M1.(a)

(i)

( a =(v-u) / t )
= 27.8 (−0) / 4.6 = 6.04 ✓
= 6.0 (ms−1) ✓
no need to see working for the mark
2 sig fig mark stands alone
2

(ii)

( F = ma )
= (360 + 82) × 6.0(4) ✓ (allow CE from (i))
= 2700 (N) ✓ (2670 N or 2652 N)
F = 442 × (i)
1 mark may be gained if mass of rider is ignored giving
answer 2200N from 2175N
2

(b)

(forward force would have to) increase ✓
air resistance / drag increases (with speed) ✓
driving / forward force must be greater than resistive / drag force ✓
no mark for wind resistance
(so that) resultant / net force stayed the same / otherwise the resultant / net
force would decrease ✓
4max3

(c)

horizontal force arrows on both wheels towards the right starting where tyre
meets road or on the axle labelled driving force or equivalent ✓
ignore the actual lengths of any arrows
ignore any arrows simply labelled ‘friction’
a horizontal arrow to the left starting anywhere on the vehicle labelled drag /
air resistance
no mark for wind resistance, resistance or friction force
the base of an arrow is where the force is applied
2

(d)

(F=P/v)
= 22 000 / 55 ✓ Condone 22 / 55 for this mark
= 400 ✓ (N)
2
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M2.(a)

ω

(i)

( = 5.73 rad s−1) ✓

θ( = ωt ) = 5.73 × 0.40 = 2.3 (2.29) (rad)
=
[or s((

✓

× 360 = 130 (131) (degrees) ✓

= vt) = 8.6 × 0.40 ( = 3.44 m)

θ=

✓

× 360 ✓ = 130 (131) (degrees) ✓ ]

Award full marks for any solution which arrives at the correct
answer by valid physics.
3

(ii)

tension F(=mω2r) = 0.25 × 5.732 × 1.5 ✓ = 12(.3) (N) ✓
[or F

=

✓

= 12(.3) (N) ✓ ]

Estimate because rope is not horizontal.
2

(b)

maximum ω

=

maximum f

(= 12.6) (rad s−1) ✓

= 2.01 (rev s−1) ✓

[or maximum v

=

maximum f

=
=

(= 19.0) (m s−1) ✓

= 2.01 (rev s−1) ✓ ]

Allow 2 (rev s−1) for 2nd mark.
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Ignore any units given in final answer.
2

(c)

The student’s writing should be legible and the spelling, punctuation
and grammar should be sufficiently accurate for the meaning to be clear.
The student’s answer will be assessed holistically. The answer will be
assigned to one of three levels according to the following criteria.
High Level (Good to excellent): 5 or 6 marks
The information conveyed by the answer is clearly organised, logical and
coherent, using appropriate specialist vocabulary correctly. The form and style
of writing is appropriate to answer the question.
The student appreciates that the velocity of the ball is not constant and that
this implies that it is accelerating. There is a comprehensive and logical
account of how Newton’s laws apply to the ball’s circular motion: how the first
law indicates that an inward force must be acting, the second law shows that
this force must cause an acceleration towards the centre and (if referred to)
the third law shows that an equal outward force must act on the point of
support at the centre. The student also understands that the rope is not
horizontal and states that the weight of the ball is supported by the vertical
component of the tension.
A high level answer must give a reasonable explanation of
the application of at least two of Newton’s laws, and an
appreciation of why the rope will not be horizontal.

Intermediate Level (Modest to adequate): 3 or 4 marks
The information conveyed by the answer may be less well organised and not
fully coherent. There is less use of specialist vocabulary, or specialist
vocabulary may be used incorrectly. The form and style of writing is less
appropriate.
The student appreciates that the velocity of the ball is not constant. The
answer indicates how at least one of Newton’s laws applies to the circular
motion. The student’s understanding of how the weight of the ball is supported
is more superficial, the student possibly failing to appreciate that the rope
would not be horizontal and omitting any reference to components of the
tension.
An intermediate level answer must show a reasonable
understanding of how at least one of Newton’s laws applies
to the swinging ball.

Low Level (Poor to limited): 1 or 2 marks
The information conveyed by the answer is poorly organised and may not be
relevant or coherent. There is little correct use of specialist vocabulary. The
form and style of writing may be only partly appropriate.
The student has a much weaker knowledge of how Newton’s laws apply, but
shows some understanding of at least one of them in this situation. The
answer coveys little understanding of how the ball is supported vertically.
A low level answer must show familiarity with at least one of
Newton’s laws, but may not show good understanding of
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how it applies to this situation.
References to the effects of air resistance, and/or the need
to keep supplying energy to the system would increase the
value of an answer.

The explanation expected in a competent answer should include a
coherent selection of the following points concerning the physical
principles involved and their consequences in this case.
•
First law: ball does not travel in a straight line, so a force must be
acting on it
•
although the ball has a constant speed its velocity is not constant
because its direction changes constantly
•
because its velocity is changing it is accelerating
•
Second law: the force on the ball causes the ball to accelerate (or
changes the momentum of it) in the direction of the force
•
the acceleration (or change in momentum) is in the same direction
as the force
•
the force is centripetal: it acts towards the centre of the circle
•
Third law: the ball must pull on the central point of support with a
force that is equal and opposite to the force pulling on the ball from
the centre
•
the force acting on the point of support acts outwards
•
Support of ball: the ball is supported because the rope is not
horizontal
•
there is equilibrium (or no resultant force) in the vertical direction
•
the weight of the ball, mg, is supported by the vertical component
of the tension, F cos θ, where θ is the angle between the rope and
the vertical and F is the tension
•
the horizontal component of the tension, F sin θ, provides the
centripetal force m ω2 r
Credit may be given for any of these points which are described by
reference to an appropriate labelled diagram.
A reference to Newton’s 3rd law is not essential in an answer
considered to be a high level response. 6 marks may be
awarded when there is no reference to the 3rd law.
max 6

M3.(a)

m = 16 g = 0.016 kg
Use of V = 4 / 3 π r3

r = 0.008 m
to give V = 4 / 3 π (0.008)3

= 2.1 × 10 − 6 m3✓
The first mark is for calculating the volume
1
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Use of density = m / V
to give density = 0.016 / 2.1 × 10 −6✓
The second mark is for substituting into the density equation
using the correct units
1

Density = 7.4 × 103 kg m−3 ✓
The final mark is for the answer.
1

(b)

Use of v2 = u2 + 2as

to give v2 = 2 (9.81) (1.27) ✓

(allow use of mgΔh = ½ mv2)

v = 25 (24.9)
2

The first mark is for using the equation
1

v = 5.0 (m s ) ✓
-1

The second for the final answer
1

(c)

Use of v2 = u2 + 2as to give 0 = u2 + 2 (-9.81) (0.85) ✓
The first mark is for using the equation
1

u = 17 (16.7)
2

u = 4.1 m s ✓
-1

The second for the final answer
1

(d)

Change in momentum = mv + mu = 0.016 × 5 + 0.016 × 4.1✓
The first mark is for using the equation
1
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= 0.15 (0.146) kg m s-1 ✓
The second for the final answer
1

(e)

Use of Force = change in momentum / time taken
= 0.15 / 40 × 10-3✓
The first mark is for using the equation
1

= 3.6 N ✓
The second for the final answer
1

(f)

Impact time can be increased if the plinth material is not stiff✓
Alternative
A softer plinth would decrease the change in momentum of
the ball (or reduce the height of rebound) ✓
1

Increased impact time would reduce the force of the impact. ✓
Smaller change in momentum would reduce the force of
impact ✓
1

M4.D

[1]

M5.B

[1]
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