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17 The speeds of cars travelling through roadworks on major roads are often monitored by
‘average speed check’ cameras. This is done by timing a car between two cameras a
large distance apart.

The graph shows how the velocity of a car varies with time as it passes between two
average speed check cameras. The car passes the cameras at time 7 =0 s and 7 = 50 s.
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A constant driving force is applied to the car for the first 6 s. At time # = 16 s the driver
realises the car is travelling too fast for the 22 m s™! speed limit (50 miles per hour) and
applies the brakes until time 7= 18 s.

(a) Calculate the acceleration at time 7 = 3 s.

Acceleration =

(b) Describe and explain the shape of the line in the first 6 s.
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(d) Show that the average speed of the car does not exceed the average speed limit
of 22 ms™.

(Total for Question 17 = 12 marks)
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18 The photograph shows a wind turbine. Kinetic energy of the wind is transferred to
electrical energy by the turbine as the blades rotate.

(a) Explain why we can say that the wind is doing work on the blades.

(2)
(b) The area swept out by one blade, as it turns through 360°, is 6000 m?. Wind at a
speed of 9 m s™! passes the turbine.
(1) Show that the volume of air passing through this area in 5 seconds is about
300 000 m®.
(2)
. J
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(i1) Calculate the mass of this air.

density of air = 1.2 kg m™

Kinetic energy = ...

(iv) Betz’s law states that a turbine cannot usefully transfer more than 59% of the
kinetic energy of the wind.

Use this law to find the maximum power output of the wind turbine.
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(c) Suggest a reason why it is not possible to usefully transfer 100% of the kinetic
energy of the wind.

(Total for Question 18 = 13 marks)
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19 A student investigates how the length of a spring varies with force by hanging masses
on it. The graph shows the results.
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(a) The student concludes that the spring does not obey Hooke’s law because the line
does not pass through the origin.

Explain why this conclusion is incorrect.
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(c) When the student is removing the masses the spring is accidentally released when its
length is 23 cm. The spring flies up into the air.

(i) Show that the energy stored in the spring is about 0.6 J when its length is 23 cm.

(i) Calculate the maximum height the spring could reach above its point of release.

mass of spring =5 ¢
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(d) Several other students carry out similar investigations using identical springs. The
photograph shows some of their springs at the end of their investigations.
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@ Spring C

Spring A is the same length before and after the investigation. The graph for this
spring is shown below.

Length

Force

P 3 9 8 4 7 A 0 2 6 2 8



www.dynamicpapers.com

On the axes opposite sketch the graph for spring C and use it to help you describe
the difference in the behaviour of springs A and C.

(Total for Question 19 = 15 marks)

TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER = 80 MARKS
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Acceleration of free fall
Electron charge

Electron mass

Electronvolt

Gravitational field strength
Planck constant

Speed of light in a vacuum
Unit 1

Mechanics

Kinematic equations of motion

Forces

Work and energy

Materials
Stokes’ law
Hooke’s law
Density
Pressure

Young modulus

Elastic strain energy
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List of data, formulae and relationships

g=981ms?
e=-1.60x10"C
me.=9.11 x 103'kg
1eV=1.60x10"]
g=9.81 Nkg'
h=6.63x10>]s
c=3.00x 10®ms™!

v=u-+at
s = ut + Ysat?
v =u*+ 2as

XF = ma
g=Fm
W =mg

AW = FAs
Ey = Yamv?
AEy,, = mgAh

F = 6nyrv
F =kAx
p=m/V
p =F/A

E = o/¢ where
Stress o = F/A
Strain ¢ = Ax/x

Eel = WFAx
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(close to Earth’s surface)

(close to Earth’s surface)





