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1 (a) Fig. 1.1 shows the axes of a distance-time graph for an object moving in a straight line.
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Fig. 1.1

  (i) 1.  On Fig. 1.1, draw between time = 0 and time = 10 s, the graph for an object moving 
with a constant speed of 5.0 m / s. Start your graph at distance = 0 m.

   2. State the property of the graph that represents speed.

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

  (ii) Between time = 10 s and time = 20 s the object accelerates. The speed at time = 20 s is       
9.0 m / s.

   Calculate the average acceleration between time = 10 s and time = 20 s.

 acceleration =  ...........................................................[2]
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 (b) Fig. 1.2 shows the axes of a speed-time graph for a different object.
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Fig. 1.2

  (i) The object has an initial speed of 50 m / s and decelerates uniformly at 0.35 m / s2 for 
100 s.

   On Fig. 1.2, draw the graph to represent the motion of the object. [2]

  (ii) Calculate the distance travelled by the object from time = 0 to time = 100 s.

 distance =  ...........................................................[3]

[Total: 9]
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2 Fig. 2.1 shows a hollow metal cylinder containing air, floating in the sea.
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Fig. 2.1

 (a) The density of the metal used to make the cylinder is greater than the density of seawater.

  Explain why the cylinder floats.

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

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

 (b) The cylinder has a length of 1.8 m. It floats with 1.2 m submerged in the sea. The bottom of 
the cylinder has an area of cross-section of 0.80 m2.

  The density of seawater is 1020 kg / m3. Calculate the force exerted on the bottom of the 
cylinder due to the depth of the seawater.

 force =  ...........................................................[4]

 (c) Deduce the weight of the cylinder. Explain your answer.

  weight = ...............................................................

explanation  ...............................................................................................................................

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

[Total: 7]
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3 Fig. 3.1 shows an aircraft on the deck of an aircraft carrier.

Fig. 3.1

 The aircraft accelerates from rest along the deck. At take-off, the aircraft has a speed of 75 m / s. 
The mass of the aircraft is 9500 kg.

 (a) Calculate the kinetic energy of the aircraft at take-off.

 kinetic energy =  ...........................................................[3]

 (b) On an aircraft carrier, a catapult provides an accelerating force on the aircraft. The catapult 
provides a constant force for a distance of 150 m along the deck.

  Calculate the resultant force on the aircraft as it accelerates. Assume that all of the kinetic 
energy at take-off is from the work done on the aircraft by the catapult.

 force =  ...........................................................[2]

[Total: 5]
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4 (a) Fig. 4.1 represents an atom.

Fig. 4.1

  Representing atoms by circles approximately the same size as in Fig. 4.1, sketch

  (i) on Fig. 4.2, the arrangement of atoms in a crystalline solid, [1]

  (ii) on Fig. 4.3, the arrangement of atoms in a gas. [1]

            
 solid gas

 Fig. 4.2 Fig. 4.3

 (b) (i) Describe the motion of the atoms in a solid.

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

  (ii) A sculptor makes a statue from a block of crystalline rock using a cutting tool. Explain 
why he must apply a large force to the tool to remove a small piece of rock.

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

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

 (c) A helium-filled balloon in the room of a house suddenly bursts.

  State and explain, in terms of atoms, what happens to the helium from the balloon after the 
balloon has burst.

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

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

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

[Total: 7]
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5 A student wants to investigate good and bad absorbers of thermal radiation. She has the apparatus 
shown in Fig. 5.1, a supply of cold water and a metre rule.

small polished
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small
black-painted

can

2 thermometers electric heater

Fig. 5.1

 Explain how the student could use the apparatus she has available to carry out her investigation. 
Describe the results she would expect to obtain. Draw a diagram of the set-up.

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

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

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

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

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

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

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

 ......................................................................................................................................................[4]

[Total: 4]
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6 (a) Circle two of the following that apply to an ultrasound wave travelling in air.

  frequency 3.5 Hz   frequency 350 Hz   frequency 35 000 Hz   longitudinal

  transverse   speed 1.5 m / s   speed 1.5 × 103 m / s   speed 1.5 × 106 m / s

 [2]

 (b) Calculate the wavelength in a vacuum of X-rays of frequency 1.3 × 1017 Hz.

 wavelength =  ...........................................................[3]

 (c) A dentist takes an X-ray photograph of a patient’s teeth. Explain why it is safe for the patient 
to be close to the source of X-rays, but the dentist must stand away from the source.

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

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

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

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

 (d) State, with a reason, why microwave ovens are designed only to work with the door closed.

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

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

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

[Total: 9]
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7 (a) Fig. 7.1 shows a ray of light in water that is incident on a submerged, transparent plastic 
block. 

water

plastic

Fig. 7.1

  State what happens to the speed of light as it enters the plastic block. Explain your answer.

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

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

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

 (b) Fig. 7.2 shows the two principal focuses F1 and F2 of a thin converging lens.

