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Do not open the booklet until you are told to do so.

Candidates answer on the Question Paper.

No Additional Material are required.

Write your name, class index number and class at the top of this page and on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.

You may use a soft pencil for any diagrams, graphs or rough working.

Do not use staples, paper clips, highlighters, glue or correction fluid or correction tape.
Section A

Answer all questions.
Section B

Answer any two questions.
At the end of the examination, fasten all your work securely together. 

The number of marks is given in brackets [ ] at the end of each question of part of question. 

_________________________________________________________________________

This question paper consists of 22 printed pages.

	Data


	
	
	

	speed of light in free space,
	c
	=
	3.00 ( 108 m s(1

	
	
	
	

	elementary charge,
	e
	=
	1.60 ( 10(19 C

	
	
	
	

	the Planck constant,
	h
	=
	6.63 ( 10(34 J s

	
	
	
	

	unified atomic mass constant,
	u
	=
	1.66 ( 10(27 kg

	
	
	
	

	rest mass of electron,
	me
	=
	9.11 ( 10(31 kg

	
	
	
	

	rest mass of proton,
	mp
	=
	1.67 ( 10(27 kg

	
	
	
	

	acceleration of free fall,
	g
	=
	9.81 m s(2

	
	
	
	

	
	
	
	

	
	
	
	

	Formulae
	
	
	

	
	
	
	

	uniformly accelerated motion,
	s
	=
	ut + 
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	v 2
	=
	u 2 + 2as

	
	
	
	

	work done on/by a gas,
	W
	=
	p (V

	
	
	
	

	hydrostatic pressure,
	p
	=
	 g h

	
	
	
	

	resistors in series,
	R
	=
	R1 + R2 + (

	
	
	
	

	resistors in parallel,
	1/R
	=
	1/R1 + 1/R2 + (

	
	
	
	


Section A

Answer all the questions in this section.

1 (a) (i) Explain the meaning of the term base unit.




[1]

(ii) Give an SI unit and an estimate of the magnitude of each of the following physical quantities. (Marks will be awarded for the correct order of magnitude of each estimate, not for its accuracy.)

	
	Magnitude
	Unit

	Resistance of a domestic filament lamp
	
	

	Mass of a pear


	
	

	Speed of an average person jogging in a park


	
	














[3]

(b) (i) Explain the meaning of the term systematic error.



[1]

(ii) 
The theory of gas flow through small diameter tubes at low pressures is an important consideration of high vacuum technique. One equation which occurs in the theory is 

where k is a number without units, r is the radius of the tube, P1 and P2 are the pressures at each end of the tube of length l, M is the molar mass of the gas, R is the molar gas constant and T is the thermodynamics temperature.

In using the equation, the value of r is (1.67 ± 0.03) x 10-4 m. What percentage uncertainty does this introduce into the value of Q?

[2]

2 This question gives some statements which can lead to misconceptions in Physics. Each statement is correct.

(a) Friction is sometimes described as a force which prevents motion.

How is it that a forward frictional force on tyres is essential to give a car a forward acceleration?







[2]

(b) Newton’s third law states that for every force which body A exerts on body B there is an equal and opposite force which body B exerts on body A.
How can anything ever accelerate?





[2]

(c) When an astronaut is in the Internal Space Station, the gravitational force acting on him is 90% of the force acting on him when he is on the Earth’s surface. 

Why does the astronaut imagine himself to be weightless?


[3]

3 (a) 
State the principles of 

(i) The conservation of momentum




[1]

(ii) The conservation of mechanical energy



[1]


(b)
Discuss how these two principles apply when two objects collide 

(i) 
Elastically








[1]

(ii) 
Inelastically







[1]

(c) A body of mass m1 travelling with velocity u1, collides elastically with a body of mass m2 travelling with velocity v1 in the same direction. After the collision their velocities become u2 and v2 respectively. This is illustrated in Figure 3.1.
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(i) For this collision write a conservation of momentum equation and a conservation of kinetic energy equation.



[1]

(ii) Rewrite your two equations, keeping m1 on the left hand side and m2 on the right hand side of each equation.



[1]

(iii) Using your answer to (ii), show that (u1 + u2) = (v1 + v2).

