The frequency of a body moving with simple harmonic motion is doubled. If the amplitude
remains the same which of the following is also doubled?

A

The time period.
The total energy.

The maximum velocity.

The maximum acceleration.

(Total 1 mark)

A particle oscillates with undamped simple harmonic motion.

The acceleration of the particle

A

is always in the opposite direction to its velocity.

decreases as the potential energy increases.

is proportional to the frequency.

o [l B R

is least when the speed is greatest.

(Total 1 mark)

Which one of the following statements is true when an object performs simple harmonic motion
about a central point?

The acceleration is always directed away from the central point.
The acceleration and velocity are always 180° out of phase.
The velocity and displacement are always in the same direction.
Acceleration and displacement are always 180° out of phase.

0O w>

(Total 1 mark)

For a body performing simple harmonic motion, which one of the following statements is correct?

A

B

The maximum kinetic energy is directly proportional to the frequency.
The time for one oscillation is directly proportional to the frequency.
The speed at any instant is directly proportional to the displacement.

The maximum acceleration is directly proportional to the amplitude.
(Total 1 mark)



A particle of mass 5.0 x 10~ kg, moving with simple harmonic motion of amplitude 0.15 m, takes
47 s to make 50 oscillations.
What is the maximum kinetic energy of the particle?

A 2.0x1073]
B 2.5x1073]
C 3.9x1073]

D 5.0x 103
(Total 1 mark)

Which line, A to D, in the table gives the amplitude and frequency of a body performing simple
harmonic motion whose displacement X at time t is given by the equation X = P cos Qt?

Amplitude Frequency
B P 2nQ
D 2P 3%

(Total 1 mark)

(& () Name the two types of potential energy involved when a mass—spring system
performs vertical simple harmonic oscillations.

1)

(i)  Describe the energy changes which take place during one complete oscillation of a
vertical mass-spring system, starting when the mass is at its lowest point.




(b) Figure 1 shows how the total potential energy due to the simple harmonic motion varies
with time when a mass-spring system oscillates vertically.

Figure 1
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(i)  State the time period of the simple harmonic oscillations that produces the
energy—time graph shown in Figure 1, explaining how you arrive at your answetr.

2
(i)  Sketch a graph on Figure 2 to show how the acceleration of the mass varies with
time over a period of 1.2 s, starting with the mass at the highest point of its

oscillations. On your graph, upwards acceleration should be shown as positive and

downwards acceleration as negative. Values are not required on the acceleration
axis.

Figure 2

acceleration

@)



(c) () The mass of the object suspended from the spring in part (b) is 0.35 kg. Calculate the
spring constant of the spring used to obtain Figure 1. State an appropriate unit for
your answer.

spring constant unit

©)

(i)  The maximum kinetic energy of the oscillating object is 2.0 x 102 J. Show that the
amplitude of the oscillations of the object is about 40 mm.

4)
(Total 14 marks)

A particle of mass m oscillates in a straight line with simple harmonic motion of constant
amplitude. The total energy of the patrticle is E. What is the total energy of another particle of
mass 2m, oscillating with simple harmonic motion of the same amplitude but double the
frequency?

A E
B 2E
C 4E
D 8E

(Total 1 mark)

(@) A simple pendulum is given a small displacement from its equilibrium position and performs
simple harmonic motion.

State what is meant by simple harmonic motion.

()



() () Calculate the frequency of the oscillations of a simple pendulum of length 984 mm.
Give your answer to an appropriate number of significant figures.

frequency Hz

3)

(i)  Calculate the acceleration of the bob of the simple pendulum when the displacement
from the equilibrium position is 42 mm.

acceleration ms—2

()

(c) A simple pendulum of time period 1.90 s is set up alongside another pendulum of time

period 2.00 s. The pendulums are displaced in the same direction and released at the
same time.

Calculate the time interval until they next move in phase. Explain how you arrive at your
answer.

time interval S

©)
(Total 10 marks)
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(@) Figure 1 shows how the kinetic energy, E,, of an oscillating mass varies with time when it
moves with simple harmonic motion.

