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1

The only correct answer D because work done is a scalar quantity
and the product of two vector quantities, but not itself a vector
quantity

A electric field strength is a vector quantity
B impulse
C magnetic flux density
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2

The only correct answer is D because Ex = p* / 2m and doubling
momentum increase Ex by a factor of 4 and halving the mass
increase Ex by a factor of 2, so the overall change is an increase
by a factor of 8.

A Ex = p*/ 2m and doubling momentum increase Ex by a factor of 4
and halving the mass increase Ex by a factor of 2, so the overall
change is an increase by a factor of 8, not a decrease by a factor of 8
B Ex = p* / 2m and doubling momentum increase Ex by a factor of 4
and halving the mass increase Ex by a factor of 2, so the overall
change is an increase by a factor of 8, not a decrease by a factor of 2
C Ex = p*/ 2m and doubling momentum increase Ex by a factor of 4
and halving the mass increase Ex by a factor of 2, so the overall
change is an increase by a factor of 8, not an increase by a factor of 2
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3

The only correct answer is A (118, 176) because 118 is the proton
number and the nucleon number is 118 + 176 =294

B the correct answer is (118, 176)
C the correct answer is (118, 176)
D the correct answer is (118, 176)
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4

3.17 X 10727 x (3.00 x 108 )?
109 X 1.6 X 1019

The only correct answer is D

3.17 X 10727 x (3.00 x 108 )?

10° x 1.6 X 10719

. 3.17%x10727 x (3.00 X 108 )2
B the correct answer is ( — )
109 x 1.6 X 10~19

3.17 x 10727 x (3.00 x 108 )2
109 x 1.6 X 10~19

A the correct answer is

C the correct answer 1S
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number
5 The only correct answer is C because the charge is increasing 1)
while the current is decreasing
A this shows charge decreasing
B this shows charge decreasing and current increasing
D this shows current increasing
Question | Answer Mark
number
6 The only correct answer is C because the force on a positive 1)
charge will cause an initial force to the left, the force on a
negative charge will cause an initial force to the right and a muon
has a greater mass than a positron so it has less curvature.
A shows the particles curving in the wrong direction
B shows the particles curving in the wrong direction
D shows a muon curving more than a positron
Question | Answer Mark
number
7 The only correct answer is B because the field strength due to 2 )
2%x107°
microcoulomb is 2 and field strength due to 3
4TTE 0 (0 4)
3x107°
microcoulomb is and they are in opposite directions
41€5(0.8)2
A assumes the fields are in the same direction
C uses the distance from the wrong charge in each case and assumes
the fields are in the same direction
D uses the distance from the wrong charge in each case
Question | Answer Mark
number
8 The only correct answer is A because I = F/ Bl and FLHR gives 1)

the direction from X to Y

B the direction is from Y to X
CthisisBl/ F

D this is Bl / F in the wrong direction
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9

The only correct answer is D because the direction of the field is
upwards and the potential increases going downwards, towards
positive

A the field is in the wrong direction

B the field is in the wrong direction

D the potential is increasing going upwards
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10

The only correct answer is B because gradient =—-1/CR, so C =
1

(gradient X R)
1

A the correct answer is ————
(gradient x R)
1

C the correct answer is ——————
(gradient x R)
1

D the correct answer is ———————
(gradient x R)
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11(a)

e UseofO9=CV
e (0=38x10"C

Example of equation
0=32x10°Fx6.0Vx2
=3.84x10"*C

()]

11(b)

o Useof W=1%CV’or W="%QVor
W =1 Q¥C

o W=12x102]
[ecf for O, C, V from part a]

Example of equation
Q=%x32x10°F x (6.0 V)>x2
=1.15x1037]

()]
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12

e (Calculate period =60s/600=0.10s
or calculate f/=600/60s=10 Hz
o Useofw=2n/Torv=2nr/T
or w=2nforv=2nfr/T
e Use of F=matror F=m?/r
e Add weight to identified centripetal force
e Answer=115N

Example of equation

period =60 s/600=10.10s
v=2nx024m/0.10s=151ms"'

F=0.012kg x (15.1ms™")?/0.24m=1137N
W=mg=0012kg*x9.81ms2?=0.12N
Maximum normal contact force=11.37 N+ 0.12 N
=1149N

