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Mark Scheme June 2010

1. Moons orbiting Jupiter 1
2. Craters/mountains on (Earth’s) moon 1

Moon not perfect sphere/imperfections/ mountains observed
(do not award mark for mountains twice) 1

Earth not centre of all orbits/ confirmed heliocentric theory 1
Position/ velocity (of Uranus) not that predicted/ perturbations 1
Another force acting (on Uranus) owtte 1
Existence of another planet/ Neptune predicted 1
10° - 10" 1
10° - 10 1
10°-10 1
Total 10
F = GMm/ r? with labels, or correct statement in words 1
finite universe contracts/ resultant force on stars 1
l'13 / T12 = I'23 / T22 / T2 a r3 1
T12=T22X(|’13/l'23) 1
Size of period increases more in proportion to radius 1
accept calculation for either satellite.
Satellite X satellite Y
r,> = 8430° x 48.1%/ 2.15% r,>=21900° x 48.1% 2.152 1
r, = 66900 km r, = 66900 km
Total: 7
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3. a. uniform intensity detected in all directions/ isotropic/
black body spectrum at 2.7K (3K) 1
b. Hydrogen and helium in early stars and Sun 1
Sun has greater proportion of helium than early stars/
H changed to He by fusion in Sun 1
Virtually no higher elements in first stars ora (accept
specific examples up to iron ) 1
C. Combination of (spectral) lines unique to element 1
Any 3 from:
Dark lines 1
(Crossing) continuous spectrum 1
Absorption occurs in stellar atmosphere 1
Only get information about atmosphere 1
Measurement of wavelength 1
Identification by comparison with known spectra 1
3
Total: 8
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4. a.

Mark Scheme

var/v=Hyxr

Any 4 from

b.i

b.ii

infinite universe

static universe

uniformly populated with stars/ cosmological
principle

all lines of sight end on a star

night sky should be bright / not dark

either

Hubble’s law implies universe is expanding
Wavelength of light stretched by expansion/

red shift

light from distant galaxies red-shifted from visible
to IR

or
Hubble implies universe started at particular time

finite age of universe/ age =1/ Hp
light from distant stars not had time to reach Earth/
finite number of stars

June 2010
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5. a. brightness of object seen from Earth 1
brightness of object seen from 10pc 1
b.i 1%t column correct 3530; 60500 1
2" column correct 1.02; 2.51; 3.55; 4.78 1
b.i  plot points correctly 2
b.ii  best straight line 1
b.iv b =4.8 from intercept on M axis 1
correct calculation of gradient 1
a=-25 1
C. Any 3 from

Sun becomes red giant 1
Surface area increases 1
Temperature decreases 1
Absolute magnitude increases negatively 1

3

Total: 13
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6. a. Any 5 from

very high temperature 1
leptons/quarks/electrons/positrons/neutrinos formed 1
temperature decreases/ inflation 1
strong nuclear force takes effect/ forces freeze out 1
protons/neutrons/pions formed 1
matter and antimatter formed/annihilation/ excess matter
over antimatter 1
synthesis of helium nuclei 1
hydrogen atoms form 1
25% mass is helium 1
gamma radiation/ recombination/ universe becomes
transparent 1
5
b. isotropic: appears the same in every direction 1
homogeneous: (on a large scale) the same number
of galaxies in any given volume 1
ci  volume = mass/ density =2 x 10%° / 3.8 x 10% 1
volume = 5.3 x 10° pc? 1
c.ii  density less than critical density 1
open universe/ universe expands forever
density greater than critical density 1
universe collapses back/ closed universe 1
universe expands to limit/ flat universe if density =
critical density 1
Total: 14
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C.i

c.ii

Mark Scheme

acceleration and gravitational fields
are indistinguishable

Any 5 from

Rocket, light and observer

Rocket accelerates

Time between flashes measured
Frequency decreases for rear lamp
Principle of equivalence

Rate of clocks is less in gravitational fields

orbit rotates
Sun remains at focus

gravitational field from Sun is greatest for Mercury

June 2010

Total: 10
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8
(a) mgAh / gravitational potential energy / of upper carriage decreases /is converted
11 o S S B1
gravitational energy of [oWer Carrfiage..........ooocuviiieiiiiiiie e B1
and E Of CAITIage(S). .. uueeeeieiiiiie ettt e e et e e e e ereeeeeeens B1

allow for the third mark ref. to heat in brakes / work done against friction

(b) T4=mgsinb
T, =10000 x 9.81 x 150 / 260 or 10000 x 9.81 x sin 35

............................................. B1
T1=57x10*N 0r5.66,5.63,5.62 x 10% N ....ooooiiiriiiiniinses e B1
(©)(1) MZF/a, 8.7 X A0% /1.5 oo C1
2 5.8 X 107 KG. e c1
M = 10000 — 5800 = 4200 K ---eeeeiueeeiieeeaieeeaieae e e aeeeesseeeeaseeeeaneeeeseeeeaneeeeaneeeeanes C1
V=m/p
V=4.2X10° /1000 = 4.2 M7 oo A1
(ii) t=(v-u)/a
1O ST 0 A SRR C1
1O 3 OSSPSR A1
(i) s=ut+05xaxt
= 0 F0.5XT1.5XA4% e C1
145 M OF 15 Ml e A1
(d) (i) 3800 x 9.81 X 150 = ChaNGE IN PE...ccerittiiieeiiiiiie ettt e e e e B1
Z 5.6 0r5.59 MU et aeenneeas B1
G T =S 0 T AN ISP SRRT C1
55X 10°= 6 X 25 X 470 X AT oo C1
AT =78 K allow 79 Kif 5.6 MJ USEd ......coiiiiiiiiiiiiiee e A1
(iii) some thermal energy is lost to the surroundings / brakes lose heat.............ccccceevvnnneee. B1
SENSIDIE EXPlANALION, .....ciiii i ———— B1
e.g. mechanism e.g. radiation, by which energy is transferred or
to where the thermal energy might also be transferred e.g. cable or pulley
Total: 20
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