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Section A
1 (@ F«x Mm/IR*> ... (words or explained SymbolS) ..........ccccoeeiiiiiiiiiiiiieeeee M1
either M and m are point masses
or R >> diameter of masses ...(do not allow ‘Size’) ........cccccoceiiiiiiiiiiiiinnnnn. A1l [2]
(b) (i) equatorial Orbit .........eeeiiieeee e B1
period 24 hours / same angular speed .........ccoooiiiiiiiiiiiiiies B1
from west to east / same direction of rotation ...........cccceeviiiiiiiiiiiii B1 [3]
(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 X% = X" oot 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} = 7.6x10%
X S 4.2 X 07T M oo, A1 [3]
(use of g = 10 m s, loses 1 mark but once only in the Paper)
[Total: 11]
2 (a) either pV=NKT or pV=nRT and N =N/Np i C1
clear correct substitution e.g.
25x10°x45%x10°x 10° = Nx1.38 x 102 x 290  ...oovovivieieeeeeeeeeeeeeeeeeeens 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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GCE A/AS LEVEL - October/November 2009 9702 41
3 (a) e.g.two objects of different masses at same temperature (M1)
same material would have different amount of heat (A1)
e.g. temperature shows direction of heat transfer (M1)
from high to low regardless of objects (A1)
e.g. when substance melts/boils (M1)
heat input but no temperature change (A1)
any two, M1 + AT each, max 4 ..o e [4]
(b) (i) energy losses (to the surroundings) ......ccceveiiiiiiiiiiii e M1
either increase as the temperature rises
or rise is zero when heat loss = heatinput ...l A1 [2]
(ii) idea of input power = maximum rate of heatloss ...l C1
power = mx cx A@/ At
54 = 0.96 x € X 3.7 /B0 oerieeeiiieieie e C1
C = 910 J KRG K e, A1 [3]

4 (@) (i) amplitude = 0.2 MM i e e e eee e s A1 [1]
(i) Period = 1.2 MS i C1

frequency = 830 HzZ .o A1 [2]

(b) (i) anytwo of zero, 0.6 MS ANA 1.2 MS  ....oiiiiiiiiiiiiiiieeeieeeeeeeeee e A1 [1]

(i) anytwo of 0.3 ms, 0.9 MS, 1.5 MS o A1 [1]

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

or slope of graph =1.0ms™ ...... (@llow £0.1ms™) o C1
EK = 1/sz2
= Yax 2.5 x 107 % 11057 oot C1
= A X 0 e, A1 [3]
(d) (i) large / maximum amplitude of vibration ............ccccovvimiiiiiiiiiie, B1
when impressed frequency equals natural frequency of vibration ...................... B1 [2]
(ii) e.g. metal panels on machinery vibrate / oscillate ............cccccoiiiiiiiiiiiiiiiiinn, (M1)
motor in machine impresses frequency on panel ...........ccccociiiiiiniinee. (A1)
e.g. car suspension system vibrates / oscillates............cccoooiiiiii (M1)
going over bumps would give large amplitude vibrations.............................. (A1)
any feasible example, M1 + AT e aanrnnnnne [2]

[Total: 12]
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5 (a) work done per/on unit positive Charge .........ccccveeeiiiiiiiiiie e M1
moving charge from infinity to the point ... A1 [2]
(b) (i) oa-particle and gold nucleus repel each other .........cccovvviviiiiiiiiiiiieeeeee B1
all kinetic energy of a-particle converted into electric potential energy .............. B1 [2]
(ii) 1 potential energy = (79 x 2 x {1.6 x 10"°}?) / (4n x 8.85 x 10 x d) .............. C1
kinetic energy = 4.8 x1.6x10™ = 7.68 x 10™J ..o C1
equatingtogive d = 4.7 x 10 M oo A1 [3]
(i) 2 F = Qq/4nad x1/d = 7.68x 10" x1/(4.7x10™) v, C1
St T USRI A1 [2]
[Total: 9]
6 (a) concentric circles ...(at leaSt three liNES) ..........cooocccoieiiiiiiiiiiiiieee e M1
With INCreasing SeParation  ..........ooiiiiiiiiiii e A1
CorreCt direCltion CIEAr  ......ovee e B1 [3]
(b) (i) correct position to left Of Wire ........oooiiiiiiii e B1 [1]
(i) B = (4nx 107 x1.7)/ (2 X 1.9 X 102) oo C1
S 18 X 107 T oo Al [2]
(€) distanCe ot CUITENT ..o e e e e e e e e eeaeas C1
current = (2.8/1.9)x1.7
T2 D A e an A1 [2]
[Total: 8]
7 (a) e.g. more (output) power available

