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

(2)
(b) () State the amplitude of the oscillation.

1)
(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.
1)
(i) Calculate the maximum acceleration of the simple pendulum.
2)

(Total 6 marks)

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

(2)
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(b) A child on a swing oscillates with simple harmonic motion of period 3.2 s.

acceleration of free fall = 9.8 m s2

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

(2)
(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 energyll
0 0.50 1.00
armplitadem
2)

(Total 6 marks)
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The Hubble space telescope was launched in 1990 into a circular orbit near to the Earth.
It travels around the Earth once every 97 minutes.

(@ Calculate the angular speed of the Hubble telescope, stating an appropriate unit.

answer =

3)

(b) (i) Calculate the radius of the orbit of the Hubble telescope.

answer = m

3)

(i)  The mass of the Hubble telescope is 1.1 x 10* kg. Calculate the magnitude of the
centripetal force that acts on it.

answer = N

)
(Total 8 marks)
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Figure 1 shows a parcel on the floor of a delivery van that is passing over a hump-backed bridge
on a straight section of road. The radius of curvature of the path of the parcel is r and the van is
travelling at a constant speed v. The mass of the parcel is m.

Figure 1

parcel

% centre of curvature

(@ () Draw arrows on Figure 2 below to show the forces that act on the parcel as it passes
over the highest point of the bridge. Label these forces.

Figure 2

parcel
ﬂ floor of the van

(i)  Write down an equation that relates the contact force, R, between the parcel and the
floor of the van to m, v, r and the gravitational field strength, g.

1)

)

(i) Calculate Rifm=12kg,r=23m, andv = 11ms™,

answer = N

()
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(b) Explain what would happen to the magnitude of R if the van passed over the bridge at a

higher speed. What would be the significance of any van speed greater than 15ms—1?
Support your answer with a calculation.

3
(Total 7 marks)

(& 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

)

(b) 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,
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(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)

The graph shows the variation of displacement X with time t for an object performing simple
harmonic motion. T is the period of the oscillation.

Which graph shows the variation of acceleration a with time t for the same object?

A B

o
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-

o8]

(Total 1 mark)

A simple pendulum consists of a bob of mass M on the end of a light string of length .

The bob is released from rest at X when the string is horizontal. When the bob passes through Y
its velocity is v and the tension in the string is T. Which one of the following equations gives the
correct value of T?

A T=mg
5 T= M
]
C T+I’Tg= m?_
D T-mg= =

(Total 1 mark)
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The graph shows the variation of the velocity v with time t for an object performing simple
harmonic motion. The period of the oscillation is T.

The maximum acceleration of the object is equivalent to the:

0

A gradient of the graph whent=0

0

B  gradient of the graph when t = %

C  area between the graph and the t axis betweent=0and t =

4 |
]

D areabetween the graph and the t axis betweent=0and t =

o | =~
0

(Total 1 mark)

A girl of mass 40 kg stands on a roundabout 2.0 m from the vertical axis as the roundabout
rotates uniformly with a period of 3.0 s. The horizontal force acting on the girl is approximately

A Zero.
B 3.5 x 102 N.
C 7.2 x 102 N.

D 2.8 x 10% N.
(Total 1 mark)

The total energy of an object that is performing simple harmonic motion is:

A always zero.
B a maximum when the object is at maximum speed.

C  a maximum when the object is at maximum displacement from the
equilibrium position.

D  constant throughout a complete cycle.

(Total 1 mark)
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Mark schemes

(@) Maxto zero to max with zero at 0 displacement and correct amplitude correct shape drawn

1 . :
with reasonable attempt to keep total energy constant, crossing at 1 x 1072 J
Al
@
(b) () 0.044m
B1
€
(i) X=0.044 cos 2n3.5t (0.044 cos 22t) or X = 0.044 sin 2n3.5t etc
ecf for A
B1
@
(i)  Omax = (213.5)2 0.044
C1
21 (21.3) m s2 ecf for A and incorrect 2zf from (ii)
(0.042 gives 20.3; 0.04 gives 19.4)
Al
@
(6]
2 (@) acceleration/force is directed toward
a (fixed) point/the centre/the equilibrium position
or
a =-kx + '~ meansthat a is opposite direction to x
Bl
acceleration/force is proportional to the distance from the
point/displacement
or
= —kx where a = acceleration; x = displacement and
k is constant
Bl
2

Oxford International AQA Examinations Page 11 of 14



(b)

(@)

(b)

() 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=160J

[=2_rrj_ I ﬁ{;an]: 360
Wi ) T 87 <R0 [or 7 )T @7x60]

=1.1x1073(1.08 x 1073) (1) [=6.2(6.19) x 1077

rad s~! [accept s71] (1) [degree s7Y]
. Oz 2 3 (R
0) i =maForn = PE: (1)

BE7x 1071 x 5.88 x 102
(108 <107 )2

gives r3 =

. r=6.99 x 108 (m) (1)

(i) F(=mw?)=1.1x10%x (1.08 x 10-3)? x 6.99 x 10° (1)

= 9.0 x 104 (8.97 x 10%) (N) (1)

GMMJ_ BET x 107" x5 38 x10% 1 1x10%

for F[= - (698 x10° @)

= 9.0 x 10% (8.98 x 10%) (N) (1)]
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[6]

(8]
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(@)

(b)

(@)

(b)

(i) arrows to show R (or N) vertically up and mg (or W)
vertically down and along the same line (within £ 2 mm) +~

2 i pi
i) mg-R=2 -R=mg-2 « {m[g__ﬂ
F r

2
A
(i) useof R=m [g—v?J gives R = 12(9.81 — ﬁ) v

=55 (54.6) (N) v

R decreases (as v increases) +

2
. L S .
because mg is unchanged but — is larger +
F

at higher speeds R becomes = 0 [or package is not in
contact with the floor] +

supported by calculation eg whenv =15 m s,
R=0.33N (or=0)+

acceleration is proportional to displacement (1)
acceleration is in opposite direction to displacement, or
towards a fixed point, or towards the centre of oscillation (1)

_ 25
i f= 53 = 1.1 Hz (or s7Y (1) (1.09 Hz)

(i)  (use of a = (2xf)?A gives)
a=(2n x 1.09)?2 x 76 x 103 (1)
=3.6ms2(1) (3.56 m s?)
(use of f = 1.1 Hz gives a = 3.63 m s79)
(allow C.E. for incorrect value of f from (i))

(i)  (use of x = A cos(2xft) gives)
X =76 x 103 cos(2r x 1.09 x 0.60) (1)
= (-)4.3(1) x 10?m (1) (43 mm)
(use of f = 1.1 Hz gives
X=()4.07) x1072m (41 mm))
direction: above equilibrium position or upwards (1)
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[7]
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10

© @

(ii)

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)
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max 4
[12]

[1]

[1]

[1]

[1]

[1]
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