximately equal. It had been anticipated that this would be an easy, low-level mark; the
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responses in many cases proved otherwise. A surprisingly large number of candidates wrote
down the two fractions but failed to evaluate either of them, perhaps expecting that the seeming
similarity of the expressions would be enough to establish their identity. Even fewer were able to
state correctly that it was necessary to assume that the mass of an atom is the same as the
mass of the corresponding nucleus, ie. that the mass of the electrons is negligible. Weaker
candidates either did not know what to do or did not know how to calculate the mass of the gold
nucleus. Some simply stated the obvious, namely that the density of the metal seems to be
proportional to the mass of its atoms.

(i) Candidates were expected to deduce that since the ratio of the densities of gold and
aluminium is equal to the ratio of the masses of gold atoms to aluminium atoms, the two atoms
must occupy the same amount of space as each other. This was a question in which clarity as to
the difference between ‘nucleus’ and ‘atom’ was essential and some candidates failed to display
this. Many candidates failed to score in this part, some simply stating that density is proportional
to mass.




