2.1 Motion (F) PhysicsAndMathsTutor.com

Mark scheme — Motion (F)

Question Answer/Indicative content Marks Guidance
Examiner’s Comments
1 B 1 This proved to be the easiest question in
(AO2.1) [ Section A, with about 85% of all candidates
getting it right. The commonest wrong
answer was D.
Total 1
2 DV !
(AO1.2)
Total 1
3 cVv 1 (AO2.1)
Total 1
Examiner’s Comments
Nearly half of the candidates did get the right
answer. However most of the other
candidates appeared to have been just
guessed which response was correct.
1
4 cv AfL
(AO1.2)
Standard form is tricky for Foundation Tier
candidates. Try using low stakes pop quizzes
and starter exercises to embed concepts of
standard form and the metric prefixes. See
also the Mathematical Skills Handbook
http:/www.ocr.org.uk/Images/310651-
mathematicalskills-handbook.pdf
Total 1
Examiner’s Comments
Candidates were required to carry out a
simple substitution into a given equation
5 cv 1(A022) |¥™P given €9
were generally answered well. The most
common error was not squaring the speed
and choosing distractor B.
Total 1
6 Bv 1(A02.1)
Total 1
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Examiner’s Comments
This involves two different unit conversions,
7 BV 1(A01.2)
km to m and h to s. Many successful
candidates used the space to set out step-
by-step intermediate calculations..
Total 1
Examiner’s Comments
The majority of candidates correctly identified
8 DV 1 (AO1.2) | that a ruler and a stopwatch should be used
to measure the speed of water waves. A
common incorrect response was an ammeter
and stopwatch.
Total 1
1
9 cVv
(AO2.1)
Total 1
10 B !
(AO2.1)
Total 1
11 A !
(AO2.1)
Total 1
1
12 A (AO1.1)
Total 1
Please refer to the marking instructions on AO1.1 Demonstrate knowledge and
page 4 of this mark scheme for guidance understanding of the correct formulae
on how to mark this question.
e speed = distance + time
Level 3 (5-6 marks) e yv=s+t
Detailed description and comparison of the e evidence of calculation
motion of all four students in terms of 6
distance and time relating speed to (AO2 x 1.1) [ AO2.2 Apply knowledge and
distance run (AO2 x 2.2) | understanding of the motion of the four
13 AND (AO1 x students
Calculates the speed of all four students. 3.1a)
(AO1 x e Race B is a longer distance than
There is a well-developed line of reasoning 3.2b) race A
which is clear and logically structured. The e Race B and C are the same
information presented is relevant and distance
substantiated. e Students B & C take different
amounts of time
Level 2 (3—4 marks) e Student D takes the longest time
Description and comparison of the motion e Race D is the longest distance
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of three students of distance and time
OR

Calculates the speed of at least three
students.

There is a line of reasoning presented with
some structure. The information presented
is relevant and supported by some
evidence.

Level 1 (1-2 marks)

Brief description of the motion of at least
three students.

OR

Calculates the speed of at least one
student.

There is an attempt at a logical structure
with a line of reasoning. The information is
in the most part relevant.

0 marks
No response or no response worthy of
credit.

e Race A is the shortest distance

e Student A speed = 15+6 = 8.3m/s

e Student B speed = 100+15 = 6.7m/s
e Student C speed = 100+14 = 7.1m/s
e  Student D speed = 200+31 = 6.5m/s

AO3.1a & AO3.2b Analyse information to
interpret and draw conclusions about the
motion of the four students

e Race B is twice the length of race A,
but time is more than twice that of
race A

e Cisfaster than B as the time is
shorter (for the same distance)

e Asrace length increases, average
speed decreases

Examiner’s Comments

(D

There were many excellent answers, with the
mean speeds of all four runners calculated
with comments about how they had run
different races (apart from B and C). Many
candidates helped themselves by annotating
the calculated speeds next to the table). The
most able candidates discussed the effect of
running a longer race on the mean speed of
the runner (see Exemplar 7 below). Less
able candidates compared the times of each
runner but did not calculate speeds (see
Exemplar 5 below).

OCR
support

About one in ten candidate did not attempt to
answer this question. Level of Response
(LoR) questions are designed to open up the
potential answers so that candidates at all
levels of ability have an opportunity to show
their scientific understanding. Every
candidate should be encouraged to answer
LoR questions as even a weak but relevant
answer will be credited. The ‘How to answer
6 mark LoR questions’ resource can be used
to help candidates prepare for this style of
question
http:/www.ocr.org.uk/Images/374902-how-to-
answer-6-mark-lor-activity.doc
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Use the information in the table to describe and compare the motion of the four studants.
Use the data in your answer.
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A Level 1 candidate response. They describe
the data in the table with no attempt to
process data and calculate the speed of each
runner. The information is relevant to the
question but there is no real attempt to

compare the motion of the four students.