1.0 cm

F1 F2

1.0 cm

O

lens

Fig. 7.2

  Fig. 7.2 also shows an object O of height 1.2 cm placed close to the lens. Two rays from the 
tip of the object O are incident on the lens.
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  (i) On Fig. 7.2, continue the paths of these two rays for a further distance of at least 5 cm.
 [2]

  (ii) Using your answer to (b)(i), find and mark on Fig. 7.2 the image I of object O and label 
this image. [2]

  (iii) Determine the height of image I.

 height =  ...........................................................[1]

  (iv) State and explain whether I is a real image or a virtual image.

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

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

[Total: 8]
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8 Fig. 8.1 shows a circuit that contains a battery of electromotive force (e.m.f.) 6.0 V, an ammeter, a 
20 Ω resistor and component X.

A

20 Ω

6.0 V

X

Fig. 8.1

 (a) (i) State the name of component X.

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

  (ii) The potential difference (p.d.) across the 20 Ω resistor is measured with a voltmeter.

   On Fig. 8.1, draw the symbol for this voltmeter connected to the circuit. [1] 

 (b) The p.d. across the 20 Ω resistor is varied from zero to 6.0 V. For each value of p.d. a 
corresponding current is measured.
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  On Fig. 8.2, draw a line to indicate how the current measured by the ammeter depends on 
the p.d. across the 20 Ω resistor.
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Fig. 8.2 [3]

 (c) A second resistor is connected into the circuit in parallel with the 20 Ω resistor.

  (i) State how the combined resistance of the two resistors in parallel compares with the 
resistance of each of the resistors on its own.

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

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

  (ii) The p.d. across the two parallel resistors is changed and the current in the battery for 
each value of the p.d. is measured. A second line could be drawn on Fig. 8.2 to indicate 
how the current measured by the ammeter depends on the p.d. across the two resistors 
in parallel.

   State how the second line differs from the original line. You are not expected to draw this 
second line.

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

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

[Total: 7]
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9 (a) Fig. 9.1 shows a coil ABCD with two turns. The coil is in a magnetic field. 

N S
B C

A D

Fig. 9.1

  When there is a current in the coil, the coil experiences a turning effect.

  (i) Explain why there is a turning effect.

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

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

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

  (ii) The value of the current is 3 A. Place one tick in each column of the table to indicate how 
the turning effect changes with the change described.

turning effect number of turns on coil 
increased to six

current
increased to 9 A

strength of magnetic 
field decreased by a 

factor of 2

decreased by factor of 4

decreased by factor of 3

decreased by factor of 2

no change

increased by factor of 2

increased by factor of 3

increased by factor of 4

[3]
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 (b) Fig. 9.2 shows a magnet held just below a vertical coil connected to a galvanometer.

N

S

Fig. 9.2

  The magnet is released.

  (i) State any effect on the galvanometer.

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

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

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

  (ii) State any effect on the magnetic field produced by the coil.

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

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

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

[Total: 8]
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10 (a) An uncharged conducting metal plate rests on insulating supports. Fig. 10.1 shows the plate 
and a positively charged insulating plastic sheet placed on top of the metal plate.

plastic sheet

metal plate

insulating supportinsulating support

Fig. 10.1

  (i) Describe any flow of charge that takes place when the plastic sheet is placed onto the 
metal plate.

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

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

  (ii) On Fig. 10.1, draw how charges are now arranged within the metal plate. [1]

  (iii) State and explain if this arrangement of charge helps to keep the plastic sheet in place.

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

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

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

 .......................................................................................................................................[2]
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 (b) Fig. 10.2 shows two uncharged conducting spheres suspended on insulating threads.

Fig. 10.2

  1.  The spheres are now both given positive charges. On Fig. 10.2, draw a possible position 
of each sphere and thread.

  2. Explain the positions you have drawn.

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

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

[Total: 6]
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11 (a) A radioactive nucleus of uranium-235 decays to a nucleus of thorium and emits an α-particle.
  Complete the equation.

235
92 U      

.......

.......
   Th  +    42 α

 [2]

 (b) A nucleus of uranium-235 undergoes nuclear fission in a reactor.

  (i) State what is meant by nuclear fission.

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

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

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

  (ii) Suggest why a nuclear reactor is surrounded by thick concrete walls.

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

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

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

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

  (iii) State one environmental advantage and one environmental disadvantage of using a 
fission reactor to generate electrical energy in a power station.

advantage  .........................................................................................................................

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

disadvantage  .....................................................................................................................

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

 (c) The thorium produced by the decay in (a) is also radioactive and has a half-life of 26 hours.
  At a certain time, a pure sample of this isotope initially contains 4.8 × 109 atoms.

  Calculate the number of atoms of this sample that decay in the following 52 hours.

 number =  ...........................................................[3]

[Total: 10]
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