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Option A
1 (a) allow4 — 15 minutes ... Bl [1]
(b Allow 2 — 8 YEaIS  coeeniiiiiii i e Bl [1]
(© allow 50k —150kyears ..ot e Bl [1]
(If all else fails allow 1 mark for units of minutes, years and k years)
2 (a) relative motion between source and observer .....................o..l Ml
wavelength appears longer OR colour shifts towardsred .......... Al
(due to) receding source ..... et eee e taa e aneenenas Al [3]
(b) all wavelengths are shifted ..., Bl
so UV becomes visible or visible becomes IR ....................... Bl [2]
alternative: line gives a reference (1)
so that shift can be measured (1)
(c) e.g. light pollution .
absorption
irregular refraction etc any three, 1 each ...................... B3 [3]
3 (a) Ho=1/(41x10") =24x10"s1 e Cl
M= {3 x24x 10"8)2}/{8xnx6.67x 10" Cl
= 106 x 102°KEM™ oo Cl
idea of divide den51ty by 1.66 x 107’ (1 /) U Cl
number density = 6.4  .......cciiiiiiiieie e Al [5]
(b) () mentionofdark matter ..........ccociiiiiii . B1
limit of observable Universe ...................cceeee. Bl
(allow alternatives to max 2)
(if) expansion willcome toahalt ........ e Bl
then collapse ...oooinneii e, B1

[4]
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Option F
4 (a) force (on body) acting upwards  ...........cociiiiiiiiiinnnn Bl 1]
(V)] pressure below object is different from pressure above ............ Bl
(F =pAd, so) forceup > forcedown ...........coiviiniiiiiiiinnni Bl [2]
(accept gravitation as origin of pressure for 1 mark
acts through CG of displaced fluid for 1 mark)
(c) upthrust depends on Ap = pgAh _
OR upthrust = weight of fluid displaced  ...............c.oioiie Bl
incompressible fluid OR pconstant  ...........ccooovminiiiiiainnnann B1
rigid object (so volume not change) .................... ereene Bl [3]
(first mark may be awarded for any detail anywhere)
5 (a) (i) pathtaken by (a particle of)the fluid ...l Bl
(ii) tube of fluid bounded by streamlines ...............cocoeeiieniannan. B1
(iii) streamlines would be crossed by the fluid
or streamlines would not be in direction of flow of fluid ............ Bl [3]
(b) (i) sketch: smoothlines .........cocooviiiiiiiiiiiii Ml
approx. symmetry with closer lines at sides ................. Al
(i) sketch: eddies behind the object ...........ccciiiiiiiii B1
(iii) e.g. increased (fluid) speed
OR decreased density
OR increased VISCOSILY .....ceoriiiereiiiiiiinieeneenereneeenenanns Bl [4]
6 (a) (i) friction between fdyers offluid ...oiii Bl
fluid in contact with sides is stationary .............cccecvievinann.n. Bl
(i) rate of change of velocity with distance ...................c.c.ie B1
normal to direction of flow of fluid ..., Bl  [4]
(b) speed = (3 x 107) /(7 x 24 x 3600) = 4.96 x 10° m s™ Cl
: 1.5 = 7x9.0x10*x (4.96 x 10%)/ (2.2 x10%) .................. Cl
7=T4x10°PaS  toiriiiiii e Al [3]
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Option M
7 (@) sharpness: clear distinction between boundaries .................... Bl
e.g. parallel X-ray beam / point source ................ B1
contrast: (large) differences in blackening of different regions ... Bl
(allow changes in colour)
-e.g. differences in attenuation coefficient ............... Bl [4]
(b) (i) max.energy of photonis80keV ...l e Bl
below 80 keV, continuous spectrum with sharp peaks .............. Bl [2]
() I=Le” :
o= e¥ i, e C1
2= 0693mm™ .. e AL 2]
(iii) X-rays are more penetrating .......c..ceeeiiiiiiiiiiiiiiiereieeiaan. B1
so gissmaller ..o Bl [2]
8 (@ ability of eye to form focused images .............ccooiiiiiiiinll. Ml
of objects at different distances fromeye ...............ooeeiiiil Al + [2]
(b) star: power = l/o + 1/L (L explained) ............ e ereeranaeaan Ml
book: power = 1/0.25 + 1/L (0.25 explained) ................... Ml
change in power = 1/0.25 = 40D ..., Al [3]
9 changes in loudness perceived as AI/1 .. ......ccceevinininininnnn. Bl
loudness is log. response to intensity
OR loudness/sensitivity not linearly dependent on intensity ....... Bl
and I.L. measured as 10 1g(//Ip)  ..oenvenenvinniiiiiieiiicieeenen B1
but perceived loudness depends on frequency ........................ Bl

