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General Marking Guidance

e Allcandidates mustreceive the same treatment. Examiners must mark the
first candidate in exactly the same way as they mark the last.

e Markschemesshouldbe applied positively. Candidates must be rewarded
forwhat they have shown they can do rather than penalised for omissions.

e Examiners should mark according to the mark scheme not according to their
perception of where the grade boundaries may lie.

e Thereisno ceiling onachievement. Allmarks onthe mark scheme should be
used appropriately.

e Allthe marks onthe mark scheme are designed to be awarded. Examiners
should always award fullmarks if deserved, i.e. if the answer matches the
mark scheme. Examiners should also be prepared to award zero marks if the
candidate’sresponse is not worthy of credit according to the mark scheme.

e Where somejudgementisrequired, mark schemes will provide the principles
by which marks will be awarded and exemplification may be limited.

e Whenexaminers are in doubt regarding the application of the mark scheme
to acandidate’sresponse, the team leader must be consulted.

e Crossedoutworkshould be marked UNLESS the candidate hasreplaced it
with an alternative response.



Question
Number

Answer

Mark

The brightness of a star depends upon its luminosity and

The only correct answer is B The brightness or intensity depends on
luminosity and distance

A is not correct, as brightness or intensity depends on luminosity and
distance

C is not correct, as brightness or intensity depends on luminosity and
distance

D is not correct, as brightness or intensity depends on luminosity and
distance

Two containers are filled with two gases, A and B. The gases
have the same temperature, but the mean squared speed of
the moleculesin B is twice the mean squared speed of the
moleculesinA.

Which of the following is equal to
mass of a molecule in B

mass of a molecule in A

The only correct answer is B as m < ¢? > is constant so m, <
y A

2 >=mp2x< c?>50-2 =05
my

The average density of the universe is unknown. Scientists
believe that there is a critical
value for this density.

Which of the following describes the future of the Universe if
the density of the
Universe is more than the critical density?

The only correct answer is D If the density of the universe is
more than the critical density then it will reach a maximum size
then contract

A is not correct because this would only happen if the universe has its
critical density.

B is not correct because this would only happen if the density of the
universe were less than its critical density.

C is not correct because observations suggest that the universe is
expanding.

A student used a detector and counter to measure the
background radiation count for five minutes. He used
this value to calculate the background count rate.

Which of the following would increase the accuracy of
the student’s value for the background count rate?

B is the correct answer Increasing the count time will increase the
accuracy

A is not correct, as this will decrease the accuracy




C is not correct, as this should not change the accuracy
D is not correct, as this will decrease the accuracy

A sample of radioactive material has a known half-life.
Radioactive decayisa
random process.

Which of the following predictions can be made?

The only correct answer is D The half life means that we can predict
the fraction of nuclei that decay in a set period of time

A is not correct because the half life means that we can predict the
fraction of nuclei that decay in a set period of time
B is not correct because the half life means that we can predict the
fraction of nuclei that decay in a set period of time
C is not correct because the half life means that we can predict the
fraction of nuclei that decay in a set period of time

A piece of chocolate is heated at a constant rate.
The graph shows how the temperature of the chocolate
varies with time.
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Select the correct statement for the time between Xand Y.

The only correct answer is A The internal energy of the chocolate
increases as it changes state.

B is not correct because the internal energy of the chocolate increases as
it changes state.
C is not correct because the internal energy of the chocolate increases as
it changes state.
D is not correct because the internal energy of the chocolate increases as
it changes state.




The only correct answer is C as there are white dwarf stars but no red
giants in the cluster

lead absorber

gamma source

8 The only correct answer is C when intensity is reduced to 25% this 1
corresponds to twice the half-thickness of lead between the source and
the detector. So a drop of 50% will be 1.6 cm

A is not correct because the half-thickness is 1.6 cm
B is not correct because the half-thickness i1s 1.6 cm




D is not correct because the half-thickness is 1.6 cm

The graph shows how the acceleration a varies with time t

for an object a undergoing
simple T

A 0 0 i
harmonic motion. ‘

The following graphs show how other quantities for the
object may vary over the same
time period.

0T ! 0T t OT t oT ‘
| | raRadl

Which graph shows the variation of displacement with time?

