UNIVERSITY OF CAMBRIDGE INTERNATIONAL EXAMINATIONS
GCE Advanced Subsidiary Level and GCE Advanced Level

MARK SCHEME for the October/November 2009 question paper

for the guidance of teachers

9702 PHYSICS

9702/41 Paper 41 (A2 Structured Questions),
maximum raw mark 100

This mark scheme is published as an aid to teachers and candidates, to indicate the requirements of
the examination. It shows the basis on which Examiners were instructed to award marks. It does not
indicate the details of the discussions that took place at an Examiners’ meeting before marking began,
which would have considered the acceptability of alternative answers.

Mark schemes must be read in conjunction with the question papers and the report on the
examination.

e CIE will not enter into discussions or correspondence in connection with these mark schemes.

CIE is publishing the mark schemes for the October/November 2009 question papers for most IGCSE,
GCE Advanced Level and Advanced Subsidiary Level syllabuses and some Ordinary Level
syllabuses.
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Section A

1 (@ F«x Mm/IR*> ... (words or explained SymboIS) ..........oooeeveeeiiiiiiieiiiiiiiiiiiiiieeeen,
either M and m are point masses
or R >> diameter of masses ...(do not allow ‘size’)

(b) (i) equatorial Orbit .........eeeiiieeee e
period 24 hours / same angular speed .........ccoooiiiiiiiiiiiiiies
from west to east / same direction of rotation ...........cccoooi i
(allow one of the last two marks for ‘always overhead’ if 2" or 3" marks not scored)

(ii) gravitational force provides centripetal force

/ gives rise to centripetal acceleration ....(in ‘words’) ... B1

GM [ X2 S X' oo M1

G = GM IR e, M1

10 GIVE GRZ = X207 oo A0 [3]
(iii) @ = 2n/(24 x3600) = 7.27 x 10°rad s . oo C1

9.81 x (6.4 x 10%)% = X3 x (7.27 x 10 oo C1

X = 7.6 x10%

X = A2 X A0T M oo A1 [3]

(use of g = 10 m s, loses 1 mark but once only in the Paper)

2 (a) either pV=NKT or pV=nRT and N =N/Np i C1
clear correct substitution e.g.
25x10°x4.5%x10°x10% = Nx1.38x 102 %290 .ooovovovoeieeeeeeeeeeeeeen M1
N = 2.8 X 102 e e A0 [2]

(allow 1 mark for calculation of n = 0.467 mol)

(b) (i) volume =(1.2x10"°)®x 2.8 x10® or % P x28x 102 . C1
= 48x10"m? 253 %107 mM> o Al [2]

(i) either 4.5 x 10° cm® >> 0.48 cm® or ratio of volumes is about 10* ............... B1
justified because volume of molecules is negligible ..................ccce. B1 [2]

[Total: 6]
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3

4

(a) e.g. two objects of different masses at same temperature
same material would have different amount of heat
e.g. temperature shows direction of heat transfer
from high to low regardless of objects
e.g. when substance melts/boils
heat input but no temperature change

any two, M1 + AT each, max 4 ...,
(b) (i) energy losses (to the surroundings) .......ccccceeiiiiiiiiiiiiiieee
either increase as the temperature rises
or rise is zero when heat loss = heat input .................................
(ii) idea of input power = maximum rate of heatloss ................................
power = mx cx A@/ At
54 = 0.96 x € X 3.7 /80 oorieeeeeieeee s
C = 910 J KRG K e,
(@) (i) amplitude = 0.2 MM e
(ii) period = 1.2mMS i,
frequency = 830 HZ ...
(b) (i) anytwo of zero, 0.6 MS and 1.2 MS .......evvvviiiiiiiiiiiiieiieeeeeeeeeeeeee e
(i) anytwo of 0.3 ms, 0.9 mMs, 1.5 MS ..o

(c) either v = wxy = 2ufXg
= 2nx 830x02x10° =1.05ms”

or slope of graph =1.0ms™ ...... (allow £0.1ms™") i
EK = 1/sz2
= Vax 25X 107 % 1.05% oo
= 1A X 102U e
(d) (i) large / maximum amplitude of vibration .............ccccooviiiiiiiiiiiiiiiieee,

when impressed frequency equals natural frequency of vibration

(ii) e.g. metal panels on machinery vibrate / oscillate ............cccccoiiiiiiiiiiiiiiiiinn,
motor in machine impresses frequency on panel ...........ccccociiiiiiniinee.

e.g. car suspension system vibrates / oscillates.............cccccc
going over bumps would give large amplitude vibrations..............................

any feasible example, M1 + AT oo

[2]

[3]

[1]

(2]

[1]
(1]

[3]

[2]

[2]

[Total: 12]
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5

6

(a) work done per / on unit positive charge
moving charge from infinity to the point

(b) (i)

(ii)

(i)

(@) concentric circles ...(at least three liN€S) .........cccccevvvvvvvvnnnnnnns
with increasing separation
correct direction clear

(b) (i)
(ii)

(c) distance o current
current

(a) e.g.
e.g.
any

(b) (i)
(ii)

(c) (i)
(ii)

a-particle and gold nucleus repel each other ...,

all kinetic energy of a-particle converted into electric potential energy

1 potential energy = (79 x 2 x {1.6 x 10"?) / (4n x 8.85 x 10 x d) ..ceevee..... C1

kinetic energy = 4.8 x1.6x10™ = 7.68x10™J ...
equatingtogive d = 4.7 x10™m ...