—

)
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13(a)

e Mass of products is less than mass of antineutron
Or particles have kinetic energy after decay

e  Where mass difference and the kinetic energy are
related by
AE = c*Am

()

13(b)

e Conservation of charge (because same before and after)

e Antineutron charge = 0;

charge of antiproton = —1, positron = 1, neutrino = 0;

total charge after =0

e Conservation of baryon number (because same before and

after)

e Antineutron baryon number = —1;

Antiproton baryon number =1, positron = 0, neutrino = 0

Total baryon number after =1

e Conservation of lepton number (because same before and

after)
e Antineutron lepton number = 0;

Antiproton lepton number = 0, positron = —1, neutrino = 1

Total lepton number after =0

[u—
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Total for Question 13
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14(a)

The speed of the muon is very close to the speed of light

Calculate distance travelled at 0.994 ¢ in the average lifetime
(without relativistic effects) = 656 m
Or Calculate the time to travel 1600 m at 0.994c =5.4x 10 s

Comparative comment about calculated value and situation if
no relativistic effects

Comment about lifetime linked to relativistic effects
Or Comment about time of flight linked to relativistic effects

Reason why most reach the ground

)

14(b)

Muons are leptons
Or
Muons are fundamental/clementary particles

but mesons are made of quarks
Or mesons are made of quark-antiquark

()

Total for Question 14
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*15a

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

Number of | Number of Max linkage | Max final
indicative marks mark mark
marking awarded for available
points seen | indicative
in answer marking
points
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 1

some linkages and lines of

reasoning

Answer has no linkages between 0

points and is unstructured

Guidance on how the mark scheme should
be applied: The mark for indicative content
should be added to the mark for lines of
reasoning. For example, an answer with five
indicative marking points which is partially
structured with some linkages and lines of
reasoning scores 4 marks (3 marks for
indicative content and 1 mark for partial
structure and some linkages and lines of
reasoning). If there are no linkages between
points, the same five indicative marking
points would yield an overall score of 3
marks (3 marks for indicative content and
no marks for linkages).

Indicative content

e Magnetic field perpendicular to velocity of particles

e Magnetic force on particles perpendicular to velocity

e Particles experience centripetal acceleration/force so they undergo circular
motion

e Alternating potential difference between dees changes direction while
particle in dees

e Particle accelerated by electric field between dees

o (Electric) field in correct direction so that force on particle further
increases speed

(6)




15b

e Apply factor of 1.6 x 107" C for energy unit conversion
e Useof Ex=p*/2m

e Useofr=p/Bg

e B=12T

Example of calculation
Ex=16%x10°x1.6x10"°C=2.56x10""2]
256 x1012)J=p?/2%x6.6x10% kg
p=18x10"YNs
047m=18x10""Ns/Bx2x1.6x10"°C
B=12T

— e

(C))

Total for Question 15

10
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16(a) e Varying current, so varying magnetic field 1
e Change in flux linkage with plasma (loop)
Or magnetic field lines cut plasma (loop) 1
e Emfinduced 1
e Plasma makes a complete circuit, so current (in plasma) 1 “@
16 (b)(i) e Useof R =pl/A 1
e R=189x107(Q) 1 2

Example of calculation
R=330x10Qmx13.2m/2.30 m?

=1.89x107Q
16(b)(ii) |e Usee=dg¢/drt 1
e Use of I=V/R [ecf for R] 1
e UseofP=1V
Or Use of P=PFPR 1
[Use of P = V2 /R for MP2&3]
e P=242MW 1 C)]

Example of calculation
e=169Wb/25.0s

=0.676 V

1=0.676 V/1.89 x 107 Q=3.58 MA
P=358MA X .676 V

=2.42 MW

Total for Question 16 10




Question
number

Answer

Mark

17(a)

e Use of Ap = mAv 1
e Useof FAt=Ap 1
e F=0.14N 1

Example of calculation
p=011kgx035ms™!
=0.039kgms™!
0.039Ns=Fx0.28s

F=0.14N

(©))

17 (b)(i)

Use of p = mv

Use of correct components of p
Use of conservation of momentum
Speed =026 ms!