[1]

4
(a)
Sketch and explain the I-V characteristics of a thermistor.
       

[3]



(b)
A cable consists of a steel core coated with aluminium as shown below. The inner radius (steel core) is 5 mm and the total radius (steel and aluminium) is 10 mm.




Calculate the resistance of a 100 m length of the cable when a current flows through the length of the cable. 




[3]
(Given that the resistivity of steel is 9.0 x 10-8 Ω m and that of the aluminium is 2.5 x 10-8 Ω m)









5
(a) 
Define magnetic flux density and the tesla.




[2]

	
	
	

	
	(b)
	A current I passes through a pivoted rectangular wire frame, P, which is initially balanced. A magnet is then placed near one of the edges of the wire frame, with its magnetic field acting perpendicular to the edge of the wire frame and this causes the wire frame to tilt. A rider of mass m is then placed at a point along a section of the wire frame until the frame regains its balance as shown in Fig. 5.1 below.



Fig. 5.1



	
	
	(i)
	Indicate, on Fig 5.1, the direction of the force due to the magnet, on the edge of the frame nearest to the magnet. Label this force F.
                                                                           [1]                            



	
	
	(ii)
	Deduce an expression for the magnetic flux density of the magnet, in terms of x, y, z, m, I and g, where g is the acceleration of free fall.                                                            [2]                                                    

	
	
	
	

	
	
	(iii)
	State and explain what happens when the polarity of the magnet is reversed.                                                                 [2]


6
Climbing frames, swings and slides make children’s playgrounds great fun, but of course the children can damage themselves if they fall off. Broken bones actually mend quickly in young children, but severe knocks on the head can be more dangerous because they can cause permanent brain damage. The severity of the impact between a child’s skull and the playground surface will depend on many factors: the height fallen (and hence the speed of the skull), the duration of the impact (and hence the deceleration), and the rebound height, which can cause ‘whiplash damage’ to the top of the spine. 


Research for the best properties of the material is carried out using life-sized models of children with accelerometers inside the skulls of the models. As part of the investigation, the resilience is measured using the pendulum device shown in the diagram below. The pendulum is drawn back to a specific height and released. As it rebounds, it uses a low friction ratchet to carry with it a light pointer which records the height of rebound. Until recently the materials used for playground surfaces had a resilience of 40-50% for an impact energy of 0.40 J, but a new playground material called ‘Ensorb’ reduces this figure to 30%, that is 30% of the impact energy is retained as kinetic energy by the pendulum. 


(a) 
On a hard surface a child’s skull is brought to a halt in a very short time. Explain why this produces a large force which is likely to cause injury. 







[2]

 (b) 
If the pendulum used in testing has a mass of 0.50 kg, 

(i)
to what initial height must it be raised to have an ‘impact energy’ of 0.40 J?








[2]
(ii)
to what height will it rebound from 'Ensorb'? 



[2]
Section B
Answer two questions in this Section.

7 (a) 
Figure 7.1 shows the variation with time t of the velocity v of two runners during the first 5 seconds of a 100 m sprint (t = 0 s corresponds to when the gun was shot).
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(i) State how acceleration can be determined from the velocity-time graph. 








[1]
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(ii) In Figure 7.2, sketch the acceleration-time graph of Runner B.










[2]

(iii) State the time when the distance between the two runners was the largest. 








[1]

(iv) Explain which runner is ahead at t = 5.0 s.



[1]

(b) A dart is thrown horizontally at a speed of 8.0 m s-1 towards the centre of a dartboard that is 2.0 m away. At the same instant that the dart is released, the support holding the dartboard fails and the dartboard falls freely, vertically downwards. The dart hits the dartboard in the centre before they both reach the ground.

(i) State and explain the motion of the dart and the dartboard, while the dart is in flight.







[4]

(ii) Calculate

1. the time taken for the dart to hit the dartboard,


[1]

2. the vertical component of the dart’s velocity just before it strikes the dartboard, 







[2]

3. the magnitude and direction of the resultant velocity of the dart as it strikes the dartboard.





[2]

(c) Figure 7.3 shows a skateboarder descending a ramp.
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The skateboarder starts from rest at the top of the ramp at A and leaves the ramp at B horizontally with a velocity v.