9 The only correct answer is B as a o« —x
A is not correct because a X —x
C is not correct because a < —x
D is not correct because a < —x
Which graph shows the variation of velocity with time?
10 The only correct answer is C as the gradient of a v - ¢ graph gives a — ¢

graph

A is not correct because the gradient of a v - ¢ graph gives a - ¢
B is not correct because the gradient of a v - ¢ graph gives a - ¢
D is not correct because the gradient of a v - ¢ graph gives a - ¢




n Useofg=%

r2

R, =17x10°m

0))

(0))

Must see 81 and 6 used correctly in solution, don’t need to see

value for G substituted.

Example of calculation

GM GM
9= "= |7

’1
“ Ry = 6.37 X 10° m X a><6=1.74><106m




12 AL v
Use of — =—
A ¢

v
Use of @ =—
v

®=3.0x10° (rad) s

0))

0))

(0))

Do not credit an attempt to subtract values to find AL. Also,
must see 490 (to any power) in denominator.

Allow use of factor of 2 to give.w = 1.5 x 10 rad s!

Example of calculation

_ XAA
v=CcX—

(3.4 %1073 nm)

—30x108ms~! x
v ms 490 nm

v=208x103ms™!

_v_1.04><103ms"1_297x10_6 ds-1
=T T 0x100m  © rads




Question

Answer Additional Guidance Mark
Number

The graph shows how the binding energy per nucleon varies z j j-"""

with nucleon number for arange of isotopes. E

Explain why fission reactors use isotopes such as U-235 as ” 4

fuel and why there is still ongoing research to develop fusion 5 3

reactors. E

Your answer should include reference to the graph. "

" 30 4 60 o 100 130 10 160 150 200 20 240
13 . . Accept ‘heavy’ for ‘massive’
Any f f the foll ts:
ny four ot the foflowing points Accept ‘large/small nucleon number’ but not ‘large’ or ‘small’

Massive nuclei can undergo fission (1) | Accept massive nuclei can break into fragments

(The graph shows that) massive nuclei have less B.E. per nucleon Accept reference to U-235 in MP2

than the nuclei produced in the fission 1)

. . . 1 iS 1

(Hence) energy is released during fission. (1) | This is not a dependent mark

Low mass nuclei can undergo fusion (into more massive nuclei) (1) | Allow “light’ for low mass. Reference to H or He okay.
releasing energy.

Allow converse statements for fission in MP5

Fusion would produce more energy per interaction (than fission) Don’t allow ‘more energy” without some qualification

Or Fusion produces less radioactive waste (than fission)
Or Fusion uses atoms which are abundant 4

Or Reference to containment problems in a practical fusion reactor

0))

Allow reference to temperature, pressure or need for strong

magnetic field




Total for question 13

Cocoapowder, milk and hot water are mixed together to
produce a ‘hot chocolate’ drink. The mass of the drink is
275 g, anditsinitial temperatureis 71.5 °C.

Iceat 0.0 °Cis added to the drink toreduce its
temperature. Research indicates that the maximum
serving temperature of any hot drink should be 58.0 °C.
Deduce whether 4.0 g of ice would be enough to bring
the temperature below 58.0 °C.

specific latent heat ofice = 3.34 x 10°J kg’
specific heat capacity of ‘hot chocolate’ = 3750 J
kg—'l OC—'I

specific heat capacity of water = 4190 Jkg'°C"!

14

energy transferred
to cold water

Energy transferred energy transferred
from hot liquid - to ice

Use of E = mcA8
Use of E = mL

m=2.4x10°kg

Or 4 g of ice would only reduce the temperature to 69 °C

Or energy transferred to ice = 2.31 x 10° J and energy
transferred from drink = 1.39 x 10* J (for drink to reach 58 °C)

So 4 g would not bring the temperature below the ideal serving
temperature.

Or comparison of calculated value for mass with 4 g with
consistent conclusion

Or comparison of calculated value for final temperature with
69 °C with consistent conclusion

Or comparison of energy transferred to use with energy
transferred from drink with consistent conclusion

(0]

0))

()]

()]

0))

Example of calculation

energy transferred
to cold water

Energy transferred _  energy transferred
from hot liquid - to ice

0.275 kg x 3750 ] kg~ K~! x (71.5 — 58.0)K
=m X 3.34 x 10° J kg™?!
+m x 4190 J kg 'K~ x (58.0 — 0)K

~1.39 X 10%] = m x (3.34 X 10° + 2.43 x 105) J kg!

