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Q1.
Answer Acceptable answers Mark
(i) substitution (1)
67 x 31
2080, 2100 (2)
evaluation (1)
2077 (kg m/s) working backwards using 2000
(v=) 29.85, 30
(m=) 64.52, 65
67 X 31=2000 scores only one mark
(if) [substitution (1) answer to (b)(i)) = 2.3
2000 + 2.3
evaluation (1) 900, 869.6, 869.5 (2)
870 (N) 903
(iif) fan explanation linking two of the force is reduced/ less /not as strong  |(2)
following
slows down/changes momentum
e Force on Andrew is quite small jgradually
(1)
acceleration = 1.35 'g' or 13.5 m/s®
e Because impact time is long
(1) slows down (rate of) change of
momentum scores 2 marks
e The acceleration/deceleration
is quite small (1)
e Because impact distance is far
(1)
Q2.
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Question Indicative Content Mark
Number
QWC | # An explanation including some of the following points: (6)

« Statement of what is meant by stopping distance

Factors affecting driver
« factors affecting driver’s thinking distance/reaction time

Factors dependent on the car
« factors affecting braking distance e.q. tyre tread,
condition of brakes
= cars may be carrying different loads
« cars may have different masses
External factors
« road surface
» weather
« uphill / downhill
Use of data
= calculation of thinking, braking and or stopping distances
for average driver
« calculation of thinking, braking and or stopping distances
for driver A
« calculation of thinking, braking and or stopping distances
for driver B
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Level |0 No rewardable content

1 1-2 « a limited explanation of the differences using one fact OR one piece
of data from the chart OR factor(s) affecting thinking/braking
distance.
e.g. A has a longer thinking distance OR B is a longer braking
distance

OR thinking distance can be affected by a driver using their phone
« the answer communicates ideas using simple language and uses
limited scientific terminology
« spelling, punctuation and grammar are used with limited accuracy
2 3-4 = asimple explanation, giving more than one fact using data from
the chart about either car OR at least one piece of data about each
OR using one piece of data from the chart about one car AND at
least one factor affecting thinking/braking distance
OR a statement linking data from the chart to the cause for one car
but nothing correct about the other car
e.g. A has a braking distance of (about) 33 m, its thinking distance
is longer than an average car.
OR B has a longer stopping distance. B’s reaction time is faster than
the Highway code.
OR B has a very short thinking time. Car B's brakes may be worn

out
OR Driver A may have drunk alcohol making his reaction time
slower. Car B has better brakes (NB 2™ sentence is incorrect)

« the answer communicates ideas showing some evidence of clarity
and organisation and uses scientific terminology appropriately

« spelling, punctuation and grammar are used with some accuracy

3 5-6 = a detailed explanation linking data from the chart to the cause for
one car AND at least one statement about the other
OR two statements linking data from the chart to the cause for ane
car
e.g. B has a braking distance of (about) 60 m. This means B might
be on a wet road. A has a longer thinking distance.
OR B has a shorter thinking distance than A. A has a longer thinking
distance compared to the average (in highway code). He may be a
drink driver.

« the answer communicates ideas clearly and coherently uses a range
of scientific terminology accurately