Use the information In the table to describe and compare the motion of the four students,

Uso the data in your anewer.
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A Level 2 candidate response. They have
calculated and compared the speeds of A
and D, but only compared the relative
motions of B and C. There is a structured line
of reasoning and the reporting of data is
linked by sentences that offer some
interpretation of the facts.

Student | Race distance (m) | Time (s) Speed - &:s_n:\lm_
A 50 B |2-3mis

B | 10 15 |6 Gmis
[ 100 14 |1 iamis e
L4 20 3 fe-demts 68

Use the information in the table to describe and compare the motion of the four students.

Use the data in your answer.
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A Level 3 candidate response. They first
calculated the speed of each student and
then annotated the data table. This allowed
them to be more focused and precise in their
response. They have offered some
explanation of the relative motions of the
students. This answer is logical and all the
content is relevant. The word counts for all
three exemplars are similar and
demonstrating that a well thought out answer
is better than a very long answer.

Total 6

Must start with Newton Il
NOT less force for same acceleration

Examiner’s Comments

Few candidates identified that this question
was about the implications of the equation F
= ma. Candidates did not recognise that the
force would be the same for both the heaver
and the lighter model of car. Most candidates
discussed the effects of friction on the car.
For the order of magnitude for changes in
mass between different models of a car
frictional forces would have no measurable
effect on acceleration.

. (i} Explain why the presenter is comrect.
F = ma/ force equals mass times ) i
. 2 (AO1 _2) ...!G.:Eaf...CQX...\§'.....b:o.\.r.\@-i.Sf-'.f.\ﬁ..m....wﬂtﬁ\f!:..onrsha..m‘rne\i‘.A,.,‘
acceleration v/

14 i 20008806 L. ACCRO IR0 A L. HNf..... DRSS, I8, VESS. e
so reducing mass means the same engine - HEce (A be O3S LGk 20, 1R i8R, S0 IS, 0Rerniz]

A022 Ly be e
force will cause greater acceleration v/ ( )

This answer only considers the marginal
changes in friction caused by a very small
increase in the contact area of the tyres but
ignores the more significant effect that the
same force applied to a smaller mass will
have on acceleration.

(i) Explain why Ihe presenter is comect
3 K Sk Jebebivn.. ... B P 500000 5, setetanti

A A S B Pt F AR W

)
I 2 W 1 ) T P S T T 21

This candidate’s answer shows very clearly
why using a more mathematical approach in
physics saves time and increases
understanding. They have identified the
appropriate equation (F=ma), changed the
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subject to acceleration and then drawn the
correct conclusion. Using this approach their
answer was shorter, clearer and more
relevant than exemplar 12.

As a starter exercise show students the
question and ask them to select the equation
that will answer the question. Helping
students to be more comfortable using
equations will help them overcome their
reluctance to answer physics questions using

maths.
FIRST CHECK THE ANSWER ON
ANSWER LINE
If answer = 5 (m/s?) award 3 marks e.c.f. incorrect change in speed if subtraction
ii 3 attempted
change in speed = 25-5 = 20 (m/s) vV (AO2.1)
acceleration = 20 + 4 (m/s?) v ' Examiner’s Comments
wo211y \—/}7 o —
=5 (m/s?) v
(AO2.1) . . .
This calculation was well done with most
candidates being credited with all three
marks.
Total 5

Do not accept distance / time the ball travels
Do not accept metres / seconds

Examiner’s Comments
Some candidates wrote a list of quantities
that could be measured with no description:
speed, distance, time, frequency and
2 (AO 2 x | wavelength. These candidates could not be
1.1) credited with any marks as they had not
answered the question. Candidates were
expected to describe how the distance that
the sound would travel and the time for the
sound to travel were needed to calculate the
speed. Many candidates ignored the context
for the question and referred to measuring
the distance the ball travels.

Distance (between source and observer) v

15 |a
Time (for sound to travel between source
and observer) v

ALLOW distance + time

Examiner’s Comments

b Speed = distance + time v 1 (AO 1.1) | This question was answered well by
candidates. Some candidates quoted the
wave equation which was not appropriate to