139 x10%]
M= 577 % 105 kg1

=2.41x10"%kg

Look for a comparison of values. A comment such as “not
enough” is sufficient, with the values compared.

Total for question 14




Question
Number

Answer

Additional Guidance

Mark

A weather balloon takes scientific equipment high into the
atmosphere to monitor atmospheric conditions.

A weather balloonis filled with hydrogen at a temperature of
22.5°Cand apressure of1.02 x 10° Pa. The volume of the
balloonis7.50 m®.

The balloonrises through the atmosphere to a maximum
height. At the maximum height, the temperature of the
hydrogenin the balloonis -48.0 °C and the pressure of the
hydrogenin the balloonis 8.40 x 10% Pa.

(a) Calculate the volume of the balloon at the maximum
height.

15(a)

Use of pV = NkT )

Temperature converted to kelvin P

V=69 m’ )

Example of calculation

d tant
—- = aconstan
T

8.4 x 10*PaxV 1.02x 10° Pa x 7.50 m?
(273 —48) K (273 + 22.5)K

_ 1.02x10°Pax 7.5m® x (273 — 48) K

(273 + 22.5)K x 8.4 x 10* Pa
= 6.93 m?

15(b)

(b) Calculate the decrease in the meankinetic
energy of a hydrogen molecule in the balloon as the
balloonrises to the maximum height.

1 3
Use ofzm(cz) = kT @

Decrease = 1.5 x 1072 J )

Example of calculation

3
AE = 5138 x 10723 J K™} (=48 — 22.5)K

« AE, = —1.46 x 10721




Total for question 15




A ‘scuba tank’ is used to store air at high pressure.

Explain why the pressure of the air inside the scuba tank increases as the
temperature increases. Your answer should refer to the motion of the air

molecules.

*16

This question assesses a student’s ability to show a coherent and logically structured
answer with linkages and fully-sustained reasoning.

Marks are awarded for indicative content and for how the answer is structured and

shows lines of reasoning.

The following table shows how the marks should be awarded for structure and lines of

reasoning.

Number of marks awarded for structure of
answer and sustained line of reasoning

Answer shows a coherent and logical

1s unstructured

structure with linkages and fully sustained 2
lines of reasoning demonstrated throughout

Answer is partially structured with some 1
linkages and lines of reasoning

Answer has no linkages between points and 0

Total marks awarded is the sum of marks for indicative content and the marks for

structure and lines of reasoning

IC points | IC mark Max linkage Max final
mark mark
6 4 2 6
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0




Indicative content

IC1

IC2

IC3

IC4

IC5

IC6

As the temperature increases the (average) kinetic energy of the (air) molecules
increases

So the (root mean square) velocity of the (air) molecules increases

The change of momentum of the air molecules when colliding with the tank/walls
increases

The rate of collision of (air) molecules with the tank/walls increases
So the rate of change of momentum and so the force (on the tank/walls), increases

Hence the pressure exerted by the gas increases, since p = F/4

If reference is made to particles instead of
molecules/atoms, then withhold IC point
on first occasion.

Allow E for kinetic energy in IC1
Allow ‘momentum’ for ‘velocity’ in IC2

Do not allow p for momentum (too easy
to be confused with pressure)

Allow F = 22 in IC5
At

Total for question 16




Question

Answer Additional Guidance Mark
Number
A commercial drinks dispenser fills a cup with 0.30 kg of
water at a temperature of 5.0 °C after chilling it for 2 minutes.
(a) The water enters the dispenser at a temperature of 20 °C.
Calculate the electrical power of the heaterin the dispenser.
specific heat capacity of water = 4200 Jkg'K"!
17(a) Use of AE = mcA6O (1) | Example of calculation
AE AE  mcAf
UseofP—E ) P=E= v
P=160 W [allow Js'] | p 2 03 kex42000 ke 'K1%(20 — 5) K sgw 3
M7= 120 s -
Suggest why the actual power of the heater may differ
from the value calculatedin (a).
17(b) Any TWO from
Energy may be transferred from the surroundings (to the water in (1) | MP1, accept energy may be transferred (from the ‘heater’) to
the cup) the surroundings. Accept lost to the surroundings. Do not
allow ‘power’ for ‘energy’.
Energy may be required to cool the dispenser Q)
‘Heater’ may not be 100% efficient (1) | MP3, accept the ‘heater power’ may be greater than the value 2
calculated in (a)
5