Figure 1
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()  Determine the frequency of the oscillations of the mass.

frequency of oscillation Hz

(2)

(i)  Sketch, on Figure 1, a graph showing how the potential energy of the mass varies
with time during the first second.

()



(b) Figure 2 shows a ride called a ‘jungle swing’.
Figure 2
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The harness in which three riders are strapped is supported by 4 steel cables. An advert for the

ride states that the riders will be released from a height of 45 m above the ground and will then

swing with a period of 14.0 s. It states that they will be 1.0 m above the ground at the lowest point
and that they will travel at speeds of ‘up to 120 km per hour’.

(i)  Treating the ride as a simple pendulum, show that the distance between the pivot and
the centre of mass of the riders is about 49 m.

)



(i)  The riders and their harness have a total mass of 280 kg.
Calculate the tension in each cable at the lowest point of the ride, assuming that the

riders pass through this point at a speed of 120 km h~1. Assume that the cables have
negligible mass and are vertical at this point in the ride.

tension in each cable N

(4)
(i) Show that the maximum speed stated in the advert is an exaggerated claim.

Assume that the riders are released from rest and neglect any effects of air
resistance.

(4)
(iv) The riders lose 50% of the energy of the oscillation during each half oscillation. After
one swing, the speed of the riders as they pass the lowest point is 20 m s~

Calculate the speed of the riders when they pass the lowest point, travelling in the
same direction after two further complete oscillations.

speed of riders ms—1

®3)
(Total 17 marks)
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12

13

14

A particle of mass 0.20 kg moves with simple harmonic motion of amplitude 2.0 x 10~2 m. If the
total energy of the particle is 4.0 x 10~°J, what is the time period of the motion?

A E_ seconds

B 7 seconds
2

C T seconds

D 21 seconds
(Total 1 mark)

Which one of the following statements is true when an object performs simple harmonic motion
about a central point O?

A The acceleration is always directed away from O.
B The acceleration and velocity are always in opposite directions.
C The acceleration and the displacement from O are always in the same direction.

D The graph of acceleration against displacement is a straight line.
(Total 1 mark)

The frequency of a body moving with simple harmonic motion is doubled. If the amplitude
remains the same, which one of the following is also doubled?

A the time period
B the total energy
C the maximum velocity

D the maximum acceleration
(Total 1 mark)

Which one of the following gives the phase difference between the particle velocity and the
particle displacement in simple harmonic motion?

A m d
P ra
B i d
5 ra
C il d
y ra
D 21T rad

(Total 1 mark)
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16

&
A body moves with simple harmonic motion of amplitude A and frequency o

What is the magnitude of the acceleration when the body is at maximum displacement?

A

B

(@)

(b)

zero

472Ab?

(Total 1 mark)

A body is moving with simple harmonic motion. State two conditions that must be satisfied
concerning the acceleration of the body.

condition 1

condition 2

)

A mass is suspended from a vertical spring and the system is allowed to come to rest.
When the mass is now pulled down a distance of 76 mm and released, the time taken for
25 oscillations is 23 s.

Calculate

(i)  the frequency of the oscillations,




(i)  the maximum acceleration of the mass,

(i)  the displacement of the mass from its rest position 0.60 s after being released.
State the direction of this displacement.

(6)
(©)

velocity

T IT  tme

Figure 1

Figure 1 shows qualitatively how the velocity of the mass varies with time over the first
two cycles after release.

()  Using the axes in Figure 2, sketch a graph to show qualitatively how the
displacement of the mass varies with time during the same time interval.

dizplacement

Figure 2
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(i)  Using the axes in Figure 3, sketch a graph to show qualitatively how the potential
energy of the mass-spring system varies with time during the same time interval.

potential
ENETZY

Figure 3

(4)
(Total 12 marks)

A body is in simple harmonic motion of amplitude 0.50 m and period 4= seconds. What is the
speed of the body when the displacement of the body is 0.30 m?

