Oscillations

Oscillations

Q1.

A damped mass-spring system is driven into oscillation. The graph shows the amplitude of
oscillation as the driving frequency is varied.

Amplitude of
oscillation

Driving frequency

The damping is decreased.

Which row of the table describes what happens to the maximum amplitude of oscillation and
the driving frequency at which this occurs?

Frequency at which

Maximum amplitude . .
maximum amplitude oceurs

O A decreases decreases
0 B decreases increases
O C imereases decreases
0 D increases increases

(Total for question = 1 mark)
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Q2.

A student carried out an experiment with a pendulum hung from a fixed support. The fixed
support was a distance h above floor level as shown.

fixed support

string
h
bob
o
!
\l, floor

As the student was unable to measure the length of the pendulum directly, she measured
the distance d from the bob to the floor.

The student used her data to plot a graph of T2 against d as shown below.
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Determine a value for the acceleration due to gravity g.
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(Total for question = 5 marks)

Q3.

A student is using a simple pendulum to determine a value for the acceleration of free fall g.

LS

S

She measures the length / of the pendulum four times with a metre rule and records the
following values.

-

: I Z I

4

855 86.0 875 855

She calculates the mean length Iy, of the pendulum using the following method:

_ B55+86.0+87.5+855

" = 86.1 cm
4

(i) Calculate a more accurate value for /.
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(i) Determine the time period of the oscillations of this pendulum, using your calculated
value for /m.

(Total for question = 4 marks)

Q4.

In 2011, a tsunami was caused by a massive earthquake centred some distance off the
coast of Japan. The tsunami caused a cooling system failure at the Fukushima Nuclear
Power Plant. This resulted in a nuclear meltdown and radioactive materials were released
into the surroundings.

Buildings in nearby Tohoku University suffered structural damage during the 2011
earthquake.

The graph shows how the acceleration of one of the buildings, measured on the 9t floor,
varied with time during the earthquake.
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(Source: https://www sciencedirect.com/science/article/pi/S0038080612001035)

At the time it was reported that during the earthquake the 9t floor of the building displaced
by more than 30 cm from its normal position.

Assess the accuracy of this report.
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(Total for question = 5 marks)
Q5.

The graph shows the variation of displacement with time for a particle undergoing simple

harmonic motion.
displacement V\ /\
v

Select the graph that correctly shows the variation of velocity with time for the particle.

y \_/
% /“\: (Total for question = 1 mark)
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Q6.

A tennis player uses a racket to hit a ball over a net. When the racket strikes the ball the
racket frame is set into oscillation.

The graph shows how the displacement x of the centre of the frame varies with time t
immediately following the strike.

iy
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Hollow spaces are built into the racket frame and small lead spheres are packed into these
spaces.

Explain how this results in the graph shown.

(Total for question = 3 marks)
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Q7.

A pendulum of length / with a bob of mass m oscillates with frequency f.

What is the frequency of a pendulum of length 4/ with a bob of mass 2m?

E A 4f
O B 2f
LI c f
00 b g
(Total for question = 1 mark)
Q8.

A playground swing completes 24 oscillations in 1 minute.

Which of the following is the frequency of the oscillations?

0O A 0.042Hz
0.40 Hz
1 C 25Hz

24 Hz

(Total for question = 1 mark)
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Q9.

A simple pendulum consisting of a thread and a bob is set up next to a horizontal rod.

The bob is displaced to the left and released. When the bob reaches the equilibrium position
the thread strikes the horizontal rod. For half of the cycle, only the lower part of the

pendulum moves.

The diagram shows the swing of the pendulum.

thread

bob

/727774

O

The diagram below shows the dimensions of the pendulum.

67 em

O

24em

Determine the frequency of the oscillations of the pendulum.

(Total for question = 4 marks)
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Q10.

A trolley is attached to the ends of two springs as shown. When displaced from its
equilibrium position, the trolley moves with simple harmonic motion.

spring trolley spring
! )

bench

The student displaces the trolley a greater distance from the equilibrium position, so the
amplitude of oscillation is doubled. The trolley still moves with simple harmonic motion.

Explain how the maximum kinetic energy of the trolley will change.

(Total for question = 3 marks)
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Q11.

Which of the following graphs correctly shows the relationship between acceleration a and
displacement x for a simple harmonic oscillator?

a a
A B
X x
O A
]
D C a [/}
J C ‘/k D
X X
Q12.