e.g. less ripple for same smoothing capacitor
any sensible SUGGESHION  .............uueiiiiiiiie e
(b) (i) curve showing half-wave rectification ............ccccociiiiii,

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

(c) (i) correct symbol, connected in parallel with R ...,

(ii) 1 larger capacitor / second capacitor in parallel with R .......................
(not increase R)
2 SamMeE PEAK VAIUES  ......ueiiiiiiiiicccc e
correct shape giving [€SS ripple  ....eeeeiii i
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8 (a) neutronis a single Nucleon / partiCle .........ccoeeeiiiiee i B1 [1]
(b) binding energy = 4 x7.07 x 1.6 x 1072 ..o C1
=4.52x 10"
BINAING ENEIGY = €2 AM oo enan e C1
452 x 10" = (3.0 x 108 x Am
AM = 5.03 X 1022 KG oot et e, A1 [3]
(c) (i) fusion ...... (do not allow fUSSION)  .....oooiiiieeece e B1 [1]
(i) (2 X 1.12) 4 3X = 28.28 oo C1
...... LI SRR SUSEPSTRRRORII 0%
X = 2.78 MEV PEIr NUCIEON  ..ooiiiiiiiiiiiiiieeeeeeeeeeeeeeeee ettt A1 [3]

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

GCE A/AS LEVEL — October/November 2009 9702 41
Section B
9 (A) resisStance Of WIr€ = L /A e B1
as Crack WIdENS, L INCIEASES  ......coeeieeiieeieee ettt et e e e e e e e e e e aaaa s M1
= Lo I W0 [= o Y= 1 PP M1
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 A0 [3]
(D) ALTL = AR TR oottt e e e e e e e s e e e e e e e e e nrneeeaaens B1
= (146.2 —143.0) / 143.0 X 100 .oiriiiiieeee e C1
AL T L = 2.28% oot a e aa e s 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)
[Total: 4]
11 large / 1T magnetic field applied along body (allow ‘across’) (1)

[6]

[Total: 6]
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12 (a) e.g. signal can be regenerated ..........cccociiiiiiiiiiiii e M1
so that there is miNIMal NOISE ... A1
e.g. extradatacan be added ... M1
so that signal can be checked for errors ..o A1 [4]
(any two, sensible suggestions, M1 + A1, max 4)
o) T ) I 1 PP B1 [1]
L) T T PRSPPI B1 [1]
(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’)
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(ii) these three marks were removed, as insufficient data was given in the question.

GCE A/AS LEVEL — October/November 2009 9702 42
Section A
1 (a) (i) force per (unit) mass ...... (ratio idea essential) ..........cccccoeiiiiiiiiiiiii B1 [1]
() G = GM I R? e e C1
9.81 = (6.67 x 10" x M) /(6.38 x 10°%) ...... /IR ) N M1
M = 5.99 X 102 KG oot A0 [2]
(b) (i) either GM = P O GRZ= @'F oo, C1
either 6.67 x 107" x 5.99 x 10** = &* x (2.86 x 107)°
or 9.81 x (6.38 x 10%)2 = @ x (2.86 x 107)> oo, C1
@ = 1.3 x 107180 S e A1 [3]
(use of r = 2.22 x 10’'m scores max 2 marks)
(if) period of Orbit = 270/ @  cooooeeeee e C1
= 4.8%x10%S (T 13.4 h0UIS) .oovveieieeeeeeeeeeeeeeeeee e A1
period for geostationary satellite is 24 hours (= 8.6 x 10°S)  ...cocooivivviicveee. A1
LT 0 I o o TSP P TP A0 [3]
(c) satellite can then provide cover at Poles ..........ccooeiiiiiiiiiie e B1 [1]
[Total: 10]
2 (a) sum of kinetic and potential energies of molecules / particles / atoms ...................... M1
random (diStriDULION) ..o A1 [2]
(b) +AU: increase in internal ENErgy .........ooviiiii i B1
+q: heating of / heat supplied to system ... B1
W WOrK done ON SYSEM ... B1 [3]
(€) (i) WOrKdone = DAV oot C1
= 1.0x10°x (2.1-1.8) x 10°
T B0 U e e M1
W=30J,=0S0OAU T30 J oo A1 [3]