A

B

(@)

0.10ms!
0.15m s
0.20m s

0.40mst
(Total 1 mark)

Simple harmonic motion may be represented by the equation
a = — (2nf)x

(i)  Explain the significance of the minus sign in this equation.

1)



(i) InFigure 1 sketch the corresponding v-t graph to show how the phase of velocity v
relates to that of the acceleration a.

)
¢ ‘ +
0 i : d N t
b, , #
% ! "
kY b
T, M K
- o]
b ]
0 t

@)
b) () A mass of 24 kg is attached to the end of a spring of spring constant 60 N m~2. The
( g g g

mass is displaced 0.035 m vertically from its equilibrium position and released. Show
that the maximum kinetic energy of the mass is about 40 mJ.

®)
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(i)  When the mass on the spring is quite heavily damped its amplitude halves by the end
of each complete cycle. On the grid of Figure 2 sketch a graph to show how the
kinetic energy, Ey, of the mass on the spring varies with time over a single period.

Start at time, t = 0, with your maximum kinetic energy. You should include suitable
values on each of your scales.

B fml g

Hs

3)
(Total 10 marks)
(a)

State the conditions necessary for a mass to undergo simple harmonic motion.

)

(b) A child on a swing oscillates with simple harmonic motion of period 3.2 s.
acceleration of free fall = 9.8 m s—2
(i)

Calculate the distance between the point of support and the centre of mass of the
system.

7O\
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(i)  The total energy of the oscillations is 40 J when the amplitude of the oscillations is

0.50 m. Sketch a graph showing how the total energy of the child varies with the
amplitude of the oscillations for amplitudes between 0 and 1.00 m. Include a suitable
scale on the total energy axis.

total energy]

0 0.50 1.00
amplitndem

%)
(Total 6 marks)

The diagrams show the variation of velocity and acceleration with time for a body undergoing
simple harmonic motion.

velocity 4 acceleration 4

time Q time

Which one of the following is proportional to the change in momentum of the body during the
time covered by the graphs?

A

The area enclosed by the velocity-time graph and the time axis
The gradient of the velocity-time graph at the point P
The area enclosed by the acceleration-time graph and the time axis

The gradient of the acceleration-time graph at the point Q

(Total 1 mark)
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The diagram below shows how the kinetic energy of a simple pendulum varies with
displacement.

energy/ 10721
3

i)

—0.06 —0.04 —0.02 0 0.02 0.04 0.06
displacement/m

(@) Sketch on the diagram above a graph to show how the potential energy of the pendulum
varies with displacement.

(b) () State the amplitude of the oscillation.

(i)  The frequency of vibration of the pendulum is 3.5 Hz. Write down the equation that
models the variation of position with time for the simple harmonic motion of this
pendulum.

(i) Calculate the maximum acceleration of the simple pendulum.

()

1)

1)

()

(Total 6 marks)

A particle of mass M executes simple harmonic motion in a straight line with amplitude A and
frequency f. Which one of the following expressions represents the total energy of the particle?

A 2 2 mfAZ2
B 2 2 mf 2A2
C 4rm®mif2A

D 4 2 mf 2A?

(Total 1 mark)
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25

b

A body moves with simple harmonic motion of amplitude A and frequency b

What is the magnitude of the acceleration when the body is at maximum displacement?

A

B

zero
A2 Ab?

Ab?

(Total 1 mark)

Which one of the following statements is true when an object performs simple harmonic motion
about a central point O?

A

B

The acceleration is always away from O.
The acceleration and velocity are always in opposite directions.
The acceleration and the displacement from O are always in the same direction.

The graph of acceleration against displacement is a straight line.
(Total 1 mark)

A mass M hangs in equilibrium on a spring. M is made to oscillate about the equilibrium position

by pulling it down 10 cm and releasing it. The time for M to travel back to the equilibrium position
for the first time is 0.50 s. Which line, A to D, is correct for these oscillations?

amplitude/cm period/s
A 10 1.0
B 10 2.0
C 20 2.0
D 20 1.0

(Total 1 mark)



A particle oscillates with undamped simple harmonic motion. Which one of the following
statements about the acceleration of the oscillating particle is true?

