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18	 The photograph shows a flygun.

	 The flygun consists of a handle, a spring and a disc as shown in the photograph below.

	 When the trigger is pulled, the compressed spring is released, launching the disc at the 
fly.
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	 A force-compression graph for the spring is shown.

	 (a)	Show that the force constant for the spring is about 1000 N m–1.
(2)
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	 (b)	The spring is 6.3 cm long.  When it is compressed in the gun, the length of the spring 
is reduced to 1.6 cm.

		  Assuming that the spring obeys Hooke’s law throughout the compression, show that 
the energy stored in the spring before firing the gun is about 1 J.
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	 (c)	The disc and spring have a combined mass of 9.4 g.

		  (i)	 Show that the maximum speed at which they can be fired is about 15 m s–1.
(2)
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		  (ii)	 State an assumption that you have made.
(1)
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	 (d)	The gun is fired at a fly on a wall 3.0 m away.  The gun is fired horizontally.

		  (i)	 Calculate the velocity of the disc as it hits the wall.  Ignore the effects of air 
resistance.

(4)
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Magnitude of velocity =.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Angle to the horizontal = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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		  (ii)	 The fly is 20 cm below the horizontal level at which the gun is fired.  Show that 
the disc is close enough to hit the fly if it does not move.  The disc has a radius 
of 3 cm.
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	 (e)	Suggest an advantage of the disc used over a solid disc.
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(Total for Question 18 = 15 marks)

TOTAL FOR SECTION B = 70 MARKS

 TOTAL FOR PAPER = 80 MARKS
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List of data, formulae and relationships

Acceleration of free fall	  g = 9.81 m s–2	 (close to Earth’s surface)

Electron charge	    e = –1.60 × 10–19 C

Electron mass                                     me = 9.11 × 10–31 kg

Electronvolt                                      1 eV = 1.60 × 10–19 J

Gravitational field strength                 g = 9.81 N kg–1	 (close to Earth’s surface)

Planck constant                                h = 6.63 × 10–34 J s

Speed of light in a vacuum	  c = 3.00 × 108 m s–1

Unit 1

Mechanics

	 Kinematic equations of motion	 v = u + at
		  s = ut + ½at2

		  v2 = u2 + 2as

	 Forces	 ΣF = ma
		  g = F/m
		  W = mg

	 Work and energy	 ΔW = FΔs
		  Ek = ½mv2

		  ΔEgrav = mgΔh

Materials

	 Stokes’ law	 F = 6�ηrv

	 Hooke’s law	 F = kΔx

	 Density	 ρ = m/V

	 Pressure	 p = F/A

	 Young modulus	 E = σ/ε where
		  Stress σ = F/A
		  Strain ε = Δx/x

	 Elastic strain energy	 Eel = ½FΔx