« spelling, punctuation and grammar are used with few errors

Q3.
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Question Answer Acceptable answers Mark
Number
(a)(i) A (1)
Question Answer Acceptable answers Mark
Number
(a)(ii) A description to include any two Ignore energy changes resulting | (2)
of from impact with sand
« Gravitational / potential GPE reduces
energy reduces (1)
« kinetic energy increases KE increases
(1)
= total energy remains Allow GPE is transferred to KE for
constant (1) 2 mark
Question Answer Acceptable answers Marlk
Number
(2)
(b) A explanation linking
 (work is done) displacing sand moving/ pushing/ blowing
the sand (1) upwards OWTTE or ball sinking
into sand
with EITHER
« (as) kinetic energy of the
ball{s) has been
transferred (1)
OR
« by the force between the
ball and the sand (1)
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Question | Answer Acceptable answers Mark
Number
(c) (i) transposition Subst. and transform. either (3)
mass = momentum / velocity (1) | order
1 mark only can be scored for
correct substitution after
incorrect transposition.
substitution Give full marks for correct
mass = 0.46 / 6.2 (1) | answer with no working.
evaluation Answers that round to 0.074 (kqg)
0.074 (kg) / 74g (1)
0.07 (kag)
Question | Answer Acceptable answers Mark
Number .
(c)(ii) | substitution Give full marks for correct answer | (2)
(impact) force = 0.46 / 0.17 with no working.
(1)
evaluation Ignore power of ten error until
2.7 (N) evaluation
(1)
Answers which round to 2.7
Allow ECF if candidate has used
mass from part (i) in F=m(v-u) /
T
F=6.2 -0 X 0.074 (1)
0.17
= 2.7 (N) (1)
Q4.
Question Answer Acceptable answers Mark
Number
(a) stopwatch /stopclock (1) (electronic) timer (2)

timing app (on ‘phone)

clock and watch on their own are

insufficient
{trundle/measuring} any suitable length measuring
wheel/measuring tape or tape device
measure (1) e.g. accept metre {rule(r)/stick}
ignore speedometer/speed but ruler on its own is
camera/radar insufficient

Answers may be in either
order
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Question Answer Acceptable answers Mark
Number
(b) (i) white (car) (1) | Allow the use of other columns (1)
that identify correct car
e.g. 5.6(s)
Question Answer Acceptable answers Mark
Number
(b) (ii) substitution (1) Allow full marks for correct (2)
80+ 4.3 answer with no working seen.
evaluation (1) accept 18.6 (m/s)
19 (m/s)
Throughout the paper do not ignore 18 and 18.0 as incarrect
penalise rounding
answers to many places of
decimal accept any power of 10 error for
e.g. here 18.604651 gets both 1 mark
marks
Question Answer Acceptable answers Mark
Number
(b) (iii) | 40 (miles per hour) (1) accept answers in range (1)
39 - 43 (miles per hour)
ecf from b(ii)
multiply bii by 2.222 range +/-
2.0
Q5.
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Question Answer Acceptable answers Mark
Number
Question Answer Acceptable answers Mark
Number
(b) A-0N (1)
Question Answer Acceptable answers Mark
Number
(c)(i) Substitution (1)
1.2=(20-13)/t 1.2=7/t
Transposition (1)
t = (20-13)/1.2 t=7/1.2
Evaluation
5.8 (s) (1)
5.833 (etc)
substitution and transposition Give full marks for correct
can be in either order answer, no working (3)
Question Answer Acceptable answers Mark
Number
(c) (ii) Substitution
1400 x 1.2 (1)
Evaluation 1680
1700 (N) (1) Allow full marks for correct (2)
answer with no working shown
Question Answer Acceptable answers Mark
Number
(c) (iii) | An discussion to include three of
the following points
The tow rope does not have to forces are horizontal not vertical
support the weight of the car (1) |/ only needs to overcome
friction
Tension is caused by accelerating
force (plus frictional forces) (1) Force is needed to accelerate /
resultant force is 0 at constant
velocity
Tension is 5700 N (in this situation
(1) Force to accelerate is 1700N
Forces could he kept below Forces could be kept small
12,000N (1)
If acceleration is kept small (1) If truck is driven gently/slowly
Numerical justification using f =
mxa (1) (3)
(Total for Question = 10 marks)
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Q6.
Answer Acceptable answers Mark
(a) D
(1)
(b)(i) (12 (m/s) Range from 11(m/s) to 14 (1)
(1) (m/s)
(b)(ii) [Substitution (1) 20 (2)
20-0 5
5
Full marks for correct answer with no
evaluation (1) working
4 (m/s?)
Allow answers between 3.6 and 4.7 for
2 marks to reflect readings taken from
the graph
b(iii) * velocity/ speed (measured in) |velocity/ speed (measured in) ms™!
m/s (1)
acceleration is rate of change of (2)
velocity
e divided by time in s (1)
m/s/s m per s per s
[accept per for divide]
do not accept m/s times time
b(iv) [at constant vel (3)
e distance = 60 (m) (1)
slowing down
e distance = ¥2x2x20 (1) correct answer scores 2 marks
e =20(m) (1)
Total for question = 10 marks
Q7.
Answer Acceptable answers Mark
(i) momentum = 0.03 x 170 (1) Accept 5.1 seen (1)
(ii) |momentum before = momentum afterfallow 5.0 = 0.80 x v for 1 mark max ((3)
(1)
5.0 =0.83 x v
5.1 =0.83 x v (1)
v = 6.0 (m/s)
v =6.1(m/s) (1) allow ecf from (a)(i) give full marks for
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correct answer, no working
(iiif) [Statement to include any two from (2)

