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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 for
what 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 ceilingonachievement. Allmarks on the mark scheme should be
used appropriately.

e Allthe marks onthe mark scheme are designed to be awarded. Examiners
should always award full marks 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.

¢ 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 a
candidate’sresponse, the teamleader must be consulted.

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



Question
Number

Answer

Mark

A neutron can decay to produce a proton.
Which of the following equations correctly shows neutron decay?

The only correct answerisC(n - p +e~ +v,)

A is not correct because charge is not conserved
B is not correct because neither charge nor lepton number are conserved
D is not correct because lepton number is not conserved

A ball of mass m travelling with velocity v strikes a wall at right
angles. It bounces off the wallin the opposite direction at the same
speed.

Which of the following is the impulse on the wall?

The only correct answer is B (2mv) as the change in momentum of the ball is
—mv — (mv) = —2mv, and so the wall must have 2mv to conserve momentum

A is not correct because the ball rebounds
C is not correct because the direction is wrong
D is not correct because the direction is wrong

In an electron deflection tube, electrons are released by passing a
current through a metal filament.
What is the name of the process that releases the electrons?

The only correct answer is D (thermionic emission)

A 1is not correct because no electrons are diffracted

B is not correct because the electrons emitted are free electrons in the metal, not
atomic electrons

C is not correct because incident photons are the cause of the photoelectric effect

A potential difference of 0.2 Vis applied across parallel plates with
aseparationof4 cm.

What is the electric field strength halfway between the plates, in
unitsof Vm-'?

The only correct answer is C (5) = 0.2/0.04

A is not correct because cm have not been converted to m

B is not correct because cm not converted to m, and have used half the distance,
even though the field is uniform

D is not correct because half the distance has been used even though the field is
uniform

A particle of mass m has momentum p and kinetic energy Ei . A
second particle of mass m/2 has momentum 2p.
What is the kinetic energy of the second particle?

The only correct answer is D (8E},)

2

A is not correct because Ej, = zp_m and so doubling momentum while having mass

leads to an eightfold increase in kinetic energy

2
B is not correct because Ej = zp_m and so doubling momentum while having
mass leads to an eightfold increase in kinetic energy

2
C is not correct because Ej, = zp_m and so doubling momentum while having
mass leads to an eightfold increase in kinetic energy




A particle has amass of 3.17 x 10-? kg.
Which of the following gives the mass in GeV/c??

2
3.17x10727x(3.00%x10%) )
109x1.6x10719

The only correct answer is D (

A is not correct because E = mc? but they have divided by the speed of light
B is not correct because E = mc? but they have divided by the speed of light
squared

C is not correct because they have not converted eV to GeV

A charged capacitoris connected across aresistor of resistance R
and the currentin the resistor is measured.

A graph of In (current) against time is plotted and the gradient of
the graphis determined.

Which of the following gives the capacitance of the capacitor?

1

The only correct answer is B (——————)
gradientXR

A is not correct because gradient = —1/RC does not rearrange to give that
expression

C is not correct because gradient = —1/RC does not rearrange to give that
expression

D is not correct because gradient = —1/RC does not rearrange to give that
expression

A particle accelerator produces abeam of very high energy protons.

Which of the following statements describes the speed of a proton
asit passes through

the accelerator?

The only correct answer is B ( It never reaches the speed of light.)

A is not correct because the speed increase is not uniform

C is not correct because it never reaches the speed of light

D is not correct because speed does not decrease; it is the acceleration that
decreases

A coil of wire is connected to aresistor, as shown.

The magnetic flux density . Y vy
of the field through the coil ~ "™t coﬁ resistor
isincreased steadily from
zero to a maximum value.

Which of the following single changes would resultina
smaller current in the resistor?

The only correct answer is D ( increasing the time taken to reach the maximum

. A(BAN) . . .
flux density ) because I = ¢/R and € = ABAN) so increasing At would increase
current
. A(BAN) . . .
A is not correct because I = ¢/R and € = A, SO increasing A would increase

current




. A(BAN) . . .
B is not correct because I = ¢/R and € = —a SO increasing B would increase

current
. A(BAN) . . .
C is not correct because I = ¢/R and € = —,, S0 increasing N would increase

current

The structure of nucleons can be investigated using electrons with
high energies.
Which of the following is the reason why high energies are required?