A It is least when the speed is greatest.
B It is always in the opposite direction to its velocity.
C It is proportional to the frequency.

D It decreases as the potential energy increases.
(Total 1 mark)

Which one of the following gives the phase difference between the particle velocity and the
particle displacement in simple harmonic motion?

A Zrad
7'
B Zrad
Qra
¢ Fiad
4 ra
D 2n rad

(Total 1 mark)

A body is in simple harmonic motion of amplitude 0.50 m and period 4w seconds. What is the
speed of the body when the displacement of the body is 0.30 m?

A 0.10ms™"
B 0.15ms™!
C 0.20ms™!

D 040ms™
(Total 1 mark)
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A particle, whose equilibrium position is at Q, is set into oscillation by being displaced to P,
50 mm from Q, and then released from rest. Its subsequent motion is simple harmonic, but
subject to damping. On the first swing, the particle comes to rest momentarily at R, 45 mm from

Q.

FIEET SWING

equilihrium position

During this first swing, the greatest value of the acceleration of the particle is when it is at

A P.
B Q.
C R.
D P and R.

(Total 1 mark)
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The top graph is a displacement/time graph for a particle executing simple harmonic motion.
Which one of the other graphs shows correctly how the kinetic energy, Ey, of the particle varies
with time?

displacement +

=+

=+

S
e

=+

=+

(Total 1 mark)
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A body moves in simple harmonic motion of amplitude 0.90 m and period 8.9 s. What is the

speed of the body when its displacement is 0.70 m?

A

B

0.11ms?
0.22ms!
0.40m s

0.80ms?

(Total 1 mark)

A body moves with simple harmonic motion of amplitude 0.90 m and period 8.9 s. What is the

speed of the body when its displacement is 0.70 m?

A

B

0.11 ms
0.22ms™?
0.40ms™

0.80ms™

(Total 1 mark)
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An object oscillating in simple harmonic motion has a time period T. The first graph shows how
its displacement varies with time. Which of the subsequent graphs, A to D, show how the kinetic

energy, E,, of the object varies with time?

displacement \/ \ \ e

B

D

i i r hme
! 0 E\ | r time
"/ \i \,/ A\
0 0 i | hme
“DN NS
0 0 E TT | time
Ey -;— — i o
LN
0 r time

(Total 1 mark)

A body moves with simple harmonic motion of amplitude A and frequency %

What is the magnitude of the acceleration when the body is at maximum displacement?

A

B

zero
4Am?Ab?
Ab?

4?4
b2

(Total 1 mark)



35

Which one of the following graphs shows how the acceleration, a, of a body moving with simple

harmonic motion varies with its displacement, x?

L1
L1

AN

il

a

a

a

\

B

D

(Total 1 mark)



Mark schemes

C
1
[1]
D
2
[1]
D
3 (1
D
4
[1]
B
5
(1]
C
6
(1]
7 (@ (i) elastic potential energy and gravitational potential energy v/
For elastic pe allow “pe due to tension”, or “strain energy” etc.
1
(i) elastic pe — kinetic energy — gravitational pe
— kinetic energy — elastic pe vV
[or pe—ke—pe—ke—pe is v only]
[or elastic pe — kinetic energy — gravitational pe is v only]
If Kinetic energy is not mentioned, no marks.
Types of potential energy must be identified for full credit.
2
(b) () period=0.80sV
during one oscillation there are two energy transfer cycles
(or elastic pe—ke—gravitational pe—ke—elastic pe in 1 cycle)
or there are two potential energy maxima per complete oscillation v/
Mark sequentially.
2

(i)  sinusoidal curve of period 0.80 s v
— cosine curve starting att = 0 continuingtot=1.2s v

For 15t mark allow ECF from T value given in (i).



m l0.35
() () useofT=2m,— gives 0.80 = 2, |—
1Il k | i

[ 4n? %035
Bl=——21=2221.6) v Nm1V
0.80° |

Unit mark is independent: insist on N m™1,
Allow ECF from wrong T value from (i): use of 0.40s gives

86.4 (N m™1).

