
Mark schemes

(a)     (i)      use of mg = kΔL or F = kΔL and F = mg

C1

extension = 5.9 m

A1

total length = 25.9 m (allow 20 + their extension)

B1
3

(ii)     20 + twice (5.9) amplitude + 2.6; 34.4 m;
allow ecf from ai

B1
1

1

(b)     (i)      T = 2π√m/k and T = 1/f or f = 1/2π √k/m

B1

correct substitution: allow for calculation
of T (4.85 s)

B1

0.21 or 0.206 (Hz)

B1
3

(ii)     substitutes data in vmax = 2πfA

C1

5.4 ms–1 (5.28 to 5.53)

A1
2
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(iii)     two complete oscillations shown with positive
and negative velocities and acceptable shape
(condone more than 2)

B1

and two from
period of 5 s used in graph (allow ecf for T from
earlier part)

B1

start at 0 and positive velocity change at T = 0
with positive and negative velocities shown

B1

max velocity shown decreasing

B1
3

(c)     (i)      it would have to raised

B1

rest extension would be greater/rider would be
nearer the ground if extension unchanged

B1

the rider has to move down a distance = to the
amplitude (5.9 m) from the new rest position

or with same initial extension/energy stored in rope,
the rider would reach a lower height
amplitude would be lower
or due to the larger mass more energy (= mgh) is
needed to reach the same height

so initial extension would have to be increased

B1
3
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(ii)     the rope would become slack at the top of the
ride so the rider would go into free flight/rider
would overshoot the highest point

B1

the rider would fall and, with negligible air
resistance, the rope would again absorb the energy
arriving back at the start point or rider is more likely
to fail to reach the ground after one oscillation
due to energy losses/air resistance

B1

the PE gained (at the top of the flight) can (at most)
only be converted back to the elastic energy that was
stored in the rope at the start

(allow a statement to the effect that to hit the floor
would contravene conservation of energy or require an
energy input)

B1
3

[18]

(a)     Time for one cycle

M1

One cycle defined correctly in terms of diagram, can
be on diagram

A1
2

(b)     B

B1

Mention of air resistance, allow drag OR bob faster in
centre of motion

B1

Links two ideas

B1
3

[5]

 

2
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(a)     period time for one complete oscillation
B1

amplitude maximum displacement from undisturbed
(equilibrium) position

B1
(2)

3

(b)     clear description + repeat at least 10 times overall + averaging process
B1

beginning or end measurement at equilibrium / use of datalogger
(explicit) / fiducial mark

B1
(2)

(c)     same time period
B1

significant and gradual reduction in amplitude compared to original
B1

(2)

[6]

(a)     (i)      toward B

B1
1

4

(ii)     15 × 0.20 = 3 mm

B1
1

(b)     (i)      period = 0.8 s

C1

use of T = 2π√L/g

C1

0.16 (0.159) m

A1
3
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(ii)     lower initial displacement

B1

lower inertia/more likely to begin moving as
the Earth moves

B1

no effect

B1

period of a simple pendulum is independent of the
mass of the bob/mass of bob is not in the formula
for the period of a simple pendulum/period only
depends on length (and g)

B1
4

(c)     (i)      clearly states consistency of ratios of successive
amplitudes as the
test

B1

one ratio of successive amplitudes correctly
determined

B1

         two ratios correctly determined and conclusion

B1
3

(ii)     the oscillations are damped/air resistance
mentioned/friction of pen against paper

B1

energy is lost because of air resistance/work is
done against air resistance/energy lost moving
air out of the way/giving air kinetic energy

B1
2
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(iii)     it will come to rest quicker

M1

the bob loses a greater proportion of its energy
during each oscillation

A1
2

or pendulum has lower inertia so damping force has
greater effect

or oscillating pendulum (initially) has less energy

or air resistance (initially) is unchanged

[16]

(a)     2.2 s

c.a.o.

B1
                1

5

(b)     exactly two reasonable sine wave cycles drawn

B1

displacement = 10 cm when time = 0

B1

time = 2.2 s after one cycle

B1
4

peaks decrease to approximately 7.0 cm after two cycles
or 8.4 cm after one cycle

B1

award two marks if half-cycle confused with full cycle
but otherwise correct

(c)     (i)      the period would be decreased

B1

(ii)     there would be less damping/more oscillations before
the pendulum comes to rest

B1
2

[7]
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(a)     (i)      period = 1.8 or 1.9 s or f = 1/T