(i) In going from A to B the skateboarder’s centre of gravity descends a vertical height of 1.5 m. Calculate the horizontal velocity, v, stating an assumption that you make.





[2]

(ii) Draw a free-body diagram of the skateboarder at mid-point between A and B.








[1]

(iii) Explain why the acceleration decreases as the skateboarder moves from A to B.







[1]

(iv) After leaving the ramp at B the skateboarder lands on the ground at C 0.45 s later. Calculate for the skateboarder

1. the horizontal distance travelled between B and C,

[1]

2. the vertical component of the velocity immediately before impact at C,








[1]

8 (a)
State the conditions for establishing a well-defined stationary wave using two separate sources. 







[3]

(b) 
In a room, sound waves typically bounce off walls with negligible loss of intensity. A subwoofer speaker placed at the centre of a circular room emits continuous sound waves of frequency 60 Hz. A person walking from the centre of the room towards the wall experiences a series of loud and soft sounds.

(i) 
With the aid of a diagram, explain the variation of loudness of the sound. State any simplifying assumptions you have made. [You may ignore the effects of the ceiling and the floor surfaces.]
[4]
(ii) 
If the speed of sound is 300 m s-1, calculate the frequency of the fluctuation in loudness that a man walking across the room at 1 m s-1 from the subwoofer would hear.

[3]

(c) 
The figure below shows a double slit setup used to measure the wavelength of light from a monochromatic neon lamp S. 





(i)
Explain why it is necessary to have Slit A.
[1]
(ii)

The distance of the 5th bright fringe from the central bright fringe is found to be 9.50 mm. Given that the two slits B and C are 1.00 mm apart, find the wavelength of the source. 
[2]
(iii) 
State with reason the changes to the fringe pattern with regard to intensity, contrast and fringe separation when each of the following changes is made separately to the setup. 




1. Monochromatic light of longer wavelength is used.

[2]




2. A thin glass plate is used to cover slit C.



[2]



3. The intensity of light from one of the two slits is reduced.

[3]

9 a)
(i)
Explain the wave-particle duality of matter and the significance of the de Broglie relation.







[2]




(ii)
What is the de Broglie wavelength of a neon atom moving with kinetic energy 6.28 x 1021 J?






[4]



b)
In a photoelectric experiment, a source of ultra-violet light of wavelength 2.55 × 10-7 m is incident on the electron emitting metal. 

(i) Calculate the energy of the ultra-violet light photons in eV.

[1]

(ii) A current reading is observed from the ammeter in the circuit. The electric field strength across the plates is increased until the ammeter reading drops to zero. The final electric field strength at this point is 7.5 Vm-1. What is the work function of the metal, given that the plates are 50 cm apart?






[3]

c)
The diagram below shows the possible energy levels of the electron in a hydrogen atom.



(i)
Explain the significance of an electron with energy level of 0 eV 
[1]

(ii) Explain why an atom with the energy levels shown above can produce emission spectral lines





[3]
(iii) Describe the appearance of an emission spectrum



[1]

(iv)
What are the respective maximum wavelengths of photons that electrons at energy levels n =1, n = 2 and n =3 need to absorb to be ionised?



Given that photons in the visible light region have an energy range of between 2.84 × 10-19 to 5.68 × 10-19 J, deduce which of the above three transitions will absorb photons from the visible range.

[4]


(v)
"The first excitation energy of the cool hydrogen atom is 10.2 eV". If this excitation is caused by electrons, find the minimum speed the electrons need to have.






[1]

DUNMAN HIGH SCHOOL





Year 6 Preliminary Examination 2009





Figure 3.1





Steel core





Aluminium surround





P





x





y





MAGNET





rider





pivots





I





z





I





scale





pointer





ratchet





material to be tested





Figure 7.1





Figure 7.2





Figure 7.3





S





1.30m





3.00m





screen





A





B





C





1.70m





n = 1





n = 2





n = 3





n = 4





n = 5





n = ∞





eV





-0.85





-1.50





-3.40





-13.60





-0.53





     0





…








	This paper consists of 8 printed pages



_1316335658.unknown