10

The only correct answer is D (to produce shorter de Broglie wavelengths)

A is not correct because no new particles are created

B is not correct because electrons are negatively charged and nucleons are either
positive or neutral, so there is either attractive electrostatic force or no
electrostatic force

C is not correct because the particles involved are stable, so it is irrelevant




11(a)

Calculate period =8.3s+10=0.83 s
Useof T=2n/w
®=".6 radian s~

(1)
(1)
(1)

Example of calculation
T=83s+10=0.83s
w=21/0.83s
®="7.57 radian s

Alternative calculation
Calculate f=10/83s=125s""
o=2nf=2nx12s"!

®="7.57 radian s




/ZEID"

e Useof F=BIl Example of calculation
e Use of I = Bll sinf with correct angle F=0.053T x 1.1 Ax3.5%10?m x sin

e F=20x10°N 80°
F=201%x103N




Question

Additional Guidance

Answer Mark
Number

DART is a spacecraft sent to collide with an asteroid on course for Earth.

After colliding with one another, DART and the asteroid will stick together.

DART will have a speed of 6250 m s-' when it collides with the asteroid. This

causes achange in the asteroid’s speed of 0.40 mms™'.

(a) Determine the combined mass of DART and the asteroid.

mass of DART = 300 kg

12 (a) Use of p = mv (1)| Example of calculation

Use of principle of conservation of momentum (momentum lost by DART = p=300kg x 6250 ms~!

momentum gained by asteroid) (1| =1875000kgms™

m=4.7x 10° (kg) (D] Ap for asteroid = 1 875 000 kg m s™! 3
m=1875000kgms'/0.0004 ms!
m=4.7x10°kg

(b) DART collides at 90° to the direction of the asteroid’s velocity.

The asteroid is moving ataspeed of 0.16 ms™'.

Calculate the angle through which the velocity of the asteroid is

deflected.

12 (b) Use of tan & = momentum of DART + momentum of asteroid Example of calculation

Or use of tan & = change in velocity of asteroid + original velocity of asteroid ~ (1)| tan = 0.0004 ms™' /0.16 m s™
tan @ =2.5x 107

0= 0.14° (allow ecf from (a)) (D] o=0.14° 2

5

Total for question 12
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n
Number

Answer

Additional Guidance

Mark

(a) Two point charges of 3.1x 10- Cand -2.4 x 10-8C are placed a
distance of 0.043 m apartinavacuum.
Calculate the magnitude of the force between the charges.

13(a)

UseofF=kQ—12Q2
T

F=3.6x10"*N

(1
(1

Example of calculation
F=899x10°Nm>C?x31x10°Cx24x
1078 C + (0.043 m)?

F=36x10*N

The diagram represents the electric field around two point charges of
equal magnitude. A is a positive charge and B is a negative charge

/ \

[ X \'\
[\ . . L
\K ,% / State the meaning of electric field strength.

AN

13(b)(i)

Electric field strength is the force per unit (positive) charge

(1

Deduce the direction of the electric field at X.
You should consider the electric field at X due to A and due to B
separately.

13(b)(ii)

At X, a positive charge experiences a force/field due to A in the direction AX
Or at X the horizontal component of force/field is to the right and the vertical
component is upwards

At X, a positive charge experiences a force/field due to B and in the direction XB
Or at X the horizontal component of force/field is to the right and the vertical
component is downwards

Use of vector diagram Or statement that the components in the direction
perpendicular to AB are equal and opposite Or resultant vertical component is zero

(1

(1

(1




- the field is in the direction AB (1)

- o ) _

14(b)(ii) Initial momentum of A is zero (1)
proton moves off in opposite direction to pion (D
momentum of particles is equal and opposite (1)
mass-energy of A = mass and Exof p and 4
Or links decrease in total mass to increase in total kinetic energy (1




14(c)

Diagram

Path curves in opposite sense (1)
and line must start at A, upwards

With a greater radius of path N
Explanation
Antihelium has opposite charge to proton (1)