e kinetic energy is not conservedke not conserved / some ke lost

(1)

e (lost ke) appears as
heat/sound (1) no momentum lost

¢ momentum is conserved (1)

Q8.
Question | Answer Acceptable answers Mark
Number
(i) Substitution (2)
90 x 3.3 (1)

1000
evaluation A value which rounds to 0.30 eg
0.30  (N) (1) 0.297

Give full marks for correct
answer with no working

Ignore power of ten error until
evaluation

Allow 1 mark for 297 even with
no working shown
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Question Indicative Content Mark
Number
Qwc *#(ii) | An explanation demonstrating some of the following: (6)

Descriptions of the graph

» Accelerates upwards during stagel

« Maximum velocity is reached at the end of stage 1

* Accelerates downwards / decelerates during stage 2
+ Accelerates during stage 3

+« Comes to rest during stage 4.

Interpretations of the shape of the graph

+ Fuel is burnt creating thrust in stage

« Thrust is upwards in stage 1/

« Gravity/weight (is always) a downward force

« Fuel runs out at end of stage 1/ has ran out by stage
2

+ Still going up during/ max height at end of stage 2

+ Starts to fall at start of stage 3

= Negative velocity during stage 3 because it is falling.

» Rapid deceleration / collision with the ground during
stage 4/end of stage 3

Explanations for changes in velocity

+ Resultant force upwards/ thrust greater than gravity
force during stage 1

« Acceleration non-linear because mass is decreasing /
resultant force is increasing

« Linear deceleration in stage 2/3 because force of
gravity is constant

+ Resultant downward force/only gravity/ weight is
acting during stage 2 and 3

+ Large resultant force of impact during stage 4
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Level |0 No rewardable content

1 1-2 + A limited explanation involving descriptions of the graph.

+« E.g. The rocket gets faster as it goes up during stage 1. The
rocket slows down during stage 2

« the answer communicates ideas using simple language and uses
limited scientific terminology

« spelling, punctuation and grammar are used with limited
accuracy

2 3-4 + A simple explanation invelving interpretations of the shape of
the graph e.g. The rocket’s velocity increases during stage 1
because the burning fuel provides a force. The rocket
accelerates downwards during stage 3

+ the answer communicates ideas showing some evidence of
clarity and organisation and uses scientific terminology
appropriately

« spelling, punctuation and grammar are used with some accuracy

3 5-6 = A detailed explanation which includes descriptions and
interpretations for the shape of the graph including an
explanation.

E.g. The rocket’s acceleration during stage 1 is increasing
because it is losing mass as the fuel is burnt. It then slows down
until it reaches maximum height at the end of stage 2

« the answer communicates ideas clearly and coherently uses a
range of scientific terminology accurately

« spelling, punctuation and grammar are used with few errors

Q9.
Answer Acceptable answers Mark
(a)(i) 8 - 0 (m/s) 8 (1)
(a)(ii) substitution ecf from (i)
8 /5 (1)
full marks for correct answer (or
evaluation (1) ecf) with no working shown.
1.6 (m/s?)
(2)
(a)(iii) 0 Nil / nothing / zero / none (1)
(no mark for no response)
(b) substitution full marks for correct answer with |(2)
F =1200 x 0.8 no working shown.
(1)
evaluation
(1)
960 (N)
Indicative Content
QWC *(c) an explanation linking some of the following points:

compared to a car with just the driver, a fully loaded
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e have a greater mass / be heavier

e greater kinetic energy / momentum

e experience the same braking force (wher
applied)

e require a greater braking force (than ava
the same distance)

e have a smaller acceleration / deceleratio

e take a longer time to come to rest (from

e travel greater distance in this time

e needs to do more work with same amourn

e use of relevant equations such as F = m3
d

e consequence of driver distractions

bra
labl

X
give

t of
, WO

Level 0 No rewardable content
1 1-2 ¢ a limited explanation using one idea from the indicative content eg
fully loaded car is heavier.
e in answer communicates ideas using simple language and uses
limited scientific terminology
¢ spelling, punctuation and grammar are used with limited accuracy
2 3 -4 ¢ a simple explanation which links ideas from the indicative content eg
it is heavier and so it takes a longer distance to stop
¢ the answer communicates ideas showing some evidence of clarity
and organisation and uses scientific terminology appropriately
e spelling, punctuation and grammar are used with some accuracy
3 5-6 ¢ a detailed explanation which links several ideas from the indicative
content e.g. It has more momentum and so it will take a longer time
to stop. This means that it will travel a further distance. The answer
communicates ideas clearly and coherently uses a range of scientific
terminology accurately
e spelling, punctuation and grammar are used with few errors
Q10.
Answer Acceptable answers Mark
(a) (i) D the same size as the driving (1)
force
(a) (ii) transposition: (1) transposition and substitution can|(3)
{change in) speed= be in either order
acceleration x time substitution mark can be scored
when incorrectly transposed
substitution: (1) word/symbol equation is given
speed =12 x 4
evaluation: (1)
48 (m/s) (1) Give full marks for correct answer
no working
(b) An explanation linking Attempt to use f = m x a scores |(2)
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e mass of sports car LESS |words scores 2 marks

theonlinephysicstutor.com

e {acceleration of sports is [scores 1
2x [ time to reach 30 m/s
is 15+ that of family car/ [Correct numerical comparison
RA (1) scores both marks e.g.

4200:3600 numerically orin

than ¥ that of family car

@TOPhysicsTutor

or RA (1)
(so resultant force required is
less)
Indicative Content
QWC *(c) An explanation including some of the following ideas
e brakes apply a force to the car
e this force from brakes makes the car decglera
velocity
e a force also acts on the driver
e driver decelerates at same rate as the car
e does not move with respect to car/ stays|in th
e moves slightly because belt stretches
e small/ no horizontal force acts on the shgppin
e shopping bag continues at similar/ same yvelo
e until shopping bag falls off seat / hits dashboa
e ideas can be expressed in terms of enerdy, m
and/or by reference to Newton's laws
Level 0 No rewardable content
1 1-2 ¢ A limited explanation of the difference in decelerations of at least two
of the objects Car (C), Shopping (S)and Passenger (P)mainly
describing the effects.
: 2o {P / S} carries on moving
Fﬂ%é toﬁt(:_:)aerpticrr% ps (very quickly) while
R s{carries on at sa[pe gbeed / Bit& the dashboard? While Pis theld
gacE/ slowed down’ (by the seatbert)
¢ the answer communicates ideas using simple language and uses
limited scientific terminology
e spelling, punctuation and grammar are used with limited accuracy
2 3 -4 ¢ A simple explanation of the difference in decelerations of at least
twoof the objects Car, Shopping and Passenger, including a reason
for at least one of the decelerations.
E.g.(at start) Cstops (very quickly) because offriction at the brakes
and at the road while (P / S* carries on moving (for a longer time)
OR sicarries on moving (at same speed) / hits the dashboard* while
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{held back / slowed down}because ofstretching force from the

e the answer communicates ideas showing some evidence of clarity
and organisation and uses scientific terminology appropriately
¢ spelling, punctuation and grammar are used with some accuracy

stretching”

force of) friction is large for Cto {slow d
for Pand S. {So / thus / therefore etc’

speed (initiall
result etc’ ©

change motijg

¢ A detailed explanation of the relative decelerations of C, S and
Pincluding mention of the physical principles involved in any two such
as that named forces are needed to change given motions. E.g. (The

own / Stopj" qU|Ck|y but is low
+Por Scarry on at the same

Pdecelerates more slowly than c/because / as a
e stretching (force) of the seatbelt.
OR The idea of {Newton's first law / inertia / need for a force to

n} and the role of friction and {elastic / tension /

rce in producing the threenamed decelerations. OR
Named force needed for a described change in

thLasBEapkinetic energy
e the answer communicates ideas clearly and coherently uses a range
of scientific terminology accurately
¢ spelling, punctuation and grammar are used with few errors

} to {stop / slow down’ €ach of the

Q11.

Answer

Acceptable answers

Mark

(a)

kinetic (energy)

Movement (energy)
KE

(1)

(b)

substitution:
0.6 x 20

evaluation
12 (1)

) (1)

give 2 marks for correct answer
no working

unit is an independent mark
joules, Nm, kgm?/s? , Ws

(3)

(c)

substitution:
0.5 x 18

evaluation
9.0

9

give full marks for correct answer
no working

(2)

Indicative Content

QwWC
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e eventually all potential at 10 m with a little th
energy
e some mention of conservation of energy
e potential (gradually) to kinetic as falls / 10 m-
e with a little more thermal (heat) energy
e at 0 m sound energy
e at 0 m thermal (heat) energy
Level 0 No rewardable content
1 1-2 ¢ a limited description which identifies a change in one relevant type
energy or a transfer of energy from one form to another e.g. kinetic
energy increases OR kinetic energy changes to sound.
e the answer communicates ideas using simple language and uses
limited scientific terminology
¢ spelling, punctuation and grammar are used with limited accuracy
2 3 -4 ¢ a simple description giving detail of a relevant energy
change/transfer e.g. kinetic energy changes into potential energy as
it moves upwards OR kinetic energy increases as it falls.
¢ the answer communicates ideas showing some evidence of clarity
and organisation and uses scientific terminology appropriately
e spelling, punctuation and grammar are used with some accuracy
3 5-6 ¢ a detailed description of a sequence of relevant energy changes
/transfers e.q. kinetic energy is transferred into potential energy as it
rises. This then changes back into kinetic energy as it falls back
down.
¢ the answer communicates ideas clearly and coherently uses a range
of scientific terminology accurately
e spelling, punctuation and grammar are used with few errors
Q12.
Answer Acceptable answers Mark
(a)(i) |B it decreases (1)
(a)(ii) |C it does not change
(1)
(b)(i) |horizontal arrow (judge by eye),
pointing to the right anywhereon the
diagram (1)
(b)(ii) [substitution: (1) give full marks for correct (2)
130 000 x 75 answer, no working
evaluation: (1) Ignore minus sign
9 750 000 (kgm/s) (Ns) 0.75 x 10° (kgm/s) (Ns)
(b)(iii) 9 750 000 kgm/s same value as answer to (b)(ii)
Ignore minus sign
(1)
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(c)(i) |An explanation linking two of the (2)
following:
pressure is smaller/less
e force is smaller/less (1)

¢ momentum changes more slower deceleration force is
slowly (1) proportional to rate of change of
e |ower deceleration (1) momentum/F= (mv - mu)/t
e use of the formula (1)
(c)(ii) |Any two from: accept reverse argument for empty  |(2)
@ircraft expert

(for loaded aircraft)
heavier/more passengers/more cargo
has more mass (1)
has more momentum (1) higher speed/moving faster
has more k.e. (1)

higher velocity

brakes need to do more work

(1)

Total marks for question = 10 marks

Q13.
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Question Answer Acceptable answers Mark
Number
(a)(i) Circular/spiral/circle (1)
Question | Answer Acceptable answers Mark
Number
(a)(ii) | An explanation linking three of (3)
the following.
» (fast moving) protons
(1)
bombard / hit /strike / collide
» absorbed by with
(1)
stable atoms / stable element
e nuclei
(1)
¢ (produces)unstable nuclei
(1)
Question | Answer Acceptable answers Mark
Number
(b)(i) B momentum (1)
Question | Answer Acceptable answers Mark
Number
(b)(ii) | (Momentum/it)equals mass x Pp=mxVv (1)
velocity kilograms / kg is the mass and
metres per second / m/s is the
velocity
Accept "times” for x
@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor




Question Indicative Content Mark
Number
QWC * (b) An explanation including some of the following points
(iii) Diagram 1 (6)
« Moving in opposite directions before collision
* inelastic collision
« stationary after collision
« momentum zero after collision
¢« (therefore) total momentum must have been zero
before collision
¢ (therefore) cars were moving at the same speed in
opposite directions (assuming cars have egual mass)
hoth cars had kinetic energy before the collision
KE zero after collision
KE converted into heat, sound, elastic potential
energy etc.
Diagram 2
+« FElastic collision / almost elastic collision
¢ Momentum conserved
¢ Momentum transferred from first to last sphere
« KE conserved / almost conserved
*+ (because)last sphere reaches same height as first
sphere
¢ Three spheres always have zero momentum
« Small amount of energy transferred to sound/heat
Level 0 No rewardable content
1 1-2 ¢ A limited analysis of ONE collision which is given by a correct
statement e.g. In collision 1, kinetic energy has been lost OR
In collision 2 momentum is transferred from the first to the
last sphere.
¢ the answer communicates ideas using simple language and
uses limited scientific terminology
s« spelling, punctuation and grammar are used with limited
accuracy
2 3-4 + a simple analysis of BOTH collisions considering BOTH
momentum AND kinetic energy correctly for each one e.g. In
collision 1, momentum is conserved and the kinetic energy
of the cars changes. In collision 2, momentum and the kinetic
energy is conserved.
¢ answer communicates ideas showing some evidence of clarity
and organisation and uses scientific terminology
appropriately
¢ spelling, punctuation and grammar are used with some
accuracy
3 5-6 ¢ a detailed analysis of BOTH collisions considering momentum

AND kinetic energy for each collision correctly for each AND
detailed reference to EITHER diagram. e.g. In collision 1, the
momentum before and after the collision is zero because
momentum is always conserved, but the KE is lost. In
collision 2, all the momentum and KE is transferred to the
last sphere because it gets to the same height as the first
one.

the answer communicates ideas clearly and coherently uses a
range of scientific terminology accurately

spelling, punctuation and grammar are used with few errors

(Total marks for question = 12 marks)




Q14.

IAnswer Acceptable answers [Mark
(@) |€ when the bungee cord is (1)
stretched the most
(b) A 600kgm/s (1)
(c)(i) [Substitution: (1) (3)
60 x 10 x 50 or 600 x 50
give two marks for
Evaluation: (1) correct answer no
30 000 working
Unit: (1) j / joule
)] / Nm 30 k] for full marks
(c)(ii) (After falling 50 m / when the cord tension starting to (1)
becomes straight/when cord starts to |[increase
stretch
at terminal velocity
ignore maximum
velocity/speed
(c)(iii) |An explanation linking any two of (2)

not all GPE is transferred to KE (1)

some {of the GPE transfers to thermal
energy /work is done} (1)

due to drag (1)

not all GPE goes to KE

maximum energy is
same (value) as GPE
before falling /speed
does not reach the
speed at which he
should fall

some lost as heat/sound
(of rope or movement
through air)

(air) resistance / friction

ignore wind
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