and on the individual ... .. B1 [5]
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Option P
10 (a) ‘cell: conversion (of solar energy) to electrical energy ............ Bl
panel: conversion (of solar energy) to thermal energy ............ Bl [2]
(b) (i) e.g. calculator, remote road Signs ..........cocoiciiiiiiiilonninenn B1
(i) d.c.nota.c. so problems re. distribution .................ol B1
vast area of land would need to be covered OR
any other relevant qualitative statement (e.g. time of day!) ....... Bl
for 1 kW need about 10 m* OR
for 240 V need several hundred cells in series
OR any other appropriate quantitative statement .................... Bl [4]
11 (a) () correct direction round cycle ...(allow 3 arrows) .................. Bl
(ii) correct direction for both energies .............ccceeiiiiiiiiiinin. Bl [2]
(b) input with two output arrows ........ccoceeeiiiiiiiiiiiiiiniienenn., M1
approximately correct width for each arrow at point of division .. Al ,
labels e.g. input, (useful) output, losses and energy valuesor% . Al  [3]
(¢) () efficiency = (useful) output/input .............cccoeiiiiiiininn.... Cl
= 80/210 :
= 380 e Al
() Enax = (1-T0/TH) oot B1
Ty cannotbe O K eennniii e B1
Ty has apractical upper limit — ..........coiiiiiiiiiii e, Bl [5]
12 Electric cars produce less pollution at location ...................... Bl
electrical energy has to be generated .................c.ceiiii..l.. Bl
(resulting in) pollution at power station  ............cccovenvenennn.... Bl
any other suitable comment ¢.g. pollution in cities .................. Bl [4]
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Option T
13 (a) series 0f PUlSES  .oeveiiiuiiiiiiiiii e - Bl
between discrete levels ... Bl [2]
(b) number-of sarnp‘»les persecond = 44100 x2 = 88200 ........... Cl '
number of bits in 1 hour = 88200 x 16 x 3600 = 5.1 x 10° ...... Al 2]
(c) adv: e.g. perfect regeneration possible, - 7
regeneration eliminates NOISE ..........ccevvveniiniiiciiniaiieannnnn. B1
disadv: extra circuitry (ADC,DACetc) ......ceevenvnieinrnennnnnnn. Bl [2]
14 (a) (i) arearepresents ENEIrZY  ....oeceeeiurerieriiieiinieniinerecniveineeonenne Bl
and some loss of light energy in the fibre ...................... ... B1
(i) difference in number of reflections along the fibre ................. B1
mean different path lengths ... Bl [4]
(b) speed = 1400 /(7.0 x10%) ...l e Cl -
=20x10°ms™ Lo Al
7 us because this represents minimum number of reflections ...... Bl
so is nearest to path length of 1400 m  .............ccociiiiiiinn.. Bl [4]
15 (a) (i) allowlOm - 100m .o B1
(@) allow <I0M .o Bl |2]
(b) sky Wé\:/‘e’s'fr‘ely o:r:_luionospheric reflection .....occiviviiiiiiiiiianes B1
ionosphere changes in height, density etc .................c........ Bl
space waves used for satellite communication ........................ B1
not affected by ionosphere ..., Bl [4]

(allow feasible alternatives e.g. effect of hills to max 4)