Or reference to proton as +ve and antihelium as negative

Reference to = p/BQ with p = mv to justify larger radius of curvature ) 4




Question

Additional Guidance

Answer Mark
Number
Muons are produced in the Earth’s upper atmosphere at aspeed of 0.994 c.
The number of muons reaching the Earth’s surface and the number reaching
aposition 1600 m higher up was measured. 74% of the muons detected at
1600 mreached the Earth’s surface without decaying.
Explain whether these observations are consistent with relativistic effects.
Your answer should include a calculation.
average lifetime of muons atrest = 2.2 x 10-%s
15 EITHER 0
e (Calculate distance travelled at 0.994 ¢ in the average lifetime without
relativistic effects = 656 m (1)
e This is (much) less than 1600 m
e The speed of the muon is very close to the speed of light 1
e (To the observer) The lifetime of the muons has increased due to effects of (1)
relativity
e The distance travelled (in the increased average lifetime) is greater (than (1) 5
1600 m) so most reach the ground.
OR
e Calculate the time to travel 1600 m at 0.994c =5.4x 10° s (1)
e This is larger than the lifetime (1)
e Speed is very close to the speed of light (1)
e Time of flight, as seen by the muon, is decreased due to relativistic effects
Or The apparent lifetime of the muons has increased due to effects of
relativity 8%

e Time of flight, as seen by muon, is less than lifetime so most reach ground




OR

e Calculate speed to travel 1600 min2.2x 10%s=7.3 x 103 ms’! (1
e This is greater than the speed of light (1)
e This is not possible (1)
e (To the observer) Lifetime is longer due to relativistic effects (1)
e The distance travelled in the increased average lifetime is greater (than

1600 m) so most reach the ground. (1)

Total for question 15




16(a)

normal contact force

friction

weight

e Use of F=mv*/r

e centripetal force = 1170 (N), with comparison and conclusion that it is safe

Or v=19.78 (m s ') with comparison and conclusion that it is safe
Or d =29.6 (m) with comparison and conclusion that it is safe

(D

(M

Example of calculation
F=185kg*x(9.72ms )% 15m
F=1165N




A second design uses a track that is banked at the semicircular ends. The
track is banked at an angle 6 to the horizontal.

At a speed v, the go-kart follows the track without any frictional force

perpendicular to its motion. Show 7p2 | that
tanf =

gd

where d is the diameter of the semicircular end.

16(b) (i) e State R sin § = mV?/r (1)
e State R cos 0 =mg (M
e Divide R sin 8 by R cos ¢ and use d/2 1)
OR
e Vector diagram showing normal contact force, weight and resultant
centripetal force (1)
e Use of trigonometry to show tan 8 = mv*/r / mg (1)
e Use of d/2 and algebra to show tan 6 = 2v*/gd (1
(ii) Calculate the angle @ for a go-kart travelling at the maximum safe
speed.
16(b)(ii) e Useoftan 0 =2v*/gd (1) | Example of calculation
e Angle=33° (M| tanh=2x9.72ms")?/(9.81 Nkg'
x 30 m)=0.642
6=32.7°
(c) A banked track will cost more to build.
Suggest whether there are any significant advantages that would
justify the cost.
16(c) Max 2 points
e The track occupies a smaller space (1
e Higher speeds are possible 8;

e There is less wear on the tyres/track due to less friction




17(a)

17(b)(i)

Observation

Conclusion

The vast majority of alpha particles go
straight through without any deflection.

A tiny proportion of the alpha particles is
deflected through angles greater than 90°.

Conclusion for first observation:
The atom is mainly empty space

Conclusion for second observation:

There is a concentration of charge (to cause a deflection)

There is a concentration of mass (so that deflection > 90° possible)

197 — 79 = 118 (neutrons)

(D

(D
(1

(D




(ii) At one moment during the experiment, an alpha particle was at a
distance of 5.0 x 10 m from the gold nucleus.
Calculate the electric potential due to the gold nucleus at this distance.

