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Answer all the questions.

1 (a) The areas under the graphs below are physical quantities.

  (i) Fig. 1.1 shows a force against extension graph for a rubber band.

0
0

force

extension

Fig. 1.1

   State the quantity represented by the area under the force against extension graph. 

 ...................................................................................................................................... [1]

  (ii) Fig. 1.2 shows the velocity against time graph for an accelerating car.

0
0

velocity

time

Fig. 1.2

   State the quantity represented by the area under the velocity against time graph.

 ...................................................................................................................................... [1]

 (b) State two quantities in physics that have the same unit of newton metre (N m).

quantity 1  ............................................................................................................................. [1]

quantity 2  ............................................................................................................................. [1]

[Total: 4]
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2 (a) Define density.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) Fig. 2.1 shows the variation of density of the Earth with depth from the surface.

0
0 2.0

density

4.0

solid
iron
core

depth / 106m
6.0

centre of
Earth

Fig. 2.1

  (i) Suggest how Fig. 2.1 shows that the Earth consists of a number of distinct layers.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Geophysicists believe that the central core of the Earth is solid iron. This central core is 
surrounded by a layer of molten metal. The central core starts at a depth of 5.1 × 106 m. 
The solid iron core accounts for 18% of the mass of the Earth. The mass of the Earth is 
6.0 × 1024 kg and its radius is 6.4 × 106 m. Calculate the mean density of the central core 
of the Earth. 

     volume of a sphere = 4
3 πr 

3

density =  ...............................................  kg m–3 [3]

[Total: 5]
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3 (a) Define a vector  quantity and give one example. 

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (b) Fig. 3.1 shows a force F at an angle of 30° to the horizontal direction.

30°

F

Fig. 3.1

  (i) The horizontal component of the force F  is 7.0 N. Calculate the magnitude of the force F.

F  =  ...............................................................  N  [2]

  (ii) The force F moves an object in the horizontal direction. In a time of 4.2 s, the object 
moves a horizontal distance of 5.0 m. Calculate 

   1 the work done by the force

work done =  ................................................... J [2]

   2 the rate of work done by the force.

rate of work done =  ......................................  W [1]
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 (c) Fig. 3.2 shows the forces acting on a stage light of weight 120 N held stationary by two 
separate cables.

ceiling

cable

stage light

120 N

T
cable

70 N
90°

Fig. 3.2

  The angle between the two cables is 90°. One cable has tension 70 N and the other has 
tension T. 

  (i) State the magnitude and the direction of the resultant of the tensions in the two cables. 

magnitude  .........................................................................................................................

direction  ........................................................................................................................ [2]

  (ii) Sketch a labelled vector triangle for the forces acting on the stage light. Hence, determine 
the magnitude of the tension T.

T =  ................................................................  N [4]

[Total: 13]
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4 (a) State two factors that affect the magnitude of the drag force acting on an object falling 
through air.

1.  ...............................................................................................................................................

2.  .......................................................................................................................................... [2]

 (b) Fig. 4.1 shows a skydiver of total mass 75 kg falling vertically towards the ground. 

direction of fall

Fig. 4.1

  The air resistance, or drag force, D  in newtons (N) acting on the skydiver falling through the 
air is given by the equation

D  = 0.3v 
2

  where v is the speed in m s–1 of the skydiver.

  (i) On Fig. 4.1, draw arrows to represent the weight (labelled W ) and drag force (labelled 
D ). [1]

  (ii) Calculate the weight of the skydiver.

weight =  ........................................................  N [1]
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  (iii) At a particular instant, the speed of the skydiver is 20 m s–1. Calculate the instantaneous 
acceleration of the skydiver.

acceleration =  .........................................  m s–2 [3]

  (iv) State the relationship between the forces W and D when the skydiver reaches terminal 
velocity.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (v) Determine the terminal velocity of the skydiver.

terminal velocity =  ...................................  m s–1 [2]

[Total: 10]
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5 (a) A student conducts an experiment to estimate the acceleration g  of free fall by dropping a 
heavy metal ball from a high wall into a sandpit below. Describe how this student can estimate 
the acceleration g  of free fall. Your description should include:

    • the measurements taken

    • the instruments used to take the measurements

    • how the measurements are used to estimate g

    • an explanation of why the value for g  is only an estimate

 In your answer, you should use appropriate technical terms, spelled correctly.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [7]
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 (b) The global positioning system (GPS) is used to locate accurately the position of cars on the 
Earth’s surface.

  (i) Name the electromagnetic waves used by GPS.

 ...................................................................................................................................... [1]

  (ii) Explain how GPS determines the distance between the car and satellite.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iii) Briefly describe how the distances from two or more satellites are used to locate the 
position of a car.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

[Total: 12]
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6 (a) State the principle of conservation of energy.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) Fig. 6.1 shows a glider on a horizontal frictionless track.

frictionless track 0.25 kg glider string

ground

pulley

0.60 m

0.10 kg
mass

Fig. 6.1

  The mass of the glider is 0.25 kg. One end of a string is fixed to the glider and the other end 
to a 0.10 kg mass. The 0.10 kg mass is held stationary at a height of 0.60 m from the ground. 
The pulley is more than 0.60 m away from the front of the glider. When the 0.10 kg mass is 
released, the glider has a constant acceleration of 2.8 m s–2 towards the pulley. The 0.10 kg 
mass instantaneously comes to rest when it hits the ground.

  (i) Calculate the loss in potential energy of the 0.10 kg mass as it falls through the distance 
of 0.60 m.

loss in potential energy =  ............................... J [1]
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  (ii) The glider starts from rest. Show that the velocity of the glider after travelling a distance 
of 0.60 m is about 1.8 m s–1.

[2]

  (iii) Calculate the kinetic energy of the glider at this velocity of 1.8 m s–1.

kinetic energy =  ............................................. J [2]

  (iv) Explain why the answer to (b)(iii) is not the same as (b)(i).

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

[Total: 7]
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7 (a) Atoms in a solid are held in position by electrical forces. These electrical forces can be 
represented by an imaginary ‘interatomic spring’ between neighbouring atoms, see Fig. 7.1.

atom‘interatomic spring’

Fig. 7.1

   The interatomic spring obeys Hooke’s law and has a force constant just as a normal 
spring in the laboratory. Researchers in America have recently managed to determine the 
force experienced by an individual atom of cobalt when the atoms are squeezed together.
The researchers found that a force of 210 pN changed the separation between a pair of atoms 
by a distance of 0.16 nm.

  (i) State Hooke’s law.

 In your answer, you should use appropriate technical terms, spelled correctly.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Calculate the force constant of the interatomic spring for a pair of cobalt atoms.

force constant =  .....................................  N m–1 [3]
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 (b) Fig. 7.2 shows a stress against strain graph for a metal wire up to its breaking point.

0
0 0.2 0.4 0.6 0.8 1.0 1.2

2

4

6

stress / 107Pa

strain / 10–3

8

breaking
point

Fig. 7.2

  (i) Use the graph to determine the Young modulus of the metal.

Young modulus =  .............................  unit ..........[3]

  (ii) The wire breaks when a force of 19 N is applied. Use the graph to determine the
cross-sectional area of the wire at the breaking point.

area =  .........................................................  m2 [2]

[Total: 9]

END OF QUESTION PAPER
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