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Mark schemes

(a)     Tangent drawn at t = 2.0±1 s ✔
Use of suvat loses first 2 marks

Guidance- take tangent point to be half-way between where the line
clearly leaves the curve

1

Mean deceleration from use of tangent using correct coordinates (correct ∆v and ∆t) and
answer in range (-)2.5 to (-)2.9 (m s–2) ✔

Ignore minus sign

=15/5.5 = 2.7(3) m s–2

Allow if answer rounds to these values
1

Use of F = ma using their a with answer

i.e. Force =1.8 × 104 × their a from an attempt at a tangent or trying to use suvat equation✔

Answers from best attempts at tangent in range 4.7 to 4.9 × 104 N
1

1

(b)     Attempt to estimate area under the graph ✔
Use of suvat equation = 0

1

Correct square count 21 to 23 10 mm squares

(525-575 small squares)

OR

distance per square = 2.5 m or 0.1 m✔
For attempt to find area using trapezium rule expect use of 1 s
intervals for this mark

1

Value in range 50 m to 60 m and conclusion

that escape lane would be long enough✔
1

(c)     KE of lorry :

to KE of gravel (as it is pushed aside/moved)✔
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OR

PE of gravel (as it may be ejected upwards)✔
Ignore losses due to friction

Not KE of the ground
1

transfer to thermal energy /internal energy/heating of gravel /ground/lorry

OR

work done on the gravel/vehicle increasing internal energy/raising temperature✔
Must refer to what is heated

1
Max 2

(d)     Appreciates that KE converted into PE

OR

May be stated or by attempt to use of mgh = ½ mv2

OR

Calculates initial KE of lorry ½1.8 × 104 × 17.52 = 2.76 ×106 (J) ✔
1

Height needed in escape lane = 2.76 × 106/(1.8 × 104 × 9.81) = 15.6 m

OR

Length of lane required = 15.6/sin25 = 37 m (compare with 85 m)

OR

vertical height of ramp = 35.9 m (compare with height needed 15.6 m)

OR

maximum change in PE possible = 85 sin 25 × 9.81 × 1.8 × 104= 6.3 × 106 (J)

(compare with initial KE) ✔
Allow max 2 if height = 85 tan 25

or length of lane = 15.6/tan 25

i.e. allow these incorrect values when drawing conclusion
1
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Comparison and conclusion that escape lane would be long enough. This must follow
from correct working✔

....................................................................................

Deceleration produced by slope = 9.8(1) sin 25 or

4.15 (4.1 or 4.2) m s–2 seen✔

Distance to stop from v2 = 2as give s = 37 m (compare with 85 m)✔
Arriving at 37 m gets first two marks

OR

Minimum deceleration needed = 17.52/2 × 85 = 1.8 m s–2 (compare with 4.15 m s–2)

Comparison and conclusion that escape lane would be long enough This must follow
from correct working✔

1

(e)     The straight road of uniform gradient because:

The deceleration (condone acceleration) is uniform ✔

with the gravel the initial deceleration is larger/may vary ✔

Travelling through gravel could make the vehicle unstable/bounce erratically(owtte) ✔

Gravel because:

On the ramp the lorry would roll backwards after stopping (as it has no brakes)

Do not allow deceleration less when on gravel( It is greater initially)

Do not allow answers that (average) force using gravel lane is less
than decelerating force on the ramp (due to increased stopping
distance or stopping time)

Or because stopping time is longer
MAX 1

[12]

B

[1]
2

B

[1]
3

(a)     p0 = 198.4 (cm) ✔
only acceptable answer

1

4
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(b)     all x values correct and recorded to nearest mm ✔
 

n p/cm x/cm

0 198.4 174.6

2 157.0 133.2

4 125.4 101.6

6 101.3 77.5

9 75.4 51.6

13 53.8 30.0

allow ecf for x = p – 23.8 if p0 ≠ 198.4
penalise 2 sf x = 30 for n = 13

1
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(c)     six values of ln(x/cm) recorded consistently i.e. all to (minimum) 2 dp; confirm that value of
ln(x) for n = 6 corresponds to tabulated value of x 1✔

vertical axis labelled ln(x/cm) i.e. bracket required;

suitable vertical scale (points should cover at least half the grid with
a frequency of not less than 5 cm) 2✔

points plotted for n = 0, 2, 4, 6, 9 and 13;

check n = 6 point is plotted within half a grid square of tabulated
position;

suitable continuous ruled line of negative gradient from n = 0 to (at
least) n = 13 3✔

expected data:
 

n p/cm x/cm ln(x/cm)