2 F = Qq/4nsd x1/d = 7.68x 10" x1/(4.7 x 10™)

correct position to left of wire ...l

B

(2.8/1.9)x 1.7

more (output) power available
less ripple for same smoothing capacitor

sensible SUGGESHION  ...........c...eeeiiiiiiiii

curve showing half-wave rectification ..................................

similar to (i) but phase shift of 180° ...l

correct symbol, connected in parallel with R .......................

1 larger capacitor / second capacitor in parallel with R ......

(not increase R)

2 same peak values ..........oooiiiiiiiiii e,
correct shape giving less ripple  .....ccoooovevrieiiiii,

16 N

(An x 107 x 1.7) 1 (2t x 1.9 x 10%) oo,
1.8 X 10 T e

2. A

............................... C1
............................... Al [3]
.............................. C1
............................... Al [2]

............................... M1
............................... A1
............................... B1 [3]
............................... B1 [1]
............................... C1
............................... Al [2]
............................... C1
............................... Al [2]

[Total: 8]

............................... B1 [1]
............................... B1 [1]
............................... B1 [1]
............................... B1 [1]
............................... B1 [1]
............................... B1

............................... B1 [2]

[Total: 7]
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8 (a) neutron is a single nucleon / particle

(b) binding energy = 4 x7.07 x 1.6 x 107
=4.52 x10"%J

BINAING ENEIGY = €2 AM oo enan e

452 x 10" = (3.0 x 108 x Am

Am = 5.03 x 10% kg

(c) (i) fusion ...... (do not allow fUSSION)  .....oooiiiieeece e
(i) (2 x 1.12) 4 3X = 28.28 i C1
...... L I A PP U U PR PUPPPPOPPRPOPPIR O
X = 2.78 MEV PEIr NUCIEON  ..ooiiiiiiiiiiiiiieeeeeeeeeeeeeeeee ettt A1 [3]

(use of +17.7 gives x = 14.6 MeV, allow 1 mark only)

[Total: 8]
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Section B
9 (A) resisStance Of WIr€ = L /A et
as Crack WIdENS, L INCIEASES  ......coeeieeiieeieee ettt et e e e e e e e e e e aaaa s
ANA A DECIEASES  .ovveiiiie ettt
SO rESIStANCE INCIEASES  ..ivviiiii i it e e e et e e e e e e e e e et e e e e e eeeeeanenn
(D) ALTL = AR TR oottt e e e e e e e s e e e e e e e e e nrneeeaaens
= (146.2 —143.0) / 143.0 X 100 .oiriiiiieeee e
ALTL = 2248% oo A1 [3]
[Total: 6]
10 at16°C, V' =1.00VandV =098V 0or V' >V e B1
at 16 °C, OULPUL IS POSITIVE  ....eeiiiiiiiiiiiiiiii e e e ee s s e e e seeeeeeeeeeeeees M1
diode Ris ‘on’ and diode G is ‘Off  .....eeeeii e A1
as temperature rises, diode R goes ‘off and diode G goes ‘0N’  ......ccooiiiiiiiiiiiiiii, B1 [4]

(allow e.c.f. from 2" to 3" marks and also 3" to 4™ marks)

11 large / 1T magnetic field applied along body (allow ‘across’) (1)

FE PUISE @PPIEA e (1)
causes hydrogen NUCIEi / ProtONS  ......cooiiiiiiiiiiciccc e eeaaees (1)
L0 rESONAtE (1)
(nuclei) return to equilibrium state / after relaxation time ... (1)
8 P (o1 1= I =T 0 1 1 (= PP EERRS (1)
pulses detected, processed and displayed  ..............uuuiiiiiiiiiiiiiiiiii e (1)
resonant frequency depends on magnetic field strength ... (1)
calibrated non-uniform field enables nuclei to be located ..., (1)
any six points, 0Ne Mark €aCh ... ... B6 [6]

[Total: 6]
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12 (a) e.g. signal can be regenerated ..........cccccoiiiiiiiiiiiiiiiie e
so that there is minimal NOISE ..o
e.g. extradatacanbe added ..o
so that signal can be checked forerrors ............c.cc .

(any two, sensible suggestions, M1 + A1, max 4)

o) T ) I 1 PP
L) T T PRSPPI
(c) (i) block X: serial-to parallel ............oooiiiiii B1
block Y: DAC / digital-to-analogue (converter) ... B1 [2]
(ii) takes the simultaneous / all bits of a number ..........ccccciiiiiii M1
and transmits them one after another / down a single line .........ccccccoeviiei. A1 [2]
(d) increase number of bits in digital number at each sampling .........cccccooiiiiiiiiiinnee. M1
so that step heightis reduced ... A1
increase sampling frequency / reduce time between samples ...........ccccceeiiiiiiiinnnn. M1
so that depth / width of step is reduced ........coooiiiiiiiii A1 [4]

(do not allow ‘smoother output’)

[Total: 14]
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