A pendulum of length / oscillates with a frequency f. The length of the pendulum is doubled.

The frequency of oscillation will be

LA

0B

(Total for question = 1 mark)
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Q13.

A student is using a simple pendulum to determine a value for the acceleration of free fall g.

She sets the pendulum into oscillations with small amplitude and uses a stopwatch to
determine the time period.

The student releases the pendulum at A and simultaneously starts the stopwatch. She
measures the time taken for 5 oscillations and divides the value by 5. She repeats the
procedure twice and calculates a mean time period.

Explain two modifications to the student's method that would improve the value obtained for
the time period.

(Total for question = 4 marks)
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Q14.

A trolley is attached to the ends of two springs as shown. When displaced from its
equilibrium position, the trolley moves with simple harmonic motion.

spring trolley spring
! )

bench
A student has a stopwatch and metre rule available.

(i) Explain the procedure that the student should follow to make an accurate determination
of the time period T of the trolley.
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(i) Describe how the student should use her value of T to determine the maximum speed of
the trolley.

(Total for question = 9 marks)

Q15.

The photograph shows an example of a Foucault pendulum.

This is a pendulum that consists of a massive sphere, suspended by a long wire from a high
ceiling. Over time the vertical plane through which the pendulum swings appears to rotate
because of the rotation of the Earth.

mass of sphere = 28.0 kg

The pendulum makes 8 complete oscillations in 52.2 s.
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Show that the length of the wire supporting the sphere is about 10 m.

diameter of sphere = 60.0 cm

(Total for question = 4 marks)
Q16.

A mass at the end of a spring is set into small amplitude simple harmonic motion.

v

1B

NI

Which of the following graphs correctly shows the variation of velocity v of the mass with
displacement x for one complete oscillation?

(Total for question = 1 mark)
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Q17.

The diagram shows two identical pendulums, A and B, side by side with a rubber band
placed over both strings.

| | | |
rubber band
P TN
l'\AJ I'\Bf,-’

Pendulum A is displaced and starts to oscillate. As pendulum A oscillates, pendulum B starts
to oscillate with the same time period, its amplitude increasing as the amplitude of pendulum
A decreases. At one stage pendulum A is no longer oscillating and pendulum B has its
maximum amplitude. Then pendulum A starts to oscillate again with increasing amplitude, as
the amplitude of pendulum B decreases.

The apparatus is adjusted so that the pendulums do not have the same length as each
other. When the first pendulum is set into oscillation, the second pendulum starts to oscillate,
but with very small amplitude; the first pendulum does not stop oscillating.

* Explain this behaviour.

(Total for question = 6 marks)
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Q18.

A student carried out an experiment with a pendulum hung from a fixed support. The fixed
support was a distance h above floor level as shown.

fixed support

string
h
bob
o
!
\l, floor

As the student was unable to measure the length of the pendulum directly, she measured
the distance d from the bob to the floor.

To determine the period T of the pendulum, the student used the following method:

¢ release the bob from its highest position and start a stopwatch
o stop the stopwatch when the bob reaches the same position again.

Criticise the student's method for measuring the period.

(Total for question = 2 marks)
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Q19.

A student set up a "seconds pendulum". This is a simple pendulum for which the time taken
to move from the bob's highest position on one side to its highest position on the opposite

side is 1.00 s.

metre rule
L
—
1t;-::-b

(a) Calculate the length L required for the pendulum to be a "seconds pendulum”.

(b) The student set the pendulum into oscillation. She used a stopwatch to check the
accuracy of the pendulum's period T.

Describe the procedure the student should have used to obtain an accurate value for T.
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(c) Another student suggested that the uncertainty in the measurement of the time period of
the pendulum could be reduced by using a light gate and a data logger. The data logger
would record the time between successive interruptions of the light beam. Both the data

logger and the stopwatch have a resolution of 0.01 s.

.

£ J data 1022&1

Comment on the student's suggestion of using a data logger rather than a stopwatch.

(Total for question = 8 marks)
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Q20.

A garden ornament consists of a metal flamingo suspended from a spring as shown. The
spring is hung from a support using the hook.

hook

spring <

In a slight breeze the flamingo swings from side to side and behaves as a simple pendulum.

(i) Show that the period of oscillation of the flamingo pendulum is about 2.2 s.
pendulum length = 1.25 m

(i) The amplitude of oscillation of the flamingo pendulum is 7.5 cm.

Calculate the maximum velocity of the flamingo pendulum.