Total for question 16




Question

Answer Additional Guidance Mark
Number
Superfluid He-3 has been used as a potential dark matter |
detector. To test theidea, He-3 atoms are bombarded with n + '2 He A 1 H + X
neutrons. :
(a) (i) Deduce the identity of particle X by completing the
nuclear equationin the
answer booklet.
18(a)(i) Top line correct a) Example of equation
Bottom line correct 0)) 1 3 3 1
1 on + ;He —> 7H + 31X \
X is a proton [allow p, hydrogen or H] )
Calculate the total kinetic energy, in MeV, of Mass u
the reaction products. Assume that the -
neutron has zero kinetic energy. weon | 10863
18(a)(ii) Attempt at calculation of mass difference (1) | Must see a subtraction of values
Example of calculation
Use of AE = ¢*Am M | Am = [(1.008665 +3.014932) — (3.015501 + 1.007276)] =
a) 0.000820 u
Conversion of energy to eV and Ex = 0.766 MeV (766 keV) Am =0.000820 x 1.66 x 10*" kg = 1.361 x 10°° kg 3
AE =c*Am = (3 x108 ms™)? x 1.361 x103° kg = 1.225 x10"3 J
_1225x10713%)
AE = oo e~ 0.766 MeV
18(b)(i) (b) Tritium (H-3) is an isotope of hydrogen.
(i) Define what anisotopeis.
Atoms that have the same number of protons (1) | Allow same proton/atomic number
@ 2




but a different number of neutrons

Allow different neutron/nucleon/mass number.

18(b)(ii) (i) State what is meant by a positron, and suggest why
positron emission cannot occur for H-3.
A positron is the antiparticle to the electron 1)
After positron emission there would be only neutrons in the nucleus Allow tritium nucleus is ‘neutron rich’, but positron emission
(which is not possible) occurs for ‘proton rich’ nucleus.
Or after positron emission the proton/atomic number would be zero
Or positron emission is impossible because (mass-) energy would
not be conserved.
Or positron emission is impossible because the mass of °H is less
than the mass of the products @
Tritium has a half-life of 12.5 years. At a particular instant
a sample of tritium contains 3.2 x 10> atoms.
(i) Calculate the activity of the sample at this instant.
18I(i) In2 (1) | Example of calculation
Use of A = . 0.693 s
N A= 125x365x24x3600s  ~/oox107s
Use of A=-AN M|  A=AN=1758x10"°x3.2x10'2 = 5.623x10% Bq
4=5600 Bq M Accept A =5.54 x 102 year!; 4 = 1.77 x 10" decays per year.
(ii) Determine the activity of the sample 60 years later.
18I(i)(ii) Allow a method that uses 4/2" with n = 4.8

A and ¢ in consistent units
Use of A = A,e ™

A =200 Bq (ecf from (1))

0))
(0))
(0]

Example of calculation

2= —12 (0555 year!

" 12.5year yeat
A=562x103 Bq x e~ 555X 1072 year~'x 60 year
A =201Bq

Accept 4 = 6.34 x 10° decays per year.