0 198.4 174.6 5.162

6 101.3 77.5 4.350

for n = 0, x = 0, ignore missing or incorrect ln(x) and ignore
missing/wrongly-plotted point

for 2✔ vertical axis should be labelled ln(x/cm) (note that bracket is
essential); expect vertical scale to start at 3 with major divisions of
0.2

for 3✔ a suitable line must pass through all points if these have
been correctly calculated;

for any errant plotted points the line must be the best line in the
opinion of the marker;

line must not be thicker than half a grid square and width must not
vary;

points must not be thicker than half a grid square (reject any dots or
blobs)

3

(d)     graph is linear and has negative gradient ✔
allow ‘straight line’ for ‘linear’; statement must be confirmed by
Figure 4

allow ‘negative slope’ or ‘slopes downwards’ for ‘negative gradient’

no ecf for non-linear graph
1
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(e)     gradient triangle for Figure 4;

correct read offs (± 1 mm) for all points or for both steps in triangle 1
✔

expected gradient result is –0.135

for gradient between –0.139 to –0.133 (allow this intermediate
answer shown as a fraction)

award two marks for minimum 3 sf x when n = 20 in range 11.2 to
12.2 (cm) 23 ✔✔

OR

one mark for x when n = 20 in range 10.8 to 12.7 (cm) 23 ✔

OR (if gradient out of range)

marker uses candidate’s gradient ( which must be negative) and
(marker must read off) intercept on Figure 4 to calculate x when n =
20

minimum 3 sf result in range ± 4% 23 ✔✔

OR

1 mark minimum 3 sf result in range ± 8% 23 ✔

(theoretical result for x when n = 20 is 11.7(3) cm)

for 1 ✔
allow 1 mark for sufficient evidence of working and a valid
calculation of the gradient of a linear graph even if graph has a
positive gradient

for 2 ✔ and 3 ✔
give no credit if graph drawn has a positive gradient

allow 1 mark for using a positive value for the (negative) gradient in
the calculation for x when n = 20 (this leads to 2592 cm); result
must be in range ± 4% 23 ✔
allow ‘similar triangles’ method;

eg  1 ✔

ln x20 = 2.46 2 ✔; x20 = 11.7(0) cm 3 ✔
allow ecf x when n = 20 based on Figure 4 if scales used enable
value to be read directly using an extrapolated line; do not allow
such working to extend beyond the grid into the margin 1 ✔; value in
range 11.2 to 12.1 cm 23 ✔ = 1 MAX

3
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(f)      valid procedure 1

described 1 ✔

explained 2 ✔;

valid procedure 2

described 3 ✔

explained 4 ✔

explanation mark (2 ✔) is only awarded when it is relevant to a
correct procedure (1✔); one procedure/explanation allowed per
response

no credit for conflicting statements or wrong physics

any two from:

repeat experiment and average calculated (p) 1✔
to reduce (impact of) random [human] error 2✔
and/or

repeat readings to detect anomalies 1✔
so these can be discarded (before averaging) 2✔
and/or

view air track at right angles [at eye level] 1✔
to reduce [eliminate] (impact of) parallax error 2✔
and/or

repeat experiment with track direction reversed and average
calculated (p) 1✔
to account for the effect of non-level bench 2✔
and/or

use video (camera) technology [or a motion sensor linked to a data
logger or laser ranger] to view [record] the position of the glider as it
reaches the top of the track 1✔
to reduce (impact of) random [human] error [to identify and
eliminate anomalous results] 2✔
reject any suggestion that involves changing the glider, its initial
position on the track or the air track itself including the position of
the scale

4

[13]
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(a)     resultant force = 11 000 × 2.9 = 31900 (N) ✔

resultant force = thrust − air resistance

OR

31 900 = 230 000 – air resistance✔

198 000 (N) ✔
3

5

(b)     Air resistance increases with speed so resultant force decreases with speed ✔

Eventually air resistance = thrust (so no acceleration)✔
2

(c)     Time to reach maximum height = 2.5/9.8=0.255 s✔

maximum height = 1.5 + 4.9 × 0.2552 = 1.82 m✔

Time to reach ground from maximum height = 0.61 s giving total time = 0.87 s✔

OR

−1.5 = 2.5t − 0.5 × 9.8 × t2✔

rearrange quadratic gives 4.9t2 −2.5t −1.5 = 0 and

solution t = ✔

Giving solutions 0.86 or − 0.35 hence time = 0.86 s✔
Allow credit for alternative routes

3

(d)     Starts at 2.5 m s−1 and maximum height same but reached earlier✔

Maximum range no more than 175 m✔
2

(e)     Motion unchanged vertically / maximum height of P is unchanged: air resistance
decelerates P horizontally so less distance travelled. (both points needed) ✔

Air resistance increases with speed: speed is low vertically but very high horizontally (both
points needed) ✔

2

[12]

B

[1]
6

A

[1]
7
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B

[1]
8

A

[1]
9

A

[1]
10
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Examiner reports

(a)     It was important to realise that this was not uniform deceleration so that application of the
suvat equation was not appropriate. Many students unfortunately used this approach and
therefore could only access the final mark for application of F = ma. A significant proportion
used the instantaneous values at 2 s to find acceleration and these students were denied
access to the final mark. Students who realised that a tangent was required were able to
progress and were rewarded, provided that the tangent was not at a point too far from 2.0
s. The accepted range was determined to allow for the acceptable limits. Just over 30% of
students scored all three marks.