(Total for question = 5 marks)
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Q21.

The diagram shows two identical pendulums, A and B, side by side with a rubber band
placed over both strings.

rubber band

® ®
Pendulum A is displaced and starts to oscillate. As pendulum A oscillates, pendulum B starts
to oscillate with the same time period, its amplitude increasing as the amplitude of pendulum
A decreases. At one stage pendulum A is no longer oscillating and pendulum B has its
maximum amplitude. Then pendulum A starts to oscillate again with increasing amplitude, as
the amplitude of pendulum B decreases.

The apparatus is adjusted so that the pendulums do not have the same length as each
other. When the first pendulum is set into oscillation, the second pendulum starts to oscillate,

but with very small amplitude; the first pendulum does not stop oscillating.

The graph shows how the displacement of each pendulum varies with time at one stage in

the motion.
5 B
= ! L } i Time / s
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(i) State the phase relationship between the two pendulums.
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(Total for question = 4 marks)
Q22.

The photograph shows a 'singing bowl'.

When the handles are rubbed with both hands the bowl 'sings’, producing a loud note with a
frequency of 720 Hz.

A vibration generator is attached to the bowl and connected to a signal generator. The signal
generator is adjusted to produce frequencies from 600 Hz to 800 Hz.

At all frequencies in this range the bowl produces a sound at the applied frequency. The
sound is quiet for all frequencies except 720 Hz, when it is much louder.

Explain these observations.

(Total for question = 6 marks)
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Q23.
A student measured the deflection of a mass attached to the end of a thin strip of metal.

The strip was clamped to a bench at one end as shown.

The student varied the force on the end of the strip by changing the mass attached.
The deflection was measured each time when the mass was in its equilibrium position.

The student obtained the following graph of deflection against force.
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State why the mass will oscillate with simple harmonic motion when it is displaced slightly
from its equilibrium position and released.

(Total for question = 2 marks)
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Q24.
A student measured the deflection of a mass attached to the end of a thin strip of metal.

The strip was clamped to a bench at one end as shown.

clamp

The student varied the force on the end of the strip by changing the mass attached.
The deflection was measured each time when the mass was in its equilibrium position.

The student obtained the following graph of deflection against force.
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The student then investigated the oscillations of the mass on the metal strip. The student
fixed different numbers of 10 g masses to the end of the metal strip.

The student noticed that the smaller the mass the higher the frequency of the oscillations.
He estimated that the maximum number of oscillations he could count was two per second.
He decided that the smallest mass he should use was 50 g.

Determine whether 50 g is the smallest mass he should use.
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You may assume that the system acts in the same way as a mass on a spring.

(Total for question = 5 marks)

Q25.
A beam bridge is a rigid structure that consists of one horizontal beam supported at each
end.

The diagram shows a bridge with a uniform beam of mass 8 500 kg.

A small truck is crossing the beam bridge. The position of the truck and the forces of the
truck on the bridge are shown, but are not drawn to scale.

7]

support A ) | ©) support B

T4 0m—>< 25m 12.5m

Ly

I500N  4800N

(a) (i) State the conditions necessary for the bridge to be in equilibrium.
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(i) Calculate the vertical forces at each of the bridge supports.

FOrce at A = e

FOrce at B = ..o

The Volgograd Bridge is a concrete beam bridge across the River Volga in Russia.

In 2010 the bridge was closed to traffic due to windy conditions leading to resonance of
the structure.
(i) Explain what is meant by resonance in this context.
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(i) To suppress the oscillations of the bridge, dampers were installed.

Explain how damping resulted in the suppression of the oscillations of the bridge.

(iiiy Each damper contains an enclosure filled with a fluid. When this fluid is subjected to
a magnetic field, the viscosity of the fluid greatly increases.
Describe how the behaviour of the fluid would change in a magnetic field and how this
would be useful for the operation of the dampers.

(Total for question = 14 marks)
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Q26.

A garden ornament consists of a metal flamingo suspended from a spring as shown.
The spring is hung from a support using the hook.

hook

spring <

The mass of the flamingo is 65 g. When the flamingo is suspended vertically the spring
extends by 8.5 cm.

The flamingo is pulled downwards by a small extra displacement and then released.
The flamingo undergoes simple harmonic motion vertically.

The instructions state that the flamingo will oscillate with a frequency of 2.5 Hz.

Deduce whether this statement is correct.

(Total for question = 5 marks)
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Q27.