C1

0.56 (0.556)Hz or 0.53 (0.526) s if T = 1.9 s

A1

(ii)     0.074 – 0.078 m

B1
5

(iii)     frequency remains constant

B1

amplitude reduces

B1

6

(b)     attempt shows understanding of π/2 phase difference

(lag or lead)

M1

constant phase difference and amplitude

(acceptable quality)

A1
2

(c)     (i)      maximum acceleration = ω2A or ω = 2πf

C1

0.91(3) m s−2 or 0.83 if T = 1.9 s

(ecf from (a) (i)) and (a) (ii))

(not allowed if period given as answer in (i))

A1
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(ii)     (maximum) speed = ωA (0.267 m s−1)

C1

use of KE = ½ mv2 with at least m (= 8 × 10−3)
substituted

C1

(2.5 to 3.0) × 10−4 J

A1
5

or

maximum restoring force = 8.0 × 10−3 × 0.91

C1

oscillator energy = ½ × F × A or
0.5 × 8.0 × 10−3 × 0.91 × 0.075

C1

(2.5 to 3.0) × 10−4 J

rA1

[12]

B

[1]
7

C

[1]
8

D

[1]
9

D

[1]
10
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Examiner reports

It was disappointing that more candidates could not successfully solve the simple problem in part
(a)(i). In the rest situation mg = k ΔL and so the overall length = 20 + ΔL. Some dubious physics
was seen in responses where candidates used T = 2π√(m/k) to find T and then T = 2π√(L/g) to
find L.

It was rarely clear in responses whether candidates knew that in this instance .L. in the formula
was the equilibrium extension. Many candidates did not add on the 20 m to give their final
answer.

1

Analysing the problem in part (a)(ii) proved too difficult for the majority of the candidates. To find
the height of P, most candidates added either 2.6 m or the extension or both of these to 20 m.

For part (b)(i), candidates needed to state the equation or equations they were using, show clear
substitution of data and then answer to more significant figures that the value given in the
question, so demonstrate that they have done the arithmetic. One or more of these steps were
often omitted.

Part (b)(ii) was generally done well.

For part (b)(iii), there were a number of aspects that needed to be thought about to draw a
correct sketch. Only careful candidates were able to score three marks for the question even
though the marking allowed for one aspect to be overlooked. Many graphs were drawn far too
carelessly, even for a sketch graph. Although no values were required on the v axis it was
essential that the 0 was evident either explicitly or by implication. If this was not the case then the
positive and negative velocities during the oscillation could not be shown. Graphs needed to
show two complete (reasonably sinusoidal) oscillations with an unchanging period; the correct
period of about 5 s on the time axis; a velocity that started at 0 and increased in a positive
direction initially and a decaying amplitude.

Part (c)(i) was a demanding question and although most candidates appreciated, perhaps
intuitively, that P would need to be raised, few were able to make a sensible comment as to why
this should be the case and even fewer to give a convincing response worth full marks.
Concentrating on tension (.more tension to overcome the weight.) rarely led anywhere.
Candidates needed to consider the rider.s position above the ground when the rider comes to
rest or, for example, to use energy considerations to discuss the maximum height that the rider
would reach without any change in the height of P etc.

There were some very good responses to part (c)(ii) that used conservation of energy and the
best went on to explain that the rider could not go below the start point unless there was some
extra energy input at some stage during the first oscillation. Many gained some credit for
responses that concentrated on the loss of energy that occurs when there was air resistance –
rather than what would happen without.

The part of the question that asked what would happen to the rider? was usually ignored. This
was a descriptive part which required candidates to appreciate that the rope would reach an
unstretched length while the rider would still have KE and do go into free flight before returning.
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(a)     This was well answered, but there were still too many candidates whose descriptions were
so imprecise as to be worthless. The phrase ‘ how long..’ when referring to a time is simply
unacceptable at this level of examination. Other candidates failed to give clear descriptions
in terms of the positions shown on the diagram.

(b)     There were many misunderstandings shown in the answers. Although candidates often
recognised that damping depends on speed, some were at sea when recognising how
speed varies in a simple pendulum. Far too many stated that the speed is a maximum at
the extremes of the motion. Other scripts stated that the maximum damping is ‘ where the
bob has stopped’.

2

(a)     (i)      Although many candidates scored the mark for describing the period of an oscillation,
the level of explanation was not good with many references to ‘complete oscillations’
with no clear explanation of the true meaning of ‘complete’. It was clear to examiners
that the terms period and oscillation are by no means well understood.

(ii)     Amplitude markings on the diagram were well done by many candidates.