1

(b)     The use of the suvat equations led to no marks being awarded in this part. A majority of the
students realised that the area under the graph was needed and there were many very
sound responses (though 65% of students ultimately scored zero). Counting squares was
the most popular approach. Use of the trapezium rule was often spoiled by choice of time
intervals that were too large.

(c)     Students here needed to think of the context and respond accordingly. There were many
who produced the very low level response of ‘heat and sound’, which gained no credit. It
was essential to state what was heated. Only the more thoughtful students commented on
the transfer of KE of the lorry to KE of the gravel, or work done moving it, which contributed
to the greatest energy transfer in the context. 4.6% of students gained both marks here.

(d)     There were a number of different routes that led to the conclusion that the escape lane was
long enough and they were seen in fairly even numbers. The easiest and possibly most
straightforward were a comparison of the initial KE of the lorry and height at which the KE
would be totally transferred, or comparison of the initial KE with the PE of the lorry if it were
to reach the top of the ramp. Whilst the appropriate calculations were often seen, it was
disappointing that many did not provide any comments of what each calculation
represented and final statements in conclusion were often not well argued. However, over a
quarter of students were able to score maximum credit.

(e)     This was an open-ended question that could be argued either way with appropriate
comment. The most common approach was to discuss the problem of rolling back down
the slope after stopping on the ramp. Comments relating to comparisons of acceleration
were not appropriate as this usually led to students writing that the deceleration was lower
on the gravel. These were comparing the instantaneous deceleration at 2 s with the
uniform deceleration on the ramp; the initial deceleration on the gravel was considerably
larger. 52.5% of students answered this successfully.
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Those students who did not fall back on a generic response in question (f) gained a significant
advantage. The numerical and graphical parts of question 3 were generally done well.

Questions (a) and (b) were quite accessible for those students who took in all the information
from Figures 1, 3 and 2. The data students added to Table 2 should give the p and x data to a
consistent and appropriate number of decimal places. Thus, for n = 13 examiners wanted to see
x = 30.0; a mark was withheld from the many students who missed this point.

In question (c), most students earned a mark for working out the ln (x/cm) values correctly, and
recording these in a consistent fashion to at least 2 decimal places. The second marking point
was much more discriminating, and was forfeited by many students who included the origin, thus
compromising the vertical scale. Others did not show the bracket around the axis label correctly,
or spaced their values too widely along the axis. The point plotting was generally fine, but some
students lost the mark by using ‘blobs’ rather than clearly-defined points, or by drawing a thick or
non-ruled line. Those producing a curve could not score here.

In question (d), examiners wanted students to point out that their graph was a straight line, and
that it had a negative gradient. It was clear that large numbers of students seemed to think that
any straight line graph represents direct or inverse proportion. Examiners insisted on seeing
‘linear’ or ‘straight line’, and any mention of proportion (of any sort) was rejected.

Once back to numerical work in question (e), students were on surer ground and most measured
a gradient before successfully going on to find x when n = 20. Students who feel that this type of
question is testing maths and not physics should acquaint themselves with section 6 of the
specification.

Question (f) highlighted once again how ill-equipped some students were when it came to writing
with authority about practical procedures to reduce uncertainty. Some immediately seized on the
idea that (percentage) uncertainty could be reduced by either increasing the raw measurements,
or by reducing the intervals between the markings on a scale. Neither of these things made any
sense in the context of the question, so suggestions such as “increase the length of the air track”,
and “use a vernier scale”, gained no credit. Some students failed to gain credit here because
they suggested the use of lasers or computers to measure distances, or simply gave vague
statements about some procedure which ‘will reduce uncertainty’. Students who stuck with what,
in the circumstances, would be an obvious and effective strategy, such as repeating and
averaging to reduce the impact of random error, were on the safest ground. Whenever
data-logging is suggested, examiners expect to see an appropriate sensor identified. In the
context of this experiment a motion sensor would be fine, but a light gate would not. The use of
video cameras, used increasingly in schools and colleges, to pinpoint p as the glider comes to
rest, was accepted either as a means to reduce the impact of random error, or to avoid parallax
error.

4
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