The Millennium Bridge is a pedestrian suspension bridge across the River Thames in
London. The bridge had to be closed soon after its opening because of a large swaying
motion created by people walking across it. A damping mechanism was installed to fix the
problem.

The damping mechanism

L] A increased the stiffness of the bridge.

[ B increased the natural frequency of the bridge.

L] C dissipated energy from the bridge.

[] D decreased the forcing frequency on the bridge.

(Total for question = 1 mark)

Q28.

A mass is suspended from a spring and allowed to come to equilibrium.
The mass is displaced vertically and moves with simple harmonic motion.
The graph shows how the resultant force on the mass varies with time.

Force AV\

‘ \/ Time

Which of the following graphs shows how the velocity v of the mass varies with time t over
the same time interval?

1 ]

(Total for question = 1 mark)
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Q29.
The graph shows how the displacement of a simple harmonic oscillator varies with time

Displacement
el
:

Which of the following graphs shows how velocity varies with time for the same oscillator,

over the same time period?
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(Total for question = 1 mark)
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Q30.

A garden ornament consists of a metal flamingo suspended from a spring as shown. The
spring is hung from a support using the hook.

hook

spring <

After being set into vertical oscillation, the flamingo comes to rest after a short time.

Explain why the flamingo comes to rest.

(Total for question = 2 marks)
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Q31.

The International Space Station (ISS) is in a low Earth orbit. Astronauts in ISS have an
apparent weight of zero. In order to determine their mass, the astronauts must secure
themselves to a platform which is set into oscillation and moves with simple harmonic
motion.

(Total for question = 2 marks)
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Q32.

The photograph shows an example of a Foucault pendulum.

This is a pendulum that consists of a massive sphere, suspended by a long wire from a high
ceiling. Over time the vertical plane through which the pendulum swings appears to rotate
because of the rotation of the Earth.

mass of sphere = 28.0 kg

To show the rotation of the Earth, the pendulum needs to oscillate for several hours.

Explain how using a heavy sphere is better than using a light sphere of the same diameter.

(Total for question = 3 marks)
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Mark Scheme

Q1.
Q_uesnon s Addirional guidance Mark
Number answer
The only correct answer 15 D because when damping is decreased maxinmm
amplitude increases and the frequency at which it occurs increases
A is not correct because it states that they both decrease
B is not correct because it states that the maximum amplitude decreases
C is not correct because it states that the frequency decreases 1
Q2.
Q_uesnon Acceptable Answer Additional Guidance Mark
Number
L ] 4t
+ Determination of gradient 1 |r2=—uo|
[ g -
e Re-amrangement of T = 21 |~ . 4
: \E o |T=g @D
2 am? 4x? 4
e Alpebra toshow T- = —Td + T2 — _ d h
a2 (1) g
g . Example of calculation
. . 4 2
+  Gradient=(—)— @ ) (12.1-9.2) 5
e d t ==
LS ) gradlem = 0000700 m
* g=096ms" [accept 9.5 — 9.7 ms™] (1) =—41s52m?
. dn? g g
0= g1t WS 5
Q3.
Question . - S . .
Number Acceptable Answer Additional Guidance Mark
) 5 , 1
» discards value for /5 (1)
e [,=857 (cm) (1) | MP2: answer to 1 d.p. only 2
Example of calculation
85.5+86.0+85.5
m= =85.7 cm
3
(ii) £ (1) | ECF from (1)
* UseofT = ZH\E MP2: accept T=195s
e T=186s .
@ Example of calculation 2
£
T=2m |-
N g
5 0.857 m -~
— b4 —= =1
& Nl 9.8l ms™= s
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Q4.
ti oa 5
g‘;:'::: Acceptable Answer Additional Guidance Mark
+ Maximum value of aread (1) Example of calculation
from graph [Ems2 — 9
e _ (892-810)s _
* Value for period 1)) Te= 7 .
determined from time for
at least 3 cycles
5
+ Useofw = ? @
2n
= =52rads™?
+ Useofa=(-)dw’coswt (1) Y=12s e
+ 4 =033 m. so report is correct (1) xzizgm—s__z 0.33m
) ) w? (52rads—1)?
[Accept value for 4 in range
0.25m — 040 m with
appropriate conclusion]
Q5.
?\TI:]?;I;E: Acceptable answers Additional gunidance Mark
A 1
Q6.
ti Additional
Question Acceptable answers e Mark
Number guidance

An explanation that makes reference to:

Either

OR
.