[Total: 8]
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3 (a) straightline through origin ........c.oeeiiiiii e B1
Negative gradiEnt ... B1 [2]
(D) @ = =X ANA @ = 27F oo C1
750 = (2102 X 0.3 X 10 oo, C1
1O I SO ORPPRR A1 [3]
(c) straight line between(-0.3,#190) and (+0.3,-190)  ........euuuiimiimiiiiiiiiiiieieeeeeeeeeeeeee e A2 [2]
(allow 1 mark for end of line incorrect by one grid square or line does not extend to
+/- 0.3 mm)
[Total: 7]
4 (a) charge/potential ......... (ratio must be clear) ..........ccccoeeeeeeeeieee e B1 [1]
(b) potential (at surface of sphere) = Q/4TEHR  .ooooeeiiiiie e M1
C = Q/V = ARGR e A0 [1]
(€) (i) C = 4mx8.85x 107X 0.83 ooooiiieeeieeeeeeeeee e C1
= 7.0 x 10T s A1
1= = To IR RO SORREPR B1 [3]
(1)) NErgy = YaCVZ oot C1
0.25 x 5C x (1.2 x 10%)2 = VaCVZ oo C1
V = 8.0 X 10%V oo, A1 [3]
(use of 0.75 rather than 0.25, allow max 2 marks)
[Total: 8]
5 (a) (i) concentric circles, anticlockwise ...... (minimum 3 circles) ... M1
separation of lines increases with distance from wire ...........cccccc A1 [2]
(i) direction from Y towards X ... A1 [1]
(b) (i) flux density atwireY = (41 x 107 x5.0)/ (2t x 2.5 x 10?)  coovoveeeieeieeeeeen C1
= 4.0 X 10°T oo C1
force per unitlength = BI
= 40X 10°X 7.0 oo C1
= 2.8 X 10PN e Al [4]
(ii) either force depends on product of the currents in the two wires  ..................... M1
SO €QUAL oo A1
or (isolated system so) Newton’s 3 law applies ......cocccoveeveeeeeeeveenennn. (M1)
SO EQUAI e a e e A1) [2]