(i)  maximum ke = (%2 MVay2) = 2.0 x 1072 gives

,_ 20x107

= = 22 — -1
max 1}_5:-:1}_35\/( 0.114 m<s™) and Vp =0.338 (ms™) vV

0.338
2m=125

and A = 4.3(0) x 102 m v i.e. about 40 mm

Vinax = 27tfA gives A =

[or maximum ke = (%2 MVya2) = %2 m (2rfA)? v
Yo x 0.35 x 42 x 1.252 x A2=2.0x 1072V

2x20x107
A= /(=1.85x%1073)
Ar” = 035=x125

and A =4.3(0) x 1072 m v i.e. about 40 mm ]
[or maximum ke = maximum pe = 2.0 x 1072 (J)

maximum pe =% k A2 v

L 20%x1072=%x216xA?V

2x2.0x107
from which A2 = % /(=1.85x1073)

and A = 4.3(0) x 1072 m v i.e. about 40 mm ]

First two schemes include recognitionthatf=1/T
i.e.f=1/0.80=1.25 (Hz).

Allow ECF from wrong T value from (i) — 0.40s
gives A = 2.15 x 10~2m but mark to max 3.

Allow ECF from wrong k value from (i) —=86.4Nm1 gives
A = 2.15 x 10~2m but mark to max 3.

[14]

[1]



(@) acceleration is proportional to displacement (from equilibrium) +

Acceleration proportional to negative displacement is 15t mark only.

acceleration is in opposite direction to displacement
or towards a fixed point / equilibrium

Don't accept “restoring force” for accln.

position +

f§ 1 |IIE~ L 'I 081 = 0.503 (0.5025) (Hz) v
H =, — ==, —_ ~ R z
® 0O T2 \7 ) 2n\ 0084
3SF is an independent mark.
( I'_x |
for 7|=2r |1 |=2n, /9984 (= 19(90) (5))
. Veg) Voasl
When g = 9.81 is used, allow either 0.502 or 0.503 for 2"d and 3
marks.

f[=1;]=1— = 0.503 (0.5025) (Hz) +]

Use of g = 9.8 gives 0.502 Hz: award only 1 of first 2 marks if
quoted as 0.502, 0.503 0.50 or 0.5 Hz.

answer to 3SF +

Gy al=—(27f)x)]=()@nx 0.5025)° x42x 10 ¥
Allow ECF from any incorrect f from (b)(i).

=0.42 (0.419) (m s72) v

(c) recognition of 20 oscillations of (shorter) pendulum
and / or 19 oscillations of (longer) pendulum +
Explanation: difference of 1 oscillation or phase change of 2 »
or At=0.1son=2/0.1=20, or other acceptable point +

time to next in phase condition = 38 (s) +
Allow “back in phase (for the first time)” as a valid explanation.

[or(T=190ss0)(n+1)x1.90=nx2.00 v
gives n = 19 (oscillations of longer pendulum)

minimum time between in phase condition =19 x 2.00 =38 (s) + ]



[10]



(@)

10

correct period read from graph or use of f=1/T 0.84+0.01

(i)

2.4 Hz gets C1

correct frequency 1.2 (1.18 — 1.25 to 3 sf)

correct shape (inverse)

(ii)

Crossover PE = KE

b) () VUseof T=21 |—
Ve

48.7 (49) m

(i) v =120000/3600=33(.3) ms""

Use of F = m v2/r (allow v in km h™")

Total tension = 6337 + (280 x 9.81) = 9.083 x 103 N
Allow their central force

Divide by 4  2.27 x 103N
Allow their central force

(i) mgh =% mv?2
Condone: Use of v = 2irfA (max2)

9.8x44 =0.5v2  Allow 45 in substitution

C1

Al

B1l

Bl

C1

Al

Bl

Bl

Bl

B1l

Bl

Bl
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12

13

14

15

(iv)

29.4ms™! (Use of 45 gives 29.7)

Bl
106 km h~1 (their m s™' correctly converted)
Or compares with 33 m s™'

B1
1/16M(0.625) % of KE left if correct

M1

Allow 1/8 (0.125)or 1/32(0.313)

KE at start = 5.6 x 10* J or states energy « speed? so speed is ¥4

M1

Allow for correct sub™ E =Y 280 x 202 x factor from incorrect
number of swings calculated correctly

Final speed calculated =5 m s™!