The oscillating frame causes the lead spheres to deform
plastically (1)
And this removes energy from the oscillating frame (1)

So the amplitude of oscillations decrease with time as

shown by the graph (1)

Spheres collide/vibrate (1)

Hence energy dissipated (1)
So the amplitude of oscillations decrease with time as

shown by the graph (1)
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Q7.
Q_uesnon .—'m:ept_ab]e Addirional guidance Mark
Number answer
D The only correct answer 15 D because the frequency is inversely proportional to
the square root of length and independent of the mass, so if length is
quadrupled, frequency is halved to f72
A 15 not the correct answer because it is 47
B 1s not the correct answer because 1t 15 2f
C is not the correct answer because it is 1
Q8.
Question Answer Mark
Number
B-040Hz 1
Incorrect Answers:
Comrect method: f=24+60s=040Hz
A —uses 1 nunute = 24
C—uses 60s+24
D —uses 24 = 1 nunute
Q9.
- Acceptable answers Additional guidance Mark
Number ) ’ : -
, Example of calculation 4
s Useof T'=2m\(l/g) @ | 7= 2n\(l/e)
+ Apply factor of 2 correctly for 2 half @ |T=2m(0.43/981)
cyeles =132s
J 1) S
( T=2m(0.67 /9.81)
* Useoff=1T (1) =164s
« f=068Hz IT=(132s+164s5)/2=1485

f=1/148s=068 Hz
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Q10.

Q11.

Q12.

2::';‘::' Acceptable Answer Additional Guidance Mark
An explanation that makes reference to the
following points:
* vy = @ 4 and @ constant (1)
¢ If 4 doubles. then vy, doubles a
e Hence max E; will quadruple,
since B, = %P‘?lt.’:[dfpt'ﬂdfﬂt upon MP2] @
OR
* AE, = %Fﬂx and AF = kAx (1)
s AE, ot (Ax)® since k 1s constant (D
* Hence max Ei will quadruple. 3
since max Ex = max AE. (dependent (1)
upon MP2)
%L:‘ﬁggp Answer Additional guidance | Mark
B
(1)
%L;T;'Eg: Answer Additional guidance | Mark
A (%)
= (1)
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Q13.

Question
Number

Acceptable Answer

Additional Guidance

Mark

Max 4 from 2 out of 3

pairs

The student should let
the pendulum swing
back and to before
starting the stopwatch.
The first swing may be
affected by the student
pushing the bob as they
release it

The student should use a
(fiducial) marker at O
Easier to determine
when it passes O

Time more oscillations
A longer time reduces

(%) uncertainty (in T)

(1

(1

(1

(1
(1

For each pair, the second marking
point 15 dependent on the first marking
point

MP4: Accept the pendulum travelling
fastest when it passes O
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Q14.

Q15.

Question
Number

Acceptable Answer

Additional Guidance

Mark

(@)

An explanation that makes reference to the
following points:

Tune » oscillations and drvide by
n. where # 1s a large number

Increasing the time (measured)
reduces the uncertamnty (in T)

Repeat timing and calculate a mean

Use a (fiducial) marker to indicate
the reference position

Use equilibrium position as
reference position

The trolley 1s moving fastest at this
point so the uncertanty in
starting/stopping the stopwatch 1s
least

@

@
@
@

ey

@

Where n =5

For equilibrium allow
centre/undisplaced

(i)

Use e = 2n/T (to calculate a value
for @)
Or use w = 2xf with = I.T

Measure the maxmmum
displacement of the trolley from
the equilibrium position (with the
metre rule)

Use vipax = 0 A (to calculate a
value for the maximum velocity of
the trolley)

ey

@

@

For equilibrium allow
centre/undisplaced

[accept initial displacement for
maximum displacement]

Question
Number

Acceptable answers

Additional guidance

Mark

Determune period, T
Use of T = 2mi(l/g)
Subtracts radius of mass

Length of wire = 10.3 (m)

1)
1)
1)
1)