Total for question 18

16

R Answer Additional Guidance Mark
Number
Salyut 1was the first Earth-orbiting space station. It was built | (1) A textbook claims that for astronautsin Salyut1,
by the Soviet Union and launched into alow Earth orbit fifty there would be a sunrise
years ago. 16 times every day.
(1) Salyut1orbited at an average height above the surface of | Assess the validity of this claim.
the Earth of 211 km. l1day =8.64 x10*s
mass of Salyut1=18 400 kg
mass of Earth = 5.98 x 10 kg
radius of Earth = 6.37 x 10 m
19(2)(0) Equate F = GMZm with F = maw?r Calculated pumber of orbits must be greater than 16, or
r S 2 ) calcglated time must be less than 5400 s, for (at least) 16
Or Equate F = > with F = — sunrises to be seen. Allow responses that say 16.3 = 16 or
" " 5400 = 5310 as a comparison.
Use of w = Zn If Kepler’s law is used without derivation, MP1, MP2 and
T 2mr (1) | MP3 allowed if value calculated is correct. Otherwise nothing
Or Use of v = — for these 3 MP.
T = 5300 s ) Example of calculation
Or In 1 day Salyut 1 would make 16.3 orbits which greater Mw2r = GMm
than [accept equal to] 16, so the claim is correct. r?
Or Comparison of calculated number of orbits with 16 and 22 GM
consistent conclusion. (—) =—
Or Textbook claim gives 7= 5400 (s) which is greater than T r
5300 (s), so claim is correct. F
Or Comparison of calculated 7 with 7 for 16 orbits and T =21 |— 4
consistent conclusion. 1) GM

, (6.37 x 106m + 2.11 x 105 m)3
=21 X
™% 16.67 x 10-1INm? kg2 x 5.98 x 102* kg

=5311s




8.64x10%s

Number of orbits = —— = 16.3
5310 s

(ii) Salyut 1made almost three thousand orbits before
falling back to Earth.

Calculate the change in gravitational potential energy of

Salyut1asit fellback to Earth

19(a)(ii) Use of Vgray = — g with M = mass of Earth (5.98 x 10%* kg) (1) | Don’t credit use of mass of Earth twice.
Calculation using AEg,, = M X AV gy M
AEg ., = (—)3.7 X 101°] 1)
Example of calculation
M M
AVgrav - = 7”_1 + ?
e = 1=~ 1)
grav — "
AVgray = 6.67 x 107 Nm? kg2 x 5.98
x 102 k ( ! ! )
#\6.58x 105m ~ 6.37 x 10°m
< Algray = 2.00 X 106 J kg~!
“DEg ., = —2.00X6] kg2 x 18400 kg = —3.67 x 1019]
19(b)

(b) Salyut 1burned up over the Pacific Oceanasitre-
entered the Earth’s atmosphere.
Explain why Salyut 1burned up.

Any TWO from

Frictional forces did work (on spacecraft)
Or Frictional forces transfer energy (to spacecraft)

Internal energy (of spacecraft) increased

High temperature (so Salyut 1 burned up)

(0]
0))
(0]

Accept ‘air resistance’, ‘drag’ for ‘frictional forces’

Accept ‘thermal energy increased’, ‘energy transferred to
thermal’ ‘heat’




| Total for question 19

Question
Number

Answer

Additional Guidance

Mark

The suspension system of a car is a set of springs that allows
the body of the car to move vertically up and down relative to
the wheels.

A caris driven along along straight road that has a series of
‘speed bumps’. Speed bumps are raised partsinaroad, as
shown.

At a particular speed of the carresonance occurs. The
amplitude of vibration of the car body on the suspension
system becomes much larger.

(a) Explain why the amplitude of vibration increases at a

particular speed.

__—wheel

- speed bump

20(a)

The car body is driven/forced into oscillation at its natural frequency (1)

There is a maximum transfer of energy to the car body 1)

Accept driving frequency is equal to natural frequency

Accept energy transfer is most efficient

(b) A car suspension system can be thought of as a mass-
spring system. The natural frequency of the systemis
determined by the force constant of the suspension kand t
total mass of the systemm.

(i) A caris setinto vertical oscillation by applying a
momentary downwards force.

Show that the frequency of oscillation fis given by

1 [k

2w . m

20(b)(i)

EITHER
Use of Hooke’s law with Newton’s 2™ law @

@

Example of full derivation
ma = —kAx

Soa = —(%)Ax




k
Identify @” = — and use = 2 f to obtain required result.
m

OR

Pz

f= % with algebra to obtain required result.

(0]
(0))

k
a=—-w?xso w =—
m

®=2nf so fzzL\/E
T \'m

20(b)(ii)

A person of mass 75 kg steps into the car, the vertical
height of the car above the road decreases by 1.5 cmThe
mass of the empty caris 1450 kg. The car is driven along
theroad ataspeedof13.4ms"!

Adjacent speed bumps are a distance of 14.9 m apart.
Deduce whetherresonance will occur.