(b)     The description of the method for determining an accurate value for period elicited half
marks for many with a clear reference to the need for repeated measurements of many
oscillations, but there were only a handful of references to the need for, or the use of, a
fiducial mark. Poorer candidates often described a process of counting oscillations for a
fixed time – ignoring the inevitable problem of fractional oscillations at the end of the time
period.

(c)     In the diagram candidates tended to draw either an appropriate period for the motion of the
mass or an appropriately damped amplitude but rarely both.

3

80% of the candidates correctly answered part (a) (i).

A similar proportion did part (a) (ii) correctly. 3 cm was a common incorrect answer and many
simply miscounted when reading the scale.

It was surprising that almost a quarter of candidates were unable to score in part (b) (i). The most
common error was to determine the incorrect period. Some confused frequency and period and
used a period of 1.25 s.

In part (b) (ii), although appreciating the lower inertia, many candidates thought this would lead to
a higher displacement. What was surprising is the number who did not appreciate that the period
of a simple pendulum is independent of the mass of the bob and is dependent only on its length
and the value of g.

4
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Few candidates were able to undertake a suitable test for an exponential change and the
majority gave a qualitative response to part (c) (i) along the lines the rate of change decreases.
Some thought that the peaks should fall by half each time. Others thought that if the amplitude
changed by the same amount each time it would be exponential. It was anticipated that as an
understanding of the requirement, this test would be learned and investigated when discussing
damping.

In part (c) (ii), a majority of candidates mentioned that the oscillations were damped or that air
resistance was the cause, but few went on to give any further explanation in terms of energy or
work done.

Again, for part (c) (iii), more than half appreciated that the pendulum should come to rest in a
shorter time but explanations were generally poor. Many concentrated on the pendulum having
lower momentum which, as the pendulum’s momentum changes continually during the oscillation
even when undamped, was not a sensible approach.

This question had something for most candidates, although the quality of the sketch graphs in
part (b) was often very poor indeed.5

(a)     Most, but by no means all, candidates correctly calculated the periodic time.

(b)     While a few excellent graphs were seen, most were drawn poorly and featured a wide
variety of errors. Many graphs started at the origin, had no scale (or the wrong scale)
marked on the time axis, showed the wrong number of cycles and looked nothing like a
sine wave. Even good candidates neglected to satisfactorily show the decreasing
amplitude.

(c)     (i)      Many candidates answered this part correctly.

(ii)     Few noted that the damping effect would be reduced.

Most candidates scored well in this question, the majority gaining more than half the available
marks.6

(a)     (i)      Most candidates completed this successfully but some lost marks for misreading
scales, rounding off inappropriately, omitting a unit or giving the answer to too many
significant figures.

(ii)     Those losing marks usually misread the scale or omitted a unit.

(iii)     This was usually successfully completed.

(b)     (i)      The majority knew how to determine the maximum acceleration.

         (ii) The majority determined this using the KE formula but many were unable to
determine the maximum velocity or, having found it, forgot to square it when doing
the calculation. A small minority, inappropriately, used mgh.

 

This question had also appeared in a previous examination but the improvement in its facility
(62% to 77%) was less spectacular. Those who could combine ½ mv2 with vmax = 2πfA, deduce
that f would be 50 / 47, and then substitute the other given values correctly would easily arrive at
the correct value for maximum kinetic energy.

7

Page 25 of 26
www.examqa.com



This question concerned the equations of simple harmonic motion. In this question, the selection
of the correct algebraic terms for amplitude and frequency from the equation x = P cos Qt was
carried out correctly by three-quarters of the students. Difficulties with algebra are likely to have

caused 17% to select distractor B (where frequency = 2π Q instead of Q / 2π).

8

This question on simple harmonic motion was one of the most demanding questions in the test.
Candidates should have realised that the total energy E of the oscillating particle is equivalent to
its maximum kinetic energy ½ m vmax

2, and that vmax= 2πfA. When the amplitude A is constant it

follows that E is proportional to mf2. Doubling both m and f therefore produces an eightfold
increase in E. Only 42% of the candidates selected the correct response. Almost inevitably,
distractor C – a fourfold increase in E – was the second most popular choice with 32% of the
responses. This question was also a good discriminator.

9

This question involved a two-stage calculation on the connection between the energy of a
particle moving with simple harmonic motion, its mass and the time period. This proved to be
demanding, as it had been when the question last appeared in an examination. On the previous
occasion slightly fewer than half of the candidates gave the correct answer, whereas this time it
was slightly more than half. The question discriminated between the abilities of candidates better
than any other in this test. Perhaps it was an inability to translate from ω = 1 to T = 2π/1 that
caused almost a quarter of the candidates to select distractor B, where the answer was π / 2
instead of 2π.

10
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