Example of calculation

I'=522s/8

=6.53s

653 s=2mV(I/981 Nkg™)
Length of pendulum to centre of
mass = 10.6 m

Length of wire =106 m— 03 m
=103m
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Q16.
S e Additienal guidance Mark
Number answer
D The only correct answer 15 D velocity 1s maximum when displacement 1s zero. 1
and vice versa, and has positive and negative values since the direction
TeVerses
A is not correct because this shows maximum velocity when it should be
minimum and vice versa
B is not correct because this shows maximum velocity when it should be
minimum and vice versa
C 15 not correct because this does not show the change in direction of velocity
during an oscillation
Q17.
Question Acceptable Answers Additional Guidance Mark
Number
= ) _ N Guidance on how the mark scheme
This question assesses a student’s ability to should be applied: The mark for
show a coherent and logically structured indicative content should be added to
answer with linkages and fully-sustained the mark for lines of reasoning. For
T€asomng. example, an answer with five
Marks are awarded for indicative content and mdl‘.: SN I e Wmcb 15
) . partially structured with some linkages
for how the answer is structured and shows . .
: - and lines of reasoning scores 4 marks
lines of reasoning. S
B (3 marks for indicative content and 1
The following table shows how the marks ﬂ.mk - p:amgl FE aﬂ.d .
= sl linkages and lines of reasoning). If
should be awarded for indicative content. . i .
— - there are no linkages between points,
Number of Number of Max linkage PR .
e g o the same five indicative marking
indicative marks awarded | mark available s !
. g iy points would yvield an overall score of
marking for indicative iy sl
int cin it 3 marks (3 marks for indicative
pomts seen fariang poutis content and no marks for linkages).
in answer
6 4 2
5 3 2
4 3 1 3
3 2 1
2 2 0
1 1 0
0 ] 0
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The following table shows how the marks
should be awarded for structure and lines of
Teasoning.

Number of marks
awarded for structure
of answer and
sustained line of
[EASOMING

Answer shows a
coherent and
logical structure
with linkages and
fully sustained lines
of reasoning
demonstrated
throughout

2
L

Answer is parfially 1
structured with
some linkages and
lines of reasoning

Answer has no 0
linkages between

points and is
unstructured

Indicative content

s  The pendulums have the same
length, so they have the same time
period/frequency

s  The first pendulum causes forced
oscillations of the second pendulum

s  The driving frequency equals the
natural frequency

+ Resonance occurs, so there is
maximum transfer of energy so the
amplitude increases until all energy is
transferred

+  The second pendulum then acts as a
driver for the first pendulum
Or the process repeats with energy
transfer from B to A

+  When the lengths differ the driving
frequency is not the natural frequency
of the second pendulum so little
energy transfer occurs
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Q18.

Question
Number

Acceptable Answer

Additional Guidance

Mark

Any TWO from:

Should have used (a fiducial mark as)
a reference point

Should have timed from the
equilibrium position of the bob

Or Shouldn’t time from the
maximum displaced position of the
bab

Only timed one oscillation
Or should have times more than one
oscillation

Should have allowed the pendulum to
swing to and fro a few times before
starting to time (as the first swing
may be different from the others)

oy

ey

ey

1)

Accept centre/verticalundisplaced
position for equilibrium position

Q19.

Question
Number

Acceptable Answer

Additional Guidance

Mark

(@)

Useof I' =21 |— (1)
g
L=099m (1)

==

Example of calculation:

L

_(2.00s) x9.81ms™

=099%m

4x”

(5]

Question
Number

Acceptable Answer

Additional Guidance

Mark

®)

A description that makes reference to the
following points:

Record nT (where n is at least 5) (1)
and divide by »n (to find T)

Time oscillations from

equilibrium position of bob

using a (fiducial) marker

Or repeats tinungs for nmliiple
oscillations and calculate mean (1)

(5]




Oscillations

Q_uestion Acceptable Answer Additional Guidance Mark
Number
© _
Using the stopwatch there (1)
would be reaction time
The uncertainty in the (1) | MP2 dependent on MP1
measurement of the time 1s
larger with the stopwatch than
with the data logger.
Timing multiple swings (with (1)
stopwatch) reduces %U
Light gates are difficult to use (1)
with a pendulum bob. 4
Q20.
Q_uestmn Acceptable answers Additional guidance Mark
Number
(i) e UseofT = Zﬂ\jg (1) Example of calculation: 2
o T=224(s)(atleast3s) D [ 125m
T=2m | —————=224s
N 9.81ms
Q_uestlﬂn Acceptable answers Additional guidance Mark
Number
(i) | ¢« TUseofw= o (1) Example of calculation: 3
T
¢ Useofr=—Awsinwt 1) 2 o
¢ v=021ms™" (ecf from (1)) (1) ©=354s ZPhEad s
r=-75%X10"2mx 2.80s 1 x 1
=0.210ms™!
Q21.
Question Acceptable Answers Additional Guidance Mark
Numbher
(1) ¢ Pendulum A 1s w/2 ahead of (1) 1
pendulum B
(i1) e T=1725sfrom g—laph (1) T=3.0s/2.5 oscillations 3
» Use of T=2mV(l/e) (D | 12s=2m(/9.81 Nkg™)
e /=036m M |7=036m
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Q22.