the experiment. A significant number of
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candidates incorrectly gave the correct
equation as speed = distance x time..
ALLOW no wind
IGNORE increase time
Examiner’s Comments
. Takes several readings / take averages / 1(AO Most candidates suggesting repeating the
increase distance v/ 3.3a) experiment and calculating an average.
Some candidates suggested using different
distances and then plotting a graph. Other
candidates suggested increasing the
distance to the observer.
Total 4
Examiner’s Comments
FIRST CHECK THE ANSWER ON 2 ) ” - .
Higher ability candidates wrote out in a
ANSWER LINE . . .
recognisable form that change in velocity =
If answer = 12 (m/s) award 2 marks . .
16 acceleration x time = 3 x 4 =12 (m/s). A
Rearrange formula - 4 x 3 v/ (AO 2.1) common .miscon.ception wa§ to divide the
acceleration by time taken (i.e. 3 x 4 = 0.75).
Candidates should be encouraged to put the
12 (m/s) v (AO 2.1) . , . 9 . P .
numbers into the given equation which will
help them to identify if they will need to
rearrange the formula.
Total 2
Examiner’s Comments
17 |a i 50 (m) v 1 (AO2.2) | 16(a) was a gentle introduction to the
structured questions in Section B and almost
all candidates were awarded all three marks.
Examiner’s Comments
ii 60 (s) v 1(A02.2) | 16(a) was a gentle introduction to the
structured questions in Section B and almost
all candidates were awarded all three marks.
ALLOW Metre ruler / metre stick / metre
wheel / surveyors’ wheel
DO NOT ALLOW ruler
ALLOW Fitbit/smartphone app
Any one from:
iii Tape measure/ Measuring tape v/ 1(AO1.1) .
Examiner’s Comments
Trundle wheel v
16(a) was a gentle introduction to the
structured questions in Section B and almost
all candidates were awarded all three marks.
cv
. It has the steepest line/gradient/slope / 2 (AO 2.2) .
b i o ALLOW calculation of all 4 speeds
greatest change in distance per second / (AO 1.1) . ] .
AW v NOT ‘highest distance change in shortest
amount of time’
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Examiner’s Comments

16(b) provided the first questions where more
than one mark was available, and this helped
a number who could identify the important
factor but had selected the wrong option A —
D. In (i) a number calculated all four speeds
(including 0) in order to identify C. Most
candidates appreciated that it was the
section with the highest gradient/steepness
which they needed to identify.

BV

Examiner’s Comments

16(b) provided the first questions where more
than one mark was available, and this helped

AND

Detailed identification of at least two
problems with the experiment with
suggestions of detailed improvements.

2(A0 2.2
ii The line is horizontal/flat /distance does (,(O\O 1 1)) a number who could identify the important
not change/AW v ' factor but had selected the wrong option A —
D. In (i) a number calculated all four speeds
(including 0) in order to identify C. Most
candidates appreciated that it was the
section with the highest gradient/steepness
which they needed to identify.
FIRST CHECK THE ANSWER ON
ANSWER LINE o
If answer = 0.5 (m/s?) award 2 marks Mp2 dependent on correct substitution for
c ) mp1
v=20+40V .
V= 0.5 (mis?) v 2(A02.1) | Examiner’s Comments
' (AO2.1)
The equation for acceleration was given and
it required no rearrangement. Most
candidates were credited with both marks
here.
Total 9
Please refer to the marking instructions on AO3.1a Analyse information and ideas to
page 4 of this mark scheme for guidance describe trend in results
on how to mark this question. For example:
6
Level 3 (5-6 marks) (AO2x3.12) e No obviOl.Js/discernil:.)Ie trend
18 | a (AO2x3.2a) e Asloads increased time = the same
tates that there i lear trend. ' [ =
States that there is no clear tren (AO2x3.3b) e Asloads increased speeds = the

same

e 20N and 60N mean speeds the
same

e 20N and 60N times the same
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There is a well-developed line of reasoning
which is clear and logically structured. The
information presented is relevant and
substantiated.

Level 2 (3—4 marks)

Recognises that the average speeds are
similar.

AND

Identifies at least one problem with the
experiment with a suggested improvement.

There is a line of reasoning presented with
some structure. The information presented
is relevant and supported by some
evidence.

Level 1 (1-2 marks)

Refers to data from the table.

AND

Suggests an improvement to the
experiment or identifies one problem with
the experiment.

There is an attempt at a logical structure
with a line of reasoning. The information is
in the most part relevant.

0 marks
No response or no response worthy of
credit.

e 40N and 80N mean speeds the
same
e 40N and 80N times the same

AO3.2a Analyse information and ideas to
make judgements and identify problems
with the experiment

For example:

e Only 4 loads tested

e Ramp distance too short

e No repeated readings

e Mass/weight of trolley ignored

e Reaction times an issue for short
times

AO03.3b Analyse information and ideas to
improve experimental procedures
For example:

e Test more loads

e Include mass/weight of the trolley
e Use alonger ramp

e Have a smaller angle of ramp

e  Start higher up the ramp

e  Electronic timing method

e Repeat readings and take a mean

Examiner’s Comments

Because there was no systematic pattern in
the data this was a demanding level of
response question for a foundation tier
candidates.

Exemplar 5 is a candidate who scored Level
3, 6 marks for clearly identifying the absence
of a trend and suggesting improvement to the
experiment.

