TAP 518- 7: Fields in nature and in particle accelerators

Instructions and information

Write your answers in the spaces provided. The following data will be needed when answering these questions: 

· electronic charge = – 1.6  10–19 C 

· mass of electron = 9.1  10–31 kg 

· 0 = 8.9  10–12 F m–1 

Questions

Suppose that a thundercloud has a flat horizontal base of area 1 km2. The base of the cloud is 200 m above the Earth’s surface so that a uniform electric field is formed between the cloud and the Earth. A field of 106 V m–1 between the base of the cloud and the Earth is sufficient to cause a lightning flash. 

1.
Calculate the potential difference between the cloud and the ground at the moment the lightning flash begins.

2.
The charge on the base of the cloud is given by the formula Q = 0 A E where A is the area of the base of the cloud and E is the electric field strength between the base and the Earth. Calculate the charge on the base of the cloud. 

3.
The cloud and the Earth can be thought of as a parallel plate capacitor that stores energy when charged. Assuming that the potential difference immediately after the flash is very small compared with the potential difference at the beginning of the flash, calculate a value for the energy released during the flash. 

Electrons accelerated through a potential difference of 200 V enter a uniform magnetic field of 0.001 T perpendicular to the direction of motion. 

4.
Calculate the speed of the electrons when they enter the magnetic field. 

5.
Use your answer to question 4 to calculate the radius of the orbit in the magnetic field. 

In an electron tube, electrons were passed through a region containing a vertical electric field E and a horizontal magnetic field B. When the forces on the electron were balanced the electrons passed through the tube undeflected.
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6.
Show that the electrons of charge e pass undeflected when they have a velocity v = E/B. 

The separation of the deflector plates was 24 mm and no deflection was observed when the voltage across the plates was 3.2 kV and the magnetic field was 8.2  10–3 T.

7.
Calculate the velocity of the electrons. 

The voltage used to accelerate the electrons to this velocity was 750 V. 

8.
Use your answer to question 7 to calculate the ratio e/m for electrons where m is the 
mass of an electron. 

A proton joined to a neutron is known as a deuteron or deuterium ion and is used in nuclear scattering experiments. A deuteron has a mass of 3.3  10–27 kg and a charge of 
+ 1.6  10–19 C. 

9.
Calculate the voltage required to accelerate a deuteron from rest in a vacuum to a 
velocity of 9  106 m s–1 (3% of the speed of light). 

In an early form of particle accelerator, deuterons were made to move in a circular path within a toroidal tube of diameter 1 m. A toroidal tube is like a hollow ring. 

10.
Calculate the magnetic field required to constrain a deuteron within the tube at the 
velocity of 9  106 m s–1. 

Hints

4.
The charge and mass of the electron are given in the ‘Instructions and information’. 

6.
The electric and magnetic forces are equal in magnitude. 

7.
You will need to change the units before calculating the electric field strength. 

8.
You will need to consider the equation for the electron gun used to accelerate the 
electrons. 

9.
You are used to calculating the speed of electrons when accelerated. The mass of a 
deuteron is not the same as the mass of an electron. 

10.
The question gives the diameter of the orbit and not the radius.

Practical advice

In questions 7 and 8 there are several stages in the calculation so excessive rounding in the earlier parts of the question would lead to errors in the final answer. All answers have been rounded to two significant figures, but three significant figures have been used for numerical values that have been carried through to the next stage of the calculation.

Answers and worked solutions

1.
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