Q_uestlon Acceptable answers Additional guidance Mark
Number P £
= ) ) o Guidance on how the mark
This question assesses a student slabﬂrtr_\.' to show a coherent scheme should be applied: The
and l_ogxca]l}' sulf.tch:.red answer with linkages and fully- mark for indicative content
sustained reasoning. should be added to the mark for
Marks are awarded for indicative content and for how the e uf're.aso_:]:lmf&g._ F'.DI deixa:.p._ple.
answer is structured and shows lines of reascning. S
b marking points which is
The following table shows how the marks should be awarded E::_mnj: :lilzcun;'ed ‘;“hf""_”"
for indicative content. Ages eﬂs Sy
scores 4 markes (3 marks for
——— - s e indicative content and 1 mark
umber o umber o ax linkage ax for partial structure and s
el P s ) Bl | oo
mariang ot Encamle If there are no linkages between
pomfs seenin | markmg pomfs points, the same five indicative
answer marking points would yield an
& 4 y. 5 overall score of 3 marks (3
marks for indicative content and
5 3 2 5 no marks for linkages).
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 ]
The following table shows how the marks should be awarded
for structure and lines of reasoning. 6

Number of
marks awarded
for structure of
answer and
sustained line of
TEASONING

Answer shows a coherent and logical o

structure with linkages and fully -

sustained lines of reasoning

demonstrated throughout

Answer is partially structured with 1

some linkages and lines of reasoning

Answer has no linkages between 0

points and is nnstructured

Indicative content
e 720 Hz is the natural frequency of the bowl
s The generator/hand causes forced/driven oscillations

s  When they don’t match the natural frequency they are
quiet because little/less energy is transferred

* The loudness (at 720 Hz) is because of resonance




Oscillations

o ) Do not accept ‘resonant

(Resonance occurs when) the driving frequency is frequency” for ‘natural

equal/similar to the natural frequency frequency’

(When resonance occurs) there 1s maximum transfer of

energy so the amplitude 15 maximum

Or (When resonance occurs) there is maximum transfer

of energy so the amplitude increases

Q23.
Eﬁ%z: Acceptable answers Additional guidance Mark
O because the (resultant) force is (directly)
proportional to displacement from )]
equilibrium position
O force is in the opposite direction to 1
displacement @
or force 1s (always) acting towards the
equilibrium posifion 2
Q24.
(lg':l]fltblz: Acceptable answers Additional guidance Mark
use of graph fo find gradient = k (= Fix) (1) | Example of calculation
use of T = 1jf (1) |[E=055N/007m
- =786 Nm"
useof I' = 2:[\}% (1) |F=%=05s
m=0.05 (kg) 0.55=0m |-
orkusing 30 gand 2 Hz=79 (N m™)
or fusing 50 g and & from graph m = 0.050 kg (0.0498 kg)
=2.0(Hz)
- A smaller mass means a shorter

T Dj";ésmg g and k fomn pragh period. so smaller than 0.05 kg
—nE (1) | would be a higher frequency than 2
Comparison and correct conclusion Hz. 50 50 g is smallest mass.
{(dependent on MP4) (1)

th
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Q25.
B Acceptable Answer Additional Guidance Mark
Number
(a)(i) no net force on bridge (1) | Alternative wording that
implies these 2 points will
no net moment of (1) | pe accepted
force about any point (2)
(a)(ii) use of W= mg to find (1) | Example of calculation:

the weight of the
bridge

use of moment = F x

applies principle of
moments

Fa = 43610 N

applies equilibrium of
forces or

applies principle of
moments about a
different point to
obtain Fe = 45990 N

(1)
(1)

(1)
(1)

W = mg = 8500 kg
x 9.8 N kg~t= 83300 N

Taking moments about A,
Clockwise moments

= (1500 N x 4 m)

+ (4800 N x 6.5 m)

+ (83300 N x 9.5 m)
Anticlockwise moments
=Fax19m

19 N x Fa

= 828550 Nm

Fa = 828550 Nm/19 m
= 43610 N

Fa + Fe = 1500 N + 4800 N
+ 83300 N

Fe = 89600 N - 43610 N
= 45990 N

(5)




