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A wire is conducting a DC current of 1.50 A. At point X a magnetic flux density of 3.86 x 10-6 T is detected. 
Calculate the distance between the current carrying wire and point X. You can ignore the effects of the 
Earth’s magnetic field in this question.



 

A proton has been accelerated to 95% of the speed of light in the Large Hadron Collider. Calculate its 
gain in energy. Assume initial speed is 0. 

Nitrogen-14 ions (N3-) of mass 2.33 x 10-26 kg and triple negative charge are accelerated from 
rest in a potential difference established between 2 charged parallel plates. The parallel plates 
have a potential difference of 5000 V across a gap of 8.00 cm. You can ignore the effects of 
gravity and air resistance in this question.

a)Calculate the electric field strength between the parallel plates.                                (2 marks)

b)Calculate the magnitude of the electric force that acts on the Nitrogen ions in this electric field.
(2 marks)

c) Calculate the maximum speed reached by the Nitrogen ions as they move between the 
parallel plates



 

The nitrogen ions are fed into a uniform magnetic field within a mass spectrometer. The ions enter at a 
speed of 4.54 x 105 m s-1.  The magnetic field has a uniform flux density of 123 mT. The set up and the 
direction of the magnetic field is shown in the diagram below. 

d) Draw an arrow on the diagram to show the general direction that the nitrogen ions will follow.
(1 marks)

e) Calculate the radius of the path taken by the nitrogen ions in the mass spectrometer.   (3 marks)

f) Explain what is causing the nitrogen ions to go into circular motion. You must refer to physics 
principles and equations in the formulae and data booklet.
(3 marks)

 









 





 

The simplified diagram below shows a mass spectrometer (used to separate charged particles (ions of 
differing masses). The ion source produces ions which exit through hole H with negligible velocity. They 
are then accelerated by an accelerating voltage V and kept moving in a straight line path by a series of 
electric/magnetic fields. The ions then pass through a slit into the chamber which has a vacuum and a 
magnetic field.
 

a)What type of charge is carried by the ions in the diagram above? (1 mark)

b)For a positive charge q and mass m, derive the following formula to show that the value of x is 
given by:
x2 = 8mV/qB^2        where  x = diameter of the path in the magnetic field and V is the 
                                                                                               accelerating voltage . (4 marks)

         



c)Do a calculation to show that the value of the accelerating voltage to give a proton a velocity 
of 3.00 x 106 m s-1 at the slit is  4.70 x 104 volts.

          (2 marks)

d)Using the same value for the accelerating voltage (V = 4.70 x 104 volts) you calculated in (c) 
above , and the formula you derived in (b) , calculate the separation distance (shown on 
photographic plate) due to charge for two negatively charged 17O2- and 18O2- ions that are 
separately injected into the vacuum chamber containing a magnetic field of 0.229 T. 
Assume that the velocities of the ions are negligible at hole H and that the masses of 17O2- 
and 18O2- ions are 2.84 x 10-26 kg and 3.01 x 10-26 kg, respectively.

(5 marks)

                                                                                                                                                 

e)What simple modification needs to made to the apparatus in order to capture negatively 
charged ions on the photographic plate?