—

Example of calculation

Momentum for puck 1 after collision =0.11 kg x 0.28 m s™!

=0.031 kgms™!
component of momentum of puck 1 in the direction perpendicular to the initial
velocity of puck 1 =0.031 kg m s™! x sin 49°
=0.023kgms!
component of momentum of puck 1 in the direction perpendicular to the initial
velocity of puck 1 = component of momentum of puck 2 in the direction
perpendicular to the initial velocity of puck 1

0.023 kgm s ! = p x sin 43°

p=0.034kgms!

v=0.034kgms'/0.13 kg
v=026ms"!

(C))

17(b)(ii)

e Useof Ex="%m* 1
e A correct value of Ex [ecf for ;] 1
e Comparison of kinetic energy before and after collision and conclusion that
kinetic energy before collision is different to kinetic energy after collision, so
it is not an elastic collision [accept inelastic]
Or Comparison of kinetic energy before and after collision and conclusion
that so kinetic energy is not conserved, so it is not an elastic collision [accept
inelastic]

Example of calculation 1
Before collision
Ex="mv="%x0.11kgx (041 ms™')
=0.00921]

After collision
Ex="mv*="%x0.11kg x (0.28 ms~!)
=0.00431]

Ex="mv*="%x0.13 kg x (0.26 ms™!)
=0.00441]

Total after = 0.0087 J

0.0092 J > 0.0087 J

(©))

17(c)

e The assumption is that no (resultant) external forces act 1
e Because if external forces act there will be acceleration, so the final
momentum will be different than otherwise
Or if external forces act there will be an (additional) impulse, so the change in
momentum will be different 1

()




Total for Question 17 12
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18(a) e Useof Ex="Y2m* 1
e Useof V=0 /4newand W= QV 1
e Useof F = 010,/ 4neor? 1
e Useof F=ma 1
e 4=42x10"ms™? 1 ®)
Example of calculation
Ec="%x6.64x 1027 kg x (1.74 x 107 m s 1)?
=1.01 x1072J
127 2x16x1071°Cx79x1.6x107"7 C
LOT>x 1077 4Xmx885x10"12F m~1xr
r=3.60x10"m
_ 2x1.6x1071°Cx79%x1.6x1071° C
4 X7mX885x10712F m~1 x (3.60x10~1% m)2
=28.1IN
a=28.1N/6.64 x 10?" kg
a=423x10"ms?
18(b) e alpha particle does not ever have zero speed/ke 1
¢ 5o not all of the energy has been transferred from the kinetic energy “)
store to the electric potential energy store {
e it is not as close to the nucleus
Or minimum 7 is greater
e 5o (max) force is less, so (max) acceleration is less 1
1

Total for Question 18
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19(a)(i) e Seemass = 4nr p/ 3 1
e See 6myyr=4nr pg 3 1
e Suitable algebra 1 (3)
19(a)(ii) onv
e Useofr= [— 1
e r=22x10%m
Example of calculation
r=v(9x1.86x10°Pasx535x10*ms"'/2x904 kg
m= x9.81 Nkg™)
=2247x10°m
19(3)(iii) o Useof W= mg 1
e Useof E=V/d 1
e Useof F=EQ 1
e 0=48x10C 1 @
Example of calculation
W=3.03x10"kgx9.81 Nkg!
=297 x 10BN
E=9910V/0.016 m
=619 000 Vm!
297 x 100 N=619000 Vm' x QO
0=48x10"C
19(b) e The maxima are integer multiples of 1.6 x 107!° C 1
Or The peaks are at intervals of 1.6 x 107" C
e The spread about the maxima is small 1
e This could be due to experimental error, so the statement is supported 1 3)
19(c) : /97717 : o .
e (Since r= E,) if the viscosity is too small, then (calculated) » will be
too small !
e Therefore the value used as the mass/weight of the droplet (to balance the
upward electrical force) must be too small 1
e The electrical force will be smaller, so the charge will be smaller 1
Or
e [fthe charge is smaller, the electrical force is smaller
o Therefore the value used as the mass/weight of the droplet (to balance the
upward electrical force) must be too small
e (Since r= ’%,) if the (calculated) 7 is too small, it is because viscosity
is too small )
Total for Question 19 15
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