17(b)(ii)

Q

ATTEGT

Use of V =

... with correct charge on nucleus

V =23x10°V

)
(M
)

Example of calculation:

Q=79x16x1071°C= 1.264 x
1077 ¢

v 1.264 x 10717C
T 4xmx885%x10"12Fm1x5x%x 104 m

V=227%x10°V

Total for question 17




(Source: © Anderson. Carl D. (1933). ‘The Positive Electron’. Physical
Review 43 (6): 491-494. DOI: 10.113/POhysREv.43.491)

Mass equal (to mass of electron)

Charge equal and opposite (to charge of electron)

18(b) . . (M
Curvature more in top half of picture

Particle has less momentum after passing through lead plate (because energy )
lost), so moving from lower half to top half




18(c)()

Applying FLHR, field into page (dependent on MP1 and MP2

Use of conversion factor 1.6 x 1077 J/eV
Use of Ex = % mv?

Calculated speed = 2.8 x 10° m s™!, which is greater than the speed of light (so it
must be relativistic)

(1

Example of calculation

Ex=23x10%eV x 1.6 x 1077 J/eV =3.7 x
107127

3.7x107127=0.5x9.11 x 107" kg x v*

y=28%x10"ms™!

18(c)(ii)

Use of E = pc (ecf for E from (c)(1))
Use of r = p/Bq
B=21T

Example of calculation

3.7%x1012J=px3.00x 10°ms"!
p=12x10"Ns
0.037m=12x10®Ns/Bx1.6x10"°C

(1
(1
(1




B=21T

15() Use of Ex = % my’ (1) Example of calculation
Use of AE = ¢2Am (1) ?1;2><0.5><9.11 x 103 kg x (1.5 x 10" m
Use of E = hf (M| =2.0x107J
=24 102 Hz > 1.0 x 10% Hz - it does exceed it 1) ﬁ:z (3.00 X 107 m s71)? x 2 x 9.11 x 107! 4
=1.6%x1013]

Total energy = 1.6 x 1073J+2.0 x 107'6] =
1.6 x10713J

Energy for gamma photon = 1.6 x 107'2J

1.6 X 1012J=6.63x 10T s x f
f=2.4x 10" Hz




So there would not be a current through the voltmeter

Or
So the capacitor doesn’t discharge

§ 10 12 14 16 18

time /s

19(b)(i) Either
Determine time for charge to fall to 1/e (37%)

(1) | Example of calculation




Use of time for charge to fall t = RC, (D

C=9.78 x 1077 (F) (1)
Or

Take two sets of coordinates from the graph EB
Use of O = Qoe k¢ )
C=9.66 x 1077 (F)

Or

Determine time constant, from intercept of tangent at start with x axis
Use of t = RC,
C=9.66 x 10”7 (F)

55 nC/e=20.2 nC

time at which Qi 20.2nC=4.6's
455=4.6x10°Qx C
C=9.78x10"F

(ii) Calculate the energy initially stored by the capacitor.

19(b)(ii)

Use of W= 0*/C (1)
W=1.6 x107° ] [ecf from (i)] )

Example of calculation
W="1%(5.5x 108 C)2 /9.66x 10" F
=1.56x107]

The notes with the coulombmeter state:

“The coulombmeter has a much higher capacitance than the charged
objectsitis being used with, so effectively all of the charge is
transferred to the meter.”

Explain why the charge will be transferred to the capacitor with a
much higher capacitance.

19(c)

(charge will flow from higher to lower V) so p.d. will be equal across both
(1)
0 = CV, so, for same V, if C greater, Q will be greater

(dependent on MP1) 0




To obtain sufficient data points
Or to be able to measure charge and time simultaneously
Or can take more readings in given time




Question

Answer Mark
Number
*20 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
indicative content.
IC points IC mark Max linkage mark Max final 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
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 structure with )
linkages and fully sustained lines of reasoning
demonstrated throughout
Answer is partially structured with some linkages 1
and lines of reasoning
Answer has no linkages between points and is 0
unstructured
Indicative content
IC1 Neutrons and Protons are baryons
IC2 Baryons/Neutrons/Protons made of 3 quarks
IC3 Mesons made of a quark and an antiquark
IC4 Electrons / muons are leptons
IC5 Leptons/quarks / electrons / muons fundamental 6

IC6 p/n/mesons not fundamental

Total for question 20