[Total: 9]
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6 (a) (i) e.m.f.induced proportional / equal t0 ......cccceeiiiiiiiiiiiie e M1
rate of change of (magnetic) flux (linkage) ..........ccccc A1 [2]
(ii) e.m.f. (induced) only when flux is changing / cut .........ccccciiii, B1
direct current gives constant fluX ... B1 [2]
(b) (i) (induced) e.m.f./ current acts in such a direction to produce effects ................. B1
to oppose the change causing it .......ooeiiiiiiiie e B1 [2]
(ii) (induced) current in secondary produces magnetic field .................................. M1
opposes (changing) field produced in Primary .........cccooociiiiiiieiiiieeeee e M1
SO NOLIN PhasSe oo A0 [2]
(c) (i) alternating means that voltage / current is easy to change ...........ccccccevvvvnnninnn, B1 [1]
(ii) high voltage means less power / energy loss (during transmission) .................. B1 [1]
[Total: 10]
7 (a) each line corresponds to a (specific) photon energy .......ccccceeeiiiiiiiiie e B1
photon emitted when electron changes its energy level ... B1
discrete energy changes so discrete levels ..., B1 [3]
(b) (i) E = hc/ A ...(allow ratio ideas) ..........ccccueeeieiiiiiiiiiiieee e C1
= (6.63 x 10™* x 3.0 x 10°%) / (486 x 107)
= 4.09 X 1070 J e Al [2]
(i) four transitions to/from —5.45 x 1072 J1@Vel ...c.oovivieieeeeeeeeeeeeeeeeeeeeee e B1
all transitions shown from higher to lower energy (level) .......cccccoeiiiiiiiiiieinnee.n. B1 [2]
[Total: 7]
8 (a) (constant) probability Of dECAY  .......ccooiiiiiiiii M1
[ T=T U a1 0 {1 = YR A1 [2]
(reference to decay of isotope / mass / sample / nuclide, allow max 1 mark)
(b) either whentime = t,, N = 72Ny
or ValNg = N @XP(=At1) Ty e M1
either 2 = exp(At,)
or V2 T BXP(-AT1) s M1
(taking l0gs), IN2 = 0.693 = Afy,  cccoeiiiiiiiee e A1 [3]
(c) A=IN
1.8x10° = N x (0.693/{1.66 x 10%)) ...iviiirieiiieeieeeceee s C1
N =43x10"
mass = 60 x (N/Np) 0r 60 X N X U ..ccciiiiiuiiiiiiiiiiiiiiiiriirrerresrrerreerrreree—————————— C1
= (60 x 4.3 x 10"") / (6.02 x 10%)
S 4.3 X 1070 G et Al [3]
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Section B

9 (a) e.g.reduces gain
increases bandwidth
less distortion
greater stability — ......... (T each, Max 2) ... B2 [2]

(b) gain = —-R: /R

= 8.0/ 4.0 o ——————— M1
NUMENCAl VAIUB IS 2 ... e e e e e e e e e e e r e e e e e e A0 [1]
(o I 0 S 1= [ I A A1 [1]

(ii) e.g. digital-to-analogue converter (allow DAC)
adding / mixing signals with ‘weighting’ ........cccoo B1 [1]

10 (a) (i) e.m.radiation / photons is produced whenever a charged particle

IS AaCCelErated ... M1
wavelength depens on magnitude of acceleration ............cccccceiviiiiiiiiiiiiiinininn, A1
electrons have a distribution of accelerations .............cc.cccoc A1
SO CONtiNUOUS SPECITUM oo A0 [3]

(ii) either when electron loses all its energy in one collision

or when energy of electron produces a single photon  ...........ccccccciininnnens B1 [1]
(b) (i) parallel beam (in Matter) ... B1

F I L =Y {1 7 IR PORERRR M1

I Ip, (1) and X eXplain€d ......oooiiiiiiiiieeieceeeeeeeeeeeee e A1 [3]

(ii) either low-energy photons absorbed (much) more readily

or low-energy photons (far) less penetrating ............cccc B1

low-energy photons do not contribute to X-ray image ......ccccccoevviviiiiiiiiiciien e, B1

low energy photons could cause tissue damage ........ccccccceeeiiiieeiieeeiicee e B1 [3]

[Total: 10]
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11 (a) amplitude modulation ...... (@HOW AM) e B1 [1]
(b) (i) frequency = 1/ PEriOd ..o C1

= 100 KHZ e Al [2]

(if) frequency = 10 KHZ e eenees A1 [1]
(c) (i) verticalline at T00 KHZ ..o B1
vertical lines at 90 kHz and 110 kHz ... B1

lines at 90 kHz and 110 kHz same length and shorter than at 100 kHz ............. B1 [3]

(1) 20 KHZ oot e e et e e e e e e e e e e e eaaan B1 [1]

[Total: 8]

12 (@) (i) DasSe StatiONS ..o B1 [1]

(if) cellular eXChaNQE ...........ouuiiiiiiiiiiiii e ee e e e e e aeeeeaeareeaaee e B1 [1]

(b) base station / X sends / receives signal to / from handset
call relayed to cellular exchange / Y (and on to PSTN)
computer at cellular exchange monitors signal from base stations
selects base station with strongest signal
allocates a (carrier) frequency / time slot for the call
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