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Instructions to Examiners
1 Give due credit to alternative treatments which are correct. Give marks for what is correct; do
not deduct marks because the attempt falls short of some ideal answer. Where marks are to be
deducted for particular errors specific instructions are given in the marking scheme.
2 Do not deduct marks for poor written communication. Refer the script to the Awardsmeeting if
poor presentation forbids a proper assessment. In each paper candidates may be awarded up to
two marks for the Quality of Written Communication in cases of required explanation or
description. However, no candidate may be awarded more than the total mark for the paper.
Use the following criteria to award marks:
2 marks: Candidates write with almost faultless accuracy (including grammar, spelling and
appropriate punctuation); specialist terms are used confidently, accurately and with
precision.
1 mark: Candidates write with reasonable and generally accurate expression (including
grammar, spelling and appropriate punctuation); specialist terms are used with
reasonable accuracy.
0 marks: Candidates fail to reach the threshold for the award of one mark.
3 An arithmetical error in an answer should be marked ‘AE’ thus causing the candidate to lose one
mark. The candidate’s incorrect value should be carried through all subsequent calculations for
the question and, if there are no subsequent errors, the candidate can score all remaining marks
(indicated by ticks). These subsequent ticks should be marked ‘CE’ (consequential error).
4 With regard to incorrect use of significant figures, normally a penalty is imposed if the number
of significant figures used by the candidate is one less, or two more, than the number of
significant figures used in the data given in the question. The maximum penalty for an error in
significant figures is one mark per paper. When the penalty is imposed, indicate the error in
the script by ‘SF’ and, in addition, write ‘SF’ opposite the mark for that question on the front
cover of the paper to obviate imposing the penalty more than once per paper.
5 No penalties should be imposed for incorrect or omitted units at intermediate stages in a
calculation or which are contained in brackets in the marking scheme. Penalties for unit errors
(incorrect or omitted units) are imposed only at the stage when the final answer to a calculation
is considered. The maximum penalty is one mark per question.
6 All other procedures, including the entering of marks, transferring marks to the front cover and
referrals of scripts (other than those mentioned above) will be clarified at the standardising
meeting of examiners.
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Section A: Nuclear Instability
1(a)(i) (inner) orbiting electron [or electron surrounding the nucleus] ü
captured by a proton (in the nucleus) ü
converted into a neutron ü
(ii) daughter nuclide/nucleus/atom might be excited and
energy given up as electromagnetic radiation
[or orbiting electrons drop down to fill space (left by captured electron)] ü
(iii)

203
83

+
Bi→ 203
82 Pb+ 1 β ü + ν(e) ü (+Q)

[allow 01 e + for 1 β+]

max (5)

(b)(i) (use of N = Noe−λt and N ∝ activity gives)
290 = 1200 exp(−λ × 24 × 60 × 60) ü
ln(1200 / 290)
λ=
ü
(= 1.64 × 10−5 s−1)
24 × 60 × 60
ln2
ü
1.64 × 10 -5
= 4.2(3) × 104 s ü
(= 11.(7) hr)
−5 −1
4
(use of λ = 1.6 × 10 s gives T½ = 4.3 × 10 s or 12 hr)

(ii) (use of T½ = ln 2/λ gives) T½ =

∆N
= − λN gives) (−)1200 = (−)1.64 × 10−5 N ü
∆t
N = 7.3(2) × 107 (nuclei) ü
(use of λ = 1.6 × 10−5 s−1 gives N = 7.5 × 107 (nuclei))

(iii) (use of

max (5)
(10)
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Section B: Applied Physics
2(a)

∆Q : (heat) energy supplied to the gas ü
∆U : increase in internal energy of the gas ü
∆W : (mechanical) work done by the gas ü

(3)

(b)
∆Q
constant volume
isothermal

+6.0 (kJ) ü

∆U
+10.0 (kJ) ü
0 ü

∆W
0 ü
(4)
(7)

3(a)(i) (use of I = Σmr2 gives) I = 160 × 0.342 = 18.(5) kg m2 ü
44000 × 2π
= 4.6(1) × 10 3 rad s−1 ü
60
(use of Ek = ½Iω2 gives) Ek = 0.5 × 18.5 × (4.61 × 103)2 = 1.9(6) × 108 J ü
(allow C.E. from (a)(i) and (a)(ii))
(3)

(ii) ω =

P
2.0
=
= 4.3(4) × 10 −4 N m ü
ω 4.61 × 10 3
(allow C.E. from (a)(ii))

(b)(i) (use of P = Tω gives) T =

(ii)

(c)

196
. × 108
= 3.2( 7) × 108 s ü
0.60
(allow C.E. from (a)(ii))

(2)

energy supplied = 2.5 × 103 × 17 × 60 × 60 = 1.5(3) × 108 J ü
½Iω22 − ½Iω12 = 1.5(3) × 108 (J) ü
ω2 = 2.1(7) × 103 rad s−1 (20,700 rev min−1) ü
(allow C.E. from (a)(ii))

(3)

Ek = Pt

t=

(8)
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work done per cycle = area enclosed by indicator loop ü
suitable method to estimate area (e.g. counting squares) ü
correct scaling factor used (e.g. 1 small square ≡ 2 mJ) ü
work output /cycle = (670 ± 40) mJ ü
(indicated power = work per cycle × n cycles per sec gives)
5.0 = 0.67 × n
and n = 7.4(6) cycles per sec (≈ 450 per min) ü

January 2002

(5)

work done
42 × 12
.
=
= 4.2 W ü
time taken
12
output power
4.2
=
= 0.84 ü
ηmech =
indicated power 5.0

(b)(i) output power =

(ii) frictional heat generated ü
in the moving parts of the engine ü

(4)
(9)

5(a)

(b)(i)

I1ω1 = I2ω2 ü
16
. × 5.0
ω2 =
= 4.3(2) rad s−1 ü
185
.

(2)

1

/4 turn = π/2 radians ü
ω22 = ω12 + 2αθ giving 5.02 = 4.322 + 2απ/2 giving α = 2.0(2) rad s−2 ü
(allow C E. from (a))

(ii) torque needed T = Iα = 1.85 × 2.02 = 3.7(3) (N m) ü
(allow C.E. from (b)(i))
3.73
torque = force × radius, giving force =
= 12 N ü
0.31
(allow C.E. from value of torque needed)

(4)
(6)

The Quality of Written Communication Marks are awarded primarily for the quality of answers to
Q1(a)(i)(ii) and Q4(b)(ii).