Al
Must be from correct working

[17]

[1]

[1]

[1]

[1]

[1]
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18

(@)

(b)

()

(@)

acceleration is proportional to displacement (1)
acceleration is in opposite direction to displacement, or

(ii)

(i)

(ii)

(i)

(ii)

towards a fixed point, or towards the centre of oscillation (1)

25
f= 77 = 1.1 Hz (or s (1) (1.09 Hz)

(use of a = (2xnf)?A gives)

a=(2n x 1.09)? x 76 x 103 (1)
=3.6ms2(1) (3.56 ms?)

(use of f = 1.1 Hz gives a = 3.63 m s79)

(allow C.E. for incorrect value of f from (i))

(use of x = A cos(2xft) gives)
X =76 x 1073 cos(2n x 1.09 x 0.60) (1)
= (-)4.3(1) x 10m (1) (43 mm)
(use of f = 1.1 Hz gives
X=(-)4.0(7) x102m (41 mm))
direction: above equilibrium position or upwards (1)

graph to show:
correct shape, i.e. cos curve (1)
correct phase i.e. —(cos) (1)

graph to show:
two cycles per oscillation (1)
correct shape (even if phase is wrong) (1)
correct starting point (i.e. full amplitude) (1)

acceleration (not a) and displacement (not x) are in
opposite directions OR restoring force/acceleration
always acts toward rest position

(+) sine curve consistent with a graph

2

6

max 4
[12]
(2]

Bl

Bl



(b)

(i)

statement that Ex = Ep

statement of max values considered

Ep = %2 k(Al)2 or Eppay = ¥2 kA2

correctly substituted values

Ex =3.7%x 1072

OR
f=21/T or T = 3.97 s or period equation

leading to f = 0.252 Hz

wmax = 1.58 rad s~ or v = 0.055ms™1 (seen or used)

substituted values into Ex = ¥amA2%2 or E¢ = Yomv2

Ex=3.7%x 1072

Bl

Bl

Bl

Bl

Bl

Bl

Bl

Bl

Bl

Bl
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20

(@)

(b)

(i) any attenuation from t = 0 seen

10 mJ or Eg/4 at either 4s or third hump

consistent period values minima at 1 and 3s
maxima at 0 and 4s

acceleration/force is directed toward

a (fixed) point/the centre/the equilibrium position
or

a =-kx + '~ meansthat a is opposite direction to x

acceleration/force is proportional to the distance from the
point/displacement
or
= —kx where a = acceleration; x = displacement and
k is constant

() 3.2 =2m1/9.8 (condone use of g = 10 m s2 for C mark)
(use of a = —w?x is a PE so no marks)

2.5(4) m

(i)  Correct value at 0.5 m and correct curvature

Energyat 1 m =160 J

M1

M1

Al

Bl

Bl

C1

Al

M1

Al

[10]

[6]

[1]
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22

23

24

25

26

27

28

29

30

31

32

(@)

(b)

Max to zero to max with zero at 0 displacement and correct amplitude correct shape drawn
with reasonable attempt to keep total energy constant, crossing at 1 x 1072 J

Al
@
(i) 0.044m
B1
(€
(i) X =0.044 cos 2n3.5t (0.044 cos 22t) or X = 0.044 sin 2nt3.51 etc
ecf for A
B1
@
(i)  Omax = (213.5)2 0.044
C1
21 (21.3) m s2 ecf for A and incorrect 27f from (ii)
(0.042 gives 20.3; 0.04 gives 19.4)
Al

@

(6]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[11
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35

[1]

[1]

[1]