Exemplar 6 is a Level 2 response, gaining 4
marks as the candidate has identified that the
times and speeds are essentially similar and
suggested improvements to the procedure.

Exemplar 7 is a Level 1 response. The
candidate makes reference to the data and
makes a suggestion for doing a better
experiment. This was judged to fit the Level 1
criteria exactly and was given 2 marks.

Exemplar 5
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21 Astudent investigates the average speed at which a trolley with different loads travels down a
amp.

Lock at the diagram of her expariment.

She relcases tha trolley from a distance of 2.0m from the botiom of the ramp.
The student uses a stop-clack 1o measura the time it takes 1o reach the bottom of the ramp.
She calculates the averaga speed. Look at her resulls.

Lozd () Timo taken (s) | Averagoe speed nis
20 23 087
20 24 083
60 23 087

| w0 T 2e 083

()" Describe the trend shown by the results, idantify problams with the experiment and describe
any improvements that you would make to the exparimant.

Sptil.... 2 mﬂm .. mf
S IR, S SO B ... (PO

O L T N

Exemplar 6

(a)* Describe the trend shown by the results, identify-prablems with the experiment and describe

any IW& Ihmyouwomk:;hm lmalll HM E,!\a/{r/

E/.Le_ bire balke, o o QW tae Loaf
sor- Chumde. alfl Me 2.3p hot o arpge

OCPQM O Q8 Ay nk D) hod G 087

lhe” Thdal Could lemr Camaliiig, (4 dumar
the. Rury b waree Sure )i S,
ﬁ L o/tqﬁa Fe sk Codd alfo

e a Gate. Cingh pal
O\ P00 Lwideh o (tdit. e
Saov. Bach G,
Exemplar 7

(a)* Deseribe the trend.shown by the rosults, identify problems with the experiment and describe
any improvements that you would make to the experiment.
Be experiant

eEhe  coudd ve . Oeng

s the . sare leod o Cou Eue s
e ..ok, &%’\ Qverage  Sbooct

- won e leod s 40N ond 500 &k
was  sower. than.. 300, ond. ko
buk A oweroge | speet s Sk

A iiakor -

EITHER
v2 — u? = 2as (no mark — on formula sheet)
u=0v
=\2+2sV
a=22+(2x20)V

a=1.0M1 (m/s?) v

OR

(A02.1)

(A02.1)

(A02.1)

(A02.1)

If no working shown and answer = 1 (m/s?),
award all 4 marks.

If wrong physics used, then award marks as
appropriate for either approach.

Examiner’s Comments

There were different possible approaches to
the calculation: use of v2 = u? + 2as or finding

the mean speed and hence t and using a =
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meanv="%(0+2m/s)=1m/s v
t=s/meanv=2m/1m/s=2sV
a=Avitv

=(2m/s-0)2s=1(m/s?) v

(v-u)/t. Both were seen. Many candidates just
randomly multiplied or divided the numbers
given, and two of these operations gave a
response of 1 m/s2.

Where candidates used incorrect physics in
their response (e.g. acceleration =
speed/distance = 2/2 = 1) then they only
gained marks for those parts of their
workings that were appropriate. For fairness
candidates who only wrote ‘1’ on the answer
line with no workings shown were given the
benefit of the doubt and awarded all 4 marks.

Velocity does take direction into account /
AW v

Speed is calculated using distance v

Total 10
IGNORE just age
ALLOW increase in driver’s reaction time
Examiner’s Comments
. . Many candidates correctly answered this
(Driver under influence of) alcohol / drugs / estion. The common factors were alcohol
uestion. w ,
19 i tired / (named) distraction / ill / old-age / 1(AO 1.1) a . . )
. L . drugs and tiredness. Some candidates did
intoxication / high(er) speed v
not score the mark for factors related to
braking distances.
Other candidates did not give an appropriate
direction for the change, e.g. ‘speed’ was not
credited but ‘increasing speed’ was credited.
Examiner’s Comments
FIRST CHECK THE ANSWER ON . i )
The majority of the candidates gained one
ANSWER LINE . :
mark for correctly reading off either the
If answer = 26 (m) award 2 marks L . . .
2 (AO thinking distance or the braking distance.
ii . . . . Many candidates did not read the question
(Stopping distance =) braking (distance) + 2x2.2) carefully to realise it was the stoppin
thinking (distance) OR 16 OR 10 v arendly , pping
distance that was required.

(sd =) 26 (m) vV . . .
Higher ability candidates clearly showed both
the values from the graph and the addition.

Total 3

Any two from:

Speed is a scalar v

Velocity is a vector v

20 Speed does not take direction into account / 2
AW v (AO1.1x2)
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Velocity is calculated using displacement v

Displacement depends on direction from
start point / displacement takes into account
direction v

Distance does not depend on direction from
start point / distance does not take into
account direction v/

Total
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