You should consider the car as a mass-spring system.

Use of F = mg
Use of AF = (—)kAx

Useoff=i X

2T\ m

OruseofT=2n\/%

Use of s =ut+%at2 witha=0

T=1.11 s for forced and natural, so resonance occurs

Or /= 0.90 Hz for forced and natural, so resonance occurs

Or Speed of car for driving frequency to be 0.90 Hz is 13.4 ms™! and
actual speed of car is 13.4 ms™!, so resonance occurs

0))
0))

(0))

0))

()]

Correct values for T or f or v must be seen in MP5

Example of calculation
_ 75kgx9.81 Nkg™!

1.5%X 1072 m

=491x10*Nm™1!

= 0.90 Hz

1 y 491 x 104 Nm~!
f= 2T (1450 + 75)kg

t=s/u= 149/13.4 = 1.11s

= 0.90 Hz

_1_
f_t_LHs




20(c)

Explain how damping reduces the large amplitude of
vibration of the car onits suspension, and how it could be
achievedin practice.

Damping removes energy from the oscillating system
Kinetic energy is dissipated as internal energy (of the dampers)

Damping provides a resistive force.
Or Damping provides a force that opposes the motion

0))
()

@

Accept energy is transferred to the surroundings

Accept ‘thermal energy’, ‘heat’ for ‘internal energy’

Allow examples such as oil-filled damper, shock absorber

Total for question 20

Question
Number

Answer

Additional Guidance

Mark

Curves A, B and C show the radiation spectra of stars with
three different
surface temperatures.

(a) Curve Brepresentsradiation from the Sun.

(i) State what evidence from the graphs suggests that this
might be so.

Emissive power

Y (e

400 700 Wavelength / nm

21(a)()

The curve has a peak in the middle of the visible region of the
electromagnetic spectrum

Or The curve has a peak between 400 nm and 700 nm.

Or The curve has a peak at (about) 500 nm

(U]

Accept Amax for ‘curve has a peak’
Allow maximum/peak wavelength for Amax

(ii) State, with areason, which curve represents a star
with alower surface temperature than the Sun.

21(a)(ii)

Curve C (as Amax is larger)

0))

(iii) Explain, using the graphs, how the radiation from the
star identified in (ii) differs from the radiation from the
Sun.




21(a)(iii) Allow maximum/peak wavelength or Amax for ‘peaks at a

The curve peaks at a longer wavelength so the star emits more red/IR longer wavelength’ 1

radiation (allow ecf from (ii)) (1) | Allow the peak (emissive) power is lower so the

brightness/intensity is lower

(iv) Determine, using curve B, the surface temperature of

the Sun.
21(a)(iv) Use of ;04T = 2.9 x 1073Km (1) | Example of calculation

2.9x1073mK

T=5300 K (allow 5200 — 6000 K, if the approach is correct) M| T=s50x 10, 2270K 2

Total for question 21 5
Question Answer Additional Guidance Mark

Number

Almost fifty years ago, a physicist called Vera Rubin found

evidence for the existence of dark matter from her

observations of nearby spiral galaxies. Her observations

seemed to contradict Newton’s laws.

(a) Show that the velocity v of a star of mass m, in an orbit of

radius rabout alarger mass M, is given by
GM
v= |—
r

22(a) _ GMm _ mv? — _v

Equate F = 2 and F = " ) Allow equating g = 2 anda = -

. _ |GM 2
Algebra leading to V = - )

Example of calculation:







observed

22(b)(®) 0)) 1

observed

22(b)(ii) Dark matter increases the mass
Or dark matter has mass 1)
If mass at centre of galaxy increases, then as r increases v may stay 1) 2

constant




(c) The exact amount of dark matter in the Universeis
unknown.

Explain how the amount of dark matter might be
expected to determine the ultimate

fate of the Universe.

22(c)

Amount of dark matter determines the mass of the universe
So the density (of universe) depends upon the amount of dark matter

If the density is greater than the critical density then the universe will
reach a maximum size and then start to contract

(0]
0))
(0]

Accept universe will be closed, but do not accept references to
a ‘big crunch’

Accept argument for less dark matter leading to open universe
or flat universe

Total for question 22