Oscillations

Question
Mumber

Acceptable Answer

Additional Guidance

Mark

(b)(i)

resonance occurs when
the bridge is forced into
oscillation at its natural
frequency

this results in an
increasing amplitude of
oscillation of the bridge,
which may damage the
hridge

(1)

(1)

(2)

(b)(ii)

energy was transferred
from the oscillating
bridge to the dampers

this energy was
dissipated in the
dampers (and not
returned to the bridge)

hence the amplitude of

oscillation was kept
small

(1)

(1)

(1)

(3)

(b)(iii)

as the viscosity of the
fluid increased the fluid
would offer greater
resistance to movement
[accept reverse
argument]

a greater resistance to
movement would result
in a greater energy
dissipation

(1)

(1)

(2)
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Q26.
Q_uestmn Acceptable answers Additional guidance Mark
Number
o Useof W=mg (1) | Example of calculation: 5
e Useof AF = kAx (1)
= 65 X 10 °kg X 9.81 Nkg ™! A
¢ UseofT =2n [— k= =750 Nm~
k (1) 0.085m
1
= Weeoly = (1) ___|e5x107%kg
¢ f=17(Hz).s0 O | T o Nm T 585e
claim is incorrect. 1
=== =1.71H
f=7=%sess :
Q27.
Question | Answer Mark
Number

C 1

Q28.
ti
Question Answer Mark
Number

The only correct answer 1s B because acceleration 1s proportional to force,
so the acceleration graph would have the shape of the

force graph. The acceleration at the start is zero, so the velocity

graph must have an initial gradient of zero. For the acceleration

to be positive in the first quarter cycle the velocity must be mereasing.
This graph has an mitial gradient of zero and increasing velocity.

A the mitial gradient 1s not zero

C the imtial gradient 1s not zero
D the velocity in the first quarter cycle is decreasing
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Q29.
Nuugstin Acceptable answers Ad[‘hhonal Mark
Number guidance
The only correct answer 1s D because velocity 1s equal to the 1
gradient of the displacement-tume graph
A 1s not correct because velocity 1s equal to the gradient of the
displacement-time graph, but here velocity 1s shown as proportional
to —1 times the displacement
B 1s not correct because velocity is equal to the gradient of the
displacement-time graph, but here velocity is shovwn as —1 times the
gradient
C 1s not correct because velocity is equal to the gradient of the
displacement-time graph, but here velocity is shovwn as proportional
to the displacement
Q30.
g’::tl;‘:: Acceptable answers Additional guidance Mark
®  There 1s damping 2
Or resistive forces act (1)
on the flamingo
¢  Energy i1s removed from the oscillating
system (and the amplitude decreases) (L
Q31.
%‘;:;Ez: Acceptable Answer Additional Guidance Mark

An explanation that makes reference
to the following: For MP2, accept a statement
that the gravitational force

(1) | (weight) 1s the only force
acting upon them Or all of
their weight is used to provide
the centripetal force
/acceleration

s The astronauts are in free
fall in the space craft
Or The acceleration of the
astronauts and the space
station are the same

¢ So there is no
contact/reaction force acting
on them

(1
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Q32.

Question
Number

Acceptable answers

Addirional guidance

Mark

There 1s (damping due to) air
resistance and this (damping)

force 1s the same for both (since )
they have the same shape, area
and speed mit1ally)

For large mass the force due to @
air resistance produces a smaller
negative acceleration since a =

Fim

The speed will decrease less for

each swing, so there 1s less effect

on the amplitude

Or It will take longer for the
(maxmmum) speed to decrease

(to zero) so the pendulum will 1
oscillate for a longer time

OR

There is air resistance and the

force is the same for both

The work done by air resistance @
per swing is the same for both 1
masses

Initially the larger mass has

greater quantity of energy shared
between its kinetic and potential
energy stores, so the proportion

of KE transferred to the thermal
energy store of the sphere and

the surroundings 1s less per

swing. so there is less effect on

the amplitude

Or Larger mass has greater total
energy so fraction dissipated per
swing 1s smaller so the

pendulum will oscillate for a @)
longer time

OR

There 1s air resistance and this
force 1s the same for both @
For both masses the change in @
momentum per swing 1is the

same

The larger mass has greater

mitial momentum so it will take
longer for the (maximum)
momentum to decrease (to zero)

so the pendulum will oscillate i)
